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Abstract

Blood parasites, particularly those of the Anaplasma marginale, Babesia and Theileria spp., present a challenge to
successful livestock farming. In the present work, PCR analysis was carried out to detect possible infection by the above-
mentioned parasites in three cattle populations from northern Tunisia. We also sequenced exon 2 of the BoLA-DQAI
gene in 17 Holstein cattle. Our results showed a low level of infection by the screened parasites, with prevalences of
8.8%, 5.9% and 0.0% for Theileria spp., Anaplasma mariginale and Babesia ssp., respectively. On the other hand, a total
of 11 alleles were observed in the BoLA-DQAI gene in the analysed samples. Six alleles were detected for the first time.
BoLA-DQAI1*10011 and *0101 alleles were the most frequent. These two alleles were also the most frequent in all
Holstein cattle populations so far studied. Finally, four and eight amino acid positions were under positive selection by
DATAMONKEY and PAML, respectively. Such selection, associated with high polymorphism observed in the BoLA-
DQAI gene, might suggest an important qualitative and quantitative parasite pressure that would favour distinct allele
types.

Key words: Anaplasma, Babesia, BoLA-DQAI, cattle, Theileria.

INTRODUCTION piroplasms and 4. marginale (Almeria et al.,
2001).

The livestock production sector plays an  On the other hand, as the diversity of the MHC
important role in Tunisia's economy with a  loci reflects adaptive and non-adaptive
contribution of approximately 40% of the value evolutionary processes within and between
of agricultural products (Belguesmi, 2023). populations, it is of great interest to a wide range
However, this sector in general and that of cattle ~ of scientists, including breeders, population
farming in particular is facing several  geneticists, and evolutionary  biologists
constraints with diseases (parasites, viruses, and (Goszczynski et al., 2014; Takeshima et al.,
bacteria) constitute one of the biggest problems. 2014). One of the most significant factors
Among these diseases, those transmitted by affecting genetic diversity is the domestication
ticks limit the growth of animal farming sector ~ bottleneck experienced by most domesticated
and affect health and productivity of animals in animals (Zhang et al., 2013). This bottleneck
various regions of the world (de Castro, 1997).  reduces genetic diversity compared to their wild
Bovine theileriosis, babesiosis and anaplasmosis ancestors and alters the distribution of genetic
are considered among the most economically variation among loci (Buckler et al., 2001).
important diseases. Additionally, animals that ~ However, for MHC genes, while reduced
recover from an acute infection may become variability might be the outcome of population
long-term carriers without the infection being  bottlenecks, a high level of diversity could could
detected microscopically (Brown, 1990). result from balancing selection driven by
Indeed, blood smear microscopy is often the  pathogens or other mechanisms despite extreme
preferred diagnostic method for these parasites population bottlenecks (see Bohorquez et al.
(Bono et al., 2008). To overcome this problem, (2020) for an overview).

conventional PCR assays can be used effectively The MHC in cattle (also known as bovine
for the specific detection of several species of  leukocyte antigen-BoLA) is located on
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chromosome 23 and is similar to other
mammals’ MHC (Takeshima & Aida, 2006).
Previous studies of MHC genes in cattle have
detected a significant association of the genetic
diversity of these genes with certain diseases,
such as mastitis (Takeshima et al., 2008;
Yoshida et al., 2012), leukemia (Zanotti et al.,
1990), ketosis (Mejdell et al,, 1994) and
infection by ectoparasites (Martinez et al.,
2006). Other studies have also associated BoLA
gene polymorphism with protein composition
and milk fat content (Nascimento et al., 2006) as
well as milk production (Rupp et al., 2007).
Here, we first used PCR technique to detect and
identify blood parasite infections in cattle breeds
in North Tunisia. Updating the prevalence of
these parasites will allow to evaluate and to take
appropriate measures to eradicate them. Second,
the polymorphism of the BoLA-DQA1 gene was
studied in seventeen Tunisian Holstein cattle.
We used several tests to evaluate the effect of
selection - as an evolutionary process - shaping
DQAI1 sequence diversity.

MATERIALS AND METHODS

Samples collection

Blood samples were collected randomly from 68
dairy cattle from North Tunisia between April
and June 2023. The studied animals were from
intensive (29 samples from Bousalem) and
extensive (23 from Fernana, 16 de Menzel
Bourguiba) farming. The studied cattle
population belong mainly to the Holstein breed
with the age of animals ranging between 1 and
10 years. The blood samples collected in 15 ml
tubes containing a few drops of EDTA were
immediately stored at -20°C.

DNA extraction and PCR-based blood
parasite detection

DNA from whole-blood samples was extracted
using the «FavorPrepTM Tissue Genomic DNA
Extraction» Kit for DNA purification. All
samples were controlled for successful DNA
extraction using PCR amplification with the
primer pairs PCO3/PCO4 that amplify the
bovine B-globin gene (Konnai et al., 2006).

The detection of Theileria ssp., Babesia ssp.,
and A. marginale was performed using PCR as
previously  described by (Adaszek &
Winiarczyk, 2008; Lew et al., 2002).
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PCR and sequencing of BoLA-DQA1

Amplification of 374 bp long sequences
including the whole Exon 2 of the BoLA-DQA1
gene was performed for 17 unrelated cows of
Tunisian Holstein breed [Fernana (n = 6),
Menzel Bourguiba (n = 6) Bousalem (n = 5)]
using the primers described by Kulaj et al.
(2015). The PCR products were then purified
with ExoSAP enzymes and both strands were
sequenced using an ABI 3130xI DNA Analyzer.

Statistical of
sequences

The obtained sequences were aligned and edited
using the BioEdit v.7 program (Hall, 1999).
Alleles of our DQA sequences were
reconstructed with Phase 2.1.1 (Stephens et al.,
2001) using five replicate runs of 1000
generations after 1000 generations of burn-in.
DnaSP program (Librado & Rozas, 2009) was
used to calculated genetic diversity parameters,
nucleotide diversity (), haplotype diversity
(Hd), and mean number of pairwise differences
(k). The same program was also used to test for
deviation from neutral evolution of BoLA-
DQAI1 locus by D* and F* tests of Fu and Li
(1993), and Tajima’s D test.

To detect positive selection on the coding
BoLA-DQAT1 exon 2 sequences (240 bp), we
used CODEML (PAML 4 package, Yang
(2007)) and the DATAMONKEY web server
(http//www.datamonkey.org/) (Pond & Frost,
2005). For CODEML, we have compared model
M7 (beta) against M8 (beta plus omega) using
the likelihood ratio test (LRT) and used the BEB
to detect codons under positive selection with a
posterior probability above 95% (Yang et al.,
2000). For the DATAMONKEY web server
(http//www.datamonkey.org/; Pond & Frost,
2005) we used four different tests to infer
codons under positive selection, Single
Likelihood Ancestral Counting (SLAC), Fixed
Effects Likelihood (FEL), Fast Unconstrained
Bayesian AppRoximation (FUBAR) and Mixed
Effects Model of Evolution (MEME) (Murrell et
al., 2012, 2013).

The phylogenetic neighbour-joining tree of the
currently detected BoLA-DQA1 alleles was
constructed using MEGA 6.0 software (Tamura
et al., 2013), including all DQAT1 alleles from
GenBank database that have similar length with
our sequences. We used the Ovis aries

analyses BoLA-DQAL1



sequences
outgroups.
Finally, we used the cited above dataset to
construct a median-joining (MJ) network
(Bandelt et al., 1999) using the software
Network 4.2.0.1 (available at http//www.fluxus-
technology.com/sharenet.htm).

(LN827890, 0OK626230)  as

RESULTS AND DISCUSSIONS

Detection of blood parasites with PCR
Among the 68 cattle samples analyzed by PCR
to detect possible infection by blood parasites,
only ten (14.7%) were positive, each for only
one type of hemoparasite. Indeed, six samples
(8.8%) were infected with Theileria spp. and
four (5.9%) by A. marginale. These samples
presented the specific bands of the 18s rRNA
genes of the genus Theileria (370 bp) and mspla
of A. marginal (603 bp). The presence of
parasites of the genus Babesia was not detected
in any of the analyzed samples.

During the current study, a low prevalence was
observed for blood parasites of the genus
Theileria and Anaplasma in cattle from Tunisia.
In addition, no infection with parasites of the
genus Babesia was detected. On the contrary,
previous studies have shown greater infection in
various regions around the world. Indeed, the
microscopic study of 278 blood samples
belonging to different bovine breeds in Tunisia
(M ’ghirbi et al., 2008), showed that 104 samples
(37.4%) were positive for different species of
piroplasms. Similarly, PCR analysis of 405
cattle samples in Egypt, showing clinical signs
for blood parasites, indicated that 12.66% and
24.05% were positive for Babesia and Theileria
spp., respectively (Nayel et al., 2012). On the
other hand, Moumouni et al. (2015) observed
that 71% of the samples analyzed were positive
for hemoparasites. From a methodological point
of view, the use of PCR for the detection of
blood parasites has already shown its
effectiveness. Indeed, wusing microscopic
analysis, fluorescent antibody testing and PCR,
Nayel et al. (2012) showed the absence of
significant differences in the detection power of
these three methods. Additionally, Almeria et al.
(2001) suggested that the use of PCR was
significantly more effective in the detection of
Theileria ssp. and Babesia ssp. compared to
microscopic observation. The low prevalence
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observed during the current study might
indicated good management of breeding
conditions which would limit the spread of the
disease or that of ticks as a vector of the studied
parasites. On the other hand, the use of different
treatments could effectively reduce blood
parasites. However, the observed prevalences
cannot be generalized for the Tunisian cattle
herd; they are rather an estimate of the infection
rates in the studied population.

BoLA-DQA1 polymorphism

The total size of the sequences obtained in this
study is 374 bp with 28 variable positions
(7.49%) of which 4 (1.1%) are singletons. The
average nucleotide composition across all
sequences is 31.4% T, 26.1% C, 23.7% A, and
18.8% G. This composition is observed for all
individuals with rare variations of around 0.1%.
The values of haplotypic diversity (h = 0.863),
nucleotide diversity (1 = 0.01643) and mean
pairwise differences (k = 6.144) were relatively
high. A total of 11 different alleles were revealed
in the 17 Tunisian cow samples. Among these
alleles, five have been already detected in other
cattle breeds (Table 1). We identified 11 alleles
in 17 cattle from Tunisia belonging to the
Holstein breed, of which six alleles were
detected for the first time. Although this number
of alleles seems very high compared to those
detected by other studies, such allelic diversity
is characteristic of MHC genes (Klein et al.,
1993). Indeed, while only three DQA1 alleles
were observed in a population of 34 cattle in Iraq
(Al-Waith et al.,, 2018), 15 alleles were
identified in 51 samples belonging to 8 cattle
breeds studied by Takeshima et al. (2007).
Similarly, Kulaj et al. (2015) identified 14
alleles, including three for the first time, by
analyzing 71 cattle from the Polish Holstein-
Friesian breed.

On the other hand, the BoLA-DQA1*0101
allele having a frequency of 0.32 in Tunisia,
showed a frequency of 0.2606 in a Holstein-
Frisian population (Kulaj et al., 2015) and was
also the most frequent among all alleles detected
in the cattle breeds studied by Takeshima et al.
(2007). The second most frequent allele in
Tunisian cattle was BoLA-DQA1*10011 with a
frequency of 11.8%. This allele presented a
frequency of 0.3592 in the Holstein-Friesian
breed (Kulaj et al., 2015) and was also the most



frequent allele in the Danish black pied breed
(45%; Takeshima et al., 2007). Other studies
carried out by different research teams have
shown that the BoLA-DQA1*10011 and *0101

alleles are the most frequent in Holstein cattle
(Takeshima et al., 2008; Miyasaka et al., 2011,
Schwab et al., 2009).

Table 1. List of currently detected alleles (grey shaded) and their frequency as well as alleles retrieved from GenBank
and used in our study. Breeds where alleles were detected according to Takeshima et al. (2007)

GenBank Accession N° Allele Frequency Breed'
PP335540 BoLA-DQA1*008,04 0.088 -
PP335541 BoLA-DQA1*036,01 0.029 -
PP335542 BoLA-DQA1*001,07 0.029 -
PP335543 BoLA-DQA1*001,01,01 0.147 -
PP335544 BoLA-DQA1*001,01,02 0.088 -
PP335545 BoLA-DQA1*010,01,03 0.059 -
AB257101 BoLA-DQA1*1203 - DR
AB257102 BoLA-DQA1*0801 - AY x LM, JE
AB257103 BoLA-DQA1*0101 0.324 BF, DB, HF
AB257104 BoLA-DQA1*0203-1 - BF, JE, DB
AB257105 BoLA-DQA1*0204 - BF x AY, BF, JE,
AB257106 BoLA-DQA1*0301 - DR, JE
AB257107 BoLA-DQA1*0401 - BF x HE, BF
AB257108 BoLA-DQA1*0103 - DR, JE
AB257109 BoLA-DQA1*10011 0.088 BF, DB
AB257110 BoLA-DQA1*12011 0.029 DB, BF
AB257111 BoLA-DQA1*12012 - -
AB257112 BoLA-DQA1*1401 - DR
AB257113 BoLA-DQA1*12021 - BF, DR, DB, JE
AB259566 BoLA-DQA1*10012 - BF, DR, DB
AB259567 BoLA-DQA1*0102 - BF
AB267074 BoLA-DQA1*0203-2 0.059 BF, DB
AB362375 BoLA-DQA1%*1402 0.059 HF
AB362376 BoLA-DQA1*1002 - B
AB362377 BoLA-DQA1*12013 - JE

'AY, Ayrshire; BF, British Friesian; DB, Danish Black Pied; DR, Danish Red; HE, Hereford; HF, Holstein Friesian;

JB, Japanese black; JE, Jersey; LM, Limousin.

BoLA-DQAL selection and phylogeny

The 240-coding nucleotide of the 11 detected
alleles were translated into eight amino acid
sequences. Among them, only BoLA-
DQA1*008,04, *036,01 and *001,07 are
translated to new amino acid sequences (Figure
1). Overall, neutrality tests showed that the
studied sequences were selectively neutral. In
fact, the Tajima test was negative (D= -0.5746)
and not significant (p>0.1). The results of the Fu
and Li tests were also non-significant (D* =
0.82646; F* = 0.42724) (P > 0.1). However,
Positive selection by the Datamonkey web
server was observed at one (site 13), two (50,
64), and three (50, 64, 71) codons by MEME,
FEL, and FUBAR, respectively (Figure 1). No
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positive selection was suggested with SLAC. In
addition, eight codons (13,42, 50, 51, 63, 64, 70,
71) were reported under positive selection by
CODEML (Figure 1). Purifying negative
selection was observed at position 4 by SLAC,
FEL and FUBAR and at position 65 only by
FEL.

The neighbor joining (NJ) phylogenetic tree
(Figure 2) indicated that the currently detected
alleles in Tunisian cattle with those downloaded
from GenBank were paraphyletic and were
belonging mainly to two different groups. The
first one encompasses 10 of the Tunisian alleles
that were divided in two subgroups. The second
groups contain only allele DQA1*0203-2 and
other alleles from different cattle breeds.
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Figure 1. BOLA-DQA1 exon 2 alleles of Tunisian Holstein cattle. Asterisks at the bottom
of the table indicate signals of positive selection as obtained from the different tests
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Figure 2. Neighbour-joining tree of BoLA-DQAI allele. Numbers in the node indicate the bootstrap values if > 50%.
Alleles observed in this study are grey shaded and newly identified alleles are marked in bold

The haplotype (allele) network (Figure 3) shows class II genes which are characterized by
a central group of alleles allele that could be at  significant polymorphism in the different
the origin of the various other groups. In this  species analyzed so far (Klein, 1986; Weber et
central group, we find the BoLA-DQA1*0101 al., 2004; Awadi et al., 2018; Balasubramaniam
allele, the most frequent in Tunisia and which et al., 2017). Our analysis of the DQA1 locus
has also been detected in other cattle breeds. In identified several codons under positive
addition, several other Tunisian alleles have a selection as evidenced from the used tests.
terminal position in the allele network which Selection might suggest that shared alleles
could indicate their relatively recent  between different breeds can result from locally
evolutionary status compared to the other central similar pathogens leading to similar natural and
ones. artificial selection pressures. Indeed, Bohérquez
Adaptation to different pathogens is often et al. (2020) suggested that the observed
studied by the analysis of major  polymorphism for BoLA-DRB3 was very
histocompatibility complex (MHC) class I and  similar for all breeds they have studied.
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Figure 3. Median-joining network showing the relationships among BoLA-DQAL alleles. Relative allele frequencies
correspond to haplotype circle size (see Table 1). Numbers on lines connecting haplotypes indicate number of total
mutation changes. Small red circle indicates inferred haplotype. Alleles observed in this study are grey shaded and

newly identified alleles are marked in bold

In addition, the significant polymorphism
observed in the Holstein breed in Tunisia could
be linked to a significant diversity of pathogens.
Indeed, the presence of seven specific alleles
that have not been previously detected in
different cattle populations around the world
could suggest in situ evolution influenced by
pathogens and environmental conditions. Such
high polymorphism indicated that diversity in
functionally important gene might persist even
in the case of bottleneck events such those
resulting from domestication and breeding
(Bohorquez et al.,, 2020) In such situation,
potential quantitative and qualitative differences
of pathogens in varied habitats would result in
high level of diversity. However, in the current
study, introgression by alleles from other breeds
could not be excluded.

CONCLUSIONS

The results of detection of blood parasites
suggest relatively low infection rates by these
parasites in the studied populations. On the
contrary, the high polymorphism of the BoLA-
DQAI1 gene as well as the positive selection
acting at several codons suggests a significant
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diversity of pathogens in Tunisia. On the other
hand, the occurrence of a significant number of
specific alleles of the Holstein breed in Tunisia
might indicate an important potential of
adaptation to local pathogens.
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Abstract

Microarray technology has emerged as a powerful tool in the field of animal genetic research, offering a
comprehensive and high-throughput method for analysing the expression of thousands of genes simultaneously. This
paper explores the implications of microarray technology in advancing understanding of animal genetics, focusing on
its applications, challenges, and potential contributions to various aspects of genetic research. The paper begins by
providing an overview of microarray technology, detailing its principles and the array of applications it offers for
investigating gene expression, genetic variations, and regulatory mechanisms in animals. Furthermore, this paper
addresses the challenges associated with microarray data analysis, emphasizing the importance of bioinformatics
methods to extract meaningful insights from large-scale genomic datasets. This study aims to guide researchers in
choosing appropriate methodologies, highlighting best practices, and fostering a deeper understanding of the
implications and limitations of this technology in the context of animal genetic research. This exploration also
contributes to the ongoing dialogue within the scientific community on optimizing the use of microarray technology to
unlock the mysteries of animal genetics and advance the knowledge of biological systems.

Key words: animal research, gene expression, genetic data analysis, microarray.

INTRODUCTION DNA microarray technology represents a

multiplex technology used in molecular biology
Microarray technology has enabled the identifi-  and veterinary medicine studies. It has evolved
cation of sets of genes over and under- from the Southern Blotting analysis method -

expressed in various pathologies, including  DNA fragments are attached to a substrate and
breast cancer, prostate cancer, lung cancer, as hybridized with labelled probes representing
well as in the dysregulation of certain physio-  gene fragments or entire genes. The spots can
logical processes such as apoptosis induction  be short gene fragments - Probes - used for
and response to therapy, not only in humans but ~ hybridization with cDNA - Target, under very
also in animals. Integrated analyses of multiple = well-defined conditions. The Probe-Target

studies have highlighted generalities and speci- complexes can be visualized and quantified
ficities of gene expression in certain pathologies ~ based on fluorescence detection of a
(Spielbauer et al., 2005; Aizpurua et al., 2023). fluorophore - fluorescent marker attached to the

The use of microarrays in biomedical research  target for relative quantification of nucleic acid
is not limited to determining gene expression  abundance in the target sample. DNA
profiles; they are also used to detect CNV  microarray technology can be used for both the
(copy number variation) at the whole genome detection of single nucleotide polymorphisms
level, with high resolution, down to a level of  (SNPs) and for the detection of DNA
5-10 kilobases and even down to a resolution of ~ (comparative genomic hybridization studies) or
200 bp in the case of high-resolution array = RNA (detected as cDNA after reverse
CGH variants (HR-CGH) (Madescu et al., transcription) which may or may not be
2019).
23



involved in protein translation (Bendixen et al.,
2005; Gheyas et al., 2013).

Measuring gene expression levels based on
cDNA is called "Gene Expression Analysis".
Using traditional gene expression analysis
methods, researchers can study a small number
of genes per analysis. The development of new
technologies  allows  tackling  problems
inaccessible through classical methods and
discovering new targets for drug therapies
(Singh et al., 2013).

"Microarrays"”, recently discovered DNA
microarrays, allow researchers to analyse the
expression of multiple genes rapidly and
efficiently in a single experiment. They
represent a major step in DNA analysis
methodology and  illustrate how  new
technologies provide "powerful tools" for
research (Haley et al., 2000).

Overall, adopting an appropriate approach to
the implications of microarray technology for
animal genetic research involves leveraging its
strengths while addressing its challenges, with
a focus on advancing our understanding of
animal genetics, improving breeding programs,
and promoting animal welfare and sustainable
agriculture (Stoughton et al., 2005; Kawecka et
al., 2016; Szczerbal et al., 2021).

The aim of studying the implications of
microarray technology for animal genetic
research is multifaceted and encompasses
several key objectives. This includes
understanding genetic diversity within and
between animal populations, mapping traits of
interest, and discovering candidate genes
associated with economically important traits
such as growth, reproduction, disease
resistance, and behaviour (Zhang et al., 2020).
Additionally, the aim involves improving
breeding programs through genomic selection
and marker-assisted breeding, exploring
functional genomics by elucidating gene
expression patterns and molecular mechanisms
underlying ~ phenotypic  variation,  and
conducting comparative genomic studies across
different animal species to understand
evolutionary relationships and species-specific
adaptations. Furthermore, researchers aim to
validate microarray-based findings using
independent methods and integrate microarray
data with other omics technologies for a more
comprehensive understanding of complex
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biological systems. Ethical considerations,
including the responsible use of animals in
research and adherence to ethical guidelines
and regulations, are also essential aspects of
studying the implications of microarray
technology for animal genetic research.
Ultimately, the overarching goal is to advance
our understanding of animal genetics, improve
breeding programs, enhance animal health and
welfare, and contribute to the sustainable
management of animal populations for
agricultural, conservation, and biomedical
purposes (Khan et al., 2021).

MATERIALS AND METHODS

In order to reach the objectives of this study, 35
bibliographic ~ sources  from  specialized
literature were consulted. The main issues
addressed refer to the types of microchips
(microchips for the detection of changes in the
level of gene expression, comparative genomic
hybridization-CGH microarrays,
mutation/polymorphism analysis microchips);
the structure of a microarray; the basic
principle of the microarray technique,
respectively the study of gene expression -
DNA analysis by microarray and interpretation
the results obtained and also are presented the
advantages of microarray technique.

The research methods used in this study were

observation, analysis, and graphical
interpretation of data from specialized
literature.

RESULTS AND DISCUSSIONS

A microarray is a laboratory tool used to detect
the expression of thousands of genes at the
same time. DNA microarrays are microscope
slides that are printed with thousands of tiny
spots in defined positions, with each spot
containing a known DNA sequence or gene.
These instruments play a crucial role in animal
genetic  analysis, facilitating  accurate
identification and in-depth examination of their
genetic profiles, ultimately enhancing research
and breeding programs.

These microchips will be presented in detail
from the point of view of their structure and the
analysis technique, bringing to the attention of
researchers not only the advantages of their use



in genetic analysis (Ventimiglia et al., 2013;
Wickramasinghe et al., 2014).

DNA Microarray - Genetic Testing of the
Future

A microarray chip can be defined as a gene
expression analysis test consisting of a micro
membrane or glass slide, on which DNA
samples from multiple genes are systematically
arranged. Samples can be represented by DNA,
cDNA, or oligonucleotides. The characteristics
of these tools enable a systematic and
comprehensive study of the genetic expression
of an organism (Ashammakhi et al., 2020;
Balakrishnan et al., 2022).

Three types of probes can be used to produce
microchips: two are genomic and the third is
"transcriptomic" (measuring mRNA levels).
They differed in the type of DNA fixed in the
spots (Table 1).

Microchips for detecting changes in gene
expression levels

They are also known as gene
analysis microchips (microarray
analysis microchips or simply expression
microchips). The spots on these microchips
contained c¢DNA obtained by reverse
transcription of mRNA from known normal or
mutant genes. If the expression of a gene in the
studied tissue is increased, more cDNA will
hybridize at that point compared to the control,
with fluorescence directed towards red (Chen et
al., 2023).

Gene expression chips can be used for
diagnosis of genetic diseases, identifying
mutations in genes involved in multifactorial
diseases (especially cell cycle control genes
involved in the proliferation of neoplastic
cells), drug development (for drug
development, these microchips can be used to
study whether a new drug reduces the
overexpression of a gene involved, particularly
in neoplastic development.

Comparative Genomic Hybridization (CGH)
Microchips

Researchers have used this technique to
identify gene amplifications and deletions in
the genome, or to observe changes in the copy
number of a gene involved in the genesis of a
specific disease. These microchips target large
portions of genomic DNA. The chromosomal
location must be known for each target DNA
spot on the chip. The hybridization mixture

expression
expression
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contained fluorescently labelled genomic DNA
probes collected from both the normal and
investigated tissues. Consequently, if the copy
number of the studied gene increases, a larger
amount of DNA extracted from the investigated
tissue will hybridize with the target spots
compared to a smaller amount of control DNA.
As a result, the fluorescence of the spots turned
red to a greater extent as the copy number
increased (Figure 1).

Control DNA- %
°
°

Different

i Normal genetic
dosage

Figure 1. The basic principle of the microarray
methodology (Www.euroimmun.com)

The microarray CGH technique allows for the
identification of Copy Number Variants
(CNVs). They are classified into five
categories: benign, Variants of Unknown
Significance (VOUS) possibly benign, VOUS
with  uncertain  significance,  possibly
pathogenic VOUS, and clearly pathogenic.
These submicroscopic genomic rearrangements
are widespread throughout the genome and
represent important factors in evolution,
phenotypic differentiation, and susceptibility to
certain conditions (Liu et al., 2015).

The advantages of the array CGH method are
defined by increased clinical utility and an
average detection resolution of approximately
60kb, providing a perspective on the entire
genome at a high resolution, which is 10 times
higher than that of classical karyotyping. It
detects submicroscopic  duplications and
deletions, unbalanced chromosomal
rearrangements, and does not require cell
culture such as classical karyotyping (Naidu et
al., 2012).

Mutation/Polymorphism Analysis Chips
Researchers have used these microchips to
detect mutations in a single gene or single
nucleotide polymorphism (SNPs).



Table 1. Types of microchips

Types of microarray

Applications

Microchips CGH
(comparative genomic hybridization arrays)

tumor classification
risk evaluation
predicting prognosis

Expression microarrays

the development of new drugs

gene assessment of response to medication
(microchips for the detection of changes in the level of gene the development of drug therapy
expression)
Analysis microchips a the development of new drugs
mutations/SNPs assessment of response to medication

(microchips for analysis of mutations or polymorphisms)

the development of drug therapy
following the evolution of diseases

(data processed after Heller et al., 2002; Jenkins et al., 2002; Huang et al., 2015)

The structure of a microarray

A microarray chip consists of a small solid
support onto which probes containing DNA
sequences of hundreds or thousands of different
genes are fixed at well-defined positions. The
support usually consists of microscope slides
(glass) of a standard size or can be made of
silicon or polymeric membranes (nylon). DNA
probes are printed in the form of spots or
synthesized directly onto the support. It is
crucial that the DNA probes are fixed to the
support in a well-defined order, because gene
identification is based on their localization in
the microarray (Figure 2).
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Figure 2. Structure of microarray
(Www.euroimmun.com)

Microarrays are miniature tests of gene
fragments that are attached to glass slides.
Presenting thousands of gene fragments in a
single test allows the detection of gene
expression changes in a significant fraction of
the total genome. Linear arrays of molecules
are immobilized at discrete locations on an
inert surface, which allows simultaneous
analysis. Microarray technology is commonly
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used because it is easy to implement and well
controlled. A microarray is a stamp-sized glass
slide that contains thousands or hundreds of
thousands of spots. Each spot contains a
synthetic DNA strand with a known sequence.
A microarray consists of a portion (partial) of
specific genes, created by placing a known
DNA sequence (Nies et al., 2024).

The basic principle of the microarray
technique

The basic principle of microarray technology is
similar to the Southern blot (DNA-DNA
hybridization) and Northern blot (RNA-DNA
hybridization) techniques. It relies on the
complementarity of gene sequences to
recognize each other and detect the presence or
absence of the DNA or RNA of interest using a
series of radiological, fluorogenic, or
chemiluminescent detectors (Figure 3).
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EUROArray four-slide hybridization
station

Figure 3. Microarray analyzer - EUROArrayScanner
(https://microbenotes.com)



The operating principle is based on the ability
of mRNA molecules to hybridize with the
corresponding DNA matrix molecules. Using a
microchip containing multiple DNA probes, the
expression levels of hundreds or even
thousands of genes in a cell can be determined
in a single experiment by measuring the
amount of mRNA bound to each probe on the
microchip. The resulting data on the quantity of
DNA bound at each spot and the gene
expression profile of the cell are displayed on a
computer (Figure 4).

Hybridization ~ Automatic evaluation

DNA of the results
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Figure 4. The operating principle of the microarray
technique (https://microbenotes.com)

The first step involves isolating DNA from the
blood. The DNA sequences of interest were
amplified millions of times by PCR. Primers
define the region to be copied, and if the DNA
contains the respective sequence, the primers
bind to it and amplification occurs. The
samples obtained by PCR were fluorescently
labelled and incubated (Pena et al., 2014).

Gene expression study DNA analysis
through the microarray technique

After hybridization, the microarray was placed
in a special scanner composed of several lasers,
specialized microscope, and camera. The
fluorescent spots were excited by laser beams,
and the microscope and camera created a
digital image of the microarray. The data were
stored and analysed using a computer equipped
with specialized software to calculate the
red/green fluorescence ratio and to analyse the
intensity of each spot on the digital image of
the microchip (Bao et al., 2012).

Microarray experimental setup

The hybridization step was performed with two
cDNA probes for comparison (samples from
diseased  tissue/healthy  tissue;  treated
cells/untreated cells) labelled with two different
fluorophores (Slonim et al., 2009).
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Fluorescent markers: Cy3 with an emission
wavelength of 570 nm (corresponding to the
green light spectrum) and Cy5 with an emission
wavelength of 670 nm (corresponding to the
red light spectrum) (Rajagopal et al., 2020).
The two types of probes, Cy-labeled cDNA,
were mixed and hybridized on the same
microarray chip, which was scanned to analyse
the fluorescence signal intensity of the two
fluorophores.

The relative intensities of the fluorescent
signals of the two markers were analyzed as a
ratio to identify genes with upregulated or
downregulated expression (Figure 5).
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Figure 5. Experimental protocol for DNA analysis by the
technique microarray (https://microbenotes.com)

Affymetrix is one of the first companies to
produce microarrays, developing technology
and synthesis based on combinatorial
chemistry. These methods have been applied to
construct high-density matrices of
oligonucleotides on glass or silicon substrates
(microchips) (Dufva et al., 2009).

Interpretation of the results obtained through
the microarray technique

Each spot on the microchip represents a
specific gene; each color represents the DNA
extracted from healthy tissue (control) or the
DNA sample extracted from the tissue under
investigation (sample). Depending on the type
of chip used, the location and intensity of each
color  specify the  expression level
(presence/absence) of a gene (or its mutation)
in the DNA samples (Figure 6).
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Figure 6. DNA microarray interpretation
(https://microbenotes.com)

Although still in its infancy, microchip
technology represents a significant first step in
the field of genetics. This new technology
enables scanning of the entire genome for
relevant polymorphisms using gene microchips.
Multiple thousands of polymorphisms can be
determined simultaneously for a single subject.
Currently, SNPs are selected as markers
distributed throughout the genome, with the
hope that functionally important
polymorphisms can be associated with specific
markers due to their proximity on the
chromosome (Fan et al., 2010).

Such whole-genome association studies are
already being used to detect susceptibility
genes in a disease. Whole-genome scanning
can be used similarly to determine genes
involved in drug response, even when the
mechanism of action of that drug is not known.
There are several advantages of microarray
technology: microarrays allow for the
simultaneous analysis of mRNA expression
from several thousand genes; microchips can
also be used to determine the gene expression
pattern in a target tissue, contributing to
demonstrating the mechanisms of action of a
pharmacological agent in a genomic context;
they can track interindividual differences in
drug response in different tissues; up to 30,000
genes can be analysed at the same time; they
can indicate quantitative changes in mRNA
related to gene expression: during the cell
cycle, during organism development from
embryo to adult, after exposure to various
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stimuli, in pathological conditions versus
normal conditions; they provide information
about the functioning of a system as a whole,
etc (Shinde et al., 2023; Shukla et al., 2020a;
Shukla et al., 2020b).

CONCLUSIONS

Currently, microarrays are considered powerful
tools in the field of genetics. This new
technology allows for disease diagnosis and a
better understanding of how gene expression is
altered under different conditions. Furthermore,
it enables the comparison of control tissue with
tissue treated with a particular drug to study the
effects of a potential medical treatment. To do
this, the normal state and the discased state are
compared before and after administration of the
medication.

The microarray technique holds significant
importance in the field of animal genetics for
several reasons:

Genetic Variation Analysis: Microarrays allow
researchers to analyse genetic variations within
animal populations. By studying thousands of
genetic markers simultaneously, microarrays
facilitate the identification of genetic variants
associated with desirable traits, such as disease
resistance, productivity, or adaptation to
specific environments.

Gene Expression Profiling: Microarrays enable
the comprehensive study of gene expression
patterns in animals. By examining the
expression levels of thousands of genes
simultaneously, researchers can gain insights
into the molecular mechanisms underlying
various  biological processes, such as
development, immune response, metabolism,
and behavior.

Disease Diagnosis and Biomarker Discovery:
Microarrays are valuable tools for diagnosing
genetic diseases in animals and identifying
potential biomarkers for disease detection and
monitoring. By comparing gene expression
profiles between healthy and diseased animals,
researchers can identify molecular signatures
associated with specific diseases, leading to the
development of diagnostic tests and targeted
therapies.

Breeding and Selection Programs: Microarrays
can aid in animal breeding and selection
programs by facilitating the identification of



genetic markers linked to economically
important traits, such as milk production in
dairy cattle, meat quality in livestock, or
disease resistance in poultry. This information
can be used to inform breeding decisions and
accelerate genetic improvement efforts.
Pharmacogenomics and  Toxicogenomics:
Microarrays play a crucial role in
pharmacogenomic and toxicogenomic studies
in animals. By analysing gene expression
changes in response to drugs or environmental
toxins, researchers can elucidate drug
mechanisms of action, predict drug responses,
and assess the safety of pharmaceuticals and
chemicals in animals (Davidescu et al., 2020;
Davidescu et al., 2021; Davidescu et al., 2022).
Overall, the microarray technique is a powerful
tool for advancing our understanding of animal
genetics, improving animal health and welfare,
and enhancing breeding and selection programs
in livestock, poultry, aquaculture, and
companion animals.
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Abstract

Taking into account the decreasing trend in skin production, Karakul of Botosani sheep breeders have reoriented
towards meat production, as the demand for this production is increasing, both in the country and for export, Karakul
of Botosani sheep meat being highly appreciated in Arab countries. We want to capture the effect of increased meat
production on the quality of the curl, which influences the commercial value of the skin. We will analyze the productive
capacity of the Karakul of Botosani breed for both skin production and meat production, and the relationship between
them, knowing that when you want to improve one production, you do it at the expense of another, for example
improved milk production leads to a lower meat production, or a higher milk production leads to a decrease in milk fat
percentage, if we are talking about major changes in the productions, because small changes, or changes up to a
certain threshold, called limits of productions, do not have major effects on the other productions.

Key words: body weight, Karakul of Botosani, pelts, production sheep.

INTRODUCTION

Karakul of Botosani breed, is well known for
its skin production, production that is
influenced by the proper quality of the curl and
surface characteristics, or the size of the skin.
In this study we will analyze the correlation
between the weight at lambing and the specific
score from appreciation sheet, respectively the
influence of the weight at lambing over the skin
quality. The larger the skin surface, the better
the degree of coverage will be, i.e. less skins
will be used to obtain the finished product
(jackets, gloves, vests, hats, etc.).

A study was conducted to investigate whether
simple measurements taken on the carcass post-
mortem could be used to accurately predict
composition and key meat quality traits.
(Lamber et al., 2009).

The skin surface is in close correlation with the
birth body weight, so as the weight increases,
the skin surface is becoming larger.

Body development of the lamb and skin
reserves in the flank and neck regions influence
the size of the skin surface. When we refer to
the surface of the skin, we must consider two
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reasons, the total surface and the useful surface,
since the useful surface has an important role in
establishing the commercial value of the skin
(Pascal, 2011; 2015; Pascal et al., 1994).
Recent research shows that lambs from the
Black and Greyish lines have higher average
birth weights compared to lambs belonging to
the other lines within the Karakul of Botosani
breed (Crismaru et al., 2022; Pascal &
Nechifor, 2014).

The useful surface is the portion of the total
surface covered with curls but excluding the
axillary regions, the limbs from the knees and
hock and possibly other portions covered with
slick hair or wadding. In Karakul of Botosani
lambs, the useful surface reaches up to 95% of
the total surface (Pascal, 1994).

Climate conditions pay a defining role in sheep
production (Sejian et al., 2017; Pascal et al.,
2023).

Differences between breeds in the response
variable measured were not influenced by diet,
sex, or location (Crouse et al., 1981).

A slight influence over the late development of
the lambs has the age that they are introduced



at breeding (Florea et al., 2020; Nechifor et al.,
2022).

Considering that the curling (i.e. the useful
surface) is of the same quality, the skin value is
the higher the larger its surface is. The quality
of the curl is given by the score value obtained
in the appreciation sheet.

MATERIALS AND METHODS

The biological material analyzed was
represented by a number of 1378 Karakul of
Botosani individuals from Black and Greyish
color lines. The entire herd subject to
evaluation is included in the Genealogical
Register of the breed and is in the character
improvement program for skin quality.

The study was carried out during five
consecutive years, the lambs being assessed at
birth according to the assessment norms of
Karakul of Botosani sheep subject to official
production control.

The assessment of body weight was carried out
with the help of the electronic scale, 24-48
hours after lambing, in the same time with the
appreciation sheet.

For the objective assessment of the skin
surface, we will focus on the body weight at
birth, since the higher the weight of a lamb at
birth, the larger the skin surface is and a better
later body development.

At birth, each individual, had an appreciation
sheet filled in and was weighed, obtained
values were grouped according to the color line
and according to the individual's destination.
The data thus obtained were systematized and
processed  statistically. =~ The  statistics,
respectively the parameters, which characterize
a normal distribution, are on the one hand the
mean or median, and on the other hand the
dispersion indices represented by the variant
and the standard deviation of the observed
character. Statistics are written with Latin

letters: arithmetic mean (X ), variation (s?),
standard deviation (s).

The collected data were processed using the
spreadsheet application MsExcel 2013.

RESULTS AND DISCUSSIONS

Depending on the destination of the evaluated
products, the data were statistically processed
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for lambs kept for reproduction, for those
destined for meat and for those for skin
production.

According to the data presented in Table 1 both
in the Greyish and Black line at the individuals
kept for reproduction, the skin quality
improved during the analyzed period, thus in
the greyish individuals, in 2019, we have
individuals with an average score of 513.64
points and an average lambing weight of
3.69 kg and in 2023 the score increases to an
average of 529.40 points and an average
lambing weight of 5.53 kg. The same aspect
can be observed in individuals from the Black
line, respectively in 2019 we record an average
score of 521.98 points and an average lambing
weight of 3.74 kg and in 2023 we obtain an
average score of 527.35 points and an average
lambing weight of 5.55 kg. In greyish
individuals, the highest average value of the
score was recorded in 2023, respectively
529.40 points, and the highest value of the
average weight at lambing was recorded in
2021, respectively 5.56 kg, a weight close to
that one recorded in 2023. At black individuals,
the highest average value of the score was
recorded in 2023, respectively 527.35 points,
and the highest value of the average weight at
lambing was recorded in 2021, respectively
5.75 kg, a weight close to that recorded in
2023. Comparing the year 2019 and 2023 the
average score, respectively the curl quality, did
not show significant differences, instead the
average weight at lambing increased by 1.84 kg
in the case of greyish individuals and 1.81 kg in
the case of black individuals. As the average
lambing weight and the curl quality have been
improved, it only increases the commercial
value of the skins, ie skins of a better quality
and with a larger usable area.

The best results were found in 2020, in terms of
curl quality with an average score of 516.65 for
individuals from the Greyish line and 534.17
points for individuals from the Black line and
in terms of average weight at lambing the best
values were obtained in 2021, respectively
5.56 kg for individuals from the Greyish line
and 5.75 kg for individuals from the Black line

The category of individuals destined for
breeding plays a decisive role in the
improvement of the breed, as they represent the
future generations of parents, and by keeping



the most valuable individuals at the breeding
ground, we ensure that in the future we will
obtain homogeneous and quality individuals, to
achieve a economic efficiency of the unit as
high as possible. A not to be neglected
production of the Karakul of Botosani breed is

also that of meat, this because recently the
buyers interest in skins has decreased, and this
has led the Karakul of Botosani sheep breeders
to reorient their production towards that of
meat, lambs being highly valued in Arab
countries.

Table 1. Evaluation of Karakul of Botosani individuals - Greyish line and Black line for reproduction

) Greyish line
Year N _(reprpductlon Sheet appreciation score Lambing weight (kg)
individuals) — - — -
X s s | Max. | Min. | X S s> | Max. | Min.
2019 14 513.64 | 41.275 | 1,704 | 590 | 455 | 3.69 | 0.72 | 0.52 | 5.00 | 2.60
2020 20 516.65 | 42.751 | 1,828 | 610 | 455 | 494 | 0.893 | 0.8 | 7.10 | 3.70
2021 39 503.05 | 38.472 | 1,480 | 640 | 415 | 5.56 | 0.81 | 0.66 | 7.00 | 4.00
2022 24 509.71 | 38.276 | 1,465 | 605 | 430 | 4.86 | 0.89 | 0.79 | 6.20 | 2.80
2023 35 529.40 | 36.631 | 1,342 | 610 | 465 | 5.53 | 0.746 | 0.56 | 6.90 | 4.00
) Black line
Year N .(rePr.oductlon Sheet appreciation score Lambing weight (kg)
individuals) — —
X s s | Max. | Min. | X s s> | Max. | Min.
2019 112 521.98 | 40.382 | 1,631 | 610 | 423 | 3.74 | 0448 | 0.2 | 5.00 | 3.00
2020 116 534.17 | 54.467 | 2,967 | 650 | 413 | 5.48 | 0.946 | 0.89 | 9.20 | 3.50
2021 90 511.77 | 40.732 | 1,659 | 613 | 445 | 575 | 1.02 | 1.05 | 7.60 | 3.40
2022 107 501.00 | 41.489 | 1,721 | 635 | 400 | 5.23 | 0.945 | 0.89 | 9.50 | 3.10
2023 83 527.35 | 34.382 | 1,182 | 620 | 465 | 5.55 | 0.899 | 0.81 | 7.90 | 3.30

Table 2. Evaluation of Karakul of Botosani individuals - Greyish line and Black line for meat production

Greyish line

Year | N (individuals for meat) Sheet appreciation score Lambing weight (kg)

X S s | Max. | Min. | x s s> | Max. | Min.
2019 12 471.58 | 36.75 | 1,351 | 525 | 408 | 3.46 | 0.431 | 0.19 | 4.40 | 3.00
2020 14 452.42 | 37.916 | 1,438 | 515 | 375 | 5.28 | 0.72 | 0.52 | 6.00 | 3.70
2021 25 514.16 | 57.369 | 3,291 | 598 | 415 | 4.67 | 09 | 0.81 | 6.80 | 3.50
2022 13 468.77 | 41.944 | 1,759 | 535 | 400 | 4.48 | 0.997 | 0.99 | 6.10 | 2.30
2023 6 518.33 | 47.293 | 2,237 | 590 | 475 | 4.77 | 0.877 | 0.77 | 5.70 | 3.30

Black line

Year | N (individuals for meat) Sheet appreciation score Lambing weight (kg)

X s s | Max. | Min. | x s s> | Max. | Min.
2019 54 494.48 | 40.224 | 1,618 | 595 | 423 | 3.50 | 0.349 | 0.12 | 4.20 | 2.40
2020 32 481.09 | 40.36 | 1,629 | 575 | 385 | 5.37 | 0.988 | 0.98 | 6.80 | 3.00
2021 143 499.43 | 40.792 | 1,664 | 580 | 405 | 4.94 | 0.92 | 0.84 | 7.20 | 3.00
2022 149 469.21 | 28.885 | 834 | 555 | 310 | 4.63 | 0.832 | 0.69 | 7.00 | 2.90
2023 93 495.70 | 32.87 | 1,080 | 575 | 420 | 4.70 | 0.784 | 0.61 | 6.40 | 2.80

In lambs destined for meat, the quality of
curling is not a primary objective, this can also
be seen in the centralized data in Table 2 where
the average score for greyish individuals, in
2019, was 471.58 points, but still improved in
2023 to 518.33 points and for black individuals
the average score had similar values in the
analyzed period, with 494.48 points in 2019
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and 495.70 points in the year 2023. For meat
production, the average weight at lambing is
important, which influences the further body
development of the lamb, so if in 2019 the
average weight at lambing of greyish
individuals was only 3.46 kg, in 2023 it
reached 4.77 kg, recording a difference of
1.31 kg and in 2020 was recorded the highest



average lambing weight, respectively 5.28 kg.
In black individuals in 2019 the average
lambing weight was only 3.50 kg, in 2023 it
reached 4.70 kg, registering a difference of
1.20 kg and in 2020 the highest average
lambing weight was recorded, respectively 5.37

kg. By improving the average lambing weight,
in addition to the economic efficiency related to
meat production, an improvement in the useful
area of the skin was ensured if these individuals
were directed to the skin production.

Table 3. Evaluation of Karakul of Botosani individuals - Greyish line and Black line for skin production

o Greyish line
Year N (.1 nleldual; for Sheet appreciation score Lambing weight (kg)
skin production) — - — -
X s s | Max. | Min. | X s s> | Max. | Min.
2019 2 510.00 | 7.071 50 515 | 505 | 4.00 0 0 4.00 | 4.00
2020 2 460.00 | 7.071 50 465 | 455 | 3.85| 0.07 | 0.005 | 3.90 | 3.80
2021 9 490.11 | 16.929 | 287 | 528 | 470 | 421 | 04 | 0.16 | 5.00 | 3.70
2022 5 476.00 | 47.88 | 2,293 | 535 | 430 | 3.24 | 0.23 | 0.05 | 3.60 | 3.00
2023 2 477.50 | 53.033 | 2,813 | 515 | 440 | 3.95] 0.636 | 0.41 | 4.40 | 3.50
Black line
Year N (ﬁndividual's for Sheet appreciation score Lambing weight (kg)
skin production) — - — -
X s s | Max. | Min. | X s s> | Max. | Min.
2019 22 488.55 | 35981 | 1,295 | 568 | 425 | 3.06 | 0.412 | 0.17 | 3.80 | 2.20
2020 18 502.35 | 37.993 | 1,443 | 578 | 440 | 5.08 | 1.325 | 1.76 | 7.80 | 2.50
2021 62 500.19 | 30.469 | 928 | 575 | 375 | 431 | 0.52 | 0.27 | 6.40 | 3.00
2022 51 465.75 | 37.083 | 1,375 | 610 | 340 | 3.47 | 0.785 | 0.62 | 5.60 | 2.10
2023 24 489.58 | 36.083 | 1,301 | 525 | 400 | 4.05 ] 1.25 | 1.56 | 6.20 | 2.30

During the analyzed period, the individuals for
skins production came from twin lambings or
isolated cases when the lambs had a low birth
weight and their mothers do not have enough
milk to ensure their Ilatter development.
According to the centralized data in Table 3 we
can see that in the greyish individuals the skin
quality, for the slaughtered products, decreased
comparing the year 2019 with 510.00 points to
the year 2023 when 477.50 points, but the
average weight at lambing does not register
significant differences, being 4.00 kg in 2019
and 3.95 kg in 2023. In black individuals, the
skin quality did not register significant
differences, respectively 488.55 points in 2019
and 489.58 points in 2023, but regarding the
average weight at lambing it recorded 3.06 kg
in 2019 and 4.05 kg in 2023, with a difference
of 1.01 kg and with the highest average weight
recorded in 2020, respectively 5.08 kg. If in the
greyish individuals the quality of the curl and
the useful surface did not undergo major
changes, also due to the small number of
products sacrificed for the skins, in the black
individuals the quality of the curl remained
almost unchanged, but the useful surface of the
skin increased.
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The overall picture regarding the quality of the
curl and the average lambing weight of
individuals from the Black and Greyish lines,
during the analyzed period, is shown in Table
4, Figure 1 and Figure 2.

As we can see in Table 4 in individuals from
the Greyish Line, both the curl quality
(expressed by the average score from the
appreciation sheet) and the average lambing
weight improved during the analyzed period, so
in 2019 we have an average score of 495.36
points and an average weight of lambing of
only 3.61 kg and in 2023 we have an average
score of 525.44 points and an average lambing
weight of 5.35 kg. In individuals from the
Black Line, the quality of the curl did not
register significant differences, in 2019 we
have 510.17 points and in 2023 we have 508.10
points, instead the average weight at lambing
was improved from 3.59 kg in 2019 to 4.97 kg
in 2023.

Due to the current trends in the skins market,
i.e. a decrease in their demand, Karakul of
Botosani sheep breeders tend to reorient
themselves towards meat production, this
aspect is primarily observed through the prism
of the fact that the average weight at calving



had a spectacular jump, ie. 1.74 kg for
individuals from the Greyish line and 1.38 kg
for individuals from the Black line. The
increase in the average weight at lambing was
achieved by the use of male specimens with
greater body development. Although the
average weight at lambing was much higher in
2023, the quality of the curl did not suffer, on
the contrary, in the products from the Greyish
line, it even improved, reaching 525.44 points,
and in the products from the Black line, they
had a value close to the one recorded in 2019.

Contrary to expectations, as it is known that
when you improve one production you do it at
the expense of another, for example if you
improve milk production we will have a lower
meat production, in the Karakul of Botosani
breed it can be observed that it is still possible
to go in parallel with the improvement of two
productions, that of meat and that of skins, but
the leap from the skin quality does not compare
with the leap gained in body development, that
is for meat production.

Table 4. Evaluation of Karakul of Botosani individuals - Greyish line and Black line overall

Greyish line

Year | N (total individuals) Sheet appreciation score Lambing weight (kg)

X s s? Max. | Min. | x s s? Max. | Min.
2019 28 495.36 | 42.577 | 1,813 | 590 408 | 3.61 | 0.592 | 0.35 5.00 | 2.60
2020 36 488.53 | 50.47 | 2,547 | 610 375 | 5.01 | 0.857 | 0.73 7.10 | 3.70
2021 73 505.26 | 44.372 | 1,969 | 640 415 | 5.09 | 095 0.91 7.00 | 3.50
2022 42 493.02 | 44.105 | 1,945 | 605 400 | 4.55 | 1.004 | 1.008 | 6.20 | 2.30
2023 43 525.44 | 39.36 | 1,549 | 610 440 | 5.35 | 0.848 | 0.72 | 6.90 | 3.30

Black line

Year | N (total individuals) Sheet appreciation score Lambing weight (kg)

X s s Max. | Min. | x s s Max. | Min.
2019 188 510.17 | 42.209 | 1,782 | 610 423 | 3.59 | 0471 | 022 | 5.00 | 2.20
2020 166 519.57 | 56.174 | 3,155 | 650 350 | 5.42 | 0.997 | 0.99 | 9.20 | 2.50
2021 295 503.36 | 39.112 | 1,530 | 613 375 | 5.05 | 1.03 1.05 7.60 | 3.00
2022 307 479.72 | 38.329 | 1,469 | 635 310 | 4.65 | 1.046 | 1.09 | 9.50 | 2.10
2023 200 508.10 | 37.481 | 1,405 | 620 400 | 4.97 | 1.036 | 1.07 | 7.90 | 2.30

As seen in Figure 1 the average score recorded
a tortuous evolution, with relatively close
values, the only exception is found in
individuals from the Greyish Line who were
destined for meat and in which the average
score recorded the most different values,
respectively with maxima in the years 2021 and
2023 and with lows in 2019, 2020 and 2022.

As seen in Figure 2 the average weight at
lambing was improved during the analyzed
period, the lowest values were recorded in 2019
with only one exception, respectively in the
individuals sacrificed for skins at the Greyish
line, where the lowest value was obtained in
2022, respectively 3.24 kg, this fact being due
to the very small number of products
slaughtered for skins that year.
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The influence of rams used in breeding to
improve meat production can be seen through
the fact that since 2020, both the reproduction
individuals and the meat individuals have
increased the average birth weight by at least
1 kg.

This fact proves to us that the Karakul of
Botosani breed can always manage the trends
in the market, i.e. if at the moment meat
production is required, then it can be directed
towards improving this production, and if the
market trend returns to the skin production,
surely the Karakul of Botosani sheep can return
to improve the quality of the curls and the
useful surface, because during the analyzed
period this aspect did not suffer a regression
but on the contrary had, although insignificant,
an improvement.
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Figure 2. Dynamics of lambs average birth weight for Black and Greyish lines during the analyzed period

CONCLUSIONS

The interest in the skin production is
decreasing, so the Karakul of Botosani sheep
breeders are oriented towards increasing meat
production, by obtaining products that have,
from birth, greater weights, a fact that will help
them in their latter growth and development.
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For the massiveization of individuals from the
Black and Greyish Lines, breeders (rams) with
a body weight as high as possible are used, and
this fact is observed with the assessment of the
average weight at lambing, which reaches a
maximum of 7.10 kg in 2020, at Greyish lambs
and respectively 9.50 kg in 2022 for lambs
from the Black line.



Every year, the lambs with a body weight at
lambing as high as possible, and a high curl
quality were kept for reproduction, in order to
have in the following generations valuable
parents for both meat and skin production.

The category of lambs slaughtered for skin
production was represented by lambs from twin
lambs or underdeveloped lambs whose mothers
did not have enough milk to ensure their
correct development.

The highest average weight at lambing was
obtained for the Black variety in 2020, respect-
tively 5.42 kg, and the best average skin quality
score was obtained in 2023, for lambs from the
Greyish line, respectively 525.44 points.

The Karakul of Botosani breed can always
manage the trends in the market, i.e. if at the
moment meat production is required, then it
can be directed towards improving this
production, and if the market trend returns to
skin production, with certainty the Karakul
sheep of Botosani can return to improve the
quality of the curls and the useful surface.

The fact that the individuals with the best score
in terms of the quality of skins can be found in
those kept for reproduction, shows us the desire
of the Karakul of Botosani sheep breeders to
continue the activity of raising sheep for skin
production in the hope that the demand for this
production will return.
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Abstract

The article presents the results on the study of key economically beneficial traits of pedigree French Holstein cows in the
herd of Society of limited liability "Holstein." It was found that the milk yield of cows in the first lactation averaged 8119
kg of milk, and in the second lactation, it was 8226 kg of milk, which is by 107 kg more than in the first lactation.
Comparative analysis of the milk productivity of locally generated cows and their mothers revealed that the daughters’
yields (cows of local generation) during the first lactation period of 305 days exceeded the mothers' yields by 1367 kg of
milk. In the second lactation, the average yield of locally generated cows was 8505 kg of milk, which is by1253 kg more
than the average in the first lactation. A positive correlation was established for milk yield during the 305-day lactation
period between the first and second lactations (+0.201). The heritability coefficient for lactation yield was determined to

be (W = 0.402).

Key words: correlation, heritability coefficient, Holstein breed of French selection, lactation, local generation.

INTRODUCTION

The Holstein breed has become a leading breed
worldwide primarily due to strict and purposeful
breeding efforts. It is recognized as a global
leader in milk productivity and a set of qualities
that allow for better adaptation to the conditions
of highly mechanized farms and progressive
livestock management technologies (Nogaeva,
2019). The Holstein breed is widely used in
many countries with diverse climatic conditions,
both for improving local dairy breeds and for
purebred breeding (Stolcman, 1980; Shendakov,
2005; Altergot, 2013; Gridin et al., 2013;
Ivanova, 2019).

The significance of the Holstein breed, bred in
the USA, Canada, and several European
countries, has recently increased significantly,
including in the Republic of Moldova. Cow's
milk and products made from it constitute a
substantial part of the population's diet in these
countries (Lebedko et al., 2020).

The breeding work plays a crucial role in
increasing milk production, as it determines the
genetic progress of breeds and herds (Gridin et
al., 2019; Ivanova et al., 2021). All other factors,
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including  technological elements,
contribute to the realization of this process.
For successful breeding work in a herd of cattle,
it is important to know the phenotypic
variability of animal productivity, heritability,
and the correlation coefficient between
economically valuable selection traits and other
parameters (Litovchenko, 2007; Ignatyeva &
Lavrentiev, 2020). Variability is influenced by
differences in the genotype of animals and
external environmental factors that have varying
effects on the development of a trait in different
individuals. Therefore, the degree of variability
in milk yield and other traits is not the same in
different herds and populations of cattle.
According to literature data, milk fat and protein
content, as well as the live weight of cows, are
considered more stable indicators, meaning they
are less variable (Tamarova, 2005; Seltsov et al.,
2012).

Among the key selection traits for cattle are milk
yield and milk fat content.

It is known that animals, despite having
approximately equal heritability, exhibit
different trait formations under the influence of
various  environmental  conditions.  The

only



phenotypic diversity of animal traits is
determined by the complex interaction of
genetics and living conditions (Baumgard et al.,
2011; Berman, 2011; Gorlov et al., 2016).

The magnitude of these traits is influenced by
breeding methods, the achieved level of herd
cow productivity, feeding and housing
conditions, and other factors. Therefore,
population-genetic parameters of identical traits
in different herds can vary significantly.

The study of milk productivity was conducted
on Holstein cows of French breeding (Holstein
crossbreeds) in the herd of SLL "Holstein". It is
noteworthy that France ranks second in the
European Union in terms of whole milk pro-
duction, accounting for 22.1% of the total pro-
duction (Medvedeva & Penkov, 2013). Among
the 12 major dairy cattle breeds, five have high
demand for export: Holstein crossbreeds,
Montbeliarde, Normande, Abondance, and.
Among them, Holstein crossbreeds exhibit the
highest productivity, with an average yield of
9135 kg of milk, protein content of 3.30% over
a lactation period of 305 days (Kuba, 2017).
The aim of the research is to study the
variability, correlation, and heritability of milk
productivity traits at Holstein cows of French
breed in the SLL "Holstein" herd.

MATERIALS AND METHODS

The research focused on the population of
Holstein cows of French selection in the
breeding herd of the Society of Limited Liability
(SLL) "Holstein" located in Roshkan village,
Anenii Noi district, in the amount of 308 heads.
The breakdown by lactations included the first
(n=142), second (n = 72), third (n = 24), fourth
(n = 27), fifth (n = 27), and sixth (n = 14)
lactations.

The study of the productivity of Holstein cows
of French selection involved the use and
analysis of pedigree certificates for heifers,
pedigree cards for cows, records of milk
productivity, and other documents from primary
zootechnical records. Evaluation and analysis of
cows based on milk productivity were
conducted using commonly accepted methods,
considering yield over 305 days of lactation, fat
content in milk, milk fat production for the
lactation, and assessing the variability of these
indicators (Cv).
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The genetic potential of first calf’s productivity
was determined using the Parental Index of
Cows (PIC). The Parental Index was calculated
using the Wright path coefficient (Krasota &
Dzhaparidze, 1999).

To study the variability and heritability of milk
productivity traits in the first lactation, mother-
daughter pairs were selected. Each sample
consisted of 105 cows and 105 offspring.
Parameters studied included yield over 305 days
of lactation, fat content in milk, milk fat
quantity, and the variability of these indicators
(Cv).

The calculation of selection-genetic parameters
of productivity and the statistical processing of
research materials were conducted using the
methodologies proposed by Plokhinsky (1970)
and Merkuryeva (1983). The coefficient of
correlation (r) was computed on a computer
using the CORREL function within the Excel
software environment. The heritability of
selection traits was determined using the method
of doubled correlation (h>= 2r). The numerical
data the research were biometrically processed
on a personal computer using Microsoft Excel
2010 software.

RESULTS AND DISCUSSIONS

As a result of studying the main economically
valuable traits of Holstein cows of French
selection in the SLL "Holstein" herd, it was
determined that the average milk yield of the
studied population of cows in the first lactation
was 8119 kg of milk, as shown in Table 1.
Starting from the third lactation, a decrease in
milk yields is observed. In comparison to the
first lactation, yields decreased by 329 kg (third
lactation), 378 kg (fourth lactation), 440 kg
(fifth lactation), and 931 kg (sixth lactation) of
milk, with P<0.01, P<0.005 and P<0.001
significance levels, respectively.

As is known, the degree of genetic diversity in a
herd is judged by the variability of economically
valuable traits. The longer the breeding work
was conducted and the more intense was the
selection, the smaller would be the magnitude of
variability in economically valuable traits. The
results of the analysis of selection-genetic
parameters of economically valuable traits in the
SLL "Holstein" herd, depending on lactation,
are presented in Table 2.



Table 1. Characteristics of cows by milk productivity for a range of lactation (X + Sx)

Number of Indices
Lactation COWS, Milk yield, Fat content, Amount of fat, Body weight,
n kg % kg kg
The first 142 8119+£52.8 3.83+0.003 312+2.1 639+2.8
The second 72 8226+71.2 3.84+0.004 31343.8 681+4.7
The third 24 7790+£96.9 ** 3.84+0.01 299+3.7 687+1.8
The fourth 27 7741+85.6 * 3.83+0.01 296+3.2 695+3.6
The fifth 29 7679+97 3%%* 3.83+0.01 294435 692+3.4
The sixth 14 7188+£95.3%** 3.82+0.01 274+3.4 695+3.3
Average 308 8001436.0 3.83+0.002 307+1.5 663+2.7
Table 2. Coefficient of variation for milk productivity indicators (Cv, %)
Indices Lactation

1 11 111 )\ \Y VI
Milk yield 7.8 3.0 1.8 5.8 6.8 5.0
Fat content 0.9 0.9 0.9 0.7 0.7 1.2
Amount of fat 7.9 10.3 6.1 5.6 6.4 4.7
Live weight 2.8 3.0 1.1 1.5 1.7 1.6

It should be noted that the coefficients of
variation for all studied productivity traits were
below the normative data. However, the lowest
indicators were identified for milk fat content. In
the research results (Bashchenko et al., 2020;
Kruglyak & Biryukova, 2007), it is also noted
that the degree of variation in milk fat content is
unusually low and amounts to 1.3%.

Low values of coefficients of variation indicate
areduction in genetic diversity and homogeneity

in the herd of "Holstein" cows at SLL. Similar
data were obtained in research results in 2022 by
(Konstandoglo et al., 2023).

To determine the indirect effect of selection on
correlated traits, correlation coefficients are used.
Differences in this population parameter were
identified across lactations, as shown in Table 3.
The correlation between milk yield and the
percentage of fat in the milk of cows in the first-
fifth lactations showed a negative correlation.

Table 3. Genetic correlation between milk productivity indicators in lactation dynamics, r + m,

Indicators F irs.t Secopd Thir.d F our'th F ifth
lactation lactation lactation lactation lactation
Milk yield - Fat content, % -0.397+0.07 | -0.617+0.06* -0.696+0.05%+* | -0.489+0.08 | -0.438+0.01
Milk yield - Amount of fat, kg 0.972+0.02 0.067+0.08 0.990+0.002 0.982+0.04 0.987+0.00

Note: * - P <005; *** - P <0.001

A comparative analysis of the correlation results
between yield and the percentage of fat revealed
a significant difference between the third and
first lactations - 0.299 at P < 0.001, and between
the second and first lactations - 0.220 at P <0.05.
As evident, the unidirectional selection based on
the yield level led to an increase in the negative
correlation between these traits, complicating

the conduct of successful selection and
emphasizing the need for simultaneous selection
based on both yield and fat content in the milk.

In the SLL "Holstein" herd, the milk
productivity of locally bred cows and their
mothers was studied for the first 305 days of
lactation, Table 4.

Table 4. Comparative characteristics of locally bred Holstein cows and their mothers based
on milk productivity for the first lactation

Number of Milk yield for 305 days, Fat content, Amount of fat,
Indices COWS, kg % k
N X £ Sx Cv, % X £ Sx Cv, % X + Sx Cv, %
Daughters 105 7716+£63.5%** 8.4 3.84+0.005 1.2 29742, 3%** 8.0
Mothers 105 6349+41.9 6.8 3.97+0.005 1.3 252+1.6 6.4

Note: **-P <0.01; *** - P <0.001
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Through a comparative analysis of the milk pro-
ductivity of locally bred cows and their mothers,
it was found that the yields of daughters (locally
bred cows) exceeded the yields of their mothers
by 1367 kg of milk. In terms of milk fat quantity,
daughters also had an advantage of 45 kg.

Accordingly, the coefficients of variation for
yield and milk fat quantity in locally bred cows

range of variability is not wide for the analyzed
population of cows, leading to a reduction in
their genetic diversity and an increase in the
level of homozygosity.

It is important to highlight that 54 locally bred
cows completed their second lactation. The
results of the study of productivity for the first
two lactations of locally bred cows, as well as

were slightly higher than the analyzed traits in ~ correlation and heritability indicators, are
mothers. However, it is worth noting that the  presented in Table 5.
Table 5. Milk productivity of locally bred cows, correlation between lactations (r), and heritability (h?), X + Sx
Number of Milk yield Fat Amount of fat,

Lactation cows, n kg Cv, % content, % Cv,% kg Cv, %
First 54 7252+78.1 7,5 3.85+0.01 1.1 296+12.1 8.4
Second 54 8505+50.0%** 4,3 3.84+0.003 0.6 323+4.3 9.8

Correlation (I-II), r 0.201+0.13 -0.152+0.14 0.037+0.14
Heritability, h? 0.402 0.304 0.074

The comparative analysis productivity in locally
bred cows showed that during the second
lactation, the average milk yield was 8505 kg,
which is by1253 kg higher than the average for
the first lactation. The variability of milk yield
and fat content for the second lactation is slightly
lower than for the first lactation. However, for
this trait, it is a relatively low indicator, as it is
known that in most herds, the coefficient of
variability for milk yield is at least 20-25%, and
for fat content, it is at least 5-7% (Seltsov et al.,
2012).

A positive correlation for milk yield over 305
days of lactation was found between the first and

The heritability coefficient for milk yield over
lactation was (h?> = 0.402). This allows us to
conclude that heritability for milk yield was
predominantly influenced by genetic factors.
SLL "Holstein" continues to import breeding
animals, and in 2022 - 32 heifers were imported.
The study of milk productivity indicators for
first-calf heifers at the end of lactation showed
that the milk yield averaged 8734 + 57.6 kg, fat
content was 3.82 + 0.003%, and the amount of
milk fat averaged 335 + 2.5 kg.

The study of milk production indicators at
imported pregnant heifer ancestors (Table 6)
demonstrated that the average milk production

second lactations (0.201), with a weak of mothers was 8378 kg, fat content was 3.93%,
relationship. and the total fat was 331 kg.
Table 6. Milk productivity index at ancestors, French-origin Holstein breed (X + Sx)
. Cv, | Cv, v Cv,
Indices Mother 9 Mother's Mother % Father's Mother 9
Herd size, n 26 26 25
Milk, kg 83784354.2 21.6 8946+361.1 20.6 10851+432.1 19.9
Fat content, % 3.93+0.09 113 4.0240.08 10.2 4.08+0.07 8.5
Fat quantity, kg 331+14.1 21.7 357+12.5 17.9 438+17.7 19.8

The average milk production of maternal
grandmothers was 8946 kg, with a fat
percentage of 4.02, and the total fat amount was
357 kg. The analysis revealed that the milk yield
of maternal grandfathers in the highest lactation
was 10851 kg.

The coefficients of variability (Cv) for milk
yield in the analyzed groups of mothers ranged
from 19.9% (mothers of fathers) to 21.6%
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(mothers). Regarding fat content and the
quantity of milk fat, it is noteworthy that the
values of these traits in the sample on average
also corresponded to literature data.

To assess the potential capabilities of animals
for all indicators of female ancestors, there were
calculated the Breeding Index of Cows (BIC)
and the realization of the genetic potential of
first-calf heifers (Table 7).



Table 7. Realizing of the Genetic Potential of dairy productivity

Realization of genetic potential

Parental Index of Cows (PIC) Own productivity (RGP), %
Milk Yield, kg (X Fat Content, % Milk Yield, kg (X Fat Content, % . .
+ Sx) (X £ Sx) + Sx) (X £ Sx) Milk Yield Fat Content
9138+375.4 3.99+0.08 8734+57.6 3.82+0.003 95.6 95.7

The analysis of the obtained data revealed that
the parental index for milk yield was at the level
of 9138 kg and 3.99% for fat content. The
realization of the genetic potential for milk yield
was 95.6%, and for fat content in milk, it was

95.7%. To assess the heritability indicators, it
was used the method of correlating the traits
of daughters with their mothers, as shown in
Figure 1.
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Figure 1. Correlation between Productivity Indicators and Body Weight of Daughters and Maternal Ancestors

The analysis of the milk yield relationship
showed that a positive weak connection was
established between Daughter-Mother's Mother
(D-MM) and Daughter-Father's Mother (D-FM)
- 0.148 and 0.144, respectively. A moderate
positive correlation was identified between
daughters and mothers (D-M) - 0.361.

For fat content in milk, the correlation between
daughters and fathers' mothers (D-FM) was
negative, with moderate strength (r = -0.397).

The main genetic parameter that numerically
indicates the proportion of inherited variability
of a trait and, therefore, serves as a selection
criterion, is the heritability coefficient (h?).
Based on the obtained data, it can be concluded
that milk yield and the quantity of milk fat of
first-calf heifers were more influenced by
heritability (h? = 0.29-0.72) and (h* = 0.39),
respectively, Table 8.

Table 8. Heritability (h?) of Main Productive Traits

No. Indices Daughter - Mother Daughter - Mother's Mother Daughter - Father's
(D-M) (D-MM) Mother (D-FM)
1. Milk Yield 0.72 0.30 0.29
2. Fat Content 0.10 0.09 0.79
3. Amount of fat 0.39 0.02 0.34

Maternal ancestors had the greatest influence on
milk yield and the quantity of milk fat - h>=0.72
(Mother), h>=0.30 ((Mother's Mother), and 0.39
(Mother), respectively.
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For the fat content in milk, h?>= 0.1 (M) and
h%=0.09 (MM) were more influenced by para-
typical factors, as the heritability coefficients for
this trait were very low or absent (FM).



CONCLUSIONS

Coefficients of wvariability for all studied
productivity traits were below normative values,
indicating a reduction in genetic diversity and
homogeneity within the herd of SLL "Holstein."
Comparative analysis of Holstein cows of local
breeding and their mothers based on milk
productivity for the first 305 days of lactation
revealed that the milk yield of daughters (local
breeding cows) for the first lactation exceeded
the milk yield of mothers by 1367 kg, and the
difference was significant (P < 0.001).

A weak positive correlation was found between
milk yield for the first and second lactations
(0.201), and the correlation for fat content was
weakly negative (-0.152).

The heritability coefficient between the first and
second lactations for local breeding cows for
milk yield was (h?=0.402). Heritability for milk
yield was mainly influenced by genetic factors.
A weak positive correlation was found between
daughters and mother's mother (D-MM) and
daughters and father's mother (D-FM) - 0.148
and 0.144, respectively. A moderate positive
correlation was observed between daughters and
mothers of daughters - mothers (D-M) - 0.361.
The milk yield and quantity of milk fat at first-
calf heifers were primarily influenced by
heritability (h? = 0.29-0.72) and (h* = 0.39),
respectively.
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Abstract

The objective of the paper is the comparative analysis of three selection methods, from the point of view of breeding
values, for production traits (the amount of milk, milk fat and protein) and reproduction traits (prolificacy) in the Palas
Milk Line sheep population. Totally, 486 sheep were analyzed. The heritabilities for breeding values were estimated by
the REML method, using an animal model for the four traits analyzed, and were: 0.197, 0.209, 0.263 and 0.235. The
comparison of the three methods was carried out by means of the Spearman rank correlation, which allows the
comparison of the ranking of the same observation units (individuals), on different criteria (different selection methods):
The Spearman rank correlation was applied for the following couples of methods: BLUP and BLP; BLUP and own
performances and BLP and own performances. The results for each couple were: 0.998, 0.89 and 0.899, for the amount
of milk; 0.996, 0.907 and 0.919, for the amount of fat in milk and 0.998, 0.89 and 0.897, for the amount of protein in milk.
For prolificacy, the rank correlation values were 0.953, 0.837 and 0.912. These results show that the highest agreement
was achieved between the BLUP and BLP methods.

Key words: BLP method, BLUP methodology, breeding values, prediction, selection.

INTRODUCTION important aspect of animal breeding and is

usually done on the basis of a collection of
By 2050, global demand for animal-based food  qualities, each of which is distinguished by its
products is expected to increase by 70%. breeding value and economic value. As a result,
Meeting this demand while minimizing  a recalculation of the economic importance of
environmental impact would necessitate the use profit-related traits in sheep is required for the
of innovative technologies and strategies for  adaptation of the enterprises' breeding
improving animal genetic quality (Georges et  objectives based on their economic importance
al., 2019). The selection index is a mechanism (Slavova, 2022). Genetic improvement is a
for determining an animal's breeding value by  fundamental means of boosting livestock
collecting all relevant information on the animal ~ productivity, and to attain genetic benefits, well-
and its relatives. It provides the most accurate  designed animal genetic improvement schemes

linear estimate of an individual breeding value. are required (Haileselassie et al., 2022). The
When records are available from various accepted method for genetic evaluation is best
sources, such as records on the animal, its dam, linear unbiased prediction (BLUP) applied to an

half sibs, progeny, and so on, it is obviously = animal model. It has the advantage that all
preferable to use all records to estimate the available information is optimally considered,
breeding value (Endris, 2020). Knowing the and selection or special mating has little to no
genetic correlations (rg) and heritability (h?) of  impact on the judgement. Due to the relatively
the variables included in the breeding aim and  low number of offspring produced by natural
selection index is necessary for breeding value  mating in dairy sheep, information from other
estimation (Scholtens, 2016). Selection is an relatives is even more crucial in this operation
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(Grosu & Rotar, 2015). Best Linear Prediction
(BLP) is a technique for calculating breeding
values based on linear models, it is a
fundamental strategy that takes into account
individual  relationships  (descent)  and
phenotypic information (Mueller et al., 2021).
Animals with higher estimated breeding value
are expected to produce offspring with more
desirable traits because their breeding values
indicate their genetic potential to transmit those
traits, by selecting animals with higher
estimated breeding value as parents, breeders
aim to increase the frequency of desired genes in
the population, leading to improvements in
overall trait expression (Khatib, 2015). The
breeding value as a ratio to the population mean
provides an assessment of the animal's
performance position in relation to the
population mean from which it is drawn; the
breeding value given in relation to the
population mean provides a measure of the
animal's genetic potential (Liu et al., 2023). The
selection index is a technique for calculating the
breeding value of an animal that incorporates all
data about the animal and its relatives. It is the
most accurate linear prediction for a single
improvement value. Using all available records
- 1.e. information about the animal, mother, half-
siblings, offspring, etc. will undoubtedly be the
most advantageous approach for estimating the
breeding value of the specimen (Endris, 2020).
Estimates of heritability can be used to create
selection indices, predict genetic response to
selection, and assess how much an individual's
own phenotype can be depended on for
selection. Heritability estimations for multiple
economic features are required for effective
cattle operations (Lalit et al., 2016). Estimates of
a trait's heritability vary between breeds of sheep
and alter gradually over time; animal
performance data and pedigree data used to
detect genetic linkages between those animals
are used to evaluate heredity. Heritability is used
to calculate genetic evaluations, anticipate
response to selection, and assist producers in
determining whether it is more effective to
increase qualities through management or
selection. Heritability also helps explain how
genes influence trait expression (Sutera, 2018).

The objective of the paper is the comparative
analysis of three selection methods, from the
point of view of breeding value, for production
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and reproduction characters in the Palas Milk
Line sheep population. The three selection
methods are represented by: selection based on
own performance, selection based on the BLP
method (Selection Indices) and selection based
on the BLUP - Individual Animal Model
methodology. The study focuses on the
evaluation of two groups of characters in the
analyzed herd Milk production, expressed by the
amount of milk, milk fat and protein, and

reproductive characteristics, especially
prolificacy.
MATERIALS AND METHODS

The study focuses on the evaluation of two
groups of traits in the analyzed herd Milk
production, expressed by the amount of milk,
milk fat and protein, and reproductive traits,
especially prolificacy. In the study carried out,
486 sheep from the Palas Milk Line were
analyzed. The heritabilities used in calculating
the breeding values were estimated by the
REML method, using an animal model for the
four traits analyzed. The three selection methods
are represented by: selection based on own
performance, selection based on the BLP
method (Selection Indices) and selection based
on the BLUP - Individual Animal Model
methodology. The comparison of the three listed
methods was carried out by means of the
Spearman rank correlation, which allows the
comparison of the ranking of the same
observation units (individuals), on different
criteria (different selection methods). This
correlation study was conducted between the
following pairs of methods: (BLUP and BLP),
(BLUP and own performances) (BLP and own
performances).

Statistical analysis: The data were analyzed
with animal model with R software [1, 2]. The
model for trait “i” is as follows:

Pi = Xibi + Za; + ¢;

For two traits, Mixed Model Equations of BLUP
can be written as follows:

X rttep o+ X, 12 P,
X P+ X, 1?2 P,
|z P 4z r12 P,
Z, r?t.p 4+ 7, 1% . P,



G and R are variances and covariances matrices
for genotypic and environmental effects:
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The elements of G and R were estimated using
the formulas:
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For the trait “i”, the heritability was obtained as
the ratio between the additive genetic variance
and the total phenotypic variance (0'; ),
according to the formula:
2

h2 = e
u (Uéii+0'§ii)
Genetic correlation according to the formula:

Oaij

rgi = ——=
gl] /0.2“*0.2jj
Spearman's  rank  correlation  coefficient
according to the formula:
6xd%
rs=1-
n(n2-1)

Where: n - rank number; d - the difference
between the rank occupied by the same animal
(candidate to selection), in two rankings based

on different criteria (different biometric
models).

RESULTS AND DISCUSSIONS

Taking into account the all information

disponible, the heritabilities and genetic
correlations between each pair of traits, have
obtained (Table 1):

Table 1. The heritability (on diagonal) and genetic correlations (above the diagonal) between the four traits analized

Traits Amount of Milk Milk Fat Milk Protein Prolificacy
Amount of Milk 0.197 + 0.263 0.836+0.284 0.441 +£0.757 0.473 £0.731
Milk Fat 0.209 + 0.278 0.325+0.839 0.451 +£0.749
Milk Protein 0.263 + 0.347 0.149 £ 0.915
Prolificacy 0.235 +0.311
Heritabilities 0.235 + 0.311, highlighting the fact that these

On the diagonal of Table 1, we can find the
heritabilities and their errors (h’+ s.e) for each
trait analized (amount of milk, milk fat, milk
protein, and prolificacy), used in calculating the

breeding values and were the following:
0.197 £0.263, 0.209 + 0.278, 0.263 + 0.347 and

traits have an intermediate genetic determinism.
Many studies have been conducted on
calculating genetic parameters for four traits,
especially heritability. Shihab et al. (2022)
found that the heritability rate in Awassi sheep
was 0.19, which is a percentage near to what we



found in Palas sheep. Another study on local
sheep in Iraq estimated heritability for daily
milk production was high 0.22 (Raoof &
Khidhir, 2023). In Valle del Belice dairy sheep
from Italy, heritability estimates for milk
production was low 0.15 (Sutera et al., 2021).
Genetic-parameter estimation of milk yield in
White Maritza sheep, heritability estimates was
between 0.35-0.34 (Zhelyazkova et al., 2023).
The heritability estimates for milk production
traits (milk yield, - fat yield and protein yield)
were 0.24, 0.21 and 0.22 respective in dairy
sheep (Mucha et al., 2022). The heritabilities of
daily milk yield (kg), fat content (%), and
protein content (%) were low 0.09, 0.03, and
0.06, respectively, on dairy traits in Istrian sheep
(Spehar et al., 2022). In a previous study
heritability estimates for milk yield, fat yield and
protein yield were low and ranged between
0.060, 0.065 and 0.067 with standard error
ranging from 0.037, 0.039 and 0.037
respectively, in Valle del Belice dairy sheep
(Sutera, 2018). Genetic parameter estimation to
milk yield and fat and protein yield in dairy
herds of southern Chile, estimated heritability
for milk yield, and fat and protein were
0.16+0.004, 0.44+0.007 and 0.42+0.006,
respectively (Uribe Muiloz et al., 2017). Genetic
parameter estimates for composite reproductive
traits in Baluchi sheep. the heritability for
prolificacy was 0.22 (Esmaeili-Fard et al.,
2021). The heritability for prolificacy was 0.12
when evaluating genetic parameters in Xinggao
sheep (Liu et al., 2023). In another study to
estimate heritability in sheep, the percentage
was moderate and amounted to 0.23 (Pascal et
al., 2019). Estimates of heritability for number
of lambs born per ewe lambing was lowly
heritable (0.07), and for milk yield, fat yield and
protein yield were all moderately heritable
(0.32, 0.26 and 0.30) (Murphy, & Thomas,
2016). In another study the heritability for the
number of born lambs was low (0.01) (Pelmus
et al., 2019). The heritability estimates for
prolificacy traits was low 0.08 traits in Afshari
sheep breed (Pourtahmasebian Ahrabi et al.,
2021). Scholtens (2016) estimated of heritability
values for milk yield, fat yield, protein yield and
prolificacy considered in a breeding objective
for dairy sheep in New Zealand were 0.25, 0.21,
0.20 and 0.13 respectively. In another study, the
estimated heritabilities for milk, fat, protein
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production, and prolificacy for East Friesian
milk sheep were 0.15, 0.09, 0.20, and 0.04
(Hamann et al., 2004).

Genetic correlations

On the off diagonal of table 1, there are the
genetic correlations between each pair of the
four analized traits, together with their errors (rg
+s.e):

Genetic correlation measures the degree to
which the genetic factors influencing one trait
also influence another trait, there is a strong
positive genetic correlation between the amount
of milk and milk fat traits. This means that the
genetic  factors influencing higher milk
production tend to also be associated with higher
milk fat content. The genetic correlation
between amount of milk and milk protein is
positive but weaker compared to amount of milk
and milk fat. There is a positive genetic
correlation between amount of milk and
prolificacy, indicating that some genetic factors
associated with higher milk production may also
be associated with higher prolificacy (the ability
to give birth to multiple offspring at once). The
genetic correlation between milk fat and milk
protein is positive but relatively weak. There is
a positive genetic correlation between milk fat
and prolificacy. The genetic correlation between
milk protein and prolificacy is positive but quite
weak. Genetic correlations between daily milk
yield and fat content, daily milk yield and
protein content were negative, and fat content
and protein content were positive (-0.22, -0.27,
and 0.70), respectively on dairy traits in Istrian
sheep (Spehar et al., 2022). The genetic
association between the amount of milk yield,
fat yield, and protein yield was shown to be
substantially genetically associated (0.91 to
0.96). Milk fat percentage and protein
production were moderately genetically linked
(0.61). Milk yield was negatively associated to
fat yield and protein yield (-0.31 and -0.34,
respectively). Ewe prolificacy was not
significantly (> 0.67) genetically linked with
milk yield or protein yield, but was slightly
negatively (-0.26) correlated with milk fat
(Murphy et al., 2017). According to a Eurosheep
study, the genetic correlations between milk and
fat and protein yields are favorable and
relatively strong (between 0.77 and 0.93).
Estimates of genetic correlations between milk



output and content are negative and highly
variable. Correlations between fat and protein
yields and their correlations contents vary
according on the breed (Eurosheep, 2022). In
dairy herds of southern Chile, estimated genetic
correlations were -0.285 and -0.331 between
milk yield and fat and protein respectively
(Uribe Mufioz et al., 2017). Prolificacy was
estimated to have low genetic correlations with
yield traits (-0.06 to 0.05). Genetic correlation
for Milk, fat, and protein yields were all
moderately positively (0.91 to 0.96) in dairy
sheep (Murphy & Thomas, 2016). Another
study significantly positive genetic association
between total prolificacy and milk production
(0.16) in prolific Chios dairy sheep
(Tsartsianidou et al., 2023). For New Zealand
dairy sheep, estimated genetic correlations
between milk yield, fat yield, protein yield, and
prolificacy were taken into account in the

breeding objective. Milk yield correlations with
fat yield, protein yield, and prolificacy were
0.85, 0.96, and 0.06, respectively; fat yield
correlations with prolificacy were 0.76 and -
0.03, and protein yield correlations with
prolificacy were 0.02 (Scholtens, 2016).

Breeding values

In the Tables 2, 3, 4 and 5 were shown the
breeding values for the best 20 animals from
sheep population for amount of milk, milk fat,
milk protein, and prolificacy, for three selection
methods.

Breeding values for amount of fat is presented in
Table 3.

Breeding values for amount of protein is
evaluated in Table 4.

Breeding values for prolificacy in presented in
Table 5.

Table 2. Breeding values for the best 20 animals from sheep population for amount of milk

Animal BV-BLUP Rank-BLUP BV-BLP Rank-BLP BV-OP Rank-OP

453 26.09 1 2591 1 27.60 1

29 20.75 2 20.66 2 20.66 3

481 19.59 3 19.47 3 19.47 5

253 18.01 4 18.07 4 16.08 8
370 16.66 5 16.38 5 15.78 9
139 16.40 6 16.09 6 15.39 11
335 16.26 7 15.81 7 13.37 21
340 15.30 8 15.09 8 15.57 10
221 15.20 9 15.01 9 11.95 31
452 14.73 10 14.41 11 21.96 2
31 14.50 11 14.27 12 9.64 53
258 14.38 12 14.46 10 13.61 16
99 14.00 13 13.70 14 12.19 30
350 13.89 14 13.78 13 13.58 18
25 13.83 15 13.65 15 20.07 4
445 13.70 16 13.45 16 9.07 57
23 13.46 17 13.20 17 11.53 32
32 13.30 18 13.11 18 7.32 77
321 13.14 19 12.72 20 10.61 43
298 12.90 20 12.45 21 10.78 38

Table 3. Breeding values for the best 20 animals from sheep population for amount of fat
ANIMAL BV-BLUP Rank-BLUP BV-BLP Rank-BLP BV-OP Rank-OP

453 5.07 1 5.00 1 5.80 1

481 4.78 2 4.72 2 4.72 2

29 3.86 3 3.84 3 3.84 4

221 3.62 4 3.51 4 2.95 20
335 3.46 5 3.33 5 3.39 14
340 3.31 6 3.23 7 3.48 8

350 3.29 7 3.30 6 3.08 18
25 3.14 8 3.10 8 4.28 3

211 3.10 9 3.07 9 2.36 36
370 3.07 10 2.86 13 2.86 21
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ANIMAL BV-BLUP Rank-BLUP BV-BLP Rank-BLP BV-OP Rank-OP
357 3.05 11 2.96 11 2.56 27
362 2.99 12 3.06 10 3.26 16
446 291 13 2.83 14 3.07 19
132 2.80 14 2.90 12 3.40 11
32 2.71 15 2.67 15 2.08 46
81 2.62 16 2.56 18 3.67 6
253 2.53 17 2.56 19 2.47 29
127 2.49 18 2.41 21 3.37 15
369 243 19 2.60 16 3.47 9
139 2.36 20 2.28 26 2.37 34

Table 4. Breeding values for the best 20 animals from sheep population

for amount of protein

ANIMAL BV-BLUP Rank-BLUP BV-BLP Rank-BLP BV-OP Rank-OP
139 3.05 1 3.03 1 3.19 1
298 3.02 2 2.93 2 3.14 2
321 2.95 3 2.87 3 2.56 6
394 2.62 4 2.68 4 2.58 5
168 2.55 5 2.56 5 231 9
482 2.20 6 222 6 2.52 7
388 1.98 7 2.05 7 1.73 15
370 1.93 8 1.95 8 2.13 11
25 1.91 9 1.90 9 2.71 4
312 1.87 10 1.79 12 1.12 47
212 1.86 11 1.87 10 1.87 14
423 1.77 12 1.85 11 2.75 3
178 1.72 13 1.74 13 1.72 16
284 1.69 14 1.70 15 1.70 18
481 1.68 15 1.70 16 1.70 19
395 1.67 16 1.73 14 2.19 10
241 1.63 17 1.63 18 1.63 23
69 1.60 18 1.59 19 1.37 31
393 1.58 19 1.66 17 2.49 8
51 1.53 20 1.52 21 1.29 34

Table 5. Breeding values for the best 20 animals from sheep population for prolificacy

ANIMAL BV-BLUP Rank-BLUP BV-BLP Rank-BLP BV-OP Rank-OP
221 0.2603 1 0.2615 1 0.2016 10
219 0.2533 2 0.2542 2 0.2038 7
253 0.2510 3 0.2524 3 0.2014 11
31 0.2352 4 0.2320 5 0.1923 14
211 0.2350 5 0.2363 4 0.1681 38
235 0.2350 6 0.2363 4 0.1681 38
362 0.2216 7 0.2179 6 0.1791 24
271 0.2122 8 0.2134 7 0.2134 5
284 0.2122 8 0.2134 7 0.2134 5
32 0.2107 9 0.2078 8 0.1440 65
81 0.2049 10 0.2004 10 0.2021 9
327 0.2032 11 0.1968 13 0.1856 17
168 0.1988 12 0.2019 9 0.1729 30
249 0.1972 13 0.1982 11 0.2211 1
140 0.1960 14 0.1957 14 0.1225 82
258 0.1955 15 0.1971 12 0.2184 3
53 0.1932 16 0.1893 16 0.1497 56
88 0.1932 16 0.1893 16 0.1497 56
199 0.1897 17 0.1909 15 0.1762 27
365 0.1851 18 0.1616 27 0.1041 87
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In the Tables 2, 3, 4 and 5 were shown the
breeding values for the best 20 animals from
sheep population for amount of milk, amount of
fat, amount of protein, and prolificacy, for three
selection methods, from the point of view of
breeding value, selection based on the BLUP -
Individual Animal Model methodology,
selection based on the BLP method (Selection
Indices) and selection based on own
performance (OP). The breeding values of the
best Palas sheep for amount of milk in our study
the BLUP methodology and the BLP method
and own performance, ranged from 12.90 to
26.09 , 12.45 to 25.91 and 10.78 to 27.60 kg,
respectively for fat ranged from 2.36 to 5.07,
2.28 t0 5.00 and 2.37 to 5.80 kg, for milk protein
ranged from 1.53 to 3.05, 1.52 to 3.03 and 1.29
to 3.19 kg, and for prolificacy ranged from
0.1851 to 0.2603, 0.1616 to 0.2615 and 0.1041
to 0.2016 kg respectively. Popa et al. (2020)
found that the average estimate breeding value
for daily milk yield (kg) for the best 18
Teleorman Black Head Sheep were ranged
between 14.57 and 28.48 kg. In another study
the breeding value of the best 10 Teleorman
Black sheep for the number of born lambs

ranged from 0.013 to 0.022 (Pelmus et al,
2019). Based on the Best Linear Unbiased
Prediction value, breeding values for Karadi
ewes for daily milk supply, protein, and fat
percentages varied from -10.5293 to 10.7504, -
2.0546 to 2.0097%, and -1.7033 to 1.4067%,
respectively (Hama Khan et al, 2019). In
another study estimated breeding values and
selection index for milk yield, fat yield, protein
yield and prolificacy of the top 20 dairy ewes of
the Gunson’s dairy sheep flock were (-10.78 to
16.4 kg, -0.35 to 0.82 kg, -0.24 to 0.74 and -0.15
and +0.30 lambs) respectively and significantly
(P <0.05) these values are lower than the values
we found in our study (Sutera, 2018). Breeding
values have been recorded, the breeding value of
the first 19 ewes for milk production ranged
from 70 to 86 kg (Buzu, 2016).

Spearman Rank Correlation

Spearman Rank Correlation between couples:
(BLUP and BLP), (BLUP and own
performances), (BLP and own performances)
for the amount of milk, milk fat, protein, and
prolificacy (Table 6).

Table 6. The Spearman Rank Correlation between the three methods

Traits BLUP and BLP BLUP and Own Performances BLP and Own Performances
Amount of Milk 0.998 0.89 0.899
Milk Fat 0.996 0.907 0.919
Milk Protein 0.998 0.89 0.897
Prolificacy 0.953 0.837 0.912

Table 6 shows rank correlations (Spearman)
between the following pairs of methods: (BLUP
and BLP), (BLUP and own performances),
(BLP and own performances). The results
obtained, in the order of the method couples,
were the following: 0.998, 0.89 and 0.899, for
the amount of milk; 0.996, 0.907 and 0.919, for
the amount of fat in milk and 0.998, 0.89 and
0.897, for the amount of protein in milk. For
prolificacy, the rank correlation values were
0.953, 0.837 and 0.912. These results show that
there is a high degree of concordance between
the three selection methods, suggesting that any
of the three methods can be used for selection
candidates. Also, for each individual trait, the
highest agreement was achieved between the
BLUP and BLP methods (0.998, 0.996, 0.998
and 0.953), which can be explained by the
proximity between the two calculation methods,
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from the point of view of the calculation
methodology.

CONCLUSIONS

Heritability plays a pivotal role in predicting
breeding values and advancing genetic progress.
Understanding the heritability and genetic
correlations of the traits under consideration in
the breeding objective and selection index is
crucial for accurate breeding value estimation.

Heritability estimates for the four examined
traits were determined using the REML method
within an animal model. These estimates were
as follows: 0.197 £ 0.263, 0.209 + 0.278, 0.263
+ 0.347 and 0.235 £ 0.311. These findings
emphasize that these traits exhibit an
intermediate level of genetic determinism.
Genetic correlations between milk components



and prolificacy to be positive and significant,
which may have important implications in the
selection of animals for genetic improvement.
By conducting selection for sheep using three
distinct approaches and subsequently comparing
them-namely, selection based on individual
performance, selection based on the Best Linear
Unbiased Prediction (BLP) method (Selection
Indices), and selection based on the BLUP -
Individual Animal Model methodology-we
observed a high degree of agreement among the
three selection methods. This suggests that any
of these three methods could be effectively
employed for candidate selection, the breeding
goal should be to improve milk performance,
particularly milk quality, taking into account
prolificacy.as indicated by the strong
Spearman's rank correlation between the pairs
identified in this study.
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Abstract

The purpose of the research was to carry out a real analysis of the degree of improvement for the traits that influence
the quality of skins obtained from Karakul of Botosani lambs. The biological material was represented by lambs of both
sexes obtained from adult sheep belonging to the respective breed. In order to evaluate the improvement of the
modeling degree, assessments were made on several generations of lambs, starting with those from 2007 when the
current Improvement Program is applied, those from 2015, 2020 and respectively from 2022. The working methods
used are accepted by the experimental technique and the evaluation of the type of model was made based on the
technical norms and in which it is specified that 50 points are awarded for very good modeling; for good modeling,
only 25 are assigned, and for situations in which the modeling is satisfactory, only 10 points are given. Following the
statistical processing of the data, it is found that the improvement process is more advanced in black variety lambs
because an average score of 32.38 was obtained and from the total number of lambs evaluated in 2022, the proportion
of those that were also associated with a valuable modeling was 66.8%.

Key words: Botosani Karakul, color variety, pelts, skin.

INTRODUCTION The complexity of improving the traits related

to skin for this characteristic is also attributed
The modeling is an overall property rendered  to the fact that the overall curling, along with
by the placement of the curls between them and  other basic features of the curl, is influenced by
their distribution on the skins surface. This the characteristics of the skin and hair follicles
characteristic is primarily dependent on the (Nel, 1965; Hugo, 1982; Dreyer et al., 1983;
clarity, contouring and relief of curls with the Ylmaz et al. 2013).
same rolling direction and with a similar degree ~ Analyzing this aspect, Hornitscek (1938), cited
of closure. by Schoeman in 1998, found great differences
This character is determined in expression by  in the follicular distribution and in the way the
the arrangement of the majority of curls on the  curls are arranged on the surface of the skin
surface of the skin. Ideally, on the surface of  and, implicitly, in the pattern described by
the skin there should be a uniformity of the  them.
curls in terms of length, width and height, but ~ In the case of selection applied to the brown
also in terms of their position on the surface of  and grayish variety the overall quality of the
the skin. skins  depends on  some  additional
That is why breeding work is a long-term characteristics becoming important, while
process, and in each generation the genetic gain  others, such as the predominant pattern,
obtained can be very small. In reality the  become less important (Gouws, 1974).
variability is very high because all of this is the Lourens et al. (1999) demonstrated the
result of complex interactions between several importance of directing mating activities to
characteristics that contribute positively or  ensure an intermediate color that promotes
negatively to obtaining a certain model expression in the new genotype, as well as the
(Anonymous, 1982, cited by Greeff et al., desired pattern and fiber quality contributing to
1993; Schoeman, 1992). a better expression of the aesthetic and

commercial value of the skins.
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Other studies on light varieties demonstrate that
while light shades have a weaker expression for
pattern type, they are associated with better
fiber quality. Other studies suggest that darker
shades give more clearly defined patterns even
when fiber quality is poorer.

MATERIALS AND METHODS

The biological material subjected to research
belongs to several color varieties within the
Karakul of Botosani breed. All lambs evaluated
are of known origin and are subject to
production performance control, respectively
that based on the evaluation in the PP system
(own performance) and the control based on the
OP type evaluation (origin and productivity).
Through applied research, the aim was to
conduct a real analysis of the stage of
improvement in the curling quality of Karakul
Botosani Sheep Breed lambs. Considering that
the improvement process takes time, and the
effect of selection is quantified at a low level in
each generation, to objectively assess the
degree of improvement for that trait, the values
obtained in the evaluation season of 2022 were
compared with the performances achieved in
other seasons, namely 2007, 2015, and 2020.
Given that the quality of curling represents a
complex trait, multiple features, including the
pattern described by the arrangement of the
curls on the skin surface, were assessed in each
evaluation season. In essence, the purpose of
the research was to conduct a current and
objective analysis of the level at which the
improvement process stands for the trait
represented by the arrangement of the majority
of curls on the skin surface and the pattern they
exhibit through this positioning.

In order to obtain real data on the objectives
analyzed during the research, several activities
accepted by the experimental technique and
suitable for the production of skins were carried
out.

The working method used to assess the sought-
after characters was based on the technical
norms specified in Section 1.4 and 1.5 of
MADR Order no. 22/20.01.2006, published in
the Official Gazette of Romania no. 146 of
15.02.2006, which stipulates the aspects on the
basis of which the Official Control of the
production of skins is carried out in Karakul
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lambs of the Botosani and Metis breeds. During
the assessment of the quality of the skins, the
shaping of the curls can be very good and 50
points are awarded; for good modeling only 25
points are awarded and for situations where the
modeling is satisfactory only 10 points are
awarded.

In each season all assessments were performed
by a minimum of two experienced technicians.
If clear differences of opinion were recorded,
each aspect invoked was discussed in detail
until a consensus was reached.

The statistical processing of the data was based
on the use of the S.A.V.C. computer program
(Statistics Analysis of Variance and Covariance
2003). To test the statistical significance of the
differences between the mean values of the
studied parameters as well as the correlations
between them, the Analysis of Variables
(ANOVA Single Factor) and Pearson
Correlation algorithms were used, both
included in the computer program used.

RESULTS AND DISCUSSIONS

The modeling of the curl is given by the curls
arrangement on the skin surface but also by the
position of some in relation to others. It is a
character under the direct influence of several
factors, the most important of which are: the
way the fibers are positioned in the curl, the
degree of closure of the curls, the thickness, the
direction of rolling as well as the shape, size,
uniformity and distance between the curls.

In the qualitative evaluation of skins as
modeling types, the most common are:

lyre - when the curls are arranged
perpendicular to the spine and with the
sides oblique or forward,

Christmas tree shape (when the curls are
arranged on the sides, being quite straight,
oriented backwards and with the longitu-
dinal axis of the curls oblique to the upper
line);

mixed modeling or nut core is encountered
when the curls have undefined arrangement
and orientation between them, sinuous and
with different directions (they are accep-
table only if the clarity of the curls is good);
rosette shape (when the curls diverge from
a common point in all directions);



wild modeling is when curls of different
shapes are found on the surface of the skins,
placed irregularly (they are worthless).
Modeling is assessed by examining several
groups of curls, from different regions, and the
qualifications are given as appropriate: very
good, good, satisfactory, poor.

When the distance between the curls is small,
the delimitation given by their contour is not
clearly highlighted and, consequently, the
modeling will be poor.

As the most common types of modeling, the
skins obtained from lambs of the Karakul of
Botosani breed are in the shape of a lyre, with
fir, rosette, walnut core, mixed.

Although there is also a great variability of this
character, the most appreciated are the pelts
that express a correct contour of the curls, with
a frequent arrangement in orderly formations
arranged concentrically or parallel and with an
intense luster.

For the black variety, after the evaluation of
this character, a higher score was obtained
compared to the one obtained for other color
varieties, the average score being 32.38 points
(Table 1). This level indicates that
improvement must be intensified because the
current expression of this character is 17.62
points away from the maximum score allowed
in the evaluation.

However, obtaining an average score of 32.38
+ 0.53 indicates that the improvement process
in this variety is at a higher level compared to
other types of color. Also, from the data
analysis it can be seen that in the black variety
the proportion of lambs that obtained the
maximum score in the analysis of the pattern
type registered an increase from 19.60% in
2007 to 21.28% in the generation of the
evaluation season of 2022. Also for this variety,
it should be highlighted that the analysis of the
predominant model recorded in the evaluation
of this trait in lambs belonging to the
generation of 2022 at a proportion of 66.8% of
the total of 555 evaluated lambs shows that the
curls have a predominantly concentric and
parallel arrangement, an aspect that claims that
improvement is proceeding in the desired
direction and at a high degree of intensity. In
research carried out on lambs belonging to the
black variety from line 5 and 1557 of the same
breed, Marin et al. (1974 and 1977) found that
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modeling was very good and good in about
70% of the population analyzed. Later, in 1977,
the same group of authors found that in 71.10%
of the lambs belonging to this breed, the
modeling was good to very good, in another
proportion of 24.60% it was of medium type
and in 4.30% it was satisfactory.

In other researches carried out more recently, it
is found that the improvement of this trait is
increasing, positive and supported not only by
the selection intensity but also by the mating
management plan used in each breeding season
(Buzu, 2023; Pascal, 2011; Nechifor, 2017;
Nechifor et al., 2022).

Comparing these results with those determined
in the current generations could be considered
as inferior, and in this case, instead of genetic
progress, there was a regression, which is not
true because all the results presented in Table 1
refer only to individuals with a modeling of the
desired type and only to those who received
maximum points in the evaluation of this
character.

Also, in the assessment of the current state of
improvement, the information regarding the
frequency of individuals in the population who
also had a well-expressed modeling can be used
(Figure 1). In the case of this variety, out of the
total number of evaluated lambs, a concentric-
parallel pattern was found at 66.80%. But the
fact that individuals with a less desirable
phenotypic expression, of mixed and undefined
type, represent a total proportion of 2.8%
indicates a good genetic consolidation but also
a good degree of hereditary transmission and a
higher efficiency of the selection process.

In the grayish variety, the average score was
27.16 = 0.21 and the difference of 5.22 points
compared to the average score determined in
the black variety is significant for p<0.01
(Figure 1 and Table 2).

The improvement of modeling and the
definition of a better contoured pattern, which
participates in a substantial increase in the
aesthetic and commercial value of skins, is a
process in which genetic progress is quite
difficult to achieve. This aspect confirmed by
the fact that the proportion of lambs that
obtained a higher score in the modeling
evaluation increased by only 2.78% in 2015
compared to 2007 and by only 1.43% in 2022
compared to 2015.



Table 1. Statistical Parameters for Curl Modeling Types

Total evaluated lambs Very good modeling Predominant pattern in lambs evaluated in 2022
Color - o o
variet (n) X igx V% (%) (%)

Y [2007]2015]2020]2022 2007 | 2015 | 2020 | 2022 cp* p* m* u*
Black | 774 | 815 | 885 | 555 |32.38+0.53|35.76|19.60 | 19.85|20.44|21.28 66.8 304 2.5 0.3
Grayish 348 | 410 | 422 | 440 |27.16+0.21|27.56|10.85]12.20{13.50| 13.63 68.7 30.1 0.9 0.3
Brown | 225 | 185 | 198 | 210 |26.38+0.39|30.88| 9.13 |10.36[11.07| 8.75 19.9 72.1 7.1 0.9
Grey 103 | 122 | 130 | 155 |27.63+0.4235.32|11.25]12.32|12.85|13.05 18.7 72.3 7.7 1.3
Pink 230 | 198 | 201 | 230 |26.41£1.13 {43.75| 9.05 | 9.26 | 9.52 | 9.55 16.1 59.2 22 2.7
*: cp = concentric-parallel; p = parallel; a = mixed; n = undefined

03 Table 2. The Difference and Significance
: 0.9 1.3 2.7 of Difference for Curl Shapin
100 — 5 -030,9 - - pmg
20 30.4 30.1 The
Caracter | Caracter Mean meaning of Threshold
. of

60 1 2 difference the sionificance

< 72.1 72.3 ] difference | '&

40 1 ' Gray Grayish 0.47 ns

20 ] Gray Brown 1.25 ns -
E | E Gray Black 4.75 ok 0.01
0 Gray Pink 1.22 ns
Black Grayish Brown  Gray Pink Pink Grayish 0.76 ns
Titlu axa Pink Brown 0.03 ns -
Hcp p Em Hu Pink Black 5.98 ** 0.01
Black Grayish 5.22 ok 0.01
Figure 1. Model Type Quality Classes 2022 Generation Black Brown 6.01 ok 0.01

(%)

The analysis of this trait indicates a higher
incidence of the expression of a pattern accep-
ted in breeding because the proportion of those
with a concentric-parallel pattern is higher by
more than 50% compared to other types of
patterning, and the presence of a lower propor-
tion of 1.2% of lambs with undesirable patter-
ning highlights the effectiveness of selection.
At brown lambs, an average score of 26.38 was
obtained for the assessment of the type of
model. The difference compared to the average
values obtained for the other four varieties is
not statistically significant. The analysis of the
proportion of lambs that were appreciated with
maximum points shows an increase in 2015
compared to 2005 as the proportion of lambs
with higher scores was 11.07 in 2015 compared
to 10.36 in 2005.

In the generation of brown lambs evaluated in
2022, it is observed that compared to 2020, the
proportion of lambs that obtained a higher
score is reduced from 11.07% to 8.75% (Figure
2).

For this variety, the continuation of the
improvement of this trait requires a
reevaluation of the selection criteria and
increased attention in directing the pairings so
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that the predominant model manifested is
predominantly the concentric-parallel type.
When evaluating the type and model of the curl
in lambs belonging to the grey variety, the
average score obtained in lambs evaluated in
2022 was 27.63 £+ 0.42 points. Based on this
score, we can appreciate that the arrangement
of the curls on the surface of the skin is uneven
and does not express a clear and well-defined
outline. Regarding the number of lambs that
obtained a higher score, their proportion increases
from 11.25% in 2007 to 13.05% in 2022.

When evaluating the type of modeling in lambs
belonging to the pink variety, the proportion of
those who obtained a higher score is kept
constant and has not exceeded 10% since the
year in which the Improvement Program of the
Karakul Botosani sheep breeding breed was
developed and applied, respectively 2007.
Based on these data, we can appreciate the fact
that in lambs of the sour and pink variety,
although the process of improvement of the
characters on which the quality of the skins
depends is in the initial stages, the average
score higher than 25 points shows a good
expression of the modeling in the current
generations.




The prevailing model in both varieties is repre-
sented by the parallel arrangement of the curls,

Between the average score obtained for the
variety grey x black and pink x black the

however, the objective of the improvement is  differences are significant for p<0.01,
represented by moving the frequency in the  indicating a high degree of confidence.
area of the desired type.
25
20.44
21.28
6 1985
20
13.63 12.85
15 135
12.2 11.07 13.05
X 10.85 10.36 9.55
10 9.13 8.75
0
Black Grayish Brown Grey Pink
m2005 m2015 m2020 m2022
Figure 2. Proportion of lambs that had very good shaping
CONCLUSIONS The analysis of the proportion represented by

Following the evaluation of the degree of
modeling, a great variability of this character is
found and in order to continue the improvement
process, the activities that can induce a correct
contour of the curls, an intense shine and an
arrangement of the curls in concentric or
parallel pattern must be intensified.

For the black variety, improvement efforts to
enhance modeling need to be intensified as the
average score is slightly above 30 points. By
increasing rigor in the selection process, the
proportion of lambs with undesirable
expression is expected to be well below the
current 20%.

When assessing the degree of modeling in the
Grayish variety, the score based on the average
score obtained, we can say that the applied
selection and management of breeders
contribute to increasing the proportion of lambs
that obtain a higher score.

Based on these data, it can be recommended
that the selection at grayish should focus on
intermediate color types, because this type is
associated with an acceptable model but also
with a better fiber quality.

the brown lambs that were appreciated with the
maximum points shows a decrease, in 2015
compared to 2007, at 0.38%, the probable
cause being represented by  certain
inconsistencies between the criteria that were
the basis for drawing up the routing list of
pairings.

For the gray and pink varieties, the results show
an insignificant increase in lambs that had a
score characteristic of the desired pattern when
evaluating the type of pattern.
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Abstract

The objective of this study was to estimate the breeding values and genetic parameters for birth weight and weaning
weight in Aberdeen Angus cattle breed with maternal animal model. Data consisted of records of 1206 calves of
Aberdeen Angus breed from Aberdeen Angus Association Romania. The direct breeding values for birth weight were in
the population between -12.8 and 21.93 and for weaning weight from -82.68 to 155.10. The direct breeding values for
calves with records for birth weight were from -8.87 to 16.077 and for weaning weight from -71.51 to 150.26. The
maternal breeding value for birth weight ranged between -2.772 and 3.388 and for weaning weight from -38.273 and
49.693 in the population. The maternal breeding values for calves with records for birth weight ranged between -2.206
and 1.668 and for weaning weight were from -25.824 and 27.906. The direct heritability for birth weight was 0.266 and
for weaning weight was 0.217. The maternal heritability was 0.048 for birth weight and 0.081 for weaning weight. The
total heritability was 0.24 for birth weight and 0.20 for weaning weight.

Key words: breeding value, genetic parameters, maternal animal model.

INTRODUCTION models (Boddhireddy et al., 2014), in Romania,
Angus breed is just at the beginning of
The birth weight and the weaning weight are ~ breeding programs and genetic evaluations
important traits in beef cattle. Aberdeen Angus (Madescu et al., 2022; Gociman et al., 2019).
is a breed from Scotland used for beef  Because in our study we discuss of a
production. The breeding program of Aberdeen  population of Angus cattle of the Romanian
Angus breed in Romania have the objective the territory, it is mandatory to have local
improvement of the traits for meat production  estimation of genetic parameters that will be
and the reproduction and functional traits. particularly to our studied population.
Aberdeen Angus cows breed is resistant to
environment conditions, adaptable, mature MATERIALS AND METHODS
extremely early and the cows have a high
carcass yield with marbled meat. This breed =~ The data were from 1206 Aberdeen Angus
has a good meat quality. The females of  calves. The pedigree consisted in 2563 animals:
Aberdeen Angus breed calve easily and have 1206 calves with performances, 1203 dams and
good ability to rear the calves. The maternal 154 sires. The calves were born in 2021 and
animal model was used for genetic evaluation 2022 years, even in the data set were two years
of beef cattle. The maternal animal model was of calving, it was no difference between years
used in studies by different authors. The aim of  and it was not used as a fixed effect in the
this study was to estimate the breeding values  biometrical model. The data were from
and genetic parameters for birth weight and Aberdeen Angus Association Romania. The
weight at 6 months in Aberdeen Angus breed  cows’ data were from 169 farms and herd was
using a maternal animal model for the selection used in the model as an fixed effect.
of the cows. The growth traits in beef cattle are The weaning weights were corrected for
still the base information in genetic evaluation standardized age.
(Otto et al., 2021). Even if in the world wide The usual method for calculating standard age
the Angus breed is well studied and BLUP  weight is based on determining average daily
methodology is applied to different animal gain between two weight recordings; then,
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assuming growth to be linear between the
recordings, estimate live weight increase from
the day of first recording and reference day and
add it to weight on first recording. It is
preferable that the age to which weight is being
adjusted occurs between two successive
recordings. If this is not possible, an
extrapolation is possible if age at last recording
falls within a specific time interval from the
standard age. The time interval has to be
determined by each recording organization
based on recording frequencies (ICAR, Section
3-Beef cattle).

Where with the exception of birth weight, there
is only one weight record available after birth:

- let AR be reference age;

- let WR be weight at reference age;

- let DB be birth date let;

- Dt be recording date t;

- let WB be birth weight;

- let Wt be recorded weight at date t;

- let At be age of animal at recording date
(=Dt-DB).

If AR < At

then

WR = [(Wt - WB)/ At]*AR + WB

If AR > At

then WR = {[(Wt - WB)/ At]*(AR - At)]} — Wt

For estimate the genetic parameters was used
the maternal animal model. For analyze the
data was used the R software, the script was
realized by Grosu (Grosu & Oltenacu, 2005).
The model was (Mrode & Thompson, 2005):

y = Xb+Za+Wm+Spete

where:

y = the vector of performances;

b = the vector of the fixed effects, in our study
was the sex of calves and the herd;

a = the vector of the random animal effects;

m= the vector of the random maternal genetic
effects;

pe = the vector of the permanent environmental
effects and

e = the vector of the random residual effects.

X, Z W and S are the incidence matrices
referring to animal performance, to the fixed
effects, to the direct effects, to the maternal
effects and to the permanent environmental
effects.

It is assumed that:

where:

A is the kinship matrix between animals;

1 is the identity matrix;

o is the additive genetic variance for the direct
effects;

o’m, the additive genetic variance for the
maternal effects;

cam, the additive genetic covariance between
the direct and maternal effects;

0%, is the variance due the permanent
environmental effects;

o2, is the variance of the residual error.

The genetic parameters were estimated based
on the next formulas:
- the direct heritability:

ha’= 6% /op?

where 6% and 6,,” is the genetic and phenotypic
variance;

- the maternal heritability:
hm’= 6%m />

where cam direct is maternal additive genetic
covariance;

- the total heritability (Wilham et al.,
1972):

_ 02 +0.50% + 1.500,
%

ht

- the genetic correlation between the
direct and maternal effects:

r Uam
am (_O_l% I O_r%l
The error of heritability (Hoj-Edwards, 2017):

s.e.(h?)
an2\* . (onz\? ah?\ (9h?
=\][(@> (seq) +(Tfe2> (532)2+2<@><@>Pg,esegsee]

where:
on® _ o2  0n? -0
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RESULTS AND DISCUSSIONS

The average performances for growth traits for
Aberdeen Angus cattle are presented in Table 1.

Table 1. The average performances for growth traits

No. Birth weight ~ Weaning weight
Mean 29.954 219.007
Standard error 0.142 1.272
Median 29 215.5
Mode 30 225
Standard deviation 4.952 44.179
Sample variance 24.524 1951.863
Kurtosis 1.432 2.512
Skewness 0.848 0.808
Range 31 380.45
Minimum 19 78.12
Maximum 50 458.57
Sum 36125 264123.49
Count 1206 1206
Confidence level 0.279 2.495
Coefficient of 16.53 20.17

variation (%)

The mean of birth weight in our study was
lower than the mean reported by Nikolov and
Karamfilov (2020) in Aberdeen Angus breed
31.6 kg and higher that the mean reported by
Jakubec et al. (2003) 29.22 kg in Aberdeen
Angus from Czech Republic and Kolisnyk et
al. (2018) in Ukraine, 26.5 kg for the females
and 29.4 kg for the males. The weaning weight
(at 200 days) in our study was higher than the
weaning weight at 210 days, 204 kg in Aberdeen
Angus from organic farm from Bulgaria.
Jakubec et al. (2003) obtained the mean for
weight at 210 days 241.41 kg and 379.50 at
365 days in Aberdeen Angus cattle from Czech
Republic. Meyer (1995) reported the birth
weight 34.07 in Aberdeen Angus calves from
New Zealand and 33.27 kg for calves from
Australia and the weaning weight 216.8 kg,
respectively 233.1 and the weight at 365 days
285.8 kg, respectively 337.5. Crawford et al.
(2016) reported the birth weight 36.2 kg, the
weaning weight 213.5 kg and yearling weight
345.6 kg in Angus breed.

For the fixed factors in the model were ranged
from -9.3 to 13.61 for birth weight and from -
86.66 to 96.07 for weaning weight when we
discuss about the influence of herd as a fixed
factor. Regarding the sex factor it was 29.29 in
birth weight and 212.23 in weaning weight for
females and for males it was 29.97 for birth
weight and 224.18 for weaning weight.

The factors which influenced the weight of
cattle are: the breed, herd, sex, year, age of
cow, season and month of birth. The direct and
maternal breeding values for the best animals
are presented in the Table 2.

Table 2. The direct and maternal breeding values of the
10 best Aberdeen Angus cattle for birth weight and the
weaning weight

No. Thedirect The direct The The
breeding  breeding  maternal  maternal
values for  values for  breeding  breeding
the birth the values for  values for
weight weaning birth weaning
weight weight weight
l. 17.8726 89.6712 3.0859 53.9754
2. 13.5882 63.8356 2.7191 38.2261
3. 13.5372 59.8817 2.1664 30.9036
4. 13.5197 56.6923 1.7084 22.8797
5. 13.3831 46.5922 1.6791 22.5334
6. 13.1785 45.8782 1.6075 22.3953
7. 12.8879 45.6202 1.5795 21.0499
8. 12.839 44.7397 1.5617 20.9878
9. 12.2577 42.0329 1.5083 20.7223
10. 12.2359 42.0271 1.4701 19.7131

In Table 3 were the direct and maternal
breeding values for calves with records.
Duchacek et al. (2011) estimated the breeding
values for weaning weight in Aberdeen Angus
from Czeck Republic.

Table 3. The direct and maternal breeding values of the
10 best Aberdeen Angus calves with records for birth
weight and the weaning weight

No. Thedirect The direct The The
breeding breeding maternal maternal
values for  values for  breeding  breeding
the birth the values for  values for

weight weaning birth weaning

weight weight weight

1. 13.5882 63.8356 2.7191 38.2261
2. 13.5372 59.8817 2.1664 30.9036
3. 13.5197 56.6923 1.7084 22.8797
4. 13.3831 46.5922 1.6791 22.5334
5. 13.1785 45.8782 1.6075 22.3953
6. 12.8879 45.6202 1.5795 21.0499
7. 12.839 44.7397 1.5617 20.9878
8. 12.2577 42.0329 1.5083 20.7223
9. 12.2359 42.0271 1.4701 19.7131
10. 11.3321 41.5604 1.4662 19.3915
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The mean breeding values for direct effects
ranged between 1.76 and 4.73 between the
years 1997-2007. Duckacek et al. (2011)
constated that the increased number of
Aberdeen Angus cattle included in performance
recording in the Czech Republic resulted in



increased value of breeding value for direct
effect for weight at 210 days of age.

The estimates of (co)variance components,
direct heritability, maternal heritability, direct-
maternal genetic correlation and fraction of
total variance due to maternal permanent
environmental effects for growth traits are
shown in Table 4.

Table 4. Estimates of (co)variance components and
genetic parameters for birth weight, weaning weight for
Aberdeen Angus cattle breed

Item Birth weight Weaning weight
6% 6.39+0.260 506.873+20.65
6%m 1.17+0.047 189.529+7.72
Gam -0.79 -90.712

S%pe 14.98+0.610 1360.592+59.43
o’ 0.65+0.026 179.674+7.31
6,2 24,01+0.978 2327.381494.81
c? 0.623 0.584

Gam/ sz -0.032 -0.038

ha2 0.266+0.106 0.217+0.046
hp? 0.048+0.055 0.081+0.053

Tam -0.291 -0.292

hy? 0.240+0.108 0.200+0.048

o2, direct additive genetic variance, o2, maternal genetic variance, Gun
direct-maternal additive genetic covariance, 6% maternal permanent
environmental variance, o.” residual variance, h,’ direct heritability, hy,
maternal heritability, ¢ = o,%oc,” ratio of maternal permanent
environmental variance to phenotypic variance, Gum / cpz covariance
between direct and maternal effects as proportion to phenotypic
variance, Iy, genetic correlation between direct and maternal effects,
h+? total heritability.

The genetic parameters ranged in the values
obtained in the literature. Meyer (1995)
obtained the direct heritability for birth weight
in Aberdeen Angus from New Zealand 0.286
and for Aberdeen Angus from Australia 0.379
and for weaning weight the heritability was
0.201 and respectively 0.230. The maternal
heritability reported by Meyer (1995) was
0.096 for birth weight and 0.081 for weaning
weight in Aberdeen Angus from New Zealand.
The maternal heritability for Aberdeen Angus
from Australia was 0.066 for birth weight and
0.084 for weaning weight. Crawford et al.
(2016) reported the direct heritability for birth
weight was 0.42 and maternal heritability was
0.14, for weaning weight, the direct heritability
was 0.26 and maternal heritability was 0.23 and
the direct heritability at 365 days 0.45 and
maternal heritability 0.23. Costa et al. (2011)
reported the direct heritability for weaning
weight 0.44 and for yearling weight 0.43. The
maternal heritability was 0.25 for weaning
weight and 0.12 for yearling weight. Williams
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et al. (2012) obtained the heritability for
weaning weight at low altitude 0.28 and 0.26 at
high altitude in Angus breed. Boddhireddy et
al. (2014) obtained the heritability for birth
weight 0.42, for weaning weight 0.20 and for
yearling weight 0.20 in Angus breed. Baccino
et al. (2020) obtained the heritability for birth
weight 0.25 and for weaning weight 0.16.
Robinson et al. (1996) reported direct herita-
bility for Australian Angus cattle 0.35 and
maternal heritability 0.08 for birth weight,
direct heritability for weaning weight 0.20 and
maternal heritability 0.09 and for yearling
weight direct heritability 0.24 and maternal
heritability 0.06.

The covariance and the correlations between
the direct and maternal genetic effects for birth
weight and weaning weight were negative in
our study. The genetic parameters from our
study were influenced by the variable
environmental factors due the different herds.
Robinson et al. (1996) reported also the
correlations between direct and maternal effects
were large and negative. Gociman et al. (2019)
reported that in 2019 were in the Aberdeen
Angus Romanian Herdbook 45000 cattle in
Romania and the breed was adapted well in the
Romanian pedoclimate conditions. Table 2
shows the breeding values for all the cattle
analyzed, not just the one with performance,
and because of that we can observe that the best
animal has an anormal high breeding value.
The reason for that is because in real practice,
the information from farmers are very different
and we cand have a farm with 1 male that has 1
calf and that one it is very possible to be one of
the best, and because of that, his sire will have
a huge breeding values. On the opposite we can
have a sire with multiple calves and his
breeding value will be corrected based on much
more information and for that reason the
breeding value cand be smaller. In that way we
can say that a breeding value of +21.93 can be
accepted in the analyze but we do not
recommend to farmers we promote that animal
further to reproduction.

CONCLUSIONS
The direct breeding values of the best cows

were between 15.18 and 21.93 kg for birth
weight and between 82.49 and 155.10 for the



weaning weight. The direct heritability for birth
weight and weaning weight was moderate and
the maternal heritability for these traits was
low. Genetic parameters for birth weight show
that these traits have huge variability, in
specially when we look at the maternal
heritability. One conclusion that can be
obtained is that based on the birth weight
breeding values is very difficult to have a valid
selection decision and because of that is even
more important to use the best biometrical
model in the estimation of breeding values.
Only in that way we can make objective
decision regarding the genetic selection
process. The most important conclusion and the
aspect that offers the novelty characteristic of
this work is the fact that the genetic parameters
are, as mentioned in all breeding books,
particular and characteristic of each individual
population and each individual generation, and
their estimation must be done either how many
times there are changes in the structure of a
cattle population. Moreover, the genetic
parameters can be used in the breeding
programs carried out on the territory of
Romania.
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Abstract

The purpose of the study was to investigate the influence of production year on the milk yield per standard 120-day
milking period of sheep from the Bulgarian Dairy Synthetic population in the flock of Agricultural Institute-Shumen. Milk
productivity data of 2193 sheep of different ages for six production years, were analysed. For the individual years, the
following were determined: duration of lactation and milking period, milk yield per milking period (TMM), average daily
milk yield per milking period (ADMY™""ing reriod) qnd milk yield per 120-day standard milking period (TMM120). The
influence of the production year on milk yield per standard 120-day milking period was determined by the ANOVA model
for one-way analysis of variance. The total milk productivity for the standard 120-day milking period of sheep in the
individual production years was within 94.798-115.541 I, with the determined differences having a high degree of
significance (P<0.001). A highly significant effect of the production year factor on the milk yield per standard 120-day
milking period per consecutive lactation was established.

Key words: Bulgarian Dairy Synthetic Population, milk productivity, production year, sheep.

INTRODUCTION breed and 2592 sheep of the Awassi breed. The

number of sheep from other local and imported
Sheep, milk productivity is significantly  dairy breeds is significantly lower. It is quite
affected by various genetic (intrinsic) and non- obvious that sheep from BDSP have a leading
genetic (extrinsic) factors. Their impact is  role in the production of milk, meat and derived
usually simultaneous, and it is difficult to products for feeding the population. The main
determine the extent of their separate influence goal of the selection is to increase milk
(Adamu, 2021; Ali et al., 2020; Alkass & productivity combined with good fertility.
Akreyi, 2016; Al-Najjar et al., 2022; Assan, Although the animals have the potential for high
2020; Carta et al., 2009; Gonzalez-Ronquillo et  milk yield (150-2001 per milking period), the
al., 2021; Jawasreh & Khasawneh, 2007; Libis- achieved results are unsatisfactory (Iliev et al.,
Marta, et al., 2021; Oravcova et al., 2006, 2007; 2022; Ivanova, 2013; Slavova et al., 2015;
Pacinovski et al., 2012, 2016; Pulina et al., 2007, Slavova & Stancheva 2023; Stancheva et al.,
Robles Jimenez et al., 2020; Selvaggi et al., 2014; 2018; 2021; 2022; Zhelyazkova et al.,
2017). Dairy sheep breeding in Bulgaria has 2014). In all studies, the authors conclude that
deep traditions and nowadays, dairy sheep make  the realization of the genetic potential of BDSP
up about 75% of the total population and give sheep depends mostly on the provided
the largest share of sheep breeding production. conditions of nutrition, breeding, management
Commercial breeds for milk are represented, to of the production system. The production year,
the highest degree, by sheep from the Bulgarian ~ which largely takes into account the influence of
Dairy Synthetic Population (BDSP), the  so-called external factors (production system,
Lacaune, Assaf and Avasi breeds. According to rearing conditions, health status, nutrition,
the data of the Executive Agency for Selection  physiological condition of the animals,
and Reproduction in Livestock Breeding, in management and marketing strategy on the
2023 the following are covered under selection  farm, specific daily animal care, etc.) probably
control: 172861 sheep from BDSP; 17130 sheep  has a significant effect on the dynamics of milk
of the Lacaune breed; 16652 sheep of the Assaf  productivity and the realization of the genetic
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potential of sheep. This also motivates our
present study.

The purpose of the study was to determine the
influence of the production year on the milk
yield for a 120-day standard milking period of
the ewes from the Bulgarian Dairy Synthetic
population in the flock of the Agricultural
Institute - Shumen.

MATERIALS AND METHODS

The study covered 2193 ewes from the
Bulgarian Dairy Synthetic Population, bred at
the Agricultural Institute - Shumen. The sheep
were of different ages (from the 1st to the 7th
lactation) and produced in the period 2015-
2020. They are divided into 3 flocks and were
raised on barn and pasture under a semi-
intensive system. Animals designated for

breeding are kept separately until they enter the
main herd, at the age of 18 months. The animals
were fed with their own feed. The lambing
season usually takes place from the second half
of November and ends by the middle of January.
Milking is by machine in a milking parlor and
twice a day after the lambs are weaned.

J \_l z
Figure 1. Monthly milk control in the flock of the
Agricultural Institute - Shumen (own source)

Milk productivity

A total of 2193 milk yield records per milking
period, average daily milk yield per milking
period, length of lactation and milking period
and 2010 milk yield records for 120-day
standard milking period of ewes during the
production years studied were analyzed. Milk
yield data were obtained by measuring the
amount of milk in liters milked during the
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milking period of the animals according to the
AC method specified in the nomenclature of the
International Animal Control ~Committee
(ICAR). The first monthly controls were carried
out in the months of December - February, and
the last - in May and June. The milk yield of
each sheep for the control day is the amount of
milk in the morning individual control
multiplied by the coefficient of the flock (K =
morning + evening milk/morning milk). Milk
yield per milking period (TMM) is the sum of
the milk yield from the individual control
periods of each ewe. The average daily milk
yield for a milking period (ADMY™!ki"¢ period)
is the amount of milk received per milking
period divided by the duration of the milking
period in days. Milk yield for a standard 120 day
milking period (TMM120) is the average daily
milk yield for a milking period multiplied by
120 days (TMM120 = ADMY™milking period % 1))
For the individual production years, the average
statistical parameters were established for:
duration of lactation and milking period, milk
yield per milking period (TMM), average daily
milk yield per milking period (ADMY™milking
periody and milk yield per standard 120-day
milking period (TMMI120) (total and after
another lactation). Due to the relatively small
number of ewes in the 6th and 7th lactation, their
milk yield data for a standard 120-day milking
period were grouped into one category 5+, so
that 5 levels were obtained for TMM120 per
consecutive lactation. The obtained results were
processed using the software Statistica. The
influence of the production year on the milk
yield for a 120-day standard milking period
(total and consecutive lactation) was determined
by the one-way analysis of variance ANOVA
model.

RESULTS AND DISCUSSIONS

The statistical parameters for the investigated
signs of the total milk productivity of sheep for
the production years 2015-2020 are shown in
Table 1. The duration of the lactation and
milking period is an important systemic source
for environmental changes and variability of
milk productivity. The average duration of the
mammary and milking period in the studied
years varies from 52 to 59 days for the former,
and is within 131-162 days for the latter. The



significant differences between the established
minimum and maximum values are indicative of
the need for changes in the management of the
production system on the farm. In this direction,
the reduction of the lactation period is a
significant reserve for extending the milking
period and increasing the amount of milk
obtained for sale (Simeonov et al., 2012;
Ivanova et al, 2015; Mavrovska, 2015;
Stancheva et al., 2018; Miteva, 2022). Milk
yield per milking period increased to 139.681 1
in 2019 and decreased to 120.559 1 in the
following year, 2020. The values of the average
daily milk yield for the milking period gradually
increased until the year 2017 (ADMY™ilking
period 0.935 1), after which they significantly
decreased. As unfavorable, we can point out the
production years 2015, 2016 and 2020, where
the values for milk yield per milking period
(103.6251,119.657 1 and 120.559 1) and average
daily milk yield per milking period (0.791 1,
0.838 1 and 0.824 1) are the lowest.

Table 2 shows the total average values of milk
yield for a 120-day standard milking period
(TMM120) for the period 2015-2020, depending
on the production year and the sequence of
lactations. For the study period, the average
value of milk yield per 120-day standard
milking period (TMM120) was 103.379 1. The
level achieved is well below the set breeding
target of 150 1 and below, the minimum selection
limit for the Elite class of the population (105 1).
The high variability of the trait is illustrated by
the standard deviation values (SD 30.34).
Depending on the production year, the milk
yield for a 120-day standard milking period
increased to 115.541 1 in 2017, after which it
significantly decreased. The lowest, and with
values below the general average, is the milk
yield of the sheep produced in 2015, 2016 and
2020 (94.798 1, 99.624 1| and 98.641 1). In our
opinion, these results do not reflect the genetic
endowments of the animals, but rather are due to
various, non-biological factors such as rearing
conditions, unbalanced nutrition in relation to
the physiological state of the animals, daily care
and health status of the animals, gaps in
husbandry  technology and  non-genetic
interactions. Analysis of variance reported a
highly reliable effect of year of production on
total milk yield of ewes over a 120-day standard
milking period. A reliable effect of the year of
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production was found by Zhelyazkova et al.
(2014) in SPBM sheep bred in two private
flocks, Al-Najjar et al. (2021), Jawasreh and
Khasawneh (2007), Pacinovski et al. (2016),
Ustiiner and Mustafa (2013) on Awassi sheep
bred in Jordan, Turkey and its crosses in
Macedonia, Selvaggi et al. (2017) on three
Italian sheep breeds. It is known that the milk
productivity of ewes increases with the
succession of lactations (Hinkovski et al., 2008;
Ivanova, 2013; Iliev et al., 2021; Kasap et al.,
2019; Miteva, 2022; Slavova et al., 2015; Robles
Jimenez et al., 2020; Selvaggi et al., 2017;
Sezenler et al. 2016). Our obtained results are
not exactly like that (Table 2). The average milk
yield values for a 120-day standard milking
period are higher than or close to the total flock
average by the 4th lactation as for ewes at 1st
lactation are the highest (107.747 1). It can be
seen that the animals show their genetic
potential for high milk yield already in their 1st
lactation. Similar results were obtained by
Pollott and Gootwine (2004) in sheep of the
Assaf breed and Elvira et al., (2012) in the
Lacaune breed. In the next two lactations, the
mean values of the trait decrease, but the milk
yield achieved for a 120-day standard milking
period still approaches the population Elite class
limit (105 1) in ewes of the 4th lactation (103.129
). We found significantly lower milk
productivity in the animals of the 5th and more
lactations, as the milk yield for a 120-day
standard milking period (90.176 1) does not
cover the selection limits for the 1st class of the
population (95 1). The analysis of variance here
also reports a highly reliable effect of the
production year on the milk productivity of the
sheep for a 120-day standard milking period per
consecutive lactation.

Table 3 shows the total average values of milk
yield for a 120-day standard milking period
(TMM120) by consecutive lactation, during
individual production years. The results show
that in the 1st lactation, the milk yield for a 120-
day standard milking period increases until
2018-2019 years, after which it significantly
decreases. The highest, and with values
exceeding the selection limits for the Elite class,
is the milk yield of sheep in the years 2018,
2017, 2019 and 2020 (115.413 liters, 114.851
liters, 114.152 liters and 107.427 liters). The
milk yield of 2nd lactation ewes does not



increase significantly compared to the milk
productivity of 1st lactation ewes. The highest,
and with values exceeding the selection limits
for the Elite class, is the milk yield for a 120-day
standard milking period in the years 2017, 2018
and 2019 (118.545 1, 115.306 1 and 107.511 1).

Although the milk yield of the sheep in 2015,
2016 and 2020 was lower, it still approached the
Elite class limit of the population in 2020
(103.408 1) and exceeded the requirements for I
class in the animals produced in 2015 and 2016
(98.501 l'and 100.319 1).

Table 1. Statistical parameters for some traits of the milk productivity by production year

Traits Year n x SD Min. Max
year 2015

Suckling period (days) 365 53 8.01 26 77
Milking period (days) 365 131 12.20 67 141
TMM (1) 365 103.63 31.27 25.625 219.921
ADMY milking period (1) 365 0.791 0.22 0.279 1.560
year 2016

Suckling period (days) 373 54 13.50 7 114
Milking period (days) 373 143 24.00 42 170
TMM (1) 373 119.657 41.17 10.385 266.896
ADMY milking period (1) 373 0.838 0.27 0.247 1.822
year 2017

Suckling period (days) 370 58 9.71 24 94
Milking period (days) 370 134 20.97 42 192
TMM (1) 370 127.36 44.54 20.536 269.171
ADMY milking period (1) 370 0.935 0.27 0.298 1.831
year 2018

Suckling period (days) 353 52 12.32 18 97
Milking period (days) 353 148 19.76 58 182
TMM (1) 353 134.86 48.61 25.748 308.611
ADMY milking period (1) 353 0.907 0.29 0.303 1.868
year 2019

Suckling period (days) 384 52 54.00 5 80
Milking period (days) 384 162 17.25 58 213
TMM (1) 384 139.68 46.11 31.238 258.863
ADMY milking period (1) 384 0.854 0.25 0.336 1.523
year 2020

Suckling period (days) 348 59 12.61 7 85
Milking period (days) 348 146 17.39 57 193
TMM (1) 348 120.56 38.06 21.684 261.041
ADMY milking period (1) 348 0.824 0.24 0.380 1.729
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On the next 3rd lactation, a drop in milk
productivity was observed, except for the milk
yield of the ewes lactating in 2018 (132.263
liters), which significantly exceeded the general
average for the flock and the selection limits for
the Elite class of the population. For the animals
that produced in the remaining production years,
the milk yield for a 120-day standard milking
period is within the limits of 90.188 liters in
2015 to 108.254 liters in 2019. The decrease in
milk productivity continues in the next 2
lactations. In the ewes of the 4th lactation, the
highest, and with values exceeding or equal to
the selection limits for the Elite class, is the milk
yield for a 120-day standard milking period in
the years 2018 and 2017 (122.330 liters and
105.905 liters). During the rest of the production
years, the milk productivity of the animals meets
the requirements for the 1st class of the
population. We found significantly lower milk
productivity in the animals of the 5th and more
lactations, as the milk yield of the sheep for a
120-day standard milking period exceeded the
selection limits for the 1st class of the
population, only in 2016 and 2017 (99.572 liters
and 103.431 liters). The established differences
in the milk productivity of sheep during
individual production years have a high degree
of reliability for all lactations (P <0.001).

Table 2. Overall mean and analysis of variance
for a milk yield per standard 120-day milking period,
(1) (period 2015-2020 years)

Milk yield per standart
. 120-day milking period
Variable TMM'), (1) P-value
n X SD
TMM'%, total 2010 | 103.379 | 30.34
TMM'? by production year
year 2015 347 94.798 25.64
year 2016 334 99.624 28.97
year 2017 324 115.541 30.51
year 2018 320 109.107 | 34.12 0-000000
year 2019 370 103.327 29.39
year 2020 315 98.641 28.63
TMM'? by parity
1% lactation 520 107.747 | 30.59
2M Jactation 475 106.615 | 28.02
34 Jactation 388 105.017 | 31.69 | 0.00000
4t lactation 296 103.129 28.67
5t* Jactation 331 90.176 2947

**P<0.001

The results thus obtained confirm the thesis
expressed by us and other authors that the
phenotypic variations of milk productivity and
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the manifestation of the genetic potential of
sheep are directly related to the year of produc-
tion, which largely takes into account the
influence of so-called external (non-genetic)
factors. Most of them (production system, rea-
ring conditions, health status, complete nutrition
according to the physiological condition of the
animals, availability of pastures and nutritional
composition, management and marketing
strategy in the farm, the specific daily care of the
animals, etc.) can be controlled and systema-
tically improved.

Table 3. Overall mean and analysis of variance for a
milk yield per standard 120-day milking period
(consecutive lactation) by production year (1)

Variable | n | X | SD [ P-value
1st lactation
year 2015 117 97.887 26.19
year 2016 84 101.530 30.32
year 2017 64 114.851 28.81
year 2018 84 115.413 34.56 0-000022
year 2019 94 114.152 28.90
year 2020 77 107.427 31.19
2nd lactation
year 2015 92 98.501 21.69
year 2016 83 100.319 | 27.418
year 2017 79 118.545 29.53
year 2018 57 115.306 30.03 0-000003
year 2019 87 107.511 28.65
year 2020 77 103.408 26.34
3rd lactation
year 2015 77 90.188 28.07
year 2016 75 99.111 26.89
year 2017 64 132.263 30.71
year 2018 59 107.459 36.63 0-000000
year 2019 51 108.254 24.02
year 2020 62 97.469 24.86
4th lactation
year 2015 35 94.052 23.11
year 2016 55 96.398 31.09
year 2017 62 105.905 24.63
year 2018 54 122.330 25.70 0-000001
year 2019 52 98.507 28.01
year 2020 38 95.744 20.05
51 lactation
year 2015 26 81.301 25.28
year 2016 37 99.572 31.09
year 2017 55 103.431 30.87
year 2018 66 86.384 30.29 0-000544
year 2019 86 87.253 27.55
year 2020 61 84.532 26.33
*P<0.001
CONCLUSIONS

The total milk yield of the sheep for a 120-day
standard milking period (103.379 1 £30.34) is
close to the minimum threshold limit for the
Elite class of the population. The same, it is



within 94.798- 115.541 1, during the individual
production years and is the highest in the sheep
of the 1st lactation (107.747 ).

A significant effect of the production year factor
on the total milk productivity for a 120-day
standard milking period and the milk yield of
ewes per consecutive lactation were established.
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Abstract

The subject of the study were 617 sheep from the Northeast Bulgarian Fine-Fleece Sheep Breed (NBFF) - Shumen
inter-breed type, born from 2013 to 2018 and bred in the Scientific Center for Agriculture - Targovishte. The biological
prolificacy trait at different ages has been investigated. There were 1839 observations of biological prolificacy from the
first to the fifth lambing. The influence of the factors - breeding line, type of mating and year of birth was researched.
The variance was analyzed on the basis of a multifactorial linear statistical model for each study age (consecutive
lambing). The linear affiliation has a significant effect on biological prolificacy up to the third lambing. The type of
mating has a significant effect on biological prolificacy at first lambing only. Sheep from the line No. 61 with FecB
gene from Booroola Merino are superior in prolificacy the purebred and the lines with Australian Merino genes up to
4.5 years. The biological prolificacy increaseed by the second lambing and was highest at 3.5 years (117%).

Key words: breeding line, Northeast Bulgarian Fine-Fleece Breed (NEFF), prolificacy, sheep, type of mating, year of
birth.

INTRODUCTION high prolificacy in sheep has been studied by a
number of authors over a period of about 40
Biological prolificacy largely determines the years (Turner, 1978; Bindon, 1984; Davis &
profitability of production in the modern sheep Hinch, 1987; Davis et al., 1998; Fogarty, 2009;
farm. Meat is one of the main products, Abraham & Thomas, 2012). Tsonev (2014),
forming 50-60% of the total income in the Boykovski et al. (2018) and Slavova (2019)
dairy sector in our country (Stancheva & comment on the levels of the main productive
Staykova, 2009), from 52.13% to 69.34% in  traits in Bulgarian fine fleece breeds and their
the aboriginal breeds (Staykova, 2005) and  crosses with Booroola Merino.
over 70% in the meat and fine fleece sheep Frozen seminal fluid from two Booroola
farming (Boykovski et al., 2006). Our authors =~ Merino rams was imported into Bulgaria in
investigated the heritable variance of 1988, evaluated for progeny at the Haldon

prolificacy in sheep and proved that it is low station - New Zealand. As a result of
and the expected efficiency of mass selection introduction of the F-gene from Booroola
on this trait is insignificant (Boykovski et al.,  Merino into the genetic structure of the flock of

2002; 2009; Slavov et al., 2008; Stancheva et North-Eastern Bulgarian Fine Fleece Breed
al., 2005; Stancheva, 2013). Through genetic (NBFF) sheep at Scientific Centre for
improvement, good results have been obtained  Agriculture - Targovishte, two breeding lines
in a much shorter time. The Australian were formed, originating from the homozygous
Booroola Merino (BoM) is a valuable genetic ~ for this gene rams No. 61 and No. 377, of
resource for increasing biological prolificacy in which only the first is currently active. Slavov
fine fleece and other sheep breeds worldwide. et al. (2008) found an increase in genetic
The effect of the introduction of the F gene variance when including genetic components
(FecB) from the Booroola Merino breed for from the Booroola Merino, Australian Merino
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and Ile de France breeds in the NBFF-
Dobrudzhan type population. Laleva et al.
(2014) published positive results of a
comparative study of ovulation rate, prolificacy
and live weight at birth traits in Thracian fine
fleece ewes and their crosses with Booroola
Merino.

The evaluation of the variance in the intra-
breed linear structures, carriers of the F gene
(FecB) in the only nucleus flock of sheep from
the North-Eastern Bulgarian Fine Fleece breed
- Shumen type (reared in Scientific Centre for
Agriculture - Targovishte) is a necessary
condition for choosing appropriate selection
methods and schemes for extending genetic
progress in the trait prolificacy throughout the
population. The assessment of the influence of
other genetic and environmental factors
complements the information on which
scientifically based decisions in the selection
process are based. This motivates the present
development.

The purpose of the study is to determine the
influence of some factors on the biological
prolificacy of sheep from the North-Eastern
Bulgarian Fine Fleece Breed (NBFF) - Shumen

type.

MATERIALS AND METHODS

The subject of the study are 617 sheep from the
North-Eastern Bulgarian Fine Fleece breed
(NBFF) - Shumen type, born in the period from
2013 to 2018 and raised in the Scientific Center
for Agriculture in Targovishte. The biological
prolificacy trait at different ages was
investigated. 1839  observations of the
biological prolificacy trait were recorded from
the first to the fifth lambing of the ewes. The
influence of the factors - breeding line, type of
mating and year of birth was researched. An
analysis of variance was performed based on a
multivariate linear statistical model for each
studied age (consecutive lambing), which has
the following form:
Yik=p+Aia-¢+Bja-2+Cxka-6+
€ ijko

where:

W - total mean;

A i -6 - effect of the breeding line factor
(fixed) - 6 levels (lines);
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B j a -2 - effect of the type of mating factor
(fixed) - 2 levels (intralinear and interlinear);

C k a -6 - effect of the factor year of birth
(fixed) - 6 levels (2013-2018)

e ijk - residual effects, = N (O, d¢2)

The differences between the levels of the
studied factors were established on the basis of
the degree of distribution measured by Student
(Hayter, A. 1984):

(vi - yj)’S N (1/ni + 1/nj)/2

where: (yi - yj) - differences, between the
average values of the levels of the studied
factor; S - square deviation; ni and nj - number
of observations (individuals) for the respective
levels.

RESULTS AND DISCUSSIONS

The linear affiliation (Table 1) has a significant
influence on the phenotypic manifestation of
the trait Dbiological prolificacy (P<0.001,
P<0.01, P<0.05) up to 4.5 years. The value of
the F-criterion is the highest at 3.5 years (F =
10.794) (P<0.001) when animals reach full
body growth and development, as well as the
most complete reproductive performance in our
study. The factor - type of mating had a
significant influence on the prolificacy of the
first lambing only (F = 4.175) (P<0.05).
According to the results obtained in our study,
the year of birth does not have a reliable
influence on the phenotypic manifestation of
the biological prolificacy trait. The coefficients
of variation of trait studies are high and range
from 24.03% to 30.40%, which is characteristic
of the trait and similar to data published by
other authors. The variance of the first lambing
in our study is the smallest, and then it
increases until the third and gradually decreases
until the last studied age. Stancheva et al.
(2020) found an average coefficient of
variation CV 29% for the biological
prolificacy of the same herd in which we
conducted our study. The analysis of the results
of the study shows the dominant influence of
the genetic factor - linear affiliation on the trait
of biological prolificacy. Staykova et al. (2022)
found that the linear affiliation did not have a
significant effect on wool yield, clean wool
yield and pure fiber traits in sheep from the
North-East Bulgarian Fine Fleece Breed
(NBFF) - Shumen type.



Table 1. Analysis of variance of the trait biological prolificacy

Sources of variance | df | F [ P \ CV%
2.5 years of age
Breeding line 5 7.049 HoHk 25.49
Type of mating 1 4.175 * ’
Year of birth 5 0.099 n.s.
3.5 years of age
Breeding line 5 10.794 HAE
Type of mating 1 0.137 n.s 28.99
Year of birth 4 0.324 n.s
4.5 years of age
Breeding line 5 3.368 **
Type of mating 1 0.470 n.s. 30.40
Year of birth 3 0.179 n.s
5.5 years of age
Breeding line 5 0.548 n. s.
Type of mating 1 0.421 n.s. 29.63
Year of birth 2 0.699 n.s.
6.5 years of age
Breeding line 5 0.736 n.s.
Type of mating 1 0.244 n. s. 24.03
Year of birth 1 0.048 n.s.

#kk - P<0.001; ** - P<0.01; * - P<0.05

The results in Table 2 show that ewes from line
No. 61, descendants of a purebred Booroola
Merino ram and homozygous for the F (FecB)
gene, presented with positive LS-scores for the
trait prolificacy up to 5.5 years (P<0.001,
P<0.01, P<0.05), at 6.5 years of age the scores
are close to the LS mean. Dimitrov (1997)
published data on 88% superiority of the half-
breed crosses compared to the purebred starting
forms. Boykovski et al. (2002) found similar
results for the same breed - a real increase of
86.80%, with a theoretically expected 82.50%.
Slavova (2019) reported a relatively low live
weight of ewes from line No. 377 with
Booroola Merino genes in the Thracian Fine
Fleece Breed, but with higher biological
prolificacy than their peers. The purebred
NBFF line No. 239 in our study was
characterized by negative LS-estimates for the
trait prolificacy at all ages studied, and line No.
583 - up to 4.5 years, after which the mean for
the line was close to the total for the sample.
The Australian Merino bloodlines in our study -
No. 755, No. 777 and No. 845 showed negative
LS-estimates for biological prolificacy up to
4.5 years of age. At the fourth and fifth
lambing, the LS-estimates were divergent,
close to the LS mean and without statistical
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assurance of the differences. After a long
breeding activity, the linear contrasts, when
compared with the purebred animals, become
narrower, but they are indicative, especially at
3.5 and 4.5 years. The total LS average showed
the highest level of trait prolificacy at 3.5 years
(117.30%). Slavov  (2007) studied the
productivity of the North-East Bulgarian Fine
Fleece Breed (NBFF) - Dobrudzhan type and
indicated 118.60% and 130.10% biological
prolificacy, respectively, at the first and second
lambing. Stancheva et al. (2020) found a lower
prolificacy (110.40%) at 3.5 years when
studying the same herd of the Shumen type,
and the authors recorded the highest prolificacy
at the fourth lambing (115.80%). The data from
Table 2 in our study confirm the positive effect
of the introduction of the F (FecB) gene for
high prolificacy in the genetic structures of the
North-Eastern Bulgarian Fine Fleece breed.

The results in Table 3 reflect the effect of the
type of mating factor. At 2.5 years old, the
sheep, a product of inter-line mating, are
presented with a positive deviation from the
average for the studied sample. At later ages,
LS-estimates are divergent, close to the mean
and without statistical assurance of differences.



Table 2. LS-estimates (LSE) of the effect of breeding line on biological prolificacy (lambs/ewe) by parity

. Age, years (parity)

FL“::; - LSM = - LSM = - LSM = > LSM = o LSM +

levels n LSE SE n LSE SE n LSE SE n LSE SE n LSE SE

o | | | | [ | e | Jwoam] | [ o | G | 5 [ |
%2390 | 126 | 0065A | O | 0s | oossa | 0SS 1 g7 | oosoa | T s | o0as | BN a0 | oost | G000
Nes83 | 137 | 0.056B 16%12? 116 | -0.061B 16,10132? 85 | -0.0601 16,10035; 54 | 0.005 16.1054?71 21 | 0.001 16?55371
Noe755 | 144 | 00154 16?529: 140 | -0.060 C 16.10123; 89 | -0.012m '0'0533; 56 | -0.054 16?0949: 20 | 0.045 '(;%957;
N777 | 110 | -0.0270b 16?072771 98 | -0.072D 1&&? 71 | -0.022 1&6?; 33 | -0.020 1(5.155391 12| 0113 16.1067471
Nosas | 49 | -0.032¢ 16?07 42; 40 | 00442 16.10259; 33| 0017 16.1&9]* 17 | 0038 ]6.]()981; 7 | -0.048 '62?937*
Overall

Ls- |617 1.104 % 0.013 542 1173 £0.017 388 1.166+0.020 | 217 1.153 +0.028 75 | 105240034
mean, p

Significance of differences within columns — when symbols identical:
AtoZ—-P<0.001;atok—P<0.01;1toz—P<0.05

Table 3. LS-estimates (LSE) of the effect of type of mating on biological prolificacy (lambs/ewe) by parity

Type of Age, years (parity)
mating 25 35 45 55 6.5
Factorlevels |, | |Gg | LSM#SE | n | LSE | LSM#SE | n | LSE | LSM+SE | n | LSE | LSM+SE | n | LSE | LSM<SE
Interlinear | 262 | -0.025 | 1.079+0.019 | 233 | 0.006 | 1.179+0.025 | 167 | -0.014 | 1.1520.031 | 127 | -0.015 | 1.138+0.035 | 38 | 0.016 | 1.068+0.047
Bewlvif]: the | 355 | 0.025 |1.120:0.016 | 309 | -0.006 | 1.167+0.021 | 221 | 0.014 | 1.179:0.026 | 90 | 0.015 | 1.168+0.038 | 37 | -0.016 | 1.036:0.047
0:::;2 LHS 617 1.104 + 0.013 542 1.173 +0.017 388 1.166 + 0.020 217 1.153 + 0.028 75 1.052 +0.034

The results in Table 4 show the influence of
environmental effects on biological prolificacy
in sheep born and produced in subsequent
years. Animals born in 2014 presented with
negative LS-scores until the third lambing, after
which values were close to the sample mean.
Those born in 2017 show a positive deviation
from the average LS of the two ages studied.
Year of birth as a factor has a relatively weak
effect on prolificacy with no significant
differences between groups. Staykova et al.
(2022) found that the year of birth had a
significant influence on the wool productivity

when studying the same herd. The trait level
results in our study confirm those from the
analysis of variance in Table 1. Regardless of
the differences present in the absence of
statistical certainty, it confirms the fact that
prolificacy is a relatively conservative trait and
cannot be relied upon for better reproductive
outcomes by optimizing feeding and rearing
conditions. = The methods of  genetic
improvement, by increasing the potential for
biological prolificacy, make it possible to
achieve better and faster results in practice.

Table 4. LS-estimates (LSE) of the effect of year of birth on biological prolificacy (lambs/ewe) by parity

Year of Age, years (parity)
birth 2.5 3.5 4.5 5.5 6.5
Factor LSM +
levels n LSE | LSM £ SE n LSE |LSM+SE| n LSE SE n LSE LSM=SE | n LSE LSM + SE
1.096= 1.166= 1.180+ 1.182+ 1.045+
2013 66 | -0.008 0.035 66 | -0.007 0.042 65 0.015 0.045 61 0.029 0.046 35 | -0.007 0.049
1.097= 1.152= 1161+ 1.157= 1.059+
2014 81 | -0.008 0.032 77 | -0.021 0.038 74 -0.005 0.042 41 0.004 0.053 40 0.007 0.044
1.003= 1.163= 1.177+ 1.120=
2015 160 | 0.008 0.023 160 | -0.010 0.028 132 0.011 0.033 115 -0.033 0.035
1.099+ 1.184= 1.145+
2016 139 | -0.005 0.026 127 | 0.011 0.032 117 | -0.021 0.036
1117+ 1.200+
2017 111 | 0.013 0.028 112 | 0.027 0.033
1.103=
2018 60 | -0.001 0.036
Overall
LS- 617 1.104 +£0.013 542 1.173 £0.017 388 1.166 + 0.020 217 1.153 £0.028 75 1.052 +0.034
mean,
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CONCLUSIONS

The linear affiliation of sheep from the North-
Eastern Bulgarian Fine Fleece Breed (NBFF) -
Shumen type has a significant effect on
biological prolificacy up to the third lambing.
The type of mating has a significant effect on
biological prolificacy at first lambing only. No
effect of year of birth on biological prolificacy
was observed at any of the ages studied.

Sheep from the line No. 61 with FecB gene
from Booroola Merino are superior in
prolificacy the purebred and the lines with
Australian Merino genes up to 4.5 years.

The biological prolificacy increaseed by the
second lambing and was highest at 3.5 years
(117%). Prolificacy increases at the second
lambing and gradually decreases until 6.5
years.
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Abstract

Feed contaminants, especially mycotoxins are responsible for important economic loses in swine industry, pigs being
very susceptible to contamination with mycotoxins. Alternariol (AOH) is a mycotoxin synthesised by fungi of genus
Alternaria and is a common contaminant of different raw materials, as cereal and cereal products that represent
important ingredients of swine diets. Recent literature data have shown that in human cell model, AOH can cause DNA
damage and induce oxidative stress. However, the effect of AOH in swine it less documented. Consequently, the aim of
our research was to investigate how AOH can affect the proliferation, apoptosis, death, and cell cycle using an in vitro
model represented by PBMCs (peripheral blood mononuclear cells) isolated from pig’s blood. Cells were stimulated or
not with phorbol 12-myristatel 3-acetate-ionomycin (PMAI), exposed for 4h to different concentrations of AOH (1-
100 ug/mL). Our study shows that AOH was able to affect cell proliferation, apoptosis, cell death and cell cycle of porcine
PBMCs, with negative effects on the animal health.

Key words: Alternariol, apoptosis, cell cycle, oxidative stress, pigs.

INTRODUCTION in vitro investigations have suggested that AOH
can alter the DNA (Pfeiffer et al., 2007), and it
Mycotoxin contamination of cereals, fruits, but ~ can also lead to the appearance of some
also of other plant-based products remains a  mutations (Brugger et al., 2006). The AOH
topical issue at the global level, especially in  mycotoxin can act as a topoisomerase Il-a
terms of the health of pigs, which mainly  inhibitor (Fehr et al., 2009), this could serve as
consume feed obtained by mixing these types of  the primary mechanism by which AOH could
ingredients. Regarding sensitivity, several  break the DNA double strand. There are no data
studies have shown that pigs are more sensitive on the toxicity of AOH or other Alternaria
than other species to the action of mycotoxins  toxins in other animals, including pigs. In vitro
(Oswald et al., 2005). Pigs have also been  studies on RAW 264.7 macrophages have
utilized as models for human nutrition,  demonstrated that AOH can trigger the oxidative
including metabolic disorders, obesity, bariatric ~ response through the generation of ROS
surgery, neurology, brain imaging, food  (reactive oxygen species) in addition, AOH
allergies, and alcohol consumption, also they are  could be capable of producing oxidative damage
a suitable model for humans (Roura et al., 2016). at the level of DNA (Solhaug et al., 2012).
Alternariol (AOH) is a secondary metabolite Reduced cell proliferation was linked to this
synthesized by Alternaria alternata fungi,  effect, which led to an accumulation of cells in
generally contaminating fruits, but also cereal  the G2/M phase of the cell cycle (Lehmann et
crops and vegetables (Tournas & Stack, 2001). It al., 2006). Although several studies indicate that
is known that AOH, like other mycotoxins AOH causes cell cycle arrest, a more accurate
produced by Alternia molds, have a high thermal ~ and thorough description of how AOH interferes
stability, contamination can also occur at low  with cell proliferation, viability, and death is
temperatures during storage (Asam et al., 2009).  required (Brugger et al., 2006; Wollenhaupt et
Moreover, there are currently no guidelines al., 2008; Schreck et al., 2012).
regarding the concentrations that can be  Our study's objective was to use flow cytometry
tolerated both in the case of humans and in the  to assess the effects of AOH on ROS production,
case of animals Alexander et al., 2011), although  cell cycle, cell apoptosis and necrosis in swine
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PBMCs (peripheral blood mononuclear cells)
newly isolated from peripheral venous blood.

MATERIALS AND METHODS

Cell cultures

The PBMCs were separated using Li-heparin
tubes (Vacutest Kima, Arzergrande, Italy), from
freshly collected peripheral venous pig blood.
Blood collection was carried out in compliance
with the current rules and regulations (EU
Council Directive 98/58/EC and Law 06/2004
for the care and safeguarding of animals utilized
in experiments). The study was performed also
following the rules of Ethics Committee of the
National Research and Development Institute
for Animal Nutrition and Biology, Balotesti,
Romania (Ethics Committee no. 41/2023). The
blood was diluted 1/2 in sterile PBS and placed
on Histopaque-1077 medium (Sigma Aldrich,
St. Louis, Missouri, US) and centrifuged at 1500
rpm to separate the PBMC from the rest of the
blood components. After separation, the white
ring of lymphocytes was recovered, the red
blood cells were lysed, and the isolated PBMCs
were cultivated in culture plates with 24 wells,
at a density of 5 x 10° cell/mL, in complete
RPMI-1640 culture medium (100 pg/mL-
streptomycin, 100 U/mL-penicillin, 0.025
pg/mL-amphotericin B, 4 mM-L-Glutamine and
5%-fetal bovine serum) (Sigma Aldrich, St.
Louis, Missouri, US). The experiments were
carried out for 4 hours in an environment
enriched with 5% CO; at a temperature of 37°C.

Experimental design

To evaluate the effects of AOH on porcine
PBMCs cells, two conditions were approached:
unstimulated cells, and cells stimulated with
para-methoxy-amphetamine (PMA) - 50 ng/mL
and ionomycin (I) - 1 pg/mL. Stimulated cells
were used as a model of inflammation as
inflammatory process is often induced in pigs by
various external stimuli such as bacteria, co-
contamination with other mycotoxins, etc. AOH
was diluted in dimethyl sulfoxide (DMSO), and
in the case of both conditions with unstimulated
or stimulated cells, the following concentrations
of AOH were tested: 1, 5, 10, 50 or 100 ug/mL.
When the incubation period ended, the effects of
AOH on cell proliferation, apoptosis, necrosis,
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cell cycle, and oxidative stress were evaluated
by flow cytometry.

Effects of AOH on Apoptosis

Through the use of the Muse Annexin & Dead
Cell kit, the Muse Cell Analyzer system, and the
Muse 1.5 Analysis software all provided by
Merck, Darmstadt, Germany, the effects of
AOH on PBMCs were assessed in the cases of
the four stages of apoptosis (living, early
apoptotic, live apoptotic, and death). In
summary, flow cytometry analysis was
performed after 100 puL of cell suspension (5 x
10° cells) was combined with 100 pL of reagent
provided by the kit, and the mixture was
incubated at room temperature in the dark for 20
minutes. A set of 2000 events was chosen for
examination. The percentage of dead, living and
apoptotic (early/late apoptosis) cells was the
result of the apoptosis analysis; the graphs show
the average of four separate tests.

Effects of AOH on Cell cycle

Cell cycle analysis was performed in
compliance with the guidelines of Muse Cell
Cycle kit (Merck, Darmstadt, Germany)
provided by the manufacturer. For the purpose
of analysis, 5 x 10° cells/mL were fixed in
ethanol (70%) for 12 hours, diluted with the
reagent from the kit, and then incubated in the
dark for 30 minutes at room temperature. A set
of 5000 events was chosen for examination. The
cell distribution was reported as percentages (%)
based on the cell cycle stages (GO/GI, S, or
G2/M); the graphs show the average of four
separate studies.

Effects of AOH on Oxidative Stress

The effects of AOH on PBMCs at oxidative
level were evaluated using Muse Oxidative
Stress Kit (Merck, Darmstadt, Germany).
Oxidative stress at the level of PBMCs was
determined by measuring reactive oxygen
species (ROS). In summary, 190 pL of
Oxidative Stress Reagent (Merck, Darmstadt,
Germany) was combined with 10 puL of cells
(1 x 10 cells/mL) and incubated for 30 minutes
at 37°C. The results were expressed in
percentages (%) of cell populations labelled
ROS(+) or ROS(-).



Statistical analysis

The software used to assess the statistical
significance of the changes between treatments
was GraphPad Prism (9.3.0). One-way Anova
and Fisher's exact test were performed. The
outcomes were shown graphically, with p-
values >0.1 indicating a trend and differences
between the experimental treatments considered
significant at a value of p<0.05. The statistical
significance was graphically expressed as
follows: ***-extremely significant [pe(0.0001,
0.001)], **-very significant [pe(0.001, 0.01)]
and *-significant [pe(0.01, 0.05)].

RESULTS AND DISCUSSIONS

Effects of AOH on Apoptosis
Apoptosis is a normal cellular
important in several biological systems.
Inappropriate apoptosis can lead to the
appearance of various pathologies such as
neurodegenerative, autoimmune diseases or
various forms of cancer (Cohen, 1997). It is
known that mycotoxins can interfere with
apoptotic processes, considering their spread in
animal and human food, more studies are needed
to identify the health risk to humans and
livestock (Wang et al., 1996). Regarding the
mycotoxins produced by Alternaria fungi,
studies on secondary metabolites such as
alternariol demonstrated the fact that these
mycotoxins inhibit cell proliferation and induce
apoptosis (Liu et al., 2007).

In our study, the effects of AOH on cell
proliferation were evaluated both in the case of
unstimulated PBMC cells and in the case of
those stimulated with PMAI. As can be seen in
Figure 1, AOH does not significantly influence
the percentage of dead cells, but in the case of
cell populations in late apoptosis, a significant
increase is observed, directly proportional to the
increase of AOH concentration. Moreover, once
the AOH concentration increased, the
population of live cells was significant reduced.
It seems that in the case of unstimulated
PBMCs, AOH can induce apoptosis, effects
accentuated while the concentration of AOH

process,

81

increases, the percentage of total apoptotic cells
being 10-30% higher at AOH concentrations
above 10 ng/mL. Regarding the cells stimulated
with PMAI, as can be seen in Figure 2,
significant changes occur only in the case of
exposure of stimulated cells to concentrations of
AOH higher 50 pg/mL, respectively 100 pg/mL,
where the percentage of dead cell populations
increases significantly with 15.67% and
18.50%, while that of living cell populations
decreases significantly with 14.77% and 18%.
However, in the case of stimulated cells, AOH
does not induce major modifications in the
percentages of early/late/total apoptotic cells.
Corroborating the data, AOH in high
concentrations induced significant changes on
the percentage of living or dead cells in the case
of both studied conditions, PBMCs stimulated
with PMALI or unstimulated.

Similar results were obtained by Solhaug et al.,
where the exposure of RAW 264.7 murine
macrophages to AOH 60 pM for 24 and 48
hours reduce cell viability and induced the death
of cells (Solhaug et al., 2012). Moreover,
exposure to AOH was able to induce necrosis,
apoptosis, and cell death in the case of Caco-2
human intestinal cells, where concentrations of
AOH 15, 30, 60uM induced an increase in the
percentage of apoptotic cells between 7.4-27.8%
directly proportional to the increase in
concentration (Fernandez-Blanco et al., 2016).
Other studies carried out on murine hepatoma
cells (Hepa-1) showed that AOH 40 puM can
induce a 3% upregulation in apoptotic cells after
48 hours of treatment (Schreck et al., 2012).
Mycotoxin co-contamination is a ubiquitous
issue, and AOH has been shown to potentiate the
effects of other mycotoxins. A study carried out
on mouse blastocytes showed that even in low
concentrations AOH (1 and 2 uM) potentiates
the toxic effects of ochratoxin (OTA 8 uM)
triggering cell apoptosis, in this case the main
mechanism indicated that the accumulation of
ROS (reactive oxygen species) is the main factor
responsible for triggering the apoptotic process
(Huang et al., 2021).
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Figure 1. Effects of AOH on cell proliferation, apoptosis, and necrosis in unstimulated PBMCs
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Figure 2. Effects of AOH on cell proliferation, apoptosis, and necrosis in PBMCs stimulated with PMAI

Effects of AOH on Cell cycle

The cell cycle is an intricate process, with three
phases, which results in the duplication and
transmission of genetic information (Schorl &
Sedivy, 2007). In the first phase G0/G1, the cell
responds to the stimulation of growth factors
and extracellular mitogens, to then synthesize
DNA in the S phase, and continue with mitosis

&3

(M), which has the final result of cell division
(Israels & Israels, 2000). Any toxin or
xenobiotic that has the ability to destroy DNA
can alter the progress of the cell cycle, this could
lead to neoplasia or various forms of cancer
(Schafer, 1998). Regarding the changes in the
cell cycle under the action of AOH, studies on
RAW 264.7 mouse macrophages demonstrated



that after 24 hours, a buildup of cell populations
in phase G2/M may be caused by AOH 30 pM,
also inducing morphological changes of the
nucleus (Solhaug et al., 2012). Additional
research revealed that AOH 60 uM significantly
decreased cell populations in the phase G1/GO,
while those in S and G2/M increased
significantly after 48 hours of treatment
(Fernandez-Blanco et al., 2016). Regarding
pigs, after exposure of porcine endometrial cells
to AOH 12.5 pM for 24 hours, an arrest in the
G0/G1 phase was observed, while the
percentage of cells in phase S was reduced by
more than 20% compared to the control
(Wollenhaupt et al., 2008).
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As demonstrated by Figure 3 for unstimulated
PBMCs, the exposure to AOH doesn’t induce
any significant changes regardless of the
concentration used. However, PMAI induces a
significant decrease of cell populations (8.77%)
in phase G0/G1, accompanied by a significant
arrest in S phase (5.56%) (Figure 4). In
stimulated cells, AOH induced a substantial
increase of cell populations in phase GO/G1 in
comparison with stimulated control (6.36% for
50 uM AOH) at the same time a notable decline
in the quantity of phase S cells is observed for
50 uM AOH (8.33%) and 100 uM AOH
(8.60%).
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Figure 3. Effects of AOH on cell cycle in unstimulated PBMCs
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Figure 4. Effects of AOH on cell cycle in PBMCs stimulated with PMALI

Effects of AOH on Oxidative Stress

The role of oxidative stress is significant in
many biological processes with important
implications for the body, but it can also play a
significant part in the etiology of several
illnesses (Cambhi et al., 1995). Most of the time,
oxidative stress is caused by exposure to ROS

(reactive oxygen species), such as the HO'
(hydroxyl radical), HoO> (hydrogen peroxide)
and O:"(superoxide anion) (Storz & Imlayt,
1999), causing damage to cell membranes,
proteins, even nucleic acids (Crawford & Davies,
1994). Studies show that the oxidative response
is closely related to apoptosis, the imbalance of
redox processes at the cellular level being an
important part of the signal transduction
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pathway(Buttke & Sandstrom, 1994), mediating
apoptotic processes (Kannan & Jain, 2000).

Oxidative stress was evaluated under both
conditions in unstimulated and PMAI stimulated
PBMCs, as in the case of the cell cycle and
apoptosis, by detecting changes in reactive
oxygen species. For unstimulated cells, as can
be seen in Figure 5, AOH was able to generate
an increase in the percentage of ROS(+) cell
populations in the case of higher concentrations
of AOH, respectively 10 pg/mL (10.8%), 50
pg/mL (11.5%) and 100 pg/mL (16.3%). At the
same time, a noticeable decrease of ROS(-) cell
populations was observed in the case of the same
concentrations 10 pg/mL (10.77%), 50 pg/ml
(11,39%) and 100 pg/mL (16.49%). Moreover,
similar outcomes were obtained in stimulated



PBMCs too. As can be seen in Figure 6,
stimulation of cells with PMAI did not produce

significant changes regarding the percentage of

ROS(+)/ ROS(-) cells populations. However,
the exposure to PMAI+AOH 50 uM/100 pM
caused a rise in the percentage of ROS (+) cells
of 23.66% and 21.77%, simultaneously with a
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oxidative stress, AOH is able to induce an
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Figure 5. Effects of AOH on Reactive Oxygen Species in unstimulated PBMCs

It has been shown in several research that AOH
can cause oxidative stress. In the case of the
exposure of CaCO-2 cells to AOH (15, 30 and
60 uM), a reduction in the antioxidant enzymes'
GSH, GPx and GR activity, along with DNA
damage after was reported 24 hours of treatment
(Fernandez-Blanco et al., 2015). Additionally, it

has been reported that AOH (5 mg/kg/body
weight/day - 4 days) administered to pregnant
mice was able to induce embryotoxicity and
immunotoxicity by triggering  apoptosis
mediated by the accumulation of ROS (Huang et
al., 2021).
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Figure 6. Effects of AOH on Reactive Oxygen Species in PBMCs stimulated with PMAI

CONCLUSIONS

Among animals used in agriculture, pigs are one
of the most vulnerable species to mycotoxicosis.
This happens mainly due to the diet rich in
cereals, fruits, or other plant products, but also
due to their innate sensitivity. Our study aimed
to evaluate the effects of AOH (1-100 pg/mL) in
PBMCs cells freshly isolated from peripheral
venous blood from pigs The changes induced by
AOH on apoptosis, cell cycle and oxidative
stress were monitored under two conditions:
unstimulated cells and cells stimulated with
PMAL Our results showed that AOH in high
concentrations (50, 100 pg/mL) was able to
increase cell death both in the case of stimulated
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cells and of stimulated ones. Moreover,
regarding the unstimulated cells, the exposure to
AOH resulted in an increase of the cells in late
apoptotic  stage for all the studied
concentrations. Considering that data from the
literature indicate that AOH can induce cycle
arrest, the effects of AOH exposure on the cell
cycle was also assessed. Thus, in the case of
unstimulated cells, no significant changes
produced by AOH were observed, but in the case
of those stimulated with PMALI, it was observed
that the addition of AOH 50 pg/mL and 100
pg/mL led to a rise in cell population counts in
phase GO/G1, concurrently, a significant
diminish of those in the phase S was also
observed, compared to the stimulated control.



One of the mechanisms that could be
responsible for the modulation of apoptotic
processes is represented by the induction of
oxidative stress through the accumulation of
ROS. Our results, as in the case of those
obtained in the case of apoptosis, shown that the
proportion of ROS (+) cell populations could be
significantly increased by AOH at 50/100
pg/mL, in the case of unstimulated cells, the
increase of ROS(+) percentages starts even from
AOH 10 pg/mL. This shows that the main
mechanism of induction of apoptosis of AOH
could be the production of ROS. Corroborating
the obtained data, it can be concluded that in the
case of porcine PBMCs cells, AOH was able to
induce apoptosis and cell death, the main
mechanism that could be responsible being
through oxidative stress.
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Abstract

This study aimed to achieve the optimal energy balance of Holstein-Friesian cows, fed to produce 5,000-6,000 [ of
milk/cow per lactation (restricted production- Pr) on a pasture ration or 8,000-9,000 [ of milk/cow per lactation (high
production- Pm), on a more intensive feeding regimen using a partial mixed ration (pasture + concentrate). The mean
of 4% fat-corrected milk (FCM) and standard deviation was 8,646 + 1,162 l/cow per lactation for the Pm herd and
6,847 + 787 l/cow per lactation for the Pr herd. In the first period of lactation, the balance degree estimated negative
energy was lower in Pm cows than in Pr cows (-16.1 vs. -29.1 MJ/cow per day, respectively). As such, mobilization of
body reserves was also lower in Pm cows, and this was reflected in lower concentrations of nonesterified fatty acids
(0.7 vs. 0.8 mmol/l) and p-hydroxybutyrate (0.5 vs .0.7 mmol/l) and higher concentrations of glucose (3.5 vs.

3.3 mmol/l) and insulin for Pm and cows respectively, Pr.

Key words: body reserve, fatt corrected milk, lactation, pasture, ration.

INTRODUCTION

In cow milk production systems, based on
pasture feeding, a system often practiced in
Romania, it is necessary to choose a calving
model, either compact in one season (seasonal
calving) or in several seasons (fractional
calving), in order to maintain a high level of
pasture use and therefore to minimize feed
costs (Mark et al., 2021). The ideal would be
for farmers to aim to obtain a calf/year/female
for reproduction.

However, a calving interval of 12 months is
difficult to achieve due to the low fertility of
the modern dairy cow Holstein-Friesian (HF),
with productive potential for milk above
average (Fulkerson et al., 2008).

As such, the fertility of the modern dairy cow
has decreased as milk production has increased,
particularly in the last 3 decades (Lucy, 2001)
because the feeding potential has not kept pace
with the potential increase in milk production.
So, an increasing proportion of energy must
come from the mobilization of body reserves,
and this produces metabolic and endocrine
changes that can affect fertility (Veerkamp et
al., 2003). Mobilisation of body energy
reserves is even greater, especially in
grassland-based farming systems (Kolver &
Muller, 1998). Various experiments were

90

carried out for feeding dairy cows with high
genetic potential for milk (producing 44 l/cow
per day) with rations made up of unique feed
mixtures, in short-term experiments - 4 weeks.
Cows fed with these rations obtained 40 1|
milk/cow/day, and cows that had the ration
provided only by high quality pasture, reached
30 l/cow/day (Garcia et al., 2007). The lower
milk production of pasture-only cows was
largely related to the lower net energy intake
from ingested dry matter in that study and
indicates, as also shown by Fulkerson et al.,
2008, that cows with high genetic potential for
milk production, cannot achieve this genetic
potential of milk, only on pasture. The reasons
for this are the higher energy expenditure in a
pasture system, the lower intake capacity of
cows when fully fed with a voluminous feed,
and that cows are not able to maximize the use
of pastures (Clark et al., 2005). Milk and meat
animals fed with full-fat soy causes a high
quality of milk, meat and fat (Bonea, 2021).
Also, corn is considered an important source of
protein for animal feed, the content varying
between 8-12% (Bonea, 2020; Knight et al.,
2004).

Transgenic crops have been widely adopted by
growers and are a significant source of feed for
livestock. Worldwide, a large part of the



forages used in animal feeds is transgenic
(Bonciu, 2023a).

Animal feeds are frequent subject to
contamination from diverse sources, including
environmental  pollution;  therefore, the
application of sustainable depollution strategies
is needed (Bonciu, 2023b; Popa et al., 2016;
Popa et al, 2022). A particularly negative
impact on animal health is the contamination of
feed with various chemicals. There are many

methods of monitoring chemical
contamination, but one very often used is the
biological one, through the Allium test

(Bonciu, 2023c).

Therefore, cows grazing at pasture must be
supplemented with energy-dense concentrates
in order to reach their genetic potential of milk
and reduce the need to mobilize excessive
amounts of body reserves at the beginning of
lactation (Ferris et al., 2002; Dillon et al., 2003;
Kennedy et al., 2003., Hennessy et al., 2020;
Reist et al., 2003).

The decrease in dry matter intake near calving
is only temporary (Bossaert et al., 2008). The
cow’s appetite will increase within a few weeks
after calving, partly due to a decrease in insulin
concentration. However, increasing the intake
of dry matter does not correspond to the
requirement of increasing energy. The peak of
lactation occurs between the 4th and 8th week
after calving, while the intake of dry matter
only increases between the 8th and 22nd week
after calving (Bossaert et al., 2008).

Cows with a significant negative energy
balance (NEB) show a decrease in the immune
system (Widmann et al., 2013; Le Blanc, 2008;
Marin et al.,, 2020). Insufficient dry matter
intake of DMI from meadows and calcium
concentration around labour combined with
negative NEB energy balance and loss of
minerals or vitamins early in lactation result in
a decreased immune system. This aspect can
lead to serious health problems (Logue et al.,
1999).

The most important thing is to be able to
intervene on the energy level in time, so the
cow will be helped to achieve optimal
performance. When a cow has a good level of
energy, it will contribute positively to milk
production, fertility, immunity and calving
(Cola & Cola, 2023). However, the ability of a
more adequate diet to reduce the mobilization
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of the body reserves of dairy cows at the
beginning of lactation and its subsequent effect
on reproductive performance and health is
equivocal.

Sutter & Beever (2000) accurately measured
energy changes (by using calorimetric
chambers and energy losses in feces and urine)
during the first 7 weeks of lactation and found
that approximately 95 kg of tissue was
mobilized, while body weight (BW) loss was
about 43 kg. Thus, although BW and BCS are
practical indicators of energy status and should
be measured, they do not accurately reflect the
degree of mobilization of body reserves in early
lactation (Buckley et al., 2000).

Interestingly, despite the fact that Rp cows had
a greater degree and duration of estimated NEB
and therefore a greater level of mobilization of
body reserves, the times to onset of ovarian
activity and overall reproductive performance
were similar to of Hp cows.

In addition, high milk production itself has
been associated with health problems,
especially mastitis (Ingvartsen et al., 2003).
Therefore, the present study aimed to follow
the feeding of Holstein Friesian (HF) dairy
cows with average genetic potential for milk,
on a system based on pasture rations, in order
to obtain either a low milk production (about
6,000 1l/cow per lactation) or a high milk
production (about 9,000 1/cow/lactation),
evaluating the effects on energy balance and
metabolite changes.

MATERIALS AND METHODS

The experiment was conducted at SC Fenov
SRL Dolj, during the years 2019-2020. The
herd of cows of 180 heads was predominantly
made up of Holstein-Friesian breed. From this
herd, were formed 2 groups of milk cows, of 40
heads each, with approximately equal milk
yields (5,600 1 milk/previous lactation), of the
same age, cows being at the 4" lactation.
Within each group, 40 cows were selected,
depending on the date of calving (early autumn
and winter), to be strictly monitored regarding
the feed ration received.

Cows were fed on pasture and feed rations
were supplemented with corn silage (Zea mays)
up to 3 weeks before calving and with alfalfa
hay (Medicago sativa L.), corn silage and



mixed concentrated feed per transition cow, in
the last 3 weeks until calving, to meet their
nutritional requirements. After calving, the
cows were assigned to a restricted production
group (Pr), in which the cows were fed
sufficient rations that provided metabolizable
energy (ME) and crude protein (CP) to produce
approximately 6,000 1 milk/lactation, and to
another group, high production (Pm), in which
the cows were fed to produce approximately
9,000 1/lactation (Table 1).

Table 1. The average composition of the ration and the
analysis of the nutrients of cows according to the level of

milk production
Ration composition Nutrition system
(kg DM/day) Pr Pm
Total dry matter (DM) 204+34 249+2.6
Pasture 82+6.2 52+43
Corn silage 3.7+3.6 6.1+1.8
Silage (alfalfa or 15432 003+03
sorghum)
Hay (alfalfa or oats) 2.7+£29 3.7+£14
Concentrate 3.7+1.6 9.8+1.7
Wheat — 0.3+£0.7
Urea (g/day) 0.02 +0.03 0.02 +0.02
Calcium (g/day) 0.01 £0.01 0.02 £ 0.05
Nutrient analysis
Digestibility DM (%) 69.3+0.1 727+72
CP (% of SU) 16.5+0.1 17.5+0.1
NDF (% of SU) 46.0 + 0.1 37.4+0.1
ADF (% of SU) 25.4+0.1 20.5+0.2
ME (MJ/kg LS) 9.8+0.6 10.3+0.3

(Pm) high production; (Pr) restricted production; (DM) dry matter;
(CP) crude protein; (NDF) neutral detergent fibres; (ADF) acid
detergent fibres; (ME) metabolisable energy; (LS) STAS (State
Standard milk).

The animals of the Pr group received the entire
amount of concentrate twice a day during
milking, while the Pm cows received less than
4 kg/cow per day during milking, and the rest
was mixed with the feed supplement as a
partial mixed ration (RMP). The total ration
offered was  formulated to  provide
approximately 250 and 200 MJ of ME/cow/
day and a minimum of 17.5 and 16.5% CP, for
Pm and Pr herds respectively.

The offered pastures were sown down with a
complex mixture of grasses, Dactylis
glomerata, over which was sown aristate
ryegrass (Lolium multiflorum Lam.) in autumn
and perennial ryegrass (Lolium perenne L.) and
white clover (Trifolium repens L.). Pasture
production available to both herds was limited
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due to drought during the experimental period;
therefore, in some months (mainly from mid-
May to July), stored fodder such as corn silage,
alfalfa hay and oat hay (4vena sativa L.), were
used for feeding, instead of pasture. Herds of
cows started grazing according to the best
practices of pasture use, according to the
degree of leaf development, used as an indi-
cator for marking the time of grazing. Pasture
production was estimated before and after
grazing using an automatic vehicle scale. The
samples of herbs and mixed concentrate were
taken every two weeks for the analysis of
nutrients (DM, NDF, ADF, CP, ME, water-
soluble carbohydrates and ash), as stipulated by
the regulations in force, within the feed ana-
lysis laboratories of D.S.V.S.A. (Veterinary
and Food Safety Department) Dolj and the
Faculty of Agronomy of Craiova. Pasture sam-
ples were also taken to simulate grazing height.

Animal measurements and samples

Milk production was recorded twice a day
using automatic flow meters (DeLaval, milking
system). Milk samples were taken every two
weeks at the morning and evening milking and
were analysed for the determination of milk fat
and protein and the number of NCS somatic
cells, with a Lactoscan SCC.

Milk production was corrected to 4% fat
content (LC 4%) to compare milk production
between herds with different milk composi-
tions. The body weight was recorded at weekly
intervals, immediately after the morning
milking, with an electronic cattle scale, and the
physiological condition (scale 1 to 8) was

visually recorded monthly by the same
observer.
In the intensively monitored herd (n = 80

cows), blood samples were collected weekly,
immediately after morning milking, from
calving to 63 days postpartum, for analysis of
urea, glucose and fatty acids. Samples with
anticoagulant were placed on ice immediately
after collection, while serum samples were kept
at room temperature until the rennet formed.
The samples were centrifuged to separate
plasma and serum and were frozen at -20°C.
The samples were subsequently analysed for
glucose and urea concentrations in plasma by
enzymatic colorimetry with a self-analyser
within D.S.V.S.A. Dolj.



The composition of milk was measured at two
weeks, during the first 9 weeks of lactation. As
such, in odd weeks they were averaged to
calculate the composition of milk for even
weeks. Milk samples were taken from a quarter
of each cow 3 times a week during milking,
from calving to 120 days postpartum, divided
into 4 aliquots with samples and frozen at
-20°C, until analysed.

The data obtained from both sets of data with
180 or 80 cows, was statistically processed,
starting from the premise that the variance-
covariance structure between times has a first-
order autoregressive correlation. Before the
analysis, the normal distribution of variables
was evaluated and the data was transformed
when necessary.

RESULTS AND DISCUSSIONS

Lactation performance (n = 180 cows)

The average lactation performance of Pr and
Pm cows is shown in Table 2. Pm cows had
milk production per lactation 38% higher than
previous milk production per lactation, while Pr
cows had milk production only 8% higher. Pm
cows had a higher milk protein content
(P 0.04), but a lower milk fat content
(P =0.03) than Pr cows; therefore, milk fat and
protein productions were 23 and 34% higher (P
<0.001) in Pm and Pr cows, respectively.

Table 2. Milk yield, components and content in fed
cows (n = 180 cows)

Nutrition system P
Pr Pm | ESD
Previous production of | 5.873 | 5945 | 138 0.397
lactating milk (I/cow)
Milk production 6,353 | 8,181 | 248 | <0.001
(l/cow per lactation)
Yield LC4% 6,748 8,466 246 <0.001
(/cow per lactation)
Milk fat content (%) 4.39 423 0,01 0.037
Milk protein content 3.11 320 | 0.05 0.042
(%)
Milk fat production 2864 | 354.1 | 11.6 | <0.001
(kg/cow per lactation)
Milk protein yield 202.1 | 2709 | 6.7 | <0.001
(kg/cow per lactation)

Pm - high production; Pr - restricted production; ESD - standard error
of the difference; LC4% - fat-corrected milk production (4%).
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Productive performance at the beginning of
lactation (n = 78 cows)

At the beginning of lactation, milk production
and milk composition were significantly
different (P < 0.05) between herds (Figure 1).
Milk production from Pm cows reached a peak
of 34.9 1 of LC4%/cow/day at about 7 weeks
postpartum, while milk yield for Pr cows was
29.6 1 of FCM/cow/day at about 4 weeks
postpartum. Despite differences in milk
production at the peak of lactation, the average
daily yield of FCM from calving to 9 weeks
postpartum was only about 4 1 higher (P
<0.001) in Pm cows (Figure 2).
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Figure 1. Milk production (I/day)
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Figure 2. Yield LC4% (l/cow/day)

The protein content of milk was similar (P >
0.05) between herds, peaking at 5 weeks of
lactation and then slowly increasing to 9 weeks
of lactation (Figure 3). Milk fat content
decreased in both herds up to 9 weeks of
lactation, but the rate of decline was slightly
faster in Hp cows than in Rp cows (Figure 4).
Both milk protein yield and milk fat yield were
higher (P < 0.05) in Pm cows than in Pr cows
from week 4 to 9 postpartum.
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Figure 3. Milk protein content (%)
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Figure 4. Milk fat content (%)

Energy balance and metabolic changes (n
78 cows)

Body weigh (BW) and BCS (body condition
scoring) decreased similarly at the beginning of
lactation in both herds (P > 0.05). Pm cows lost
0.56 BCS units and 17.9 kg weight, and Pr
cows lost 0.67 BCS units and 23.9 kg weight,
from calving to 9 weeks postpartum. The
estimated average energy balance during the
first 9 weeks postpartum was significantly less
negative (P < 0.001) in Pm cows than in Pr
cows (Figure 5); estimated trend of negative
energy balance (BEN) was -28 MJ/cow at 2
weeks postpartum in Hp cows, compared to -47
MIJ/cow at 3 weeks postpartum in Rp cows.
Changes in metabolites in circulation in cows at
the beginning of lactation and their interactions
with the feeding system and the postpartum
week are shown in Figure 6.

94

MPr WPm

Figure 5. Energy balance (MJ/cow/day) in early lactating
cows fed to achieve low (Pr) or high (Pm) milk
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Figure 6. Concentrations of unsaturated fatty acids
(mmol/l)

Changes in the concentration of non-esterified
fatty acids indicated that both herds of cows
had to rely on the mobilization of body reserves
to meet the demand for nutrients for milk
production, especially in the first 2 weeks
postpartum. However, non-esterified fatty acid
NEFA and B - hydroxybutyrate (BHBA)
concentrations were lower (P < 0.01) in Pm
cows than in Pr cows, reflecting a lower degree
of fat reserve mobilization in the first ones
(Figure 7). The glucose concentration was
within the normal range in both herds, but was
significantly higher (P < 0.05) in Pm cows
compared to Pr cows between 3 and 5 weeks
postpartum. In Pm cows, the concentration of
IGF-I increased from calving to 9 weeks
postpartum and was always significantly higher
(P < 0.001) than in Pr cows at week 2
postpartum. Rp cows had an almost constant
concentration (P > 0.05) of IGF-I for the same
period (Figure 8).



The average urea concentration was within the
normal range, but was significantly higher (P <
0.001) in Pm cows than in Pr cows (7.2 and
5 mmol/l, respectively), as expected from the
composition of the diet. The effect of genetic
merit was not significant (P > 0.05) for any of
the metabolites measured. The calving season
did not affect the concentrations of the meta-
bolites measured, except that the concentration
of IGF-I was higher (P < 0.001) in cows
calving in early autumn than in cows calving in
winter (80.2 vs. 58.7 ng/ml, respectively).
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Figure 7. B-hydroxybutyrate (mmol/l)

Figure 8. Glucose (nmol/1)

This study demonstrates that energy balance
could be improved and fluctuations in key
metabolites could be reduced when HF cows of
average genetic merit were fed to increase milk
production from a level of 5,945 l/cow per
lactation when fed in a typical pasture system.
In the pasture plus concentrates during milking
variant, the production increases to 8,466 | of
LC 4%/cow per lactation (SD = 1,162 1) when
the cows received concentrated feed. The 30%
increase in milk production did not affect
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reproductive performance, but the incidence of
mastitis was increased. However, this
characteristic must be followed by strict
experiments on breeding indices in cows
performing for milk production.

CONCLUSIONS

Milk production per cow in cattle with average
production, fed on a typical pasture-based
system, was improved by 30% during lactation
when the energy intake was increased by
offering a mixture of concentrated feed, and
this led to an improvement in the estimated
energy balance and a reduction in the
mobilization of body reserves at the beginning
of lactation. This achievement was without
effect on the reproductive performance and
health of cows, except for an increase in the
incidence of mastitis that was associated with
milking management.

Studies have found that HF cows, producing an
average of 27.6 l/cow/day at first insemination,
had lower reproductive performance than other
lower milk producing breeds (25.6, 24.3 and
French Normande, respectively).

These studies indicate a negative relationship
between reproductive performance and milk
yield, and this relationship appears to be true
regardless of whether high milk yield has been
achieved through improved management or
genetic gain. However, the most likely reason
for reduced fertility appears to be the greater
need for high-producing cows to rely on body
reserves to meet higher energy demands, which
exacerbates changes in metabolic and hormonal
factors during early lactation

He also found no effect on fertility when
multiparous cows with high genetic merit were
fed a grass-silage diet (winter feed) supple-
mented with concentrates in early lactation.
Increasing concentrates (up to 14 kg/cow/day)
in the diet reduced body condition loss and
decreased stretch and NEB grade compared to
cows supplemented with 5.5 kg/cow/day of
concentrates.

It could be because the Rp cows in our study
were less energy restricted. Although it was not
possible to calculate the absolute level of
energy restriction in these studies, our Rp cows
received a level of concentrate similar to the
highest level of concentrate fed in the other 2



studies. On average, at the start of lactation, Rp
cows were fed approximately 90% of their
energy requirement (estimated using actual
milk production and energy provided in the
diet), while Hp cows were fed 100% of their
energy requirement of energy in relation to
milk and the production achieved; therefore,
differences in voluntary intake predominantly
affected the level of energy intake of cows.
This explanation is supported by the results
who also found that when applied 5, 7 or 10 kg
of concentrates/cow/day were fed to cows on
pasture, reproductive performance did not
differ between groups.

It was found that glucose concentration in early
lactating cows increased rapidly if the cows
were fed a high-energy diet. Despite the fact
that the energy balance indicators used revealed
significant differences in the mobilization of
body reserves between herds, the changes in
BW and BCS in Pm and Pr cows were similar.
A higher level of energy supplementation
(cows supplemented with 5.5 kg/cow/day
rather than 1.4 kg/cow/day of concentrates) fed
was also found to reduce the mobilization of
body reserves and did not affect fertility. In that
study, high genetic merit cows produced 8,707
or 6,014 I/cow per lactation, respectively, when
fed high or low levels of concentrate, and these
milk yields were similar to milk yield levels.
from our study.

The performance of high and medium genetic
merit HF cows at 3 different stocking rates and
concentrate supplementation levels similar to
ours (1.6 or 3.2 kg/cow per day) was also
compared. They found reduced mobilization of
body reserves at the higher level of
supplementation, but found no difference in
changes in BW and BCS during the first 20
weeks of lactation. The reason could be that in
early lactation, changes in BW and BCS are
poor indicators of energy balance.

Therefore, to maintain good reproductive
performance, it is important to provide a diet
that meets the cow's energy requirements, but

additional energy is unlikely to improve
fertility.
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Abstract

The work presents the results of a study on the chemical composition of pumpkin seed cake with shell and its potential
use in the feeding of fattening piglets. It was established that including pumpkin seed cake in the diets of meat hybrids
at proportions of 4%/t and 7%/t of combined fodder did not have a negative impact on health, productive performance,
carcass quality, and economic indicators. Tests showed that substituting soybean meal with pumpkin seed cake at a rate
of 4%/t in the first fattening period and 7%/t of combined fodder in the second period provides an average daily growth
increase of 789g, with a slaughter yield (hot carcass weight) of 80.53%, average backfat thickness at the 6/7 thoracic
vertebra of 29.33 mm, 23.00 mm at the spine, 18.67 mm at the rump, eye muscle area of 42.69 cm? ham weight of
11.763 kg, and fat content in the Longissimus dorsi muscle of 4.53%, provided an economic benefit of 10.62 euros for

each raised and fattened head.

Key words: carcass; nutritional value; pumpkin seed cake; productive indices; slaughter yield.

INTRODUCTION

Pigs, depending on their age, sex, physiological
condition, etc., require assimilable energy, a
specific level of protein, minerals, and
vitamins, all in proportion to achieve efficient
utilization of their genetic potential. To ensure
high productivity, pig rations need to be
controlled separately for approximately 32
nutritional elements, utilizing around 500 types
of feeds and nutritional additives (Danilov &
Donica, 2020). The use of concentrated feeds
in pig nutrition, as well as their substitution
with other feeds, is determined by the
physiological requirements of different pig
categories and a series of technical and
economic conditions, such as: the ability to
consistently provide quality feeds, their cost,
the goal and the performances that are being
pursued (Dinu et al., 1993; Coshman et al.,
2023).

Industrial waste contains a complex range of
nutritional compounds that, despite being of
interest for animal feed, are not fully utilized
and, on the contrary, are used irrationally and
incompletely.  Currently, the  complex
processing of raw materials and the rational
management of waste are important issues that
need to be resolved.
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The obtained waste from agricultural
production processing should be divided into
waste whose storage generates additional
expenses and waste that can bring profits. Until
recently, waste from agricultural production
processing was not considered by livestock
farmers  as  income-generating  waste.
Diversifying and expanding the assortment of
protein feed sources for the zootechnical sector
is an ongoing issue in the Republic of
Moldova. Currently, in the republic, several
small and medium-sized enterprises (JSC
"Azamet" PRO) specialized in producing
pumpkin seed oil with and without shells. The
by-product obtained from cold-pressing
pumpkin seeds for oil extraction is referred to
as "oilcake" or "cake" from pumpkin seeds. It
has a complex chemical composition and high
nutritional value (Svezhentsov & Korobko,
2023). Available sources from the literature
indicate that 100 grams of pumpkin seeds
contain: 26 kcal, protein, fats, fibers, 16 mcg
folate, 6 mg niacin, 2 mg pantothenic acid,
0.6 mg pyridoxine, 11 mg riboflavin, 0.5 mg
thiamine, Vitamin A, Vitamin C, Vitamin E,
Vitamin K, 1 mg sodium, 21 mg calcium,
340 mg potassium, 44 mg phosphorus, 262 mg
magnesium, 515 mcg  alpha-carotene,
3100 mcg beta-carotene, and 8 types of



essential amino acids (Butch, 1983; Vasilyeva
et al, 2010). Literature data suggest that,
following the cold pressing of pumpkin seeds,
up to 10% of nutrients are found in pumpkin
seed oil, and the main part of nutrients is
present in the seed cake (Coshman et al., 2023).
Regrettably, scientific and specialized literature
provides very limited or entirely missing
information about the use of pumpkin seed
cake in animal feed (especially for pigs). Based
on the mentioned facts and considering the
periodic occurrence of severe droughts in the
Republic, often compromising cereal crops
(corn, barley, wheat, soybeans, peas, etc.), the
purpose of the research was to study the
chemical composition and nutritional value of
pumpkin seed cake. Additionally, the study
aimed to assess the impact of using pumpkin
seed cake in the diet of fattening young pigs on
production performance, blood indicators, and
economic factors.

MATERIALS AND METHODS

The investigations were conducted in the
laboratories of the Scientific-Practical Institute
of Biotechnologies in Zootechnics and
Veterinary Medicine, as well as within the unit
of reproduction, growth, and fattening of pigs
IE "Secrieru Aliona" in Stoianovca village,
Cantemir district, Republic of Moldova. The
subject of the research was pumpkin seed cake
with shells and three-way crossbred piglets
(Yorcshire x Landrace x Duroc), selected using
the batch-analogue method, considering their
origin, body weight, health status, and growth
potential during the leveling period (Table 1).

Table 1. Experimental design scheme

Livestock Feeding
Lot . 2.
(n) particularities
The first period of fattening 40-70 kg
Control 12 NCB* - (recipe 1)
Experimental 12 NCE** - (recipe 2)

Second fattening period 71-125 kg
Control 12 NCB* - (recipe 3)
Experimental 12 NCE** - (recipe 4)

Note: NCB* - standard combined feed;
NCE** - experimental compound feed.

The research focused on studying the chemical
composition and nutritional value of pumpkin

seed cake and the combined fodder,
morphological and biochemical parameters of
blood, production performance, and economic
indicators depending on the proportion of
pumpkin seed cake in the rations.

In the recipes of combined fodder from
experimental groups, the pumpkin seed cake
had a participation rate of 4% (Recipe 2) and
7% (Recipe 4), while the quantity of soybean
meal was reduced in the same proportions.

The combined fodder recipes for each fattening
period were developed using the computerized
program "HYBRIMIN," following current
nutritional standards (Kalashnisov et al., 2003),
and prepared in the feed production section of the
designated enterprise. The chemical composition
of pumpkin seed cake and the combined fodder
used in the experiment was assessed using
classical methods (Lebedev & Usovich 1976;
Petukhova et al., 1989).

Animals selected were raised under the same
spatial and microclimate conditions, with ad
libitum feeding and daily recording of
consumption. Access to water was provided
continuously.

Animals were selected using classical methods
(Ovsyannikov, 1976). At the beginning and end
of the experiment, blood samples were collected
from three piglets in each group and analyzed
using the STAT FAX-3300 biochemical
analyzer.

The chemical composition of the meat (water,
protein, fat, collagen) from the Longissimus dorsi
muscles was evaluated using the computerized
program "Scanlab NIT 98".

Biometric data processing and testing the
significance of differences were conducted using
the computerized program EXCEL, employing
classical methods (Plokhinsky, 1978).

RESULTS AND DISCUSSIONS

Pumpkin seed cake with shells (residue
obtained from cold-pressing pumpkin seeds for
oil extraction) was acquired from ISC
"Azamet" Pro, Ciadir-Lunga, Republic of
Moldova. Based on organoleptic analysis, it
was determined that the pumpkin seed cake
with shells consists of granules of various sizes,
exhibiting a range of colors from brown to light
gray with greenish shades characteristic of
pumpkin seeds (Figure 1). It has a pleasant



cereal-like aroma and a subtly sweet taste
without any foreign tastes.

Figure.1 Pumpkin seed cake with crust

As a result of the chemical composition
analysis, it was determined that pumpkin seed
cake with shells is a valuable protein
supplement containing up to 40.5% crude
protein, with a significant proportion of crude
fiber at 28.07%. Pumpkin seed cake obtained
through cold-pressing contains: nutritional
units - 1.06; metabolizable energy - 11.21 MJ;
crude protein - 40.5%; crude fat - 14.41%;
crude fiber 28.07%; non-nitrogenous
extractive substances 1.21%; calcium
0.09%; phosphorus - 0.21%; with a sugar
content of 2.29% and carotene content of -
4.50 mg/kg. According to current nutritional
standards and the experimental design, using
local ingredients, two new combined fodder
recipes were formulated and tested for the
fattening period (Table 2).

Table 2. Structure of the combined fodder recipes
used in the experiment (%)

Ingredients Fattening period

40-70 kg 71-125 kg

Control | Experim. | Control | Experim.

Corn 20.0 20.0 20.5 20.5
Barley 13.5 13.5 30.0 30.0
Wheat 30.0 30.0 23.5 23.5
Wheat bran 4.0 4.0 4.5 4.5
Soybean meal | 17.0 13.0 12.0 5.0
Sunflower 6.0 6.0 4.0 4.0
seed cake
Pumpkin 4.0 - 7.0
seed cake
Fish meal 3.0 3.0 - -
Premix 3.0 3.0 3.0 3.0
Zeolite 3.5 3.5 2.5 2.5
Total 100 100 100 100

100

According to the results of the chemical
composition analysis, the nutritional value of
1 kg of combined fodder used during the 40-
70 kg fattening period corresponded to the
following values for the groups: crude protein -
175.20; 179.24 g/kg, metabolizable energy -
10.44; 10.75 MJ/kg, crude fat 52.08;
52.83 g/kg, crude fiber - 55.32; 42.31 g/kg,
non-nitrogenous extractive substances - 53.41;
55.79%, calcium - 0.79; 0.61%, nutritional
units - 0.87; 0.90%. For the 71 kg to slaughter
fattening period, the values were: crude protein
- 153.96; 152.46 g/kg, metabolizable energy -
10.90; 10.73 MJ/kg, crude fat 58.41;
79.09 g/kg, crude fiber - 70.08; 101.6 g/kg,
non-nitrogenous extractive substances - 57.25;
48.50%, calcium - 0.43; 0.47%, nutritional
units - 0.91; 0.89%. These values complied
with nutritional standards (Kalashnisov, 2003).
The biological test was conducted at the
reproduction, growth, and fattening unit IE
"Secrieru  Aliona" in Stoianovca village,
Cantemir district, Republic of Moldova,
involving 24 three-way crossbred piglets
(Yorkshire x Landrace x Duroc) over a period
of 112 days, with the first fattening period (40-
70 kg) comprising 50 days and the second
fattening period (71 kg to slaughter) lasting 62
days. The test animals were randomly allocated
into two homogeneous groups, each with 12
piglets, with an initial average weight per group
of 40-41 kg.

Replacing soybean meal with pumpkin seed
cake at proportions of 4% and 7% did not
significantly affect the feed intake, and the
average daily feed consumption had values of
2,934 kg and 2,944 kg, respectively,
corresponding to the groups.

The study of the live weight dynamics revealed
that the animals in the control group had a
slower growth rate compared to those in the
experimental group and exhibited lower
average daily weight gain rates.

During the testing period, the live weight
obtained was 86.25 kg/head for animals in the
control group and 88.42 kg/head for animals in
the experimental group, representing an
increase of 2,170 kg (2.52%) in the
experimental group (Table 3).



Table 3. Evolution of live weight dynamics and daily weight gain

Specifics Lot -
Control Experimental
Live at the beginning of the experiment 39.75+0.809 41.42+0.552
weight, | end of I growth periods 72.75+0.577 74.58+0.623
kg end of experience 126.00+0.932 129.00+1.205
Growth | in the first period 33.00+0.532 31.17+0.343
increase, | in the second period 53.25+1.182 55.25+1.256
kg in the experiment 86.25+1.311 88.424+1.049
Average | in the first period 660+9.621 663+6.210
daily in the second period 859+19.060 8914+20.263
gain, g | in the experiment 770+11.709 789+9.365
Feed consumption, kg per 1 kg of gain 3.810 3.730

The best results for average daily gain in the
second fattening period were observed in the
experimental group with 891 g, representing a
3.73% increase compared to the control group
with 859 g. It's worth noting that over the 112
days of the experiment, the average daily gain
in the control group was 2.3% lower than in the
experimental group. The best feed conversion
ratio was achieved by piglets in the
experimental group II, which was by 80 g
lower than in the control group, representing a
2.1% improvement.

It was determined that the use of pumpkin seed
cake in the diet of fattened piglets in various
proportions did not have a negative impact on
blood parameters.

Based on the results of blood parameter
analysis at the end of the experiment, several
positive  points regarding the studied
parameters in the groups of piglets under study
can be mentioned. The total protein content in
the blood serum of piglets in the control group
increased from 62.20 g/l at the beginning of the

test to 82.49 g/l at the end of the test, an
increase of 20.29 g/l. In the experimental
group, the total protein content increased from
68.78 g/l to 81.77 g/1, an increase of 12.99 g/1.

It is noteworthy that at the end of the
experiment, the albumin content showed small
fluctuations and ranged from 22.83 g/l to
18.57 g/1, with deviations within the acceptable
physiological norms (20-60 g/l). In our
research, the amount of uric acid in the blood,
an indicator characterizing the activity of renal
functions, ranged from 5.27 mmol/l in the

control group to 3.25 mmol/l in the
experimental  group, falling within the
permissible  physiological norms  (2.8-

8.8 mmol/l). The study of blood serum
indicators demonstrates that the combined
fodder recipes used in the experiment do not
significantly alter the blood parameters (Figure
2). This suggests normal functioning of all
organs and systems in the animals from both
groups.
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Figure 2.The amount of protein and albumin in the blood serum (g/I)

In the objective assessment of pig carcasses,
slaughter yield represents a criterion that is
highly important both quantitatively and
qualitatively. We found that sows in both

groups achieved good carcasses with a
relatively high slaughter yield (hot carcass
weight) of 78.10% in the control group and
80.53% in the experimental group. According



to this index, the animals in the experimental
group exceeded the control group by 2.43%.
The main characteristics influencing carcass
quality in pigs are the thickness of the dorsal
fat layer, carcass length, and the proportion of
meat, especially high-quality meat, which is
closely related to the surface of the
Longissimus dorsi muscle eye (Dinu et al.,
1993). According to the results obtained, there
is a trend of reducing the thickness of the back
fat layer at the 6/7 thoracic vertebra by 4 mm
and the spine by 2 mm in the carcasses of sows
from the experimental group. Both groups of
sows showed a uniform deposition of thin fat at
the rump, with an average of 18.67 mm (Table
4).

Table 4. Formation of fat layer thickness (mm)

Carcass region Lot -
Control Experimental
6/7 thoracic vertebra | 33.33+£3.342 | 29.33+2.483
Spine 25.00+3.674 | 23.00+2.550
Hams 20.33+0.408 | 21.00+1.871
Rump 18.67+0.816 | 18.67+1.633
Chest 19.00+£0.707 | 21.67+2.858
Abdomen 13.6742.677 | 14.66+0.408

Among the dimensional determinations, the
large length of the carcass is important. The
larger it is, the more extended loin and hams
we will benefit from. The measurements of the
large length (Table 5) demonstrate that the
carcasses of animals in the experimental group
were by 1.2 cm longer than those in the control

group.

Table 5. Main measurements of sacrificed pig
carcasses (cm)

Indices Lot -
Control Experimental
Lomg length 128.8+1.814 130.0+3.742
Short length 97.3+0.965 97.2+0.736

Regardless of the administered recipes, both in
the control and experimental groups, the small
length of the carcasses was almost the same,
with an average value of 97 cm.

It is well known that in increasing pork
production, an important role is played by the
development and  appreciation of the
Longissimus dorsi muscle. Based on the
measurements and calculations performed, it
was established that all sacrificed piglets
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produced long carcasses with a muscle eye area
of 41.98 cm? in the control group and 42.69
cm? in the experimental group, as shown in
Figure 3.

Control

41.98
42.69

= Experimental

Figure 3. Eye muscle area (cm?)

The muscle eye area was larger in the
experimental group by 1.69%.

Since the ham is a region that provides high-
quality and substantial meat, our investigations
confirmed that animals from both groups
produced heavy hams, weighing 11,567 kg and
11,767 kg, respectively. The hams of piglets
from the experimental group were heavier by
200g compared to those from the control group,
representing a 1.73% increase (Figure 4).

kg

11.567 11.767

Control

Experimental

Figure 4. Ham weight (kg)

In the muscle tissue of sacrificed animals, the
water, protein, and collagen content varies
within relatively narrow limits. Animals that
consumed a feed mix containing pumpkin seed
cake showed a tendency to increase the fat
content, providing the meat with tenderness,
juiciness, and high energy value. The meat of
piglets from the experimental group recorded
an increased fat content of 4.5%, surpassing the
control group by 0.70% (Figure 5).



o 753 - 74.5 % Con
28 trol
40
20

0 m Exp
eri
men

& tal

Figure 5. Chemical composition of meat (%)

The economic efficiency of using pumpkin
seed cake in pig feeding was calculated based
on the absolute weight gain of the animals
during the experiment, the cost of 1 kg of
absolute weight gain, the consumption of
combined fodder, the cost of combined fodder,
and the cost of pumpkin seed cake with shells.
It was determined that the use of pumpkin seed
cake with shells reduces the cost of 1 kg of
combined fodder during the growth-fattening
period by 9.4 cents (2.7%) and 16.7 cents
(6.2%) during the finishing period.

Substituting soybean meal in combined fodder
recipes with pumpkin seed cake at proportions
of 4% and 7% resulted in an economic benefit
per animal, with a weight gain effect of 5.88
euros per head and a reduction in the cost of
combined fodder of 4.74 euros per head.

The use of pumpkin seed cake in pig diets led
to an economic benefit of 10.62 euros for each
pig raised and fattened.

CONCLUSIONS

Based on the obtained data, we can conclude
that pumpkin seed cake with shells is a
valuable protein supplement. Due to its good
organoleptic qualities, it can be positioned as a
high-ranking source of plant-based protein and
can be accepted for use in the feeding of
growing and fattening pigs.

The tests showed that substituting soybean
meal with pumpkin seed cake at proportions of
4% in the first period and 7% in the second
fattening period provides an average daily
weight gain of 789 g, slaughter yield (hot
carcass weight) of 80.53%, backfat thickness at
the 6/7 thoracic vertebrae of 29.33 mm, at the
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spine of 23.00 mm, at the rump of 18.67 mm,
eye muscle area of 42.69 cm?, ham weight of
11,767 kg, and fat content in the Longissimus
dorsi muscle of 4.53%.

The research results indicate that pumpkin seed
cake with shells is a viable solution for the
partial replacement of soybean meal in the diets
of fattening pigs, as it reduces the cost per kg of
combined fodder by 2.7% in the first period
and 6.2% in the second fattening period,
resulting in an economic benefit of 10.62 euros
for each piglet raised and fattened.
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Abstract

Non-conventional feed resources (NCFR) as potential alternative feed ingredients for animal production continue to be
a topic of great interest in recent years. As a promising solution for livestock feeding to reduce feed costs and ensure
productivity and environmental sustainability with maximum efficiency, some of the potentially available NCFR are
useful oilseed by-products. Some of them have a high nutritional value and contain several bioactive compounds
(dietary fiber, essential oils, vitamins, minerals, polyphenols, etc.) which can promote the health and well-being of
animals. However, the protein content, low energy level or the presence of some anti-nutritional factors can
compromise its quality and restrict its use in animal feeding. Therefore, this paper reviews the nutritional value of three
NCFR cold-pressed cakes, i.e., flax, hemp, and pumpkin) and the effects of their inclusion in monogastric diets (poultry
and pigs), to provide a theoretical reference for their usefulness in the nutrition field.

Key words: animal nutrition, cakes, flax, hemp, pumpkin.
INTRODUCTION

The development of animal breeding by
scientific progress and the increasing demands
of the national economy is primarily based on
finding some nutritional strategies to make
animal feed more efficient. In general, the lack
of animal feed resources has mobilized animal
nutrition researchers to find promising
solutions to ensure cheap and environmentally
sustainable feedstuffs (Rakita et al., 2022). For
this reason, it is important, to focus on circular
economy, where the by-products from food
industries have involved much more attention
(Berwanger et al., 2014). Moreover, increasing
the availability of non-conventional feed
resources (NCFR) for animal livestock is an
essential nutritional solution. Generally, NCFR
refers to all those feeds that have not been
traditionally used for feeding livestock and are
not commercially used in the production of
livestock feed (Areaya, 2018). Thus, in our
paper, the NCFR term has been used to
describe different sources such as oil seeds by-
products  with  applicability in  animal
consumption (Amata, 2014). In this sense, one
alternative solution is based on reducing food
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waste and trying to extract the maximum values
from their by-products (Rakita et al., 2022).
Instead, NCFR contains high amounts of
nutrients and bioactive compounds, such as
polyphenols, carbohydrates, lipids, organic
acids, proteins, antioxidants (Svarc-Gaji¢ et al.,
2020), dietary fiber, minerals, oils, essential
vitamins (Malenica et al., 2022), which could
provide numerous benefits on animal welfare,
performance, and health status (Manju
Wadhwa et al., 2015). Nowadays, more and
more attention has been paid to the by-products
as a result of oilseeds extraction from
oleaginous plants. Oil can be extracted by
applying pressure and shear forces with
mechanical expeller presses in a process called
“pressing” (Zheng et al., 2003; Shim et al.,
2015; Vidal et al., 2022). Cold pressed do not
alter the crude oils (Berwanger et al., 2014).
Compared with solvent extraction treatments
(i.e., hexane, xylene, and toluene), the cold
pressing produces a solid meal-defined cake
with a range of oil contents, higher level of fat
(6-7% vs. < 1%), crude protein and crude fiber
(Shim et al.,, 2015). Due to the applied
extraction conditions that cause a decrease in
the efficiency of oil extraction from seeds



(Petraru & Amariei, 2020; Vidal et al., 2022),
cold pressing is seen as an alternative to
conventional pressing. Instead, following the
Codex Alimentarius, the cold pressing is led at
a temperature not exceeding 50°C (Petraru &
Amariei, 2020; Sumara et al., 2023) and the
oxidation stability is lower than extraction with
organic solvents (Kosti¢ et al., 2013). Further,
cold pressing is cheap, rapid, and easy
technique to obtain cakes even if it is used in
small quantities of raw materials (Cakaloglu et
al., 2018). The oilseed cakes are very rich in
proteins and represent an alternative nutritional
solution to cover the necessary proteins for
food production, animal feed or
biotechnological processes (Teh & Bekhit,
2015). Instead, that remains after oil seed
extraction permits effective utilization and
successful realization of the circular economy
concept (Petraru & Amariei, 2020), especially
in the field of animal nutrition (Petraru et al.,
2021). The term oilcake is synonymous with
press cake, meal, or oil meal (Petraru &
Amariei, 2020), which can be used successfully
in livestock production. In addition, Serrapica
et al. (2019) affirmed that oilseed cakes are an
excellent alternative source rich in proteins
providing an increase of biomass in animal
diets.

This review is aimed at providing an overview
of the (i) current knowledge about the chemical
composition and nutritional value of three
NCEFR cold-pressed cakes, such as flax, hemp,
and pumpkin; and (ii) the inclusion of cold-
pressed oilseed cakes in monogastric animal
(poultry and pigs) diets and the effects on
growth, productive performance, and products
quality.

MATERIALS AND METHODS

A systematic literature search and selection
methodology of the relevant research articles in
international ~ databases (PubMed, Science
Direct, Google Scholar, Scopus) were accessed,
explored, compared, and evaluated. The
literature search was based on articles with
keywords such as flax, hemp, pumpkin, cakes,
animal nutrition, nutritional value, bioactive
compounds, and circular economy. The aim of
writing this bibliographic study is mainly to
focus on the nutritional value of three NCFR
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cold-pressed cakes (flax, hemp, and pumpkin)
and to discuss their bioactive contents as well as
to present the principal effects of use in animal
nutrition (poultry and pigs), respectively the
results after processing it in diets.

RESULTS AND DISCUSSIONS

QOilseed cakes, general aspects

In recent years, oilseed cakes have been used as
ingredients feedstuff for animals as it was an
excellent and economical source of benefits
(Singh et al., 2022). Source of protein, energy,
carbohydrates, and minerals, oilseed cakes
were found to provide benefits and to have a
potent role in animal growth and production of
energy (Teh et al., 2013). Due to their potential,
oilseed cakes (Shim et al., 2014; Turner et al.,
2014; Singh et al., 2022) contribute to better
use of resources for economic growth and to
meet food demand worldwide for an increasing
human population (Teh et al., 2013). They can
be used as substrates or can be successfully
incorporated into diets to develop new products
rich in nutrients (amino acids, bioactive
compounds, pigments, enzymes, vitamins).
Founded on variety, conditions of growth, and
extraction process, the oilseed cakes involve
different physiochemical and functional
properties which make them unique (Rani &
Badwaik, 2021). Further, oilseed cakes are
recognized as low-processed materials, but safe
(Petraru & Amariei, 2020). Particular attention
must be paid to the storage conditions because
improper preservation can cause rancidity
(unpleasant smell and taste). Based on literature
data, there are two types of oilseed cakes, i.e.,
edible, and non-edible (Cozea et al., 2016;
Singh et al., 2022). The edible categories can
be included in animal consumption as feed
ingredients compared with non-edible cakes
that consist of toxic compounds or anti-
nutritional factors (Gupta et al., 2018).

Nutrient composition of oilseed cakes

Based on the nutritional value view, the by-
products resulting from the production of oils
from vegetable oleaginous seeds named cakes,
are successfully used with significant results in
animal feed (Kollathova et al., 2019). This
review  begins by  summarizing and
characterizing the chemical composition and



nutritional value of flax, hemp, and pumpkin
seed cakes, presenting the health benefits and
growth performance through in vivo studies to
maximize their potential in new feed structures
for animal nutrition.

Flaxseed or linseed (Linum usitatissimum L.)
is an annual herb plant, a member of the
Linaceae family. The species is native to the
eastern Mediterranean, western Asia and the
Middle East, up to India. Regarding the
varieties, the flax plant prefers deep moist soils
rich in silt, sand, and clay (Bernacchia et al.,
2014). The seeds of flax are brown to yellow
and golden. The composition of flax can vary
with, the growing environment, genetics, seed
processing and method of analysis. Flaxseed
contains various phenolic compounds such as
lignans, flavonoids, phenolic acids, and tannins
with high antioxidant potential (Kasote, 2013).
Regarding the by-product resulting from cold
press extraction, flaxseed cakes (FSC) still
have good nutritional values. However, the
research on FSC is relatively limited. FSC
involves excellent functions and can be used
like other ingredients as NCFR in animal
livestock (Xu et al., 2022). According to the
literature reports, FSC has higher nutritional
content after cold press of protein (from 14-
41%), fats (6-22%), ash (between 4.0-7.0), and
energy (Table 1). Further, the nutritional
composition of FSC differs due to the factors
that are closely related to the technological
process of oil extraction and environmental
conditions (Cozea et al., 2016).

Hemp (Cannabis sativa L.) is an ancient Asian
crop that has been cultivated and grown for
about 10,000 years (Leonard et al., 2019). As
an herbaceous plant, hemp can grow from
about 1 to 6 meters tall, depending on factors
such as cultivation, and environmental and
agronomic conditions (Fike, 2017).

Cannabis sativa can be classified into drug type
(marijuana) and nondrug type (hemp). Hemp is
included in the Cannabaceae family with four
subspecies: sativa, indica, ruderalis and
afghanica  (McPartland et al., 2018).
Industrially, there are two different types of
hemp plants, namely fiber hemp and oil hemp,
which is a variety of Cannabis sativa distinct
from the marijuana used for seeds production.
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A major importance of hemp is rendered by the
extraction of oil from its seeds using the cold
pressing process (without the involvement of
the oilseed conditioning step) with a screw or a
hydraulic press, respectively the solvent
extraction. Instead, cold pressing is the most
used because it does not involve the use of
organic solvents or heat (Teh et al., 2013).
Also, the cold pressing process involves the
step of cleaning the seeds, grinding them into a
paste and finally applying high pressure to
extract the oil. After oil extraction, it results in
the defatted cake, this being a by-product rich
in fibers and proteins. According to literature
reports, hempseed cakes (HSC) have a
nutritional value equal to rapeseed and can be
effectively used as a feed ingredient in animal
feed. At the same time, the demand for the use
of cold-pressed oil cakes is increasingly sought
after, thanks to the simple equipment, which
can be used both on a farm and in rural areas
(Roy & Deshmukh, 2019), offering extraction
yields of 27-31.5% (Anwar et al., 2016).

Pumpkin (Cucurbita spp.) belongs to the
genus Cucurbita, family Cucurbitaceae and is
one of the most significant vegetable crops in
Mexico, being widely cultivated in South Asia,
Africa, Latin America, and the United States.
Depending on the variety and climate, the
pumpkin is available in many shapes, sizes, and
colours. The most popular pumpkin varieties
worldwide are C. pepo, C. moschata, C. mixta,
and C. maxima. At the same time, pumpkin is
one of the most important vegetable crops,
being widely consumed on agricultural land
and in certain urban regions. The pumpkin has
gained special attention due to its composition
and the protection generated on health, all these
benefits being due to the nutritional value of its
seeds (Kaur & Sharma, 2018). It is known that
pumpkin seeds are the most important part, but
unfortunately, they are mostly thrown away as
waste. Currently, pumpkin seeds are subjected
to industrial processing for the extraction of oil,
being also marketed as a salty snack (Kaur &
Sharma, 2018). Pumpkin is characterized by
low caloric content, high concentrations of f3-
carotene (precursor of vitamin A) and
antioxidant properties (El-Adawy & Taha,
2001). The effective use of these pumpkin by-
products involves the extraction of bioactive
compounds (PUFAs, antioxidants, vitamins



such as carotenoids and tocopherol, minerals)
and their addition in the food industry chain,
but especially as feed ingredients in animal
nutrition, improved the nutritional value of
diets (Aziz et al., 2023). Furthermore, pumpkin
seeds are known for their special issues like
anti-fungal, anti-inflammatory, and anti-
bacterial effects (Wang & Ng, 2003; Caili et
al., 2006; Kaur & Sharma, 2018).

Chemical composition

Flaxseed is a low-cost, unconventional feed
resource with a unique phytochemical
composition and diverse utilization. Flaxseed
oil, which is mostly obtained by pressing the
seeds, is an important source of omega-3 PUFA
(Shim et al., 2015). Following the extraction of

nutritional value. Instead, the oilseed cakes
contain a balanced ratio between protein and fat
content (Table 1).

Hempseed are fruits of C. sativa composed of
white seed and brown skin. It has a round
shape, dark red-brown colour, with a diameter
between 3.0 to 5.0 mm (Leonard et al., 2020).
Table 1 reports data on the chemical
composition of HSC as rich sources of fat and
protein, the differences being generated by the
variety or hybrid studied, pedoclimatic
conditions,  agronomic  practices,  and
processing methods (Vastolo et al., 2021).
Whole seed of Cannabis sativa L. is a valuable
source rich in protein (25-30%),
polyunsaturated fatty acids (PUFA, 75-80%),
dietary fiber (approximately 4%) and phenolic

the beneficial component (the oil), the compounds (House et al, 2010).
secondary product known as cakes has a high
Table 1. The proximate nutritional composition of oilseed cakes
Items
DM CP EE CF Ash GE References
air dry basis, % MJ/kg DM
Flax
90.30 31.60 22.10 8.40 5.40 n.d. Ogunronbi et al. (2010)
89.70 32.20 11.50 8.60 4.90 10.78 Halle & Schone (2013)
93.11 35.36 18.18 8.56 4.92 n.d. The et al. (2014)
89.70 32.83 21.40 9.50 5.30 n.d. Budzaki et al. (2018)
90.73- 14.40- 6.11- 6.29- 4.70- n.d. Petraru & Amariei (2020)
93.10 41.97 21.40 12.90 6.27
90.60 34.10 10.20 10.50 6.30 20.70 Feedipedia.org
91.20 35.40 10.70 9.70 6.30 20.90 Feedtables.com
90.20 33.90 7.02 9.88 5.45 n.d. Xu et al. (2022)
94.50 n.d. n.d. n.d. 6.19 n.d. Kollathova et al. (2019)
Hemp
91.30 31.90 11.50 30.30 7.20 21.60 Feedipedia
89.20 24.80 8.90 25.10 5.80 1.80 Callaway (2004)
88.00 31.00 8.50 17.90 8.10 - Hessle et al. (2008)
93.70 34.40 12.40 n.d. 6.70 9.50 Karlsson et al. (2010)
92.00 29.80 9.69 32.55 7.24 20.40 Stastnik et al. (2019)
92.47 32.06 9.02 32.21 5.38 n.d. Kasula et al. (2021)
94.40 37.70 16.40 26.10 7.90 2.30 Rakita et al. (2023)
Pumpkin
93.20 52.20 12.30 6.40 8.10 n.d. Baia et al. (1965)
93.90 52.90 16.30 39.40 8.51 13.10 Klir et al. (2017)
94.48 28.53 37.18 21.58 6.71 20.88 Wafar et al. (2017)
92.10 61.00 13.70 2.90 8.00 22.70 Greiling et al. (2018)
38.30- 9.00- 7.50- Keller et al. (2021)
92.50 62.30 36.20 23.10 310 20.70
90.77 42.96 11.23 23.08 7.51 n.d. Boldea et al. (2021)
88.00 63.20 13.00 5.70 9.00 22.60 Feedipedia.org

‘Where: DM = Dry matter; CP = crude protein; CL = crude lipid; EE = ether extract; CF = crude fiber; GE=gross energy; n.d. = non defined.
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Unshelled hemp seeds contain 25-34% fat, and
shelled seeds contain 42-47% fat. Interestingly,
hempseeds have been identified with 181
proteins with two major storage proteins being
the legumin-type globulin edestine (67% to
75%) and globular-type albumin (25% to 37%;
Callaway, 2004; Aiello et al., 2016). These two
proteins have different AA compositions and
functional properties. Structurally, edestine is a
hexamer with identical subunits that belongs to
the globulin family (Docimo et al., 2014),
being less soluble in water or buffer with
neutral or low pH, but soluble in a basic buffer
(Malomo & Aluko, 2015). Despite its low
solubility, edestine is known for its high
digestibility (Banskota et al., 2022). Albumin
has fewer disulfide bonds compared to edestine
(globulin), with a flexible structure with higher
protein  solubility and foaming capacity
(Malomo & Aluko, 2015). In addition to these
essential nutrients, hemp contains compounds
such as plant sterols and Phyto cannabinoids,
including the most abundant delta-9-
tetrahydrocannabinol (THC), which is a
powerful fat-soluble antioxidant with a role in
appetite stimulation (Potter et al., 2008).

Pumpkin seed cakes (PSC) are a high-quality
by-product rich in proteins, resulting from
pumpkin oil production (Steiner et al., 2020).
The chemical composition of PSC is presented
in Table 1. According to the literature, the CP
content recorded in PSC was between the range
of 28-63% more highly than FSC (14-35%) and
HSC (24-38%) confirming that it is a rich source.
The ether extract (EE) from PSC ranged from
11-37%, comparatively with FSC where the
level was found from 7-22%, respectively 17-
33% in HSC. Overall, the nutritional compo-
sition results were within expected levels and
consistent with literature data. Special attention
has been paid to hemp cakes as a result of the
cold pressing process, which is very rich in
proteins, fibers, minerals, and biologically
active compounds (Majchrzak et al., 2020).

Minerals

In terms of low mineral content, oilseeds are
considered deficient, meaning they are
nutritional sources of a small range of minerals
(Kollathova et al., 2019). Based on literature
studies, Table 2 lists the content of relevant
minerals in analysed oil seed cake sources.

Table 2. The minerals content of oilseed cakes

Items
Macroelements Microelements References
Ca P K Na Mg Mn Zn Cu Iron
g/kg DM mg/kg DM
Flax
3.32- 6.43- 8.99- 0.38-  491- 32.80- 64.72- 16.49- Ogunronbi et al. (2010)
3.82 8.24 10.07 0.60 5.82 4991 69.33 20.86 )
3.61 9.52 12.41 0.34 4.41 13.72  48.60 17.75 78.60 Kollathova et al. (2019)
4.30 9.00 11.80 0.80 5.50 40.00 68.00 19.00 175.00 Feedipedia.org
4.30 9.30 11.30 0.69 5.20 39.00 66.00 18.00 164.00 Feedtables.com
Hemp
2.90 10.50 - - - - - - - Feedipedia.org
0.12 - 0.43 0.015  0.17 7.80 2.40 0.10 - Radocaj et al. (2014)
0.17 0.71 0.95 0.01 0.48 133 133.67 77.83 18.83 Kasula et al. (2021)
Pumpkin
1.60 17.80 13.70 0.30 5.70 80 190 16.00 211 Feedipedia.org
0.73 10.40 7.90 0.20 4.60 38.50  49.50 11.50 73.50 Frida.fooddata.dk
0.34 15.70 5.79 0.006  5.69 49.30 113 15.40 106 Glew et al. (2006)
0.60 - <0.005 - 6.70 - 155.10  6.37 134.60 Sobczak et al. (2020)

Where: Ca = calcium; P = phosphorus; P = potassium; Na = sodium; Mg = magnesium; Mn = manganese; Zn = zinc; Cu = copper; Fe = iron.

Oilseeds are an important source of many
nutrients and minerals in animal nutrition (Das
et al., 2017). In recent years, Kollathova et al.
(2019) reported that there has been an
increasing interest in the utilization of organic

by-products of industrial processing as feed
ingredients for animal nutrition. Regarding the
presence of macro elements from our oilseed
cakes, the flax is mostly rich in calcium,
potassium, and magnesium, followed by
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pumpkin where the phosphorus content is
higher than flax. Radocaj et al. (2014) found a
low percentage of HSP (2.40 mg/kg of DM).
Further, as related to Galik et al. (2011), Zn is
very important in nutrition mainly to immunize
animals. The Iron (Fe) presence, in FSC and
PSC, was detected the higher content. In cuprum
content a wide range from 0.10-77.83 was found
in HSC vs. FSC where values were between
16.49-20.86, respectively 6.37-15.40 in PSC.

Amino acids contents

Amino acid (AAs) composition is an essential
factor in evaluating the nutritional quality of a
feed resource, along with its chemical
composition and degree of digestibility. The
profile of AAs, especially essential AAs
(EAAs), determines the biological value of
proteins. The absence of an EAAs
automatically inhibits the synthesis of protein,
and its deficiency diminishes it. At the same
time, when it makes the feed structure,
synthetic AAs such as L-lysine and DL-

methionine are used to cover the requirement.
According to the reports data presented in
Table 3, FSCs have a good EAAs profile and
can constitute a great protein source for animal
feed (Panaite et al., 2017). The most abundant
AAs found in FSC were glutamic acid
(6.18-20.40 g 100 g-!), followed by arginine
(3.03-9.60), and aspartic acid (3.05-9.40), while
the limiting was tryptophan, methionine,
cystine, tyrosine, valine, and lysine. Regarding
the abundance of AA found in HSC, glutamic
acid, arginine, and aspartic acid are among
them (Table 4). HSC protein contains all 21
known amino acids (AAs), including the 9
EAAs that the animal body cannot synthesize
(histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine,
tryptophan, valine). Because lysine is only
present in small amounts of hemp protein, it is
considered a limiting AA. Thus, to cover the
level of lysine, nutritionists recommend that,
for example, hemp protein can be combined
with pea or rice protein powder.

Table 3. Amino acids profile in flaxseed cakes (g 100 g™')

Essential
LYS 4.00 3.90 3.93-4.18 3.90 1.29 3.93-5.80
THR 3.90 3.80 4.19 3.60 1.20 3.40-3.87
MET 1.90 1.90 2.20 1.40 0.58 -
ILE 4.40 4.30 4.36-5.21 4.00 1.46 2.80-4.36
LEU 6.00 6.00 6.07 5.80 1.95 6.07-6.50
PHE 4.80 4.90 5.33 4.60 1.50 -
VAL 5.20 5.10 5.17-5.42 4.60 1.73 3.50-5.42
ARG 9.60 9.40 10.63 9.20 3.03 -
HIS 2.50 2.70 2.45 2.20 0.79 -
TRP 1.60 1.50 1.38-3.87 1.80 - -
Total sulfated AA (MET + CYS) - - - - - 2.50-3.80
Total aromatic AA (PHE + TYR) - - - - - 6.30-7.95
Non-essential -
ALA 4.70 4.70 4.59 4.40 1.46
ASP 9.40 9.70 9.78 9.30 3.05 -
CYS 1.80 1.90 2.20 1.10 0.65 -
GLU 20.40 20.10 26.92 9.30 6.18 -
GLY 6.00 5.90 6.14 5.80 1.89 -
PRO 4.20 3.70 5.24 3.50 1.23 -
SER 4.80 4.70 5.88 4.50 1.49 -
TYR 2.50 2.40 2.94 2.30 0.93 -

References: Feedipedia.org; Feedtables.com; Prestoet al. (2011); Singh et al. (2011); Stodolak et al. (2013); Guimaraes

et al. (2017); Bekhit et al. (2018)

Where: LYS = lysine; THR = threonine; MET = methionine; ILE = isoleucine; LEU = leucine; PHE= phenylalanine; VAL= valine; ARG = arginine;
HIS= histidine; TRP = tryptophan; ALA = alanine; ASP = aspartic acid; CYS = cystine; GLU = glutamic acid; GLY =glycine; PRO = proline; SER =

serine; TYR = tyrosine.

Hydrolysis of hemp seed proteins by enzymes
such as pepsin, pancreatin, trypsin and
proteases leads to the release of bioactive
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peptides with antihypertensive, antioxidant,
antiproliferative and anti-inflammatory
properties (Kotecka-Majchrza et al., 2021). The



percentage distribution of EAAs is like that of
soybean, with the mention that they have a
higher methionine content (Wang & Xiong,
2019). PSC are rich in AAs like glutamic and
aspartic acid, arginine, leucine, and lysine. As

can be observed, the rest of AAs are presented
in low quantities (Table 5). Based on protein
content, reports indicate that pumpkin seed is
like soybean cake protein due to the rich
content of EAA (Vinayashree & Vasu, 2021).

Table 4. Amino acids profile in hempseed cakes (g 100 g™)

Essential
LYS 3.30 1.13 2.91 3.86 1.39 5.50
THR 3.20 1.18 2.6 3.94 1.42 -
MET 2.10 0.51 2.01 2.57 0.93 1.80
ILE 3.80 0.91 3.14 4.23 1.52 -
LEU 6.10 1.93 5.11 6.86 2.47 -
PHE 4.30 1.24 3.60 4.73 1.70 -
VAL 4.60 1.13 3.84 5.58 2.01 -
ARG 10.70 4.00 3.01 11.42 4.11 -
HIS 2.50 0.73 2.56 2.72 0.98 2.50
TRP 1.50 0.27 - 1.14 0.41 -
Non-essential
ALA 4.00 1.19 3.01 4.70 - -
ASP 9.50 1.37 7.55 10.69 - -
CYS 1.70 0.34 1.36 2.04 0.74 2.00
GLU 16.00 1.45 13.07 17.61 - -
GLY 4.20 1.18 2.60 4.85 - -
PRO 3.70 4.94 3.01 4.64 - -
SER 4.70 3.55 3.21 5.05 - -
TYR 3.20 0.89 2.42 3.36 - -

References: Feedipedia.org; Eriksson (2007); Karlsoon et al. (2012); Wang & Xiong (2019); Semwogerere et al.

(2020); Kasula et al. (2021)

Where: LYS = lysine; THR = threonine; MET = methionine; ILE = isoleucine; LEU = leucine; PHE= phenylalanine; VAL= valine; ARG =
arginine; HIS= histidine; TRP = tryptophan; ALA = alanine; ASP = aspartic acid; CYS = cystine; GLU = glutamic acid; GLY =glycine; PRO =

proline; SER = serine; TYR = tyrosine.

Table 5. Amino acids profile in pumpkin seed cakes (g 100 g')

Essential
LYS 0.50 3.80 4.66 1.36
THR 0.30 3.10 1.39 1.04
MET 0.10 2.10 - 0.73
ILE 0.30 3.90 4.05 1.29
LEU 0.60 6.90 6.60 2.49
PHE 0.40 5.50 - 1.81
VAL 0.30 4.70 4.69 1.71
ARG 1.70 16.40 14.00 5.28
HIS 0.40 2.40 1.48 0.81
TRP 0.20 2.70 - 0.61
Total sulfated AA (MET + CYS) - - 1.30 -
Total aromatic AA (PHE + TYR) - - 10.09 -
Non-essential
ALA 0.40 3.70 3.63 1.55
ASP 1.00 9.00 11.94 3.23
CYS 0.20 1.10 - 0.39
GLU 1.80 17.90 20.40 6.32
GLY 0.60 4.20 7.30 1.88
PRO 0.40 3.40 3.65 1.39
SER 0.50 5.20 4.90 1.79
TYR 0.30 3.90 - 1.19

References: Feedipedia.org; Glew et al. (2006); Sa et al.

(2021); Frida.fooddata.dk

Where: LYS = lysine; THR = threonine; MET = methionine; ILE

= isoleucine; LEU = leucine; PHE= phenylalanine; VAL= valine; ARG =

arginine; HIS= histidine; TRP = tryptophan; ALA = alanine; ASP = aspartic acid; CYS = cystine; GLU = glutamic acid; GLY =glycine; PRO =

proline; SER = serine; TYR = tyrosine.
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Further, PSC are rich in nutrients such proteins,
starch, soluble sugars, crude fibers, and bioac-
tive compounds carotenoids) which can provide
sufficient energy and antioxidants for animal
feed (Chen et al., 2019; Lyu et al., 2021). Li et
al. (2022) stated that pumpkin has a series of
benefits generated by their seeds, through the
lens of nutritional characteristics, thus
representing a valuable resource for animals.

Fatty acids contents
The fat acids (FA) content of pressed oilseed
cakes determines their quality, ecological and

economic efficacy, functional, technological,
and special properties, respectively the princi-
pal value for consumers (Nikberg et al., 2011).
Based on the analytical review of scientific and
technical information, oilseed cakes can be
used as feed ingredients with high nutritional
value in animal nutrition (Stodolak et al.,
2013). As shown in Table 6, FSC had between
7.73-16.88% saturated fatty acids (SFA), 5.67-
41.72% monounsaturated fatty acids (MUFA),
and a maximum of 71.85% polyunsaturated
fatty acids (PUFA).

Table 6. Fatty acids composition of oilseed cakes

0,
FA % ) References
C14:0 C16:0 C16:1 C18:0  C18:1n-Ycis C18:2n-6 C18:3n-3
Flax
0.00 6.10 0.00 3.60 18.40 15.80 55.70 Feedipedia.org
0.03 5.60 0.08 4.40 20.20 14.70 53.80 Feedtables.com
nd. ‘;'ﬁll' nd. 385127 22.10-41.72  19.13-4482  3322.5479  Singhetal (2011)
n.d. 9.54 n.d. 2.76 23.33 19.78 43.07 Aziza et al. (2013)
0.06 6.44 0.02 2.57 16.82 14.50 57.35 Stodolak et al. (2013)
0.07 5.99 0.07 225 15.71 12.66 42.81 Mannucci et al. (2019)
Hemp
n.d. 6.70 n.d. 2.20 11.40 55.30 21.60 Feedipedia.org
n.d. 9.30 n.d. 3.80 13.10 52.50 19.10 Mierlita (2019)
0.07 4.46 0.15 1.76 8.27 59.52 15.85 Juodka et al. (2018)
0.17 8.77 0.14 2.51 13.83 56.98 14.62 Arango et al. (2021); Bailoni et
al. (2021)

n.d. 8.60 nd. 2.80 13.10 53.10 12.30 Tufarelli et al. (2023)

6.00- 0.60- Halle & Schéne (2013);
n.d. : n.d. : 51.60-59.60 52.50-56.00 14.40-24.70  Mierlitd (2018, 2019); Rakita

9.30 1.60

et al. (2023)
Pumpkin

n.d. 13.29 n.d. 6.74 27.06 51.04 n.d. Radocaj et al. (2012)
0.23 14.83 0.015 6.68 2581 50.88 0.18 Bardaa et al. (2016)
0.15 12.90 0.17 4.48 34.40 44.40 1.80 Klir et al. (2017)
0.12 13.20 0.15 4.95 29.60 49.00 0.63 Keller et al. (2021)
0.12 12.30 0.16 5.16 28.75 51.18 0.49 Boldea et al. (2021)

Where: C14:0 = myristic; C16:0 = palmitic; C16:1 = palmitoleic; C18:0 = stearic; C18:1n-9cis = oleic; C18:2n-6 = linoleic; C18:3n-3 = linolenic; nd

= not detected.

The predominant SFA was palmitic acid
(C16:0), while the predominant unsaturated FA
was linolenic (C18:3n-3), followed by oleic
(C18:1n-9cis) and linoleic acid (C18:2n-6).
According to the literature, the SFA level found
in HSC was between 6.00-11.45%, vs. MUFA
where the percentage was noted from 8.00 to
59.60%. Instead, the PUFA of HSC were
between 65.40-80.70% with linoleic as the
predominant acid. Regarding the SFA from
PSC, the level was higher (17.58-21.74%),
while MUFA was between 25.82-35.70% and
the PUFA was representative (46.20-51.67%).
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As had been was linoleic, respectively oleic
acid from the MUFA profile. The results from
Table 6, show that the oilseed cakes are
characterized by a low quantity of SFA, of
which palmitic acid is the most abundant. HSC,
FSC and PSC are a major source of MUFA,
where oleic acid is considered necessary.
Instead, as a source of PUFA, the FSC are
major, followed by PSC and HSC, where
linoleic (LA) and a-linolenic acid (ALA) are
considered essential. Further, these FAs are
essential for health and are vital for inclusion in



the animal diet due to the body incapacity of
synthesising them (Rakita et al., 2023).

Benefits of oilseed cakes in monogastric feed
Alternative fodders intended for monogastric
animals’ production are divided into those rich
in crude proteins, and respectively rich in
2020). In the field of

energy (Steiner et al.,

animal nutrition, oilseed cakes would give
potential benefits when it is utilized as a
substrate converting the feed into a new
beneficial product (Sarkar et al., 2021). The
present report realised to compress the
principal properties of oilseed cakes and the
capacity of their valorisation in monogastric
feed due to bioactive compounds (Figure 1).
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Figure 1. The schematic diagram shows various resources of NCFR rich in bioactive
compounds used as monogastric animal feed (Original)

Studies on the use of FSC, HSC and PSC in the
feed are relatively limited. Table 7 summarizes
available reports and the main effects when

cold-pressed oilseed cakes are included in
poultry and pig diets.

Table 7. Effect of cold-pressed cakes in monogastric diets

Cold pressed Species Trial Level of Main effects References
cake duration inclusion
(g/100 g feed)
Poultry
FSC Laying hens 6 months 10% Enrichment of yolk fat with PUFA. Halle &
The egg mass production was Schone (2013)
lower.
FSC Broiler 42 days 5%; 10%;  Improvement of carcass weight. Leghari et al.
15%;20%  Non-significant differences in the (2017)
weights of giblets (liver, gizzard,
spleen, and heart).
FSC Layer birds 4 weeks 2% FSC Improved the omega-3 from eggs. Khan etal.
+pyridoxine A positive effect on egg cholesterol (2019)
and health status.
FSC Duckling 3 weeks 5%; 10%; Decreased the relative weight of the  Zhai et al.
15% left breast. (2019)
FSC Laying hens 27 weeks 10% Positive effect on nutrients of Peri¢ et al.
omega-6/omega-3 from eggs. (2019)
FSC Laying hens Upto26% No effects on egg production, Tamasgen et
quality, and fertility of eggs. al. (2020)
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FSC Laying hens 6 weeks 5% Beneficial effects on egg nutritional ~Panaite et al.
quality. Decrease in significant SFA  (2020)
content, as well as the ESFA/SUFA
ratio and the PUFA ©6:03 ratio.

FSC Laying hens 27 weeks 10% Higher amounts of ALA, DHA, and  Peri¢ & Drini¢
PUFA in egg yolk. (2021)

Pigs

FSC Growing pigs 12 weeks 5%; 10%; Feeding up to 15% FSC for 8 Juarezetal.

(31xkg) 15% weeks had no impact on live animal  (2010)
performance. Feeding any level of
flax for 12 weeks reduced average
daily gain but feeding higher levels
of flax improved feed efficiency.
FSC Growing pigs 46 days 2.5% Significantly impacts carcass FA Dordevic et al.
(60 kg) profile. (2016)
FSC Growing pigs 28 days 12% Reduced fat digestibility and serum Ndou et al.
(25 kg) cholesterol. (2017)
FSC Pigs 40 days 5% Muscle depth and the average meat Vlaicu et al.
(60-100 kg) yield was improved. PUFA and (2019)
meat quality were improved.
Poultry

HSC Laying hens 12 weeks  10%; 20%  Higher egg weights. Fatty acid Gakhar et al.
profile of eggs was improved. (2012)

HSC Laying hens 6 months  5%; 10%;  Registered lower performance. The Halle &

15% level of SFA and MUFA decreased, Schone (2013)
while the content of LA and ALA
increased with increasing dietary
levels. HSC with linoleic acid oil
resulted in the highest yolk fat
content of this FA.

HSC Hens 30 days 25% Rapport n-3 PUFA and the n-3/n-6 Raza et al
ratio  were improved  with (2016)
decreasing SFA in the yolk of eggs
stored at room temperature for 30
days.

HSC Laying hens 10 weeks 20.3% No effect on growth performance. Mierlita
The atherogenicity index and (2019)
cholesterol level were not affected.

ALA, EPA, and DHA in eggs
increased.
HSC Growing 48 days 5%; 10% Positively influenced the lipid Tufarelli et al.
broilers profile of meat. Improved the (2023)
oxidative status and gut health of
broilers.

HSC Quails 42 days 10% Increased n-3 PUFA content from Juodka et al.
meat. No effect was observed on (2023)
performance.

HSC Laying hens 4 weeks 5%; 10%;  Egg production, feed consumption, Silversides &

20% feed efficiency, and body weight LefranCois
were not affected. A higher level of (2023)
HSC determined a decrease in
palmitic acid concentration.
Pigs

HSC Growing pigs 14 days 28% Dietary treatment affected the ileal Presto et al.
apparent of essential AA and non- (2011)
essential AA.

HSC Sows 21 days 5% Increased n-3  FAs  profile; Habeanu et al.

Decreased n-6/n-3 in colostrum and
milk; Increased milk yield.

(2018)
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Poultry

PSC Broiler 49 days 10% as The productive performance and Martinez et al.
chicken partial meat sensorial quality were not (2010)
replacement  affected.
of soya bean
PSC Laying hens 49 days 3.3%; 6.6%; Increase the body weight and egg Aguilar et al.
10% quality. Abdominal fat and serum (2011)
levels of harmful lipids were
reduced, while the serum levels of
beneficial lipids increased.
PSC Chicks 56 days 5% 10%; As the levels of PSC the growth, Wafar et al.
15%; 20% final body weight, total body (2017)
weight gain and average daily
weight gain significantly was
improved.
PSC Fattening 135 days  7%; 14% Positive effect on the production Klari¢ et al.
chickens indicators and the mortality rate of (2018)
chickens.
PSC Broiler 6 weeks 7% Improve production and slaughter Steiner et al.
chickens indicators (live, carcass, dressing (2020)
percent, drumstick, breast, wings,
back weight, neck)
Pigs
PSC Fattening pigs 40 days 5% Improve the meat quality. Vlaicu et al.
(60-100 kg) (2019)
PSC Fattening pigs 189 days 15% (100 g The quality of the meat was similar Stahn et al.
(12-120 kg) per animal) but the animals were generally in (2023)

good health; which also leads to the
reduction of agricultural waste.

Where: FSC = flax seed cakes; HSC = hemp seed cakes; PSC = pumpkin seed cakes

Flaxseed cakes

The application of FSC in poultry diets is
shown in Table 7. Particularly attention was
focused on egg production. According to the
literature, the addition of FSC to laying hens
diets could improve n-3 PUFA content in eggs
(Mattioli et al., 2017). Further, FSC is an
important high-quality protein source (Xu et
al., 2022), the reason for which it attracted
special attention due to the presence of ALA as
one of the omega-3 PUFA. Additionally, this
flax by-product involves benefits in poultry due
to their active compounds such as AAs, lipids,
soluble fibres, and phenols. Depending on the
oil extraction method, the FSC displays
modifications on the chemical composition and
value of the press cake. Therefore, published
data on the inclusion of FSC on pigs
comparatively with sow diets are more
consistent. As previously reported, FSC is the
richest oilseed source of n-3 PUFA and their
utilisation in pig diets is necessary to increase
n-3 PUFA levels from meat (Nguyen et al.,
2003). Later, an inclusion of 15% FSC in
finishing pig diets determined significant
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results on carcass FA profile (Eastwood et al.,
2009). In conclusion, eggs and pork can be
positively enriched with n-3 FA in a diet with a
relatively low content of FSC, due to the
presence of anti-nutritional factors that can
affect the quality of the finished product.

Hemp seed cake

The use of HSC in diets of monogastric
animals is attracting increasing interest. A
peculiarity of hemp cakes is the content of
narcotic substances, which is why their
inclusion in nutrition diets must be done very
carefully. In addition, the less dense structure
of them confirms the degree of hygroscopicity;
however, to date, there are limited studies in
the literature (Lanzoni et al., 2024). As shown
in Table 7, the use of HSC has been widely
explored in poultry feed, especially in laying
hen’s sector. Aspects such as nutritional and
functional properties of eggs by evaluating
quantitative and qualitative characteristics
together to zootechnical animal performance
have been investigated. The inclusion of HSC
in poultry feed implies several positive effects,



most likely, these results are associated with
the presence of Dbioactive compounds
(phytosterols and antioxidants) that are
responsible for preventing lipid peroxidation of
eggs during storage.

Regarding HSC inclusion in the swine sector, it
is still in an early stage. The use of these by-
products was carried out in growing pigs or
lactating sows, less in piglets’ diets due to the
presence of stress factors generated by the
weaning crisis period (Dumitru et al., 2020).
Further studies are necessary to identify the
best optimal level of HSC to ensure
performance and animal health status.

Pumpkin seed cake

Interesting results were reported at PSC
inclusion in poultry. As an alternative
ingredient feed with a high potential content of
protein, PSC is a good source with successful
results in poultry diets (Wafar et al., 2017).
Steiner et al. (2020) affirmed that PSC contains
up to 500 g/kg of CP and 70 g/kg of raw fiber.
As the level of PSC increased, the broiler
performances significantly improved. These
results can be attributed to the balance in
nutrient composition and maybe to the
metabolism process (Wafar et al., 2017).
Instead, a dietary inclusion of 10% PSC in
broiler diets determined a Dbetter feed
conversion ratio (FCR) which was associated
with absorption, digestion, and nutrient
utilisation (Wafar et al., 2017). Research on
PSC in pig nutrition has been very little
studied, however, it has potential as animal
feed not only for its nutritional value but also
for its  antioxidants,  pigments, and
polysaccharides content that could enhance the
quality of meat, milk, and egg, as well animal
health. Stahn et al. (2023) mention that PSC
has a protein content of 52.1%, 6.3% fiber and
1.9% ADF. In the experiment carried out for
189 days on 3 groups of piglets (control group,
BSG 1 or BSG 2) aged 42 days, they used
brewer’s spent grains (BSG)-raw matrix was
technologically and functionally improved by
adding natural active ingredient carriers
(crushed wheat, rapeseed, and pumpkin seed
press cake) and using planetary roller extrusion
and used as feed additive for pigs. Two BSG-
extrudates containing 30% BSG silage, 55%
crushed wheat, and 15% rapeseed press cake

115

(BSG 1), or 15% pumpkin seed press cake
(BSG 2) were used. The quality of the meat
was similar but the animals were of good health
and marketable quality. BSG and agricultural
residue-based feeds can be used in pig diet,
which leads to the reduction of agricultural
waste and reduced feed consumption that
would also be suitable for human nutrition.
Schwediauer et al. (2021) studied the feed
intake behaviour of piglets during a 6-week
suckling period. It is known that early contact
with plant-based feed (creep feed) should
stimulate the adaption of the gastrointestinal
system and promote gut development, with the
desired effect of less physiological stress at
weaning, lower incidence of diarrhoea and
higher growth rates due to better feed
efficiency. It is also important to consider the
food preferences of the piglets. In this sense,
they mention the use of PSC, % in creep feed
(pelleted) for piglets was 4.7%.
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CONCLUSIONS

This paper reviews the nutritional value of
three NCFR cold-pressed cakes based on flax,
hemp, and pumpkin and the effects of their
inclusion in diets for monogastric animals (pigs
and poultry), to provide a theoretical reference
for their usefulness in the nutrition field.
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Abstract

The study aimed to investigate the effect of gradient levels of 100 mg and 200 mg dihydroquercetin DHQ/kg feed added
on performance, back fat thickness, and blood biochemical indices in fattening pigs. An experiment with 30 pigs of the
Danube White breed with an initial live weight of 66.3 - 66.5 kg and a final live weight of 100.9 - 102.8 kg, randomly
assigned to three treatments — control(C), DHQI and DHQ?2, was carried out. Pigs were housed individually for 43 days.
At the end of the experiment, the thickness of the back fat was measured, and blood samples were taken. Biochemistry
indices and fat metabolism indices were studied. Administration of dihydroquercetin did not affect parameters of pig
performance in fattening period. The addition of two consecutive levels of DHQ increased MLT, measured in vivo,
linearly (P=0.025). The blood glucose content was linearly reduced (P<0.05). A statistically significant effect on high-
density lipoproteins (HDL) in animals treated with 200 mg of DHQ (P=0.012), having a high linear dependence
(P=0.007) was found, and a trend to reduce the content of triglycerides in the blood of fattening pigs.

Key words: ADG, back fat thickness, biochemical indices, dihydroquercetin, fat metabolism, FCR, pigs.

INTRODUCTION immunodeficiency, broncho-pulmonary disea-

ses and disorders in the functional state of the
Dihydroquarcetin (DHQ, also known as liver and other organs, which are usually a
Taxifolin) is a powerful natural antioxidant and ~ consequence of the impact of adverse
capillary protector related to bioflavonoids with environmental factors and modern breeding
P-vitamin activity. As a substance with a high technologies, inadequate to the physiology of
degree of biological activity, DHQ has a whole farm animals. Positive effects as improving
range of positive (pleiotropic) effects on productivity, survival, food safety, reducing the
metabolic reactions and the dynamics of various ~ incidence of animal diseases, normalizing
pathological processes, which were identified in ~ metabolic processes in the body and the
a number of studies by Russian and foreign functional state of the liver have been noticed

scientists, in particular, in terms of antioxidant, when DHQ take place in animals’ diets
radioprotective, membrane-protective, (Nikanova & Fomichev, 2012; Bogolyubova et
capillary-protective, angioprotective, lipid- al., 2019; Zou et al., 2016b). Dihydroquercetin
lowering, anti-inflammatory, anti-allergic, is interesting for pig breeding as adaptogen
cardioprotective, hepatoprotective, detoxifying, positively affecting the antioxidant status of
neuroprotective, gastroprotective, immunomo- animals (Semenova et al., 2020). It was
dulatory, retinoprotective, endocrinological established that the use of dihydroquercetin in
properties (Fomichev et al., 2017; Sunil & Xu, pig nutrition blocks lipid peroxidation processes
2019; Liu et al., 2023). DHQ is known for  throughout the growing and fattening period
preventing stress syndrome and chronic fatigue, (Fomichev et al., 2017). In another experiment,

restoring and improving the state of the body it was found that quercetin attenuated oxidative
under high physical and psycho-emotional stress stress and reduced intestinal inflammation,
(Plotnikov et al., 2005). while reducing the number of reactive oxygen
The introduction of DHQ in the feeding of farm species and malondialdehyde in the intestine,
animals and poultry has a positive effect on  endotoxins in the blood serum, and increasing
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the height of jejunal villi (Zou et al., 2016a).
Recently, a series of new 3-monoacylated
dihydroquercetin derivatives with enhanced
antioxidant properties have been synthesized
(Knyazev et al., 2018). Dihydroquercetin can
affect lipid metabolism by regulating enzyme
activity, reduce hepatic fat synthesis, inhibit
intracellular cholesterol synthesis, and inhibit
cholesterol esterification, triacylglycerol and
phospholipid synthesis (Ren et al., 2021; Wang
et al., 2022).

There is no consensus on the effective doses of
DHQ for effects on the organism of farm
animals. Both insufficient data and differences
exist in the literature. We worked with doses of
3.5 mg/kg and 7.5 mg/kg live weight in order to
improve the quality of the meat by enriching it
with 95% purified biologically active additive
DHQ (Ivanova et al., 2021a). Kuzmina et al.
(2021) applied DHQ, produced by the Russian
company Ametis, according to their recommen-
dation instructions, to broiler chickens, in
amounts of 0.50 g, 0.75 g and 1.00 g per 100 kg
of feed, with the best results in terms of fattening
and slaughtering qualities at the dosage of 1 g of
DHQ per 100 g of feed. At the same time,
Pirgozliev et al. (2021), applying DHQ to broiler
feed diets at doses of 0.5 g, 1.5 g and 4.5 g per 1
kg of feed, concluded that it could be beneficial
at levels, greater than 1.5 g/kg feed, due to the
improved antioxidant status of the birds.

The aim of the present study was to test the
effect of two gradient levels of dihydroquercetin
on weight development, back fat thickness and
biochemical parameters in fattening pigs.

MATERIALS AND METHODS

One trial with total 30 pigs of the Danube White
breed was carried out in the Experimental Unit
of the Agricultural Institute - Shumen, randomly
assigned into three group, as follows:

1. Control group (C) - 10 pigs, without added
biologically active component to the feed;

2. Experimental group 1 (DHQ1) - 10 pigs, with
added 100 mg dihydroquercetin/kg feed;

3. Experimental group 2 (DHQ2) - 10 pigs, with
added 200 mg dihydroquercetin/kg feed.
Increasing doses of DHQ formulated as gradient
levels were used, with two values, to determine
whether there was a linear relationship on
weight and biochemical parameters.
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Table 1. Component composition and content of energy
and nutrients in 1 kg of compound feed

Components Persentage (%)
Maize 13.00
Barley 10.00
Wheat 50.00
Wheat brains 7.00
Bioconcentrate BC14* 25.00
Total: 100%
1 kg of compound feed contents:
Digestible energy, MJ 13.72
Crude protein, % 15.70
Lysine, % 0.72
Calcium, % 0.86
Phosphorous, % 0.60

*Bioconcentrate BC14 contents: 312.10 g/kg crude protein, 10.70 g/kg
crude fats, 153.00 g/kg crude ash, 38.10 g/kg crude fibers, 5.88 g/100 g
lysine, 2.79 g/100 g methionine, 7.80 g/100 g calcium, 2.69 g/100 g
phosphorous, 2680 mg/kg Cu sulphate, 670 mg/kg dl-a-tocopherol,
93800 Ul/kg vitamin A, 16080 Ul/kg vitamin D3, 1975,845 kcal/kg total
energy.

The pigs for the experiment were selected and
equalized by origin, age, live weight, sex,
immediately after weaning. After reaching an
average weight of 66 kg, beginning of finishing
phase, all pigs were weighed and moved to a
room with individual partly slatted pens. Pigs
have a total area of 2.50 m* with a solid concrete
part (150 x 100 cm) and slatted part (100x100
cm). All pens were equipped by an individual
feeder (100 x 50 cm) and an individual nipple
drinker. During the fattening period, the animals
were raised according to the requirements of
Council Directive 2008/120/EC laying down
minimum standards for the protection of pigs.
They were fed a special diet, which was analy-
sed in the Forage Laboratory of the Agricultural
Institute — Shumen. The feed of the animals was
weighed individually, twice a day. Pigs from the
two experimental groups received DHQ, accor-
ding to the amount of feed consumed for the day,
in two concentrations described above. A trial of
the studying effect of dihydroquercetin started
from 66 kg live weight until the fattening pigs
reached about 100 kg and lasted for 43 days.
The following indicators were controlled: initial
and final live weight, daily diet, feed con-
sumption - daily, individual, total and average
daily gain for the period, feed utilization, health
status.

A chemical analysis was performed on diet
based on corn, barley, wheat bran and Biocon-
centrate. The chemical composition of the feed



samples was determined according to the methods
adopted in Agricultural Institute - Shumen.
Each pig was fed individually, with a daily
check for the presence of residues. During the
experiment, none were found. The supplement
was also stretched individually for each pig
according to the daily feed intake. Each daily
dose of the supplement was mixed with a small
amount of feed immediately after weighing and
given at the same time as the animals' morning
feed.

The weight development of the animals was
measured in the beginning and at the end of the
fattening period. The total gain, the average
daily gain (ADG) and the feed consumption per
kilogram of gain were calculated for each pig
separately.

Back fat thickness and lean meat percentage in
vivo were determined using a “Piglog 105”
apparatus (Carometec Food Technology A/S,
Kolding, Denmark). The following regression
model was used:
LM=63.8662-0.4465x1-0.5096x2+0.1281x3
where:

LM - percentage of lean meat in the carcass;

X1 - back fat thickness measured between the 3-
4 lumbar ribs at 7 cm laterally (mm);

X2 - back fat thickness measured between the 3-
4 lumbar ribs at 7 cm laterally (mm);

X3 - thickness of m. Longissimus thoracis
(MLT) between the 3-4 lumbar ribs at 7 cm
laterally (mm).

In vivo lean meat content was measured on the
day of termination of the experiment when
animals reached 100 kg live weight.

The health status of the pigs was monitored.
Blood sampling was performed at the end of the
experimental period, with vacuum containers
from the sinus ophtalmicus in the medial corner
of the eye. Immediately after blood collection,
the containers were transferred to the laboratory
and centrifuged to separate the serum at 3000
rpm for 15 min at 4°C. After separation of the
serum, it was frozen at -20°C. Analyses of
biochemical parameters were performed in a
laboratory with special porcine kits with an
Olympus AU640 apparatus (Beckman/Olympus
counter) according to methods approved by the
International Federation for Clinical Chemistry
(IFCC). Biochemical indicators of liver
enzymes Alanine aminotransferase (ALAT) and
Aspartate  aminotransferase (ASAT) were
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analysed by UV kinetic method; the total protein
in the blood, by photometric colorimetric
method. The indicators responsible for
carbohydrate and protein metabolism were also
investigated: glucose content by the hexokinase
glucose-6-phosphate  dehydrogenase method,
creatinine - by the Jaffe kinetic method and urea
by the enzymatic method (Urease/GLDH).

The lipid profile was studied - contents of total

cholesterol, LDL, HDL cholesterol and
triglycerides in the blood serum. The content of
total cholesterol and triglycerides was

determined by an enzymatic colorimetric
method, and LDL and HDL - by a direct method.
Statistical analysis of the results

The experiment was based on a 2 x 2 factorial
design (sex of pigs x dose of dihydroquercetin).
Data were analyzed using the statistical software
package Genstat (21st edition) (IACR
Rothamstead, Hertfordshire, UK). Comparisons
between study variables were performed by one-
way ANOVA analysis (with spatial blocks)
followed by Duncan's multiple range test. All
data were checked for homogeneity of variances
and normality before conducting ANOVA. An
orthogonal polynomial test was used to check if
there is a potential linear relationship between
the increase in DHQ levels and the increase in
the values of the investigated parameters. In all
cases, differences between groups were reported
as significant at P<0.05

RESULTS AND DISCUSSIONS

During the experimental period, no difference in
feed consumption was found both between
groups and within groups between individuals
(Table 2). In total, for the research period of 43
days from the end of October to the beginning
of December 2021, a feed intake of 3.186
kg/pig/day was recorded. Similar feed
consumption was recorded in our previous study
(Ivanova et al., 2021a) - 3.095 kg/pig/day in the
group consuming 7.5 mg DHQ per kg live
weight per day. No statistically significant
differences were found in the final live weight
of the fattening pigs between the groups with
different levels of DHQ tested and the control
group, indicating that the intake of DHQ had no
effect on the weight development of the animals.
No differences were found between male and
female animals and in ADG as well (P>0.05). In



contrast to our study, growth-stimulating effect
of DHQ was found in Russia when the
preparation "Ekostimul-1" (containing about
80% DHQ) was administered to 4 groups of
weaned pigs of the Large White breed after
weaning at the age of 60 days for 30 days
(Fomichev et al., 2016). In two of the
experimental groups, there was an increase in
ADG with a mean value of 540 g, which was 97
g or 21.8% higher than in the control group
(P<0.001). Moreover, the combined use of DHQ
with probiotics increased the average daily gain
of suckling piglets by 21.5% (P<0.001), while
reducing feed consumption per 1 kg of gain by
17.7%, reducing the number of disorders in the
digestive system for the entire experimental
period by an average of 45.6%, and increases the
economic effect by 16.5% (Fomochev et al.,
2017). The inclusion of another feed supplement
with DHQ (Ekostimul-2, containing an extract
of Daurian larch with 80% DHQ and 20% other
antioxidants) in the diet of pigs in the post-
weaning period in a dosage of 50 mg/head/day
significantly weakened the effect of stress
factors of the environment and increased the
adaptive capacity of animals (Nikanova &
Fomichev, 2012). As a result, ADG in the post-
weaning period was 20.6% higher than in
control individuals.

Regarding feed utilization, no statistically
significant differences were found in this study.

The application of DHQ resulted in a reduction
of feed required to form 1 kg body mass by
4.80% in DHQI and by 4.22% in DHQ2 (Table
2). The values of the indicator itself were
relatively high, due to the temperature in the
room in the autumn-winter period. Different
levels of DHQ generally had an effect on back
fat thickness in this study. Small differences
were observed in the thickness of the fat at point
X», where it was the thinnest in DHQ2 - by
5.67% compared to the C and by 1.42%
compared to the DHQ1. In another study carried
out by us (Ivanova et al., 2021a), with the
addition of DHQ to the feed of fattening pigs in
an amount of 7.5 g/kg live weight, a reduction
of back fat by 15.49% was found at point X;
(P<0.05). Similarly, in a study of Yordanova et
al. (2022) in fattening pigs, a 12.02% reduction
in back fat at point X2 was found, when adding
7.5 g per head per day apple pectin (containing
polyphenols). An effect of supplementation with
active components polyphenols was also repor-
ted in our study with entire male pigs (Ivanova
et al., 2021b). A 33.5% (P<0.0001) and 18.32%
reduction in the point X> (n.s.) of the back fat
were reported. This effect of dihydroquercetin is
likely due to its composition. Numerous human
nutrition studies have found that polyphenols
have the property to affect adipose tissue,
decreasing its content (Hu et al., 2020; Singh et
al., 2020; Aloo et al., 2023).

Table 2. Performance and back fat thickness measurements in vivo (PigLog 105) at two levels of DHQ in fattening pigs

Variables Parameters

Initial live  Final live ~ Total ~ Av.daily =~ FCR?® X;°, X, X3¢ Lmd

weight weight gain gain (kg) (mm) (mm)  (MLT) (%)
(kg) (kg) (kg) (kg) (mm)

Sex
Female (F) 64.9 102.7 36.40 0.847 3.736 17.3 12.60 473 55.79
Male (M) 68.0 101.3 34.75 0.808 3.900 19.4 14.93 44.0 53.01
SEM 2.32 2.23 1.065 0.025 0.128 1.44 0.856 1.70 0.964
DHQ (dihydroquercetin)
Level 0¢ 66.5 100.9 34.43 0.801 3.936 18.5 14.10 41.6 53.92
Level 1¢ 66.3 102.8 33.50 0.848 3.747 18.2 13.90 473 54.72
Level 2¢ 66.5 102.3 35.85 0.834 3.770 18.3 13.30 48.2 54.36
SEM 2.85 2.73 1.304 0.030 0.157 1.77 1.048 2.08 1.180
Sex.DHQ
Fx0 68.2 102.2 34.00 0.791 4.019 17.4 12.80 434 55.10
Fx1 65.4 104.8 39.40 0.916 3.409 16.4 12.40 47.8 56.36
Fx2 61.0 96.8 35.80 0.833 3.779 18.0 12.60 50.8 55.92
Mx0 64.7 99.6 34.86 0.811 3.854 19.6 15.40 39.7 52.74
Mx1 67.3 100.8 33.50 0.779 4.086 20.0 15.40 46.8 53.08
Mx2 71.9 107.8 35.90 0.835 3.761 18.6 14.00 45.6 53.20
SEM 4.03 3.85 1.844 0.043 0.222 2.50 1.482 2.94 1.669
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CV% 13.6 8.5 11.6 11.6 13.0 30.5 24.1 14.2 6.9
Probabilities

Sex 0.285 0.645 0.285 0.285 0.373 0.307 0.066 0.158 0.052
DHQ 0.540 0.878 0.540 0.540 0.654 0.993 0.855 0.051 0.880
LINg 0.449 0.720 0.449 0.449 0.461 0.937 0.594 0.025 0.705
Sex.DHQ 0.155 0.121 0.155 0.155 0.151 0.836 0.855 0.746 0.962
Interaction 0.838 0.090 0.838 0.838 0.743 0.752 0.689 0.781 0.915

Legend: a - FCR - Feed conversion ratio;

b - thickness of back fat in points X1 and X»;

¢ - X3(MLT) - Thickness of m. Longissimus Thoracis (MLT);
d - LM - lean meat percentage;

e - Level 0 - control group, without DHQ; level 1-100 g DHQ/kg feed; level 2-200 g DHQ/kg feed;

f - probability trough F criterion of Fisher;

g - LIN - linearity - linear raising of parameters at linear increase of amount of DHQ added to feed.

In this study, a trend for the effect of
dihydroquercetin on the thickness of MLT,
measured in vivo was found. Muscle thickness
was higher in both DHQ-fed groups, by 12.05%
and 13.69%, resp. than in the C group. It was
very close to significance (P =0.051), obeying a
linear relationship (P = 0.025), and indicating
that the addition of two successive levels of
DHQ increased the value of the thickness of
MLT in a gradient manner. This is an interesting
result and has not been reported before. It
indicating that, despite minimal differences in
back fat thickness, and lean meat percentage,
there is an effect of DHQ on MLT thickness.
This important characteristic has a favourable
effect on consumer expectations for a quality
product. A similar result was found in our
previous study with DHQ in fattening pigs, but
with an inverse relationship regarding the
increase in the amount of supplement in the diet.
The dosage of 3.5 mg/kg live weight signifi-
cantly increased MLT by 13.37% (P<0.05), and
the dosage of 7.5 mg/kg by 6.63% (n.s.). In
addition, dihydroquercetin may have a bene-
ficial effect in the prevention of myopathic
changes in the structure and proportion of
muscle fibres in the MLT (Semenova et al.,
2020). This result was found in a study of
fattening pigs fed with a DHQ supplement at a
dose of 40 mg/kg, given as an adaptogen to test
the effect of a modelled technological stress on
the state of muscle tissue.

The percentage of lean meat measured in vivo
did not follow the trend found in MLT, i.e. no
statistically  significant  differences were
observed between the experimental and control
groups. A trend was found for the effect of sex
on the percentage of lean meat in female animals
in the experiment (P = 0.052). Greater MLT
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thickness of 6.97% was observed in female
animals. The percentage of lean meat was also
higher in females compared to males - 2.78% in
absolute terms. A statistically significant higher
percentage of lean meat (in vivo) was found in
our previous study using polyphenols (dry
residue of distilled rose petal) in male entire
pigs, and the differences with the castrated
control group were significant (P = 0.006), but
the trial ended at a higher live weight of the
animals (Ivanova et al., 2021D).

The normal functioning of cells, organs and the
body as a whole is maintained by homeostasis.
The content of glucose in the blood is regulated
by a multicomponent neuroendocrine complex,
in which the sugar-lowering factor is insulin,
and the sugar-raising factor is adrenaline,
glucagon and glucocorticoids. In our study, as it
is showed in Table 3, a dependence on DHQ
intake was found to reduce blood glucose by
9.73% in the group of pigs receiving 100 mg/kg
feed DHQ and by 11.09% in the group of pigs
receiving 200 mg/kg feed DHQ (P<0.05). With
this indicator, a linear dependence (P = 0.022)
was established, which shows that the blood
glucose content decreases linearly with an
increase in the DHQ dose. The administration of
dihydroquercetin in diets of the experimental
groups played a role of protected liver function.
Aa a result, a reduced glucose synthesis was
observed within the physiological norm and an
increased glucose content in the animals of the
control group, demonstrating the hypoglycemic
effect of DHQ. Our results were in line with
those of Bule et al. (2019), who in a recent
systematic review of the available literature in
different animal species, using the method of
meta-analyses, showed that quercetin reduced
serum glucose levels at doses of 10, 25 and 50



mg/kg per kg body weight in fattening pigs.
Studies by Fomichev et al. (2017) showed that
supplementation of DHQ in diets of young pigs
maintained blood glucose content within the
physiological range, while in control pigs it was
higher and may suggest increased function of
the adrenal cortex. In relation to this, a presence
of gluconeogenesis may appear. The trend we
found also coincided with the action of
flavonoids found in humans, which could

regulate glucose metabolism, liver enzyme
activity and lipid profile (Al-Ishaq et al., 2019),
thus ameliorating the pathogenesis of diabetes
and its complications. Vessal et al. (2003) also
found that quercetin supplementation for two
weeks reliably lowered blood glucose levels,
increased the expression of genes involved in
cell survival and proliferation in the liver, and
enhanced serum insulin in STZ-induced diabetic
mice.

Table 3. Biochemical indices in fattening pigs fed two levels of dihydroquercetin

Variables Parameters

GLU TRI CHOL HDL LDL ALT  ASAT  TotProt CRE  UREA
Sex
Female (F) 495  0.321 2.527 1.149 1.213 58.7 36.0 65.79 119.8 6.61
Male (M) 4.61 0314 2.465 1.113 1.207 54.9 29.4 66.77 113.9 5.56
SEM 0.134 0.016 0.064 0.033 0.048 2.07 4.20 1.004 2.46 0.257
DHQ (dihydroquercetin)*
Level 0 5.14> 0334 2.400 1.070* 1.187 57.7 329 67.13 113.1 5.93
Level 1 4.64*  0.339 2.447 1.084* 1.188 53.5 29.6 64.71 121.1 5.90
Level 2 4.57*  0.280 2.640 1.239° 1.254 59.2 35.6 67.01 116.3 6.42
SEM 0.164  0.020 0.078 0.040 0.058 2.54 5.15 1.230 3.02 0.314
Fx0 530 0.318 2.340 1.066 1.144 60.8 41.8 67.32® 115.8 6.32
Fx1 472 0.346 2.520 1.116 1.212 52.8 28.4 62.00* 122.2 6.68
Fx2 4.84  0.300 2.720 1.266 1.282 62.4 37.8 68.06° 121.4 6.82
Mx0 498  0.350 2.460 1.074 1.230 54.6 24.0 66.94%® 110.4 5.54
Mx1 456  0.333 2.375 1.052 1.165 54.2 30.8 67.42° 120.0 5.12
Mx2 430  0.260 2.560 1.212 1.226 56.0 33.4 65.96® 111.2 6.02
SEM 0.232  0.028 0.110 0.057 0.082 3.59 7.28 1.739 4.27 0.444
CV% 10.8 19.9 9.9 11.3 15.2 14.1 49.8 5.9 8.2 16.3
Probabilities®
Sex 0.085 0.759 0.500 0.441 0.934 0.215  0.278 0.497 0.102 0.008
DHQ 0.043  0.089 0.092 0.012 0.655 0.277  0.714 0.310 0.190 0.434
LIN¢ 0.022  0.069 0.040 0.007 0.425 0.124  0.714 0.946 0.096 0.281
Sex.DHQ 0.716  0.449 0.377 0.795 0.534 0475 0.384 0.098 0.646 0.612
Interaction 0.508 0.848 0.519 0.686 0.668 0.227  0.295 0.037 0.456 0.327

Legend: * - 0 — control group, without DHQ; level 1 — 100 g DHQ/kg feed; level 2 — 200 g DHQ/kg feed;

Statistically significant differences are marked with different letters, as follows: a, b — probability at P < 0,05; ¢ — probability trough F criterion of
Fisher; d — LIN — linearity — linear raising of parameters at linear increase of amount of DHQ added to feed.

The addition of dihydroquercetin to the feed of
fattening pigs in our experiment greatly had
effect on their fat metabolism, with almost all
indicators being affected in the direction of
reduction. The results of the study (table 3) show
that the intake of 200 mg of DHQ in fattening
pigs had a significant effect on the content of
triglycerides in the blood. A trend was found for
their reduction by 16.17% (P<0.01), and it was
more pronounced in male animals, which values
were lowered by 25.71% (P<0.01). Total
cholesterol values, however, showed a linear
increase (P=0.040) with increasing DHQ dose,

with a more pronounced effect at the higher
DHQ dose (200 mg/kg feed). The blood
cholesterol content of all pigs consuming the
supplement at this dose was higher than that of
control pigs by 9.09% (n.s.). The effect of
gender was shown, with the difference being
higher in females (13.97%) compared to males
(3.90%). Interestingly, the trend shown for the
recorded increase in blood cholesterol content
was at the expense of the so-called "good" or
high-density cholesterol (HDL). This increase
of 13.64% in DHQ2 animals showed high
probability (P = 0.012) and high linear
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dependence (P = 0.007). This means that the
gradient levels of dihydroquercetin raised the
content of "good" cholesterol. Differences in
this indicator by gender between the treated and
control groups were in favour of female animals
as well (15.80% vs. 11.39% in males).

It is evident from the literature that very few
studies have been conducted regarding the
effects of quercetin and  especially
dihydroquercetin on lipid metabolism in pigs.
Furthermore, the interpretation of the results of
the present study suggests that dihydroquercetin
lowers blood lipids to levels similar to the
effects of other flavonoids, and that the results
for blood serum cholesterol content are different
from organ cholesterol content. A much more
detailed study showed that quercetin reduced
triglyceride content via the PPAR signalling
pathway in primary hepatocytes of broiler
chickens (Wang et al, 2019). Moreover,
flavonoids from sea buckthorn fruit had a
quadratic effect on the content of triglycerides
and VLDL in the liver of broiler chickens (Han
et al., 2009). In a study of Tang et al. (2013),
quercetin  treatment significantly reduced
cholesterol content in the liver, heart, kidney and
small intestine of rats. Quesada et al. (2009)
reported that effect of treatment with grape seed
procyanidin extract caused slightly reduction in
triglyceride and cholesterol content in the liver
of rats. Zhai et al. (2016) found that quercetin
reduced serum triglyceride content in tilapia
(freshwater fish), which may be useful to avoid
pathological changes in fatty liver. Kuipers et al.
(2018) also reported that quercetin reduced
plasma triglyceride level in 9-week-old mice.
Additionally, a flavonoid from hawthorn leaf
extract significantly reduced serum cholesterol,
triglycerides, and very high-density lipoprotein
(VHDL) cholesterol levels in mice.

In our study, no statistically significant
differences were found between the control and
experimental groups, as well as between the two
groups with different levels of DHQ
supplementation, regarding the values of the
liver enzymes AST and ALT (table 3), which
give an idea of the production of enzymes in
organism. Under physiological conditions, these
enzymes are present in small amounts in the
peripheral blood. ALT is a specific marker of the
functional state of the liver, and an increase in
AST activity is characteristic of disorders of the
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functions of the cardiovascular system. In our
study, dihydroquercetin did not affect the levels
of these enzymes in the blood, but in another
study with pigs, it was found that after
administration of the larch bioflavonoid
complex, the activity of  alanine
aminotransferase decreased by 12.8%, of
aspartate  aminotransferase by 23, 5%
(Fomichev et al., 2017).

A statistically significant difference between the
groups as well as an interaction (P=0.037) was
found for total blood protein content, with
female animals in DHQ1 group having a lower
total protein by 8.90% of the other experimental
group DHQ2, but both groups had no
statistically significant differences with the
control group. No differences were found due to
the administration of dihydroquercetin in the
indicators of protein metabolism, creatinine and
urea content in the blood, as well. According to
the last indicator, a statistically significant
difference of 15.88% was found between male
and female animals in favour of females
(P=0.008), but such a difference is a gender
feature that is also characteristic of humans (Liu
etal., 2021).

During the entire study, for the entire
experimental period of 43 days, no cases of
animal disease were recorded, i.e. Throughout
the study, clinically healthy animals were used,
which is evident in the values of the biochemical
indicators, all of them being within the reference
limits. This may be the reason why the activity-
stimulating action of dihydroquercetin in the
direction of stabilization and improvement of
the work of all organs and systems was not
manifested. The biologically active substance
DHQ was used in animal husbandry, especially
when the farming of animals was carried out in
areas contaminated with anthropogenic heavy
metals (Pb, Cd, As, Hg and others) and
radionuclides (90Sr, 137Cs) or they were
exposed to pollution from industrial enterprises
from the chemical, metallurgical, petrochemical
and other industries (Fomichev et al., 2016).

CONCLUSIONS
Administration of dihydroquercetin did not

affect parameters of pig performance in
fattening period from 66 to 100 kg live weight.



The addition of two consecutive levels of DHQ
increased MLT, measured in vivo, linearly
(P=0.025).

Dihydroquercetin had a positive effect on
carbohydrate metabolism in fattening pigs in the
direction of reducing blood glucose content,
with linear reliability at both levels used
100 mg/kg and 200 mg/kg feed (P<0.05).

The intake of DHQ affected the fat metabolism
of pigs. The addition of DHQ at a dose of
200 mg/kg feed to the diets of fattening pigs
showed a trend to reduce the content of
triglycerides and linearly increase total
cholesterol (P<0.05), and this increase was at the
expense of high-density cholesterol HDL
(P<0.05).
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Abstract

This study aimed to examine the impact of feeding with frozen and dried pollen on the development of bee colonies (Apis
mellifera L.). The study monitored changes in the strength of the bee colonies (SBC), the amount of sealed worker bee
brood (SWBB), and food reserves (honey and pollen) before and after feeding during the Autumn and Spring periods.
The experiment was conducted with one control group (CG) and two experimental groups - two bee colonies fed with
frozen pollen (GFFP) and two bee colonies fed with dried pollen (GFDP). The results showed that during the Spring
period, the SBC fed with frozen pollen was 36.52% higher than the SBC of the CG. For the same period, a higher value
of the amount of pollen and the amount of SWBB was also observed in the GFFP compared to its value in the CG. In the
Autumn period, the amount of brood in GFDP was 51.20% more than in the CG. In the GFFP, a greater amount of brood
was also found compared to the CG, with the difference being 48.30%.

Key words: Apis mellifera L., development of bee colonies, feeding, frozen and dried pollen.

INTRODUCTION

The development of bee colonies throughout the
year is a dynamic process associated with
adaptation to constantly changing
environmental factors (Cebotari & Buzu, 2023).
The number and functions of the separate
individuals, as well as the relationships between
them, are constantly changing and in this way,
the maximum utilization of the available honey-
bearing vegetation is reached.

According to Nedyalkov et al. (1991), the year-
round life of the colony is divided into two
periods - a period of active work and a period of
relative rest, associated with the seasons spring
- summer and autumn - winter, respectively. The
period of active work begins with the laying of
the first eggs by the queen bee in January -
February. Bee activity increases when they
begin to feed the first larvae in the hive. With the
increase in the proportion of flowering
vegetation in the spring, the brood in the bee
colonies gradually increases and reaches its
amaximum in May-June, when in one day the
queen bee lays 1500-2000 eggs. At the
beginning of the main pasture, the colony
reaches the highest point in its development
during the year. Collecting pollen in autumn is
very important for replenishing the reserves in
the bees' fat body. This, in turn, ensures proper
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wintering and early brood rearing in the spring
(Bizhev et al., 2003).

In periods when brood is being raised in the bee
nests, the “nurse” bees need a large amount of
protein, which they obtain from the pollen
entering the hive. It is carried by the “forager”
bees. They use the secretion of their salivary
glands to shape the collected pollen from plants
into pollen grains, which they place in baskets
made of hairs on the third pair of legs (Garbuzov
& Ratnieks, 2014). When the “forager” bees
arrive at the hive, they place the pollen grains in
the comb cells, compacting them, replenishing
the cells with honey and finally sealing them
with wax caps (Nicolson et al., 2018).

After the pollen cells in the bee comb are sealed,
lactic acid fermentation takes place with the
participation of strains of lactic acid bacteria
(Nepi et al., 2018). Thanks to the fermentation,
acidity increases and thus prevents unwanted
processes in the pollen, and also improves its
nutritional value. After these changes in the
pollen, it becomes “bee bread”, which is the
main source of protein for bees. The availability
of pollen in bee colonies is particularly
important in the production of royal jelly and the
rearing of larvae and young worker bees (Abou-
Shaara, 2014).

The development of modern agriculture has
largely led to a change in the natural habitats of



pollinators. This also limits the diversity of
floral resources for honey bees (Biesmeijer et
al., 2006). Furthermore, seeding large areas with
agricultural crops of the same species reduces
the diversity of flowering plant species within
the flight radius of bees around hives (Grundel
et al., 2010; Rands & Whitney, 2010). Mass
flowering monocultures provide temporary
availability of nectar and pollen for bees (Todd
et al., 2016). For these reasons, the loss of
biodiversity of floral resources can lead to
suboptimal bee nutrition, which in turn leads to
reduced bee immunity and poor health (Dolezal
et al., 2019; De Grandi-Hoffman et al., 2010).
The natural foods for bees (nectar, manna,
honey, pollen, royal jelly) contain all the
nutrients necessary for the normal development
of bee individuals. Regardless, in beekeeping
practice, supplemental feeding of bee colonies is
practiced, aiming to compensate for the lack of
food coming into the bee colonies from nature.
Supplemental feeding of bee colonies is also
relevant in connection with global warming and
climate change. The presence of long periods of
drought and lack of nectar and pollen in nature
leads to stress in the development of the colonies
and to their death.

Regarding the proper breeding and development
of bee colonies, we consider it reasonable to
study the effect of supplemental feeding of bees
with dried and freshly collected frozen pollen.

MATERIALS AND METHODS

The survey was conducted in the fall of 2022 and
the spring of 2023 at the Educational
Experimental Base of the Beekeeping section at
the Faculty of Agriculture of Trakia University -
Stara Zagora. Feeding of bee colonies of the
local honey bee (Apis mellifera L.) settled in
Dadant-Blatt 10-frame hives was carried out.
The colonies were previously equalized by the
age of the queen bees, strength, amount of
brood, and food reserves. Two experimental and
one control groups were formed with two bee
colonies each, as follows:

- 1% Experimental group (GFDP) - six
feedings at seven days’ intervals with 160 g
polyfloral bee honey mixed with 40 g of dried
pollen;
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- 2" Experimental group (GFFP) - six
feedings at seven days’ intervals with 160 g
polyfloral bee honey mixed with 40 g of frozen
fresh pollen;

- Control group (CG) — six feedings at seven
days’ intervals with 200 g polyfloral bee honey;
The development of the bee colonies from the
experimental and control groups was monitored
in terms of the following indicators - strength,
amount of sealed worker brood and food
reserves (honey and pollen) in the autumn and
spring periods, before and after feeding. Classic
methods established in beekeeping were used to
determine the indicated parameters.

1. Determining the strength of bee colonies
(SBC)

To determine the strength of the bee colonies, it
is taken into account that in the Dadant-Blatt
hive, a densely occupied inter-frame space
accommodates about 0.250 kg of bees. The
inter-frame spaces occupied with bees are
counted and their number is multiplied by
0.250 kg. Since the weight of one worker bee is
approximately 100 mg, it is assumed that there
are 10,000 bees in 1 kg.

2. Determining the amount of sealed worker
brood (SWBB)

When determining the amount of sealed worker
brood, a measuring frame with 5/5 cm squares
was used, which was placed on the brood comb
(Figure 1). One square of the measuring frame
has an area of 25 cm?. One square centimeter
accommodates 4 worker cells, and 25 cm? — 100
cells (Nenchev & Zhelyazkova, 2010).

From the specified amount of brood, the bees
will hatch in a period of 12 days, because the
pupa stage (sealed brood) lasts 12 days. For this
reason, the brood measurement is carried out
over 12-day periods.

3. Determining the amount of sealed honey
and pollen in the combs

- amount of honey — only the sealed honey is
determined

To determine the area of sealed honey, a
measuring frame with 5/5 cm squares is placed
over the measured honeycomb (Figure 2).
The area of one square in the measuring frame is
25 cm?.



Figure 2. Determining the area of sealed honey with a measuring frame (own source)

When determining the amount of honey in
kilograms, it is assumed that there is 0.350 kg
of honey on an area of 1 dm? (100 cm?) of the
comb filled on both sides, 0.175 kg on one side,
respectively (Nenchev & Zhelyazkova, 2010).
After counting the filled squares, the area of the
sealed honey is determined by the following
formula (Lazarov & Dineva, 2022):

Shf =n. 25, sz
where n is the number of squares filled with
honey.

The total amount of honey on one side of the
comb is calculated by the following formula:

Shf-0,175
=Y "y
Qnf 100 g
where: Qhf — amount of honey, kg;
Shf — area of the sealed honey, cm?

- amount of pollen — determined with a
measuring frame with 5/5 cm squares. Within
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one square of the measuring frame, there are 25
cm?. The measuring frame is placed on the
pollen combs counting the squares filled with
pollen.

Statistical software IBM SPSS Statistics 26.0
(NY, USA) was used for data processing.
Univariate ANOVA analysis was used to study
the effect of supplemental feeding of bee
colonies with frozen and dried pollen on the
development of bee colonies in the autumn and
spring periods. Significant differences between
the groups at p < 0.05 were calculated by the
Post Hoc procedure with the Scheffe test.
Levene’s test was applied to verify the data
variations.

RESULTS AND DISCUSSIONS

1. Bee colony strength

Figure 3 shows the results from the Univariate
ANOVA analysis regarding the bee colony
strength for the periods after spring and autumn
supplemental feeding with dried and frozen
fresh pollen.



Autumn period

1,000
2 Sig.=0,046 b
ﬁ, Rsqr.=0,053
£ 0,000
5
=
a
2 0,800
ko b
°
o EZ
2 0,700 bsd
E- 0,688
2 0,638
H 0,600 0,113
=
3 R
g 0,108 —L+0250
0,500
Control Dried bee pollen Frozen bee pollen
Type of feeding A

Spring period

1200 i
;l N Sig.=0,047
= Rsqr.=0,243
& b
2 1,000 2
g 10,931
2 a
2 0,300
2
Q

0,305

: ,
S 0,600 0,501
o
a
@
H 0400
= 0,267 — 10292
s
@
£

0,200

Control Dried bee pollen Frozen bee pollen
Type of feeding B

Figure 3. Strength of bee colonies, kg

In the autumn period after feeding the bee
colonies, close average values of the strength of
the bee colonies were found in the experimental
and control groups: GFDP - 0.638+0.113 kg,
GFFP - 0.734+0.125 kg and CG - 0.688+0.113
kg, respectively. A significant difference was
reported between the two experimental groups
(Figure 3A).

A significant difference in the strength of bee
colonies fed with frozen pollen and the CG was
observed during the spring period (Figure 3B).
The strength of bee colonies from this group was
0.931£0.305 kg, and for colonies from the CG,
it was 0.591+0.267 kg. The indicated difference
is 36.52%, which is indicative of the effect of
feeding with frozen pollen. Probably, with this
way of storing the pollen, its qualities are
preserved to the greatest extent compared to
drying it. De Grandi-Hoffman et al. (2016)
found that feeding bee colonies with floral
pollen before wintering and in early spring
positively influences their wintering ability and
supports the development of bee colonies during
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the spring period. The authors establish that bees
fed with floral pollen were stronger, healthier,
and more active. In colonies fed with dried
pollen during this period of the year, the
difference compared to the control group is
insignificant - 11%. Similar to the autumn
period, a statistically significant difference
between the two experimental groups fed with
frozen and dried pollen was recorded in the
spring. The coefficients of determination R
(0.053; 0.243) for both periods show that from
5.3% to 24.5% of the variations in the SBC are
due to the type of feeding. This again confirms
the significance of the type of pollen used for
feeding to the strength of bee colonies.

2. Amount of honey

Figure 4 presents the results from the Univariate
ANOVA analysis regarding the presence of
sealed honey in bee nests for the period after
spring and autumn feeding with dried and frozen
fresh pollen.
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Figure 4. Amount of honey in bee colonies, kg



In the autumn period, it was found that in the
GFFP, the average value of the amount of honey
was 4.555+2.077 kg, which is 17.76% higher
compared to the value of this parameter in the
colonies from the CG. A probable reason for this
is that during this period the strength of colonies
(number of bees) from this group was higher
(GFFP - 0.734+0.125 kg) and CG (0.688+0.113
kg), respectively (Fig. 3A). The analysis of the
results for the autumn period illustrated on
Figure 4A shows that the average value of the
amount of honey of the GFDP (2.871+1.289 kg)
was lower than that of the CG (3.746+1.528 kg).
It can be assumed that this is also due to the
lesser strength of the colonies from the
experimental group fed with dried pollen
compared to the strength of the families from the
CG (Figure 3A). A significant difference was
found regarding the amount of honey in bee
nests between the two experimental groups.
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After the spring feeding, statistically significant
differences were recorded between the average
values of the amounts of honey obtained from
the CG (3.538+1.643 kg) and the GFDP, as well
as between the two experimental groups - GFDP
(2.455+0.552 kg) and GFFP (3.145 +1.382 kg).
The coefficients of determination R? (0.107 and
0.163) for the two periods show that from 10.7%
to 16.3% of the variations in the amounts of
honey produced by the bee colonies are due to
the type of their supplemental feeding, which
reflects on their strength.

3. Surface area bee pollen

Figure 5 presents the results of the Univariate
ANOVA analysis regarding the area of bee
pollen in the combs stored by the bee colonies
for the periods after the spring and autumn
feeding with dried and frozen fresh pollen.
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Figure 5. Bee pollen area, cm?

When analyzing the results for pollen content in
bee colonies after feeding, it was found that in
the autumn period, the value of this parameter
for the GFDP was the same as for the CG (17.19
cm?), (Figure 5A). The value of the indicator in
the GFFP pollen was even lower (13.28 cm?). A
possible reason for this is that bee colonies do
not store the extra pollen supplied by the
experiment.

During the spring period (Figure 5B),
significantly larger areas of pollen in combs
were observed in the GFFP than in the CG,
113.28459.051 cm? and 74.22+39.58 cm?,
respectively. This difference is meaningful. It is
possible that the bees mix and process the pollen
that is additionally provided to them in the
experiment with that which they bring into the
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hives from nature and store it in the combs. The
presence of pollen in the bee colonies during this
period is particularly important in the production
of royal jelly and the rearing of the larvae and
young worker bees (Abou-Shaara, 2014).
Significant differences were found in the pollen
content of bee colonies fed with dried and fresh
frozen pollen, both in autumn and in spring. The
coefficients of determination R? (0.047 and
0.329) for the two periods show that from 4.7%
to 32.9% of the variations in pollen content of
the combs are due to the type of feeding of the
bee colonies.

4. Surface area capped brood
Figure 6 presents the results of Univariate
ANOVA analysis on the area of sealed worker



brood for the periods following spring and
autumn feeding with dried and frozen fresh
pollen.

Regarding the influence of supplemental
feeding of the bee families and brood keeping in
the autumn period, it was observed that in the
colonies receiving dried pollen, the amount of
brood was 390.63+337.781 cm?, which is
51.20% more than in the CG (190.630+252.446
cm?), (Figure 6). This is a significant difference,
and bearing in mind that for the successful
wintering of bee colonies, it is necessary to
provide them with a large number of worker
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bees to hatch in the autumn, it is not to be
neglected at all. Some authors establish a
relationship between the nutritional value of
pollen and the development, reproduction, and
productivity of bee colonies (Radev et al., 2014).
In the GFFP, a greater amount of brood was also
found compared to the CG, the difference being
48.30% (Figure 6A). These results show the
beneficial effect of supplemental feeding of bee
colonies during the autumn period, when in
nature the availability of pollen is limited. A
similar statement is shared by other authors
(Bizhev et al., 2003).

Spring period

$ig=0,043

Rsqr.=0,232 ab

a

837,50
483477

Control

brood, cm

=876,989

mean + SD Surface area capped

+471,876

Dried bee pollen Frozen bee pollen

Type of feeding B

Figure 6. Area of capped worker brood, cm?

Seasonal and climatic changes throughout the
year lead to a significant decrease in resources
from nectar-producing plants in nature (Sahin et
al., 2015). When natural nectar-producing
vegetation is insufficient, the egg-laying rate of
the queen bee decreases, which in turn leads to a
reduction in the quantity of brood and the
number of bees in the bee colony.

Figure 6B shows that during the spring period
feeding colonies with dried pollen does not lead
to an increase in the amount of brood. In this
group, its amount is less than in the CG.
Analysing the results for this indicator in the
GFFP during the spring period, it can be seen
that the amount of brood is 38.58% higher than
its level in the CG, and this difference is
statistically significant (Figure 6B).

The coefficients of determination R? (0.097 and
0.232) for the two periods show that from 9.7%
to 23.2% of the variations in the amount of
brood are due to the type of feeding of the bee
colonies.
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CONCLUSIONS

During the spring period, the strength of bee
colonies from the group fed with frozen pollen
was 0.931+0.305 kg, and for colonies from the
control group, it was 0.591+£0.267 kg. The
indicated difference is 36.52%, which is
indicative of the effect of feeding with frozen
pollen during this period of the year. In the
colonies fed with dried pollen during the same
period of the year, the difference compared to
the control group is insignificant - 11%.

During the spring period, significantly larger
areas of pollen in the combs were observed in
the group fed with frozen pollen than in the
control group, 113.28+59.051 cm? and
74.22+39.58 cm?, respectively. This difference
is significant, and it is likely that the bees mix
and process the pollen that is additionally
provided to them in the experiment with the one
they bring into the hives from nature and store it
in the combs.



During the autumn period, it was observed that
in the colonies receiving dried pollen, the
amount of brood was 390.63+337.781 cm?,
which is 51.20% more than in the control group
(190.630+252.446 cm?). In the group fed with
frozen pollen for this period, a greater amount of
brood was also found compared to the control
group, the difference being 48.30%. The results
for this indicator show that the amount of brood
in the group fed with frozen pollen in the spring
period is 38.58% higher than its value in the
control group.

For all studied parameters, significant
differences were found between the two
experimental groups, both in the autumn and in
the spring period, which confirms the authors'
thesis that the type of pollen used for
supplemental feeding has a significant impact on
the development of bee colonies.
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Abstract

This study aims to evaluate the impact of 25% proso millet on growth performance, plasma protein profile, and
nitrogen balance and to predict the releases of some greenhouse gas emissions (GES) from enteric fermentation and in
the growing pig manure. During 21 days, two groups of 10 castrated male Topigs pigs with the same weight (30.48 +
0.26 kg) and age (81 + 3d) were fed: control (corn-triticale-soybean meal, C) or experimental (corn-proso millet-
soybean meal, E). The animals were kept in metabolic cages. The GES calculation model was based on the IPCC
(2016) approach, incorporating experimental parameters and prediction equations. During the analyzed period, the
dietary treatment, increased (P<0.05) the growth parameters while the plasma protein profile was not significantly
affected. In the E group, total nitrogen excretion (4.3%, P<0.05), and nitrogen digestibility (6.1%, P<0.05) increased
while enteric CHy, g Eq.CO; decreased (14.8%, P<0.05) vs. the C group.

Key words: growing pigs, greenhouse gas emission, nitrogen balance, plasma protein profile, proso millet.

INTRODUCTION

Commonly cultivated in the world, proso millet
(Panicum miliaceum L.) 1is an important
energo-proteic source for humans and animals
(Baltensperger, 2002; Habiyaremye et al.,
2017). It is also rich in minerals, vitamins, and
different micronutrients. Thus, millet grains
have a content of 9-11% crude protein, 2-4%
crude fat, 15-20% fibre (Dayakar et al., 2017;
Lefter et al., 2020). It has progressively been
substituted by wheat and corn in the Western
diet, although it continues to be extensively
cultivated in India, Russia, the Middle East,
Turkey, and Romania. Specifically, proso
millet is a summer annual grass belonging to
the Poaceae family, reaching maturity in 60-
100 days. According to Joshi et al. (2023) and
Ramesh et al. (2024), proso millet proved to be
a resilient crop in this changing climate. The
unique characteristics of this plant, such as the
strength of its root structure, enable it to thrive
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in arid regions and on non-irrigated land with
only 200-500 mm of annual rainfall, as well as
in flooded areas (Changmei & Dorothy, 2014;
Habiyaremye et al., 2017; Bhat et al., 2019).
Recently, the interest in the potential of millets
has gained importance as Cs4 plants, particularly
for the ability to efficiently utilize atmospheric
CO; and due to other agronomic traits (Saxena
et al., 2018; Kheya et al., 2023; Titei V., 2023).
The pig meat is an important protein source for
human consumption and the amount of meat
produced is related highly to the quality of feed
provided. However, the pollution generated by
pig farms can come from the decomposition of
manure, which leads to environmental
problems that affect the atmosphere and human
health. According to data provided by the
Organization for Economic Cooperation and
Development (OECD), the environmental
consequences caused by this sector are at the
centre of concerns, especially regarding the
management of pig manure and related water



and air pollution. The European Parliament
Resolution on the strategy for a long-term
reduction of greenhouse gas (GES) emissions,
following the Paris Agreement 2019/2582
(RSP) emphasizes that: net emissions will have
to be reduced to values close to zero in all
sectors of the economy, which requires
common efforts across all sectors; pathways for
climate neutrality must be developed for all
sectors; “the polluter pays principle applies”.
The GESs are gaseous compounds that trap
heat or long-wave radiation from the
atmosphere. The greenhouse effect represents
the natural process of heating the -earth's
surface. The main sources and types of GESs
from the livestock sector are: methane (CHa)
which represents 25% of the emissions, CO2
around 32% and nitrous oxide (N2O) around
31%. These gases are usually converted to CO»
equivalent (CO2 eq.) units as an expression of
global warming potential.

Nitrogen (N) is a component of feed protein,
participates in numerous metabolic processes,
and is one of the most expensive nutrients in
pig’s diet. Thus, one important way to
minimize nitrogen excretion (NE) is by feeding
(Millet et al., 2018; Wang et al., 2018a).
Presently, the emission of N2O from the
livestock sector has increased significantly.
N2O is a greenhouse gas with a global warming
potential 298 times that of the reference CO»
(IPCC, 2006). According to Dourmad et al.
(2017) and Millet et al. (2018) only 32-46% of
ingested N is retained by pigs.

Methane is a volatile organic compound
resulting from the digestion processes that take
place in the digestive tract (enteric) and
following the fermentation processes in the
excreta (Liu et al., 2022). The global warming
potential is 25 times that of COs,.

In pig farms, CO2 emissions come from
exhalation and are released through manure
(Philippe & Nicks, 2014), although the latter
represent negligible amounts. CO is taken up
by plants throughout the photosynthesis
process. While CO; in manure comes from urea
hydrolysed into NH3 and CO, from anaerobic
fermentation processes of organic matter
resulting in intermediate products volatile fatty
acids, CHs and CO, as well as from aerobic
degradation of organic matter (Philippe &
Nicks, 2014).
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Recent studies have highlighted some
possibilities to reduce nitrogen emissions from
farms such as nutritional strategy (Mihaild et
al., 2023; Popa et al., 2022) or the adoption of
the Internet of Things devices applied on farm-
based models (Popa et al., 2021).

This study aims to evaluate the impact of 25%
proso millet on growth performance, plasma
protein profile, and nitrogen balance (NB) and
to predict the releases of some GES from
enteric fermentation and in the growing pig
manure.

MATERIALS AND METHODS

Animals and layout of the investigation

The balance trial was authorized by the Ethics
Committee of the National Research
Development Institute for Animal Biology and
Nutrition Balotesti, Romania, following the
European legislation (Directive 2010/63/EU)
and the Romanian Law no. 199/2018 for
animal trials.

Ten healthy growing TOPIGS pigs [females
Large White x Hybrid (Large White x Pietrain)
and boar Talent, particularly Duroc] with an
average live weight of 30.24 + 0.26 kg were
assigned to one of two dietary treatments with
five castrated males per group.

The pigs were fed with both a standard diet (C)
and an experimental diet (E), where the C diet's
triticale grain was totally substituted with 250
g/kg of millet grain in the E diet. Table 1 shows
that the formulated diets were isoenergetic,
isonitrogenous, and with similar content in
essential amino acids (lysine, methionine, and
cysteine). Throughout the 21-day experiment,
all pigs were provided free access to fresh
drinking water and feed. The tested diets were
provided to the pigs in pelleted form.

Table 1. Nutritional value and feed composition of the
diets used in the experiments during phase

Items (g x kg™) C E

(Corn grain 434.0 431.8
[Triticale grain 250.0 0
Millet grain 0 250.0
Rice meal 100.0 100.0
Soybean meal 180.0 180.0
Soybean oil 5.0 5.0
IDL-Methionine 0 0.6
IL-Lysine 1.7 23
(Calcium carbonate 15.7 15.2
IMonocalcium phosphate 1.5 3.0
Salt 1.0 1.0




Items (g x kg™ C E

ICholine premix 1.0 1.0
\Vitamin-mineral-premix P3+4* 10.0 10.0
Phytase (500 FTU kg-feed ') 0.1 0.1
INutritional value of diets

IDry matter 872.6 880.1
ICrude protein 145.9 149.9
IDigestible protein 127.4 126.9
ICrude fat 27.7 35.0
(Cellulose 44.9 41.5
(Crude fiber 279 28.8
IHemicellulose 72.0 76.0
INDF 107.4 113.1
ADF 354 37.1
Starch 509.9 512.0
ILysine 9.7 9.7
IDigestible lysine 7.7 79
IMethionine + cysteine 6.3 6.3
IDigestible methionine + cysteine 5.0 5.1
(Calcium 8.0 8.0
[Total phosphorus 5.9 5.9
Digestible phosphorus 2.1 22
ICrude ash 48.0 50.5
IMetabolizable energy (EM, MJ/kg)® 133 13.4
INet energy (NE, Mj/kg)* 10.2 10.3

“Supplies per kg of diet: vitamin A-6000 IU; vitamin D3-800 IU;
vitamin E-20 IU; vitamin K3-1 mg; vitamin B;-1 mg; vitamin B,-
3.04 mg; vitamin B3-10 mg; vitamin Bs-6.3 mg; vitamin Be-1.5 mg;
vitamin B7-0.03 mg; vitamin By-0.3 mg; vitamin B,-0.02 mg; Mn-
30 mg; Fe-80 mg; Cu-25 mg; Zn-100 mg; 1-0.22 mg; Se-0.22 mg; Co-
0.3 mg; antioxidant-60; NDF, neutral-detergent-fiber; ADF, acid-
detergent-fiber; ME and NE®, calculated values using regression
equations.

Plasma protein metabolites

Blood samples were collected in heparinized
vacutainers by venipuncture (jugular vein),
under aseptic conditions from all of the pigs
(n=5/group), and the determinations were done
in triplicate. Plasma concentrations of total
protein (TP), bilirubin (Bil), albumin (Alb),
creatinine (Cre), blood urea nitrogen (BUN),
and uric acid (UA) were determined using the
Spotchem EZ SP-4430 analyzer (Arkray,
Japan) and specific reagent kits.

Balance trial

Each pig was kept in individual metabolism
cages made from steel. The metabolic cages
were set in a room equipped with an
environmental computer-controlled  system
located at the INCDBNA-IBNA Experimental
Biobase. The first week served as an adaptation
period, succeeded by two balance periods. In
this second period, each day the fresh urine and
faeces were collected separately, weighed and
10% kept in the freezer at —18°C. The H2SOy4 at
25% concentration was used in each urine
container for acidification and proper presser-
vation. At the end of the balance period, a
representative sample was obtained from each
animal and subjected to additional analysis.
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The N content in the samples of urine and
faeces was determined using a semiautomatic
Kjeltec Auto 1030 Analyzer (Hillerod,
Denmark) according to the protocol described
by Untea et al. (2012).

Kleiber ratio and relative growth rate
calculation

The Kleiber ratio (KR) and the relative growth
rate (RGR) were calculated according to the
equations developed by Diaz et al. (2017). The
KR was calculated according to the average
daily gain (ADG) and the metabolic body
weight (BW”0.75). For the RGR calculation,
the following equation was used: 100 x [(logio
final BW) — (logio initial BW)]/(animal age at
the end of the experiment — animal age at the
start of the experiment). The voluntary daily
feed intake (VFI) was the amount of feed
ingested by pigs/day.

N balance parameters

The N balance parameters were determined
using input data nitrogen intake (NI, as dry
matter (DM) basis) and excretion. Based on
previously developed equations (Habeanu et
al., 2021a), the total nitrogen excreted (TNE),
nitrogen retained (NR), coefficient of total tract
apparent digestibility (CTTAD), coefficient of
metabolizability (CAM), and net protein
utilization (NPU) were calculated. Thus, TNE
was rated as the difference between NI and
nitrogen excreted (NE). The NPU was rated as
the ratio of NR to NI. CTTAD and CAM were
calculated using the equations: CAM = [(NI —
NE — UNE)/NI]; CTTAD = [(NI — E)/NI],
where: UNE means urinary nitrogen eliminated.

N20, CO: exhaled prediction and e-CH, and
CH, manure production

The prediction of the exhaled nitrogen
protoxide (N20), carbon dioxide (CO»), enteric
methane (e-CHs), and CHy in the pig manure
were calculated by corroborating our experi-
mental data, literature prediction equations
adapted by Habeanu et al. (2019a) and the
calculation model based on the methodology
proposed by IPCC (2006).

For the prediction of e-CHs expressed as eq.
CO,, was used the equation proposed by
Philippe & Nicks (2014): e-CH4=0.012 x dRes
x DM (kg per day), where dRes (g per day)



refers to the digestible residue. Exhaled CO>
production was estimated using the equation
developed by Rigolot et al. (2010). This
equation used heat production (HP) estimated
based on 0.163 1/h CO2 per Watt of heat which
was applied a correction [CO2 density (22.4
1/mol), and on the molecular mass (44 g/mol)].
The N>O emission was calculated by the
amount of NE and the conversion factor (0.2)
proposed by the IPCC, 2006, cited by Philippe
& Nick. (2014).

Statistical calculations

The experimental data are reported as means
and SEM (standard error of the mean). The
Shapiro-Wilk test was applied for the distri-
bution data model. The experimental data were
managed using the SPSS V.20 (2011). P<0.05
was used to determine whether or not there
were significant differences between values.

RESULTS AND DISCUSSIONS

Growth parameters

As shown in Table 2, the final body weight
(BW) and was 5.8% higher in the E group
(p<0.0001) comparing the C group.

Table 2. Growth parameters and fibre average daily
intake of growing pigs

Items C E SEM P-value
Initial BW, kg 3043 | 31.05 | 0.40 0.311
Final BW, kg 52.60 | 55.64 | 2.05 <0.0001
Final MBW®7 17.23 | 18.19 | 0.51 <0.0001
ADG, kg 1.10 1.26 0.14 0.046
KR 7.33 7.92 0.41 0.010
RGR 1.31 1.38 0.37 0.001
VFI, kg/day 2.71 2.78 0.03 0.586
DM VFI, kg/day 237 2.45 0.03 0.588
Gain-to-feed ratio, kg 0.41 0.47 0.04 0.263
ME consumption, MJ/kg [ 9.99 9.82 0.04 0.351
MBWO 75
Fibre average daily intake (g/head/day)
Total fibre 109.1 | 103.2 | 4.00 0.522
Hemicellulose 2174 | 227.1 6.23 0.588
Cellulose 117.3 | 109.2 5.63 0.161
NDF 282.1 | 2962 | 967 0.251
ADF 107.1 | 111.1 2.73 0.186

BW, body weight; MBW"7°, metabolic BW; ADG, average daily gain;
KR, Kleiber ratio; RGR, relative growth rate; VFI, voluntary daily feed
intakes; DM VFI dry matter voluntary daily feed intakes; ME,
metabolizable energy; NDF, neutral-detergent-fiber; ADF, acid-
detergent-fiber; SEM, standard error of the mean; P<0.05, significant
difference between means; P<0.01, distinctly significant difference
between means; P< 0.001, highly significant difference between means.

Also, for the average daily gain (ADG), KR,
and RGR parameters, significant improvement
(14.5%, 8.1%, and 5.3%) was observed.
Indicators: VFI, VFI as DM, gain-to-feed ratio,
and metabolizable energy (ME) consumption
showed no significant differences (p>0.05)
among groups.

The findings of our study are in concordance
with other research (Bastos et al., 2006;
Berglund, 2007; Nguyen, 2022) indicating that
including different varieties of millet grain to
growing pigs diets, even at 50% or more, did
not negatively impact performance.

As well, the substitution of corn with millet
between 5% and 75% in broiler diet resulted in
similar (Davis et al., 2003; Hidalgo et al., 2004)
or improved performance (Baurhoo et al.,
2011) compared with corn diets.

Instead, Hidalgo et al. (2004) and Cisse et al.
(2016) showed that the inclusion of millet in
broiler diets did not influence body weight gain
or feed efficiency compared to the corn diet.

Plasma protein metabolites

Table 3 shows the plasma protein metabolites,
valuable health status indicators, and nitrogen
metabolism. In our experiment, no significant
differences were noticed in response to the
dietary changes. Additionally, all analyzed
blood parameters fell within the standard range
for this pig category, implying that the diets
had no adverse effects. Lefter et al. (2020a;
2020b; 2021) obtained comparable results
when substituting 25% of triticale with millet
in the diets of weaning and growing pigs. The
lack of significant variations in blood protein
levels, as observed in our current study when
incorporating millet into the experimental diet,
suggests a well-balanced composition of amino
acids in the feed and the efficient nutrient
utilization of pigs.

Table 3. Plasma protein metabolites of growing pigs

Reference

Items « C E SEM | P-value
values
TP (g/dL) 58-83 5.22 5.31 0.02 0.422
T-Bil (mg/dL) 0-05 0.20 0.24 0.01 0.450
Alb (g/dL) 23-40 2.51 2.54 0.01 0.370
Cre (mg/dL) 08-2.3 111 1.10 0.02 0.210
BUN (mg/dL) 8.2-25 10.29 | 10.81 0.27 0.271
UA (mg/dL) — 0.67 0.62 0.01 0.311
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TP, total protein; T-Bil, total bilirubin; Alb, albumin; Cre, creatinine;
BUN, blood urea nitrogen; UA, uric acid; SEM, standard error of the
mean.




Nitrogen balance

Table 4 provides the indicators of nitrogen
metabolism. In this study, there was a notable
increase in both ND and NPU in the E diet as
compared to the C diet. No variations were
observed in the remaining NB parameters as an
effect of the dietary treatment.

Table 4. Nitrogen balance of growing pigs

Nitrogen balance, C E SEM P-value
g/head/day

NI 63.34 66.75 | 2.41 0.915
Fecal N content 9.34 9.44 0.07 0.192
Urinary N content 26.79 28.24 1.03 0.670
TNE 36.14 37.68 | 1.09 0.037
ND 53.99 5731 | 235 0.048
NR 27.20 29.07 | 132 0.151
Apparent digestibility, %

Digestibility of N 85.02 85.68 | 047 0.238
NE as % of intake 57.02 5643 | 0.42 0.144
CTTAD 0.85 0.86 0.01 0.760
CAM 0.43 0.44 0.01 0.870
NPU 42.97 43.56 | 0.42 0.032

NI, nitrogen ingested; TNE, total nitrogen excretion; ND nitrogen
digested; NR, nitrogen retained; NE, nitrogen excreted; CTTAD,
coefficient of total tract apparent digestibility; CAM, coefficient of
metabolizability; NPU, net protein utilization; SEM, standard error of
the mean; P<0.05, significant difference between means; P<0.01,
distinctly significant difference between means; P< 0.001, highly
significant difference between means.

The TNE, which is a crucial indicator for
evaluating N2O emissions, in the current
investigation, was higher (4.3%, P<0.05) in
pigs fed with millet diet and positively
correlated with ND. A potential explanation
might be that various combinations of cereals
exert distinct effects on feed composition and
utilization, impacting not only nutritional
aspects but also the intestinal environment.

It is well known that global pork consumption
is increasing, and it is widely recognized that
pig farming plays a crucial role in supplying a
substantial amount of high-quality food
(Moeller & Crespo, 2009). Nonetheless, the pig
farming industry is also a significant
contributor to pollution, though its impacts are
relatively limited (Hortenhuber et al., 2023).

N:20, CO; exhaled prediction and e-CH4 and
CHmanure production of growing pigs

Elevated levels of CHis, CO,, and NO,
recognized as greenhouse gases (GES) with
significant implications for the phenomenon of
climate change, are prompting significant
environmental apprehensions (Cocis & Surdu,

140

2021). Achieving an accurate estimate of GES
from livestock farms, especially in the case of
pig farming, is a challenging issue that
necessitates an integrated approach.

In this paper, we proposed to develop a model
for estimating GES emissions. This model will
be based on equations found in the specialized
literature, incorporating parameters derived
from the biological tests conducted at the
IBNA  Balotesti, Experimental Biobase.
Evidence suggests that the reduction of GES
emissions from respiration, enteric
fermentation, and manure, as well as their
management, can be achieved through carefully
designed pig nutrition strategies (Habeanu et
al., 2019b; 2020; Hortenhuber et al., 2023).
Microorganisms convert nitrates into N> and
N20O gas via denitrification. In practical terms,
as indicated by Wang et al. (2018b) this
process effectively closed the nitrogen cycle.
According to Philippe & Nick (2014) cited by
Habeanu et al. (2020) under farm conditions,
the release of N>O could reach up to 25%
during the decomposition of pig manure.
According to Rajagopal & Béline (2011) Oz
facilitates the release of N>O, which is 310
times more potent in inducing a warming effect
in the atmosphere compared to CO».

The data about the exhaled N>O, CO», e-CHg,
and CH4 from pig manure are presented in
Table 5. When comparing the C group to the E
group, the N>O production, expressed as g Eq.
CO,, showed a slightly decrease of 2.5%
(P>0.05). Although the differences were not
statistically significant, our observations may
be attributed to the increased neutral detergent
fibre (4.9%), and acid detergent fibre (3.7%),
consumption.

The values of the CO; originating from animal
respiration (maintained in a closed shelter with
automatically monitored microclimate factors)
were comparable between C and E groups.

As it is well-known, e-CHj is produced through
the microbial fermentation of mainly
hydrolysed food carbohydrates like cellulose,
hemicellulose, pectin, and starch. According to
Kebreab et al. (2006) these "fermentative"
processes occur in the intestines of animals (the
caecum and colon in particular) and in manure
that has been stored for a long time. Table 5
shows that the emission of e-CHs differed
significantly between the E and C groups,



while CHs produced by manure was not
considerably affected by the treatment. As
presumed, a significant Pearson correlation
(r >0.75) was found between feed intake and

its components, most notably fibre and CH4
production. There was a significant negative
correlation (P<0.05) between ADG and both
enteric and faeces CHs emissions.

Table 5. N,O, CO; exhaled prediction and e-CHs and CHs manure production of growing pigs

N20 and CO: exhaled prediction C E SEM P-value
N20, g Eq. CO; 16.87 16.44 0.30 0.128
CO; emitted, g/head/day 1.63 1.64 0.01 0.291
e-CH4 and CH4 manure production

e-CHq4, g Eq. COy/had/day 45.83 39.05 4.79 0.030
e-CHq4, g/kg ADG 42.00 32.86 6.46 0.017
e-CHy g/kg DM 19.94 16.91 2.14 0.028
CH,4 g Eq. COy/had/day 70.96 65.99 3.51 0.144

e-CHy, enteric methane; ADG, average daily gain; DM, dry matter; SEM, standard error of the mean; P<0.05, significant difference between means;
P<0.01, distinctly significant difference between means; P< 0.001, highly significant difference between means.

CONCLUSIONS

Millet cereal can be a complementary
alternative to corn, traditionally used to feed
monogastric. Based on our experimental results
and due to its drought tolerance, we suggest
considering the expansion of cultivated areas,
particularly in arid regions and on marginal
lands. Therefore, using 25% millet in the diet
of growing pigs leads to significant
improvement in growth parameters without
negatively affecting the plasma protein profile.
Due to the increase in feed consumption and
specific nutrients, notably fibre, in pigs fed a
millet diet, there is an observed increase in the
total amount of excreted nitrogen. Moreover,
there was a slight increase in N digestibility,
associated with a reduction in N2O emission,
compared to the control group. Conversely, in
the case of exhaled CO», the estimated value
shows a slight increase. A notable reduction in
e-CH4 was observed, while CH4 production in
manure was not significantly affected by millet
addition. There was a significant correlation
between e-CH4 and CHs in manure with feed
intake and its components, particularly fibre.
Finally, a significant negative correlation was
found between ADG and CHs and CO:
emissions.
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Abstract

The research was carried out on 40 Japanese quails (Coturnix japonica), they were divided into two groups of 20 quails
each, control and experimental. Both groups were given the same forage regime, combined quail forage, growth phase.
The experimental group additionally received a supplement of vitamin C (L-ascorbic acid) and vitamin E (DL-alpha
tocopheryl acetate), both vitamins in a dose of 1000 mg/kg of combined feed. The duration of the experiment was 6 weeks.
The investigations performed were: body weight, hemogram and some biochemical indices. These investigations were
carried out at 21 days and the end of the experimental period, i.e. 42 days. At 21 days and 42 days, significant differences
were observed in the individuals of the experimental group: increases in erythrocyte count, haemoglobin and haematocrit
were observed. Biochemical investigations showed increases in total protein, alkaline phosphatase and calcemia.
Decreases in AST, ALT, blood glucose and creatinine were observed in the experimental group. The body weight was
statistically significantly higher in the group receiving the feed diet with vitamin C and E supplementation.

Key words: biochemistry, body weight, haematology, quail, vitamin C, vitamin E.

INTRODUCTION two vitamins preventing lipid peroxidation.

Vitamin E acts as an oxygen free radical
Globally, the concern of growing healthier and scavenger. Vitamin C, also plays its role as an
more productive poultry is a desideratum that  antioxidant, by reacting with peroxide radicals
more and more breeders are trying to reach. This and at the same time works as an adjuvant for
is particularly important because poultry meat, vitamin E (Surai, 2002; Kurutas, 2016;
along with meat from other species, is a major ~ Predescu, 2018). There are numerous researches
source of protein worldwide (Petcu, 2013; emphasizing the role and effects of vitamins C
Petcu, 2015). Thus, in the poultry industry for ~ and E on the body homeostasis but also on the
the best possible results in terms of productivity reproductive performance of animals (Pop et al.,
and reproducibility, many additives are added in ~ 2006; Raduta et al., 2017). Vitamin E is closely
animal feed (Marin et al., 2010; Marin et al., involved in the synthesis of several hormones
2015; Balaceanu, 2017, Abd El-Hack et al, involved in fertility. Deficiencies in vitamin E
2022; Ghimpeteanu, 2022). In several can materialize in malfunction of the
specialized works the idea of using substances  reproductive system, but also in a poor response
derived from natural sources as additives to  to the action of stressors (Malancus et al., 2024).
replace the use of antibiotics is suggested in  Also in the literature, numerous works are cited
order to obtain safe food for consumers (Mitrea, that emphasize the importance of vitamin C, as
2003; Gonciarov, 2004; Petcu, 2007; Savu, an adjuvant in egg production but also for
2013). The supplementation of the feed ration  hatching percentage. Several researchers have
with different vitamin adjuvants is particularly =~ emphasized that supplementation of feed with
important to support the metabolic processes of  vitamin E and vitamin C, together or separately,
the organism (Ghita et al., 2021). is a beneficial practice to eliminate the negative
Vitamin complexes, in particular those  effects of stress, thus for better growth
containing vitamin C and vitamin E, play a  performance (Akinyemi et. al., 2003; Malancus
particularly important role as antioxidants, these etal., 2022).
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The aim of this study is to observe the effect of
high doses of vitamin C and vitamin E on growth
as well as haematological and biochemical
parameters in quail.

MATERIALS AND METHODS

The experiment was carried out on the biobase
of the Faculty of Veterinary Medicine in
Bucharest in 2023. A number of 40-day-old
Japanese quail (Coturnix Japonica) were used in
the experiment. They were randomly divided
into two groups, control and experimental, with
20 birds per group. Both control and experi-
mental birds were kept in cages (0.70 m/0.50 m)
with 10 birds in each cage. Microclimate
conditions were the same for both groups. The
temperature was maintained at 27°C during the
6 experimental weeks. Water and feed were
given ad libitum. The forage ration was
purchased from the National Research and
Development Institute for Animal Biology and
Nutrition (IBNA) Balotesti and consisted of
combined feed for the quail, growth phase. The
ingredients of the feed ration were: cereals,
soybean meal, corn gluten, monocalcium
phosphate, calcium carbonate, salt, amino acids
and vitamin-mineral premix.

Nutritional values for the feed ration are: crude
protein 22.50%, metabolizable energy (Kcal/kg)
3140, methionine 0.64%, methionine + cystine
0.98%, lysine 1.33%, calcium 0.96%,
phosphorus 0.75%, choline 0.03%, salt 0.40%.
Both groups were fed the same diet. The
experimental group additionally received a
supplement of vitamin C (L-ascorbic acid) and
vitamin E (DL-alpha tocopheryl acetate), both
vitamins at a dose of 1000 mg/kg of combined
feed. Individuals were weighed twice, 3 weeks
after the start of the experiment and at the end of
the 6 weeks, using a Partner electronic balance.
Blood samples were collected at 21 and 42 days,
the experimental period, from each individual in
both control and experimental groups. Blood
was collected by subaxillary vein puncture from
where 1 ml of blood/puncture was collected.
From the blood samples the following deter-
minations were performed: erythrocyte count,
haemoglobin, haematocrit, then the derived
erythrocyte constants (MCV MCH and MCHC)
were calculated. Aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), total protein (TP), calcium
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(Ca), glycemia (GLU) and creatinine (CREA)
were performed as biochemical investigations.
Hematological investigations were performed
using an IDEXX ProCyte Dx apparatus, and a
VetTest Chemestry Analyzer was used for
biochemical investigations. All data obtained
were tabulated and statistically interpreted using
Student t test.

RESULTS AND DISCUSSIONS

Regarding body weight, both after 21 days and
after 42 days, differences could be observed in
the experimental group. Its mean body weight
was 2.19% higher after 21 days and 5.26%
higher after 42 days (p<0.05) than the values
recorded in the control group (Figure 1 and
Figure 2). This aspect shows a better weight gain
in the group that received the feed with vitamin
C and vitamin E supplementation.

21 days

1219
135
130
125

120
Body weight (g)

H Control M Experimental

Figure 1. Mean values of body weight investigations in
quails at 21 days of the experiment (p<0.05)

42 days

210
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W Control M Experimental

Figure 2. Mean values of body weight investigations in
quails at 42 days of the experiment (p<0.05)

The two vitamins are particularly important as
they respond to stress due to their antioxidant
properties and vitamin C's ability to increase the
utilisation of corticosteroids released during



stress phases (Phoprasit et al., 2014; Ghita et al.,
2015). Also, the requirements of animals for
these two vitamins, especially under stress, may
be much higher than the requirements normally
fed through feed. It is well known that stress can
lead to demineralization but also to the release
of some vitamins from various tissues and their
excretion (Haq et al.,, 2016). The interaction
between vitamin C and vitamin E is of
importance from both a pathophysiological and
animal welfare point of view, thus of great
importance for food safety. Various research in
the field shows that under various temperature
conditions, vitamin C and vitamin E added to the
feed ration in quail promotes the well-being of
the animals, leading to positive growth gain (Ali
et al., 2012). Consecutive to the addition of
vitamin C and vitamin E to the feed ration, as
observed by other researchers, the body weight
in the experimental group is higher. Providing
an antioxidant barrier enables the body to
effectively counteract the effects of oxidative
stress and thus improve metabolism. An intake
of vitamin C and vitamin E is necessary to obtain
healthy individuals, either for use as breeders or
to ensure an adequate carcass in the case of food
birds. In several studies carried out over the
years, the problem of loss of constitutive juices
in the muscle of poultry has been reported. In the
same studies, it has been hypothesized that this
can be corrected by supplementing the feed with
antioxidants at increased concentrations.

The results of the haematological and
biochemical investigations emphasize the
beneficial effect of supplementation with

vitamin C and vitamin E (Kabir et al., 2013; Lin
J., 2014). Increased values of erythrocyte count,
haemoglobin and haematocrit can be observed
in the experimental group, both at 21 days and
at the end of the experimental period.

After 21 days from the start of the experiment,
some changes were observed concerning the
haematological ~ parameters:  the  mean
erythrocyte count was 11.32% higher in the
experimental group (p<0.05), haemoglobin and
haematocrit had higher mean values than the
control group, haemoglobin increasing by
6.25% and haematocrit by 3.3%.

The derived erythrocyte constants showed in the
group of birds supplemented with vitamin C and
vitamin E, some changes compared to the
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control group. The MCV was lower by 7.14%
and the MCH by 4.07%. The mean erythrocyte
haemoglobin concentration was higher in the
experimental group, increasing by 2.71%
Similar results were also obtained at the end of
the experimental period: the mean erythrocyte
count was 19.65% higher in the experimental
group (p<0.05), also haemoglobin and
haematocrit had higher mean values, 7.57% and
6.45% respectively, compared to the mean
values recorded in the control group (p<0.05).
The secondary erythrocyte constants MCV and

MCH showed decreasing trends in the
experimental group, 11.11% and 10.17%.
The mean erythrocyte haemoglobin

concentration was higher in the control group,
the mean of the determinations being 1.02%
higher than in the vitamin-supplemented group
(Table 1 and Table 2).

Table 1. Mean values of haematological investigations in
quails at 21 days of the experiment

Parameter Control Experimental Percentage
21 days Group Group (%)
E *
X105/ pl 5.3 5.9 111.32
Hb
g/dl 14.4 15.3 16.25
HTC
A 30 31 13.3
MEV 56 52 17.14
MCH
pg Hb/E 27 25.9 14.07
MCHC
¢ Hb/dI E 48 49.3 12.71

*P<0.05 — significant differences

Table 2. Mean values of haematological investigations in
quails at 42 days of the experiment

Parameter Control Experimental Percentage
42 days Group Group (%)
E *
X10°/pl 5.14 6.15 119.65
Hb *
/dl 15.2 16.35 17.57
HTC «
% 31 33 16.45
Mlgv 60.3 53.6 111,11
MCH
pg Hb/E 29.5 26.5 110.17
MCHC
¢ Hb/dI E 49 49.5 11.02

*P<0.05 — significant differences

The increased values of erythrocyte count,
haemoglobin and haematocrit are explained by
the anti-oxidant effect of vitamin E and vitamin
C (Figure 3 and Figure 4).
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Figure 3. Eritrocytes, haemoglobin and hematocrit
at 21 days of the experiment
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Figure 4. Eritrocytes, haemoglobin and hematocrit
at 42 days of the experiment

The effect is manifested by an increase in
haemato-forming activity in the haematogenous
bone marrow (Raduta et al., 2017; Ghita et al.,
2022). The quantitative increase in the number
of erythrocytes and haemoglobin ensures better
functioning of tissues and the onset of
oxygenation deficiency at the tissue level is
avoided so that the skeletal muscle and the
central nervous system have a correct oxygen
supply. The addition of vitamin C and vitamin E
to food will lead to better tissue oxygenation
through increased erythrocyte counts and a
prolonged lifespan. All these are explained by
protecting cell membranes from the oxidative
activity of various stressors (Yehmed et al.,
2023). Providing better oxygenation at the tissue
level also has beneficial effects for the
commercial aspect of different avian products.
In poultry reared for meat production, the
increased oxygen supply will lead to a faster but
also more harmonious body development of the
carcass. The use of natural supplements instead
of antibiotics in the feed ration is desirable, thus
reducing the risk of antibiotic resistance, both
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for livestock and humans (Surai, 2002; Raduta
etal., 2017).

In terms of secondary erythrocyte constants, a
decrease in the MCV and in the MCH can be
observed.

These decreases can be explained by a smaller
volume of young erythrocytes released into the
blood circulation as a result of enhanced
haematopoiesis. A smaller erythrocyte volume
will automatically lead to a lower mean erythro-
cyte haemoglobin (Figure 5 and Figure 6).
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Figure 5. Mean values of haematological of indirect
constants in quails at 21 days of the experiment
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Figure 6. Mean values of haematological of indirect
constants in quails at 42 days of the experiment

From the data presented in Table 3, it can be
seen that 21 days after the start of the
experiment, the average AST determinations in
the experimental group were lower by 11.96%,
and ALT showed lower values by 14.18%.
Alkaline phosphatase increased by 12.24%, total
protein by 11.63%, and calcium by 16.67%.
Serum glucose decreased in the experimental
group by 18.9% and creatinine by 5.41%. Forty-
two days after the start of the experiment, the
experimental group had a 12.6% lower mean
AST and 35.74% lower ALT. Serum total
protein increased by 22.83% (Table 4).



Table 3. Mean values of biochemical investigations in
quails at 21 days of the experiment

Parameter | Control Experimental Percentage
21 days Group Group (%)
(‘%?g) 149,28 131,43 111.96*
(%I/JE) 32.12 28.13 114,18*%
(‘I‘R’) 129 147 112.24%
(gT/l‘;) 9.03 108 111.63%
(m(g:j‘dl) 132 15.4 116.67
(Sé/gl) 212.7 172.3 118.9%
((fnR;(% 185 175 15.41

*P<0.05 — significant differences

Table 4. Mean values of biochemical investigations in
quails at 42 days of the experiment

Parameter Control Experimental Percentage

42 days Group Group (%)

(‘I‘;IT) 151.32 132.25 112.6*
(/?;LT) 36.54 23.48 135.74%
(%5) 1383 157 11191
(;gl) 9.20 113 12283+
(m?;dl) 143 162 113.29
(ﬁ,?/gl) 255 1849 118

(fnRg%‘) 1.98 122 138.38

*P<0.05 — significant differences

Mean serum glucose determinations in the expe-
rimental group were 18% lower than in the
control group. Alkaline phosphatase (ALP)
increased by 11.91%. There was also a 38.38%
decrease in creatinine in the experimental group
(Figures 7-10).

Similar results to the above investigations were
also published by Samantha Sigolo and collea-
gues in 2019. In that paper, the beneficial effect
of supplementing quail feed with vitamin C and
vitamin E is emphasized. In birds haematolo-
gical and biochemical investigations are very
important indicators for their well-being. Any
change in the homeostasis of the organism will
be reflected in the physiological response of the
birds (Scholtz et al., 2009; Saracila et al., 2023).
In line with the results obtained, our determi-
nations have shown that feed supplementation
with vitamin C and vitamin E has beneficial
effects on protein, renal and liver metabolism
(Cotelle et al., 2003).
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Figure 7. Mean values of AST, ALP and GLU
investigations in quails at 21 days of the experiment
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Figure 8. Mean values of ALT, TP, Ca and CREA
investigations in quails at 21 days of the experiment
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Figure 9. Mean values of AST, ALP and GLU
investigations in quails at 42 days of the experiment
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Figure 10. Mean values of ALT, TP, Ca and CREA
investigations in quails at 42 days of the experiment

The low mean AST and ALT wvalues, but
increased ALP suggest an improvement in liver
metabolism by reducing the permeability of cell



membranes so that the enzymes no longer leave
the cytosol and are found in a lower percentage
in the blood. The increase in alkaline
phosphatase, most likely muscle and skeletal
shows an enhancement of metabolism, a greater
increase in the experimental group, an increase
that may correlate with data found in body
weight investigations (Goma et al., 2024).

The decrease in serum glucose concentration is
explained by a decrease in its availability, as a
consequence of the utilization of glucose more
adequately in cellular metabolisms.

The increase of serum proteins is another aspect
that suggests the improvement of metabolism,
they being in higher concentration in the blood
are more readily available for utilization by
various systems in the body.

The property of muscle proteins to attract water
and hold it at the cellular level is particularly
important for meat quality (Petcu, 2015). The
correlation between meat quality and muscle
antioxidant resistance is well known. Diffe-
rences in antioxidant defence systems in several
animal species have been reported in several
literature papers, with different muscle groups
showing calpain damage, and protein lysis, these
abnormalities being influenced by proteolysis
(Cotelle et al., 2003; Haq et al., 2016).

CONCLUSIONS

As a result of supplementation with vitamin C
and vitamin E in the experimental group, the
body weight was 5.26% higher than in the
control group. The supplementation of vitamin
C and vitamin E in quail feed leads to an
improvement in haematological parameters:
erythrocyte count, haemoglobin, and haema-
tocrit, the increases being statistically signi-
ficant. The mean erythrocyte volume and mean
erythrocyte haemoglobin show a decreasing
trend, due to the smaller volume of young
erythrocytes. Results of biochemical investiga-
tions showed decreases in AST, ALT, ALP and
glucose in the experimental group. Mean
increases in total protein and calcemia were
recorded in the group fed the vitamin C and
vitamin E supplements.
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Abstract

In the studies, the bioadditive "CarnEon 50" was used, recommended for optimizing the intensive fattening of young
monogastric animals to balance their ration with carnitine effectively. The research aimed to find out the effectiveness
and safety of the use of a bio-additive as an element of intensive rabbit meat production. Research methods - zootechnical,
laboratory, statistical. A compound feed recipe based on local feed ingredients was developed for intensive fattening of
young rabbits of the newly created chinchilla-like type. It was established that the addition of "CarnEon 50" to the diet
of fattening young rabbits in the amount of 150, 200 and 250 g/t increased their productivity at the age of 90 days, in
particular, live weight - by 2.9-6.8%, average daily gains - by 4.2-10.5%, lifetime waist width (an indicator of meatiness)
by - 3.04.5%, feed conversion improved by 2.5-3.9%. It is shown that the use of a bioadditive in the amount of 200-250
g/t of compound feed in the rations of young rabbits during intensive production of rabbit meat makes it possible to reduce
direct costs for the production of 1 ton of rabbit meat by 20,94 USD and increase the profitability of production by 2%.

Key words: bioadditive, fattening and slaughter indicators, intensive rabbit breeding, integrated assessment index, local
fodder.

INTRODUCTION the absence of which in the diet leads to diseases

and growth inhibition; amino acids, in particular
Modern industrial rabbit breeding is a source of  lysine and methionine, which regulate protein
valuable dietary meat, fur, leather, etc. (Petrescu metabolism (Belenguer et al., 2005); probiotics,
& Petrescu-Mag, 2018). This is one of the most  antioxidants (Dalle Zotte & Szendro, 2011);
promising livestock industries, as rabbits are  biologically active substances of plants that have
characterized by high fertility, early maturity, a positive effect on the gastrointestinal system,
lack of seasonality in reproduction, intensive etc. (Mancini & Paci, 2021; Sedilo et al., 2022).
growth of young animals, and have one of the = L-carnitine performs key functions in animal
highest feed conversion rates among farm metabolism, in particular, it plays an essential
animals (Bashchenko & Luchyn, 2019; Wu,  role in fatty acid metabolism (Flanagan et al.,
2022). To obtain high rabbit productivity, it is 2010). In intensive livestock farming
important to use breeds and mixtures with high  technologies, L-carnitine has a multifunctional
genetic productivity potential (Bojko et al.,,  purpose, which includes: growth stimulation,
2022) and take all necessary technological  improvement of the immune system, antioxidant
measures to realize this potential: a complete  effects, etc. (Ringseis et al., 2018b; Liu et al.,
and balanced diet, controlled conditions of  2020). Under the influence of carnitine in the
detention, etc. (Colin, 1993; Bashchenko et al., diet of lactating cows, an improvement in
2020). One of the ways to solve the problem of = hematological blood parameters was found
dietary balance is to use biologically active  (Kononov et al., 2021; Kononov et al., 2022);
substances in the process of feed production, studies (Meyer et al., 2021; Danesh Mesgaran et
which will ensure high-quality rabbit production  al., 2021; Ghaffari, 2021) showed an improve-
with the use of traditional ingredients as feed =~ ment in the immune status and a decrease in the
additives. They include vitamins and minerals, level of inflammation in cows during active
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lactation. The use of carnitine supplementation
had a positive effect on nitrogen metabolism
(Ringseis et al., 2018a), meat quality, and piglet
growth in intensive feeding (Chen et al., 2008).
The authors (Golzar et al., 2011) have compre-
hensively described the functional effects of
carnitine under intensive chicken-rearing
technologies. There are few data on the effect of
carnitine on rabbit performance, in particular,
the hepatoprotective effect of carnitine under
conditions of parenteral administration is
described (Ebeid et al., 2023), and the positive
effect of carnitine in high-energy diets on feed
conversion and blood parameters of rabbits is
revealed (Ayyat et al., 2021).

Thus, the study of the peculiarities of
application, the study of the productive effect
and safety of various feed additives in rabbit
fattening remains relevant. That is why the aim
of the research was to substantiate and develop
a scheme for the use of "CarnEon 50", to
determine the optimal doses of this additive in
the diets of young rabbits of chinchilla type for
intensive cultivation, its effect on productivity,
lifetime meatiness and slaughter yield of
animals, to establish the degree of feed
conversion, safety of use, profitability and
economic efficiency in feeding young rabbits.

MATERIALS AND METHODS

The study of the effect of L-carnitine in the
composition of the dietary supplement
"CarnEon 50" on the metabolism of young
rabbits of three-breed crossbreeds of Chinchilla,
Flandr, and Termon white (a newly created type
of Chinchilla, NCCT) was carried out at the
Carpathian State Agricultural Research Station
of the Institute of Agriculture of the Carpathian
Region of the NAAS using intensive rabbit
production technologies (Bojko et al., 2022).
For this purpose, 6 groups of young rabbits aged
25 days, 10 animals in each group (5 males + 5
females) with an average weight of 494-512 g
were formed by the method of pair analogues
(Table 1).

The preparatory period of the experiment lasted
5 days, the main investigations were carried out
for 60 days by comparative analysis of the
growth intensity of young rabbits from 30 to 90
days of age based on the determination of
absolute, relative and average daily growth; feed
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conversion, lifetime meat and

indicators.

slaughter

Table 1. Experiment scheme

Nature of feeding young rabbits

Group (NCCT), n= 10
Basic diet (BD), without dietary
I (control) supplements

BD + 100 g CarnEon 50»
per 1 tonne of finished feed
BD + 150 g CarnEon 50»
per 1 tonne of finished feed
BD + 200 g CarnEon 50»
per 1 tonne of finished feed
BD + 250 g CarnEon 50»
per 1 tonne of finished feed
BD + 300 g CarnEon 50»
per 1 tonne of finished feed

2 (experimental)

3 (experimental)

4 (experimental )

5 (experimental)

6 (experimental)

The feeding technology is complete granulated
feed with free feeding. Local ingredients were
used in the basic diet (BD): barley turf (10%),
oat turf (10%), wheat bran (10%), sunflower
meal (20%), alfalfa flour (35%), table salt
(0.4%), and premix (3.1%). 1 kg of this fodder
costing 0.29 USD contains 0.88 kg of dry matter,
175.0 g of crude protein and 160.0 g of crude
fibre, providing animals with 9.19 MJ of
metabolizable energy. The diets for fattening
young animals during the experiment were
calculated by structuring fodder according to
European standards for intensively growing
young rabbits (Maertes et al., 2004).
L-carnitine in the form of the biological additive
"CarnEon 50" was pre-mixed thoroughly with
the premix and introduced into the fodder
mixture according to the experimental scheme.
The biological additive CarnEon 50 used in the
study contains carnitine (48-52%) and calcium
carbonate. It enriches animal, poultry, and fish
feed with L-carnitine, as its endogenous
synthesis covers up to 25% of the daily animal
requirement. In contrast, the carnitine content in
plant-based fodder is insignificant (Golzar et al.,
2011).

The research was conducted by modern
methodological approaches and in compliance
with relevant requirements and standards, in
particular, they met the requirements of DSTU
ISO/EC 17025:2006 (ISO/IEC 17025:2005,
IDT). The animals were kept and all
manipulations with them were carried out by the
provisions of the "General Ethical Principles for
Animal Experiments" adopted by the First



National Congress on Bioethics and the
"European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Other  Scientific ~ Purposes"  (European
convention, 1986).

To determine the objective value of fattening
and meat qualities of experimental animals, the
comprehensive assessment indicator (CAI) was
calculated (Luchyn, 2005) by applying
indicators of average daily weight gain and
lumbar width using the equation:

CAI=5.1(K+2H) (1)

where CAI—-comprehensive assessment indicator;
5.1 and 2 — correction factors; K — average daily
increase in live weight of young animals for the
growing period, g;

H — width of the lower back, cm.

The economic and technological efficiency of
the use of L-carnitine in the form of the bio-
logical additive "CarnEon 50" in intensive rabbit
production was determined according to gene-
rally accepted methods (Mondin et al., 2021).
All the results obtained were interpreted using
the methods of variation statistics and the cal-
culation of probability criteria using Excel 2007.

RESULTS AND DISCUSSIONS

Rabbit nutrition involves several mechanical,
chemical, and microbiological processes that
ensure the consistent destruction, absorption,
and uptake of feed nutrients. The nutrition of
young rabbits has certain age-specific
characteristics. For example, the formation of
the digestive tract's ability to consume plant feed
is complete at three months of age. This process
is stimulated by adding several biologically
active substances to the rabbit diet, including
carnitine.

To study the safety and efficacy of different
doses of carnitine in the diet of young rabbits of
three-breed crossbreeds and the effect on their
productivity, analog animals were selected by
weight at the age of 25 days, which during the
preparatory period of 5 days were fed a diet
enriched with carnitine according to the
experimental scheme (Table 1). During the
preparatory period, the animals adapted to the
experimental diet enriched by different amounts
of carnitine. There was a tendency to change the
intensity of growth of young rabbits in the
experimental groups (Table 2).
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Table 2. Live weight of experimental animals during the
preparatory period of research (m += m, n = 10)

Group When setting After the end
up for the of the
preparatory preparatory
period period
(25 days) (30 days)
1 (control) 502+13.46 714+14.39
2 (experimental) 499+14.28 717£10.28
3 (experimental) 512+14.46 707+£10.67
4 (experimental) 494+11.73 687+14.05
5 (experimental) 506£12.72 693+13.67
6 (experimental) 497+13.62 677£14.53

It was found that during the preparatory period,
with an increase in the amount of carnitine in the
diets, the average daily weight gain of animals
decreased slightly, in particular, the weight gain
of rabbits of the third, fourth, fifth, and sixth
experimental groups was 27.5; 27.6, 26.7 and
25.7 g, respectively, which was 9.2, 8.9, 11.8
and 15.2% less than the rabbits of the control
group, whose weight gain was 30.3 g, thus the
adaptation of young rabbits to the experimental
conditions was optimal.

To determine the effectiveness of the use of the
bioadditive "CarnEon 50" on the productive
characteristics of young rabbits, the average live
weight of animals at 90 days of age was
evaluated using different doses of carnitine for
60 days. It was shown that optimization of the
diet of young rabbits by adding different doses
of carnitine had a positive effect on the average
live weight of animals in all experimental
groups (Table 3).

Table 3. Growth rate of young rabbits (M £ m, n = 10)

Group Live weight of 1 animal Average
at 30 days at 90 days iii;grrf:;et:
ofage, g ofage, g « ’
! 714+14.39 2692+39 36.0+0.8
(control)
2 717+10.28 2715447 36.3£0.9
(experimental)
.3 707+10.67 2770+39 37.5+0.8
(experimental)
4 687+14.05 | 2875437* | 39.8£0.7%
(experimental)
3 693+13.67 | 2840452% | 39.0+1.0%
(experimental)
6 677+14.53 | 2705:53 | 36.9<1.1
(experimental)

Note: *p<0.05.

The maximum live weight of one individual at
90 days of age was in groups 4 and 5 with the



use of 200 and 250 g/t of carnitine
supplementation, respectively, and was 2875
and 2840 g compared to 2692 g in the control,
i.e. an increase in the live weight of rabbits of
both groups by 7% was recorde.

An important objective characteristic for
assessing the effectiveness of dietary
supplements, especially in conditions of
intensive rabbit production, is the value of
average daily live weight gain because this
indicator makes it possible to establish the
nature of the impact of changes in the diet on
rabbit productivity. The highest average daily
weight gain for 30-90 days was observed in
animals of the fourth and fifth groups, with the
use of 200 and 250 g/t of carnitine
supplementation - 39.8 and 39.0 g, which is 11
and 10% higher than in the control group,
respectively, slightly lower were these
indicators in rabbits of the third and sixth
experimental groups, with the use of 150 and
300 g/t of carnitine supplementation - 37.5 and
36.9 g, which exceeds the corresponding
increases in the control group by 2.5 and 4.1%,
respectively. At the same time, the average daily
weight gain of animals in the second group was
within the control values, and the average daily

weight gain in the fourth and fifth groups of
young rabbits had a significant difference from
the control (p<0.05).

An important characteristic of the feeding
productivity of young rabbits under intensive
fattening technologies is the width of the lower
back - an important vital index that allows to
assess the potential of meatiness of animals and,
if necessary, to adjust the diet to ensure
maximum animal productivity determined by
genotype. According to the data in Table 4, the
width of the lower back in rabbits at 3 months of
age increased slightly with the optimization of
the diet with different doses of carnitine and was
highest in animals of the fourth group receiving
200 g/t of carnitine supplementation, where it
was 6.9 cm, which is 5% more than in the
control.

When the diet of experimental rabbits was
optimized with lower and higher doses of
carnitine in the composition of the additive
"CarnEon 50" in the amount of 100, 150, 250,
and 300 g per tonne of finished feed, the lifetime
lumbar width of experimental animals did not
differ significantly from the control (Table 4).

Table 4. Fattening and slaughter indicators of young rabbits at 90-day age, (m = m, n = 10)

Group Width of lower Weight of a paired Slaughter Feed costs per 1 kg

back, cm carcass, g output, % of growth, kg cAl
1 (control) 6.6+0.1 1336+17 49.5 3.85 251
2 (experimental) 6.7+0.11 1362+25 50.2 3.85 253
3 (experimental) 6.8+0.07 1406+19 50.7 3.75 261
4 (experimental) 6.9+0.07 1460+18%* 50.8 3.7 273
5 (experimental) 6.8+0.09 143324 %%* 50.5 3.7 268
6 (experimental) 6.6+0.08 1362+24 50.4 3.8 255

Note: **p<0.01.

The analysis of slaughter indicators, such as the
weight of a paired carcass, showed a somewhat
uneven increase in the animals of the experi-
mental groups. Thus, the young rabbits of the
third, fourth, and fifth groups, which received
150, 200, and 250 g/t of carnitine supple-
mentation, outperformed the animals of the
control group by 70, 124, and 94 g, respectively.
Animals of the second and sixth groups, whose
diets were enriched with 100 and 300 g/t of
carnitine supplementation, slightly outperfor-
med the control group in terms of paired carcass
weight.
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The slaughter output of young rabbits, an
important qualitative characteristic of intensive
rabbit breeding, positively changed in all
experimental groups. Analysis of the slaughter
output of young rabbits showed an advantage of
animals of the third, fourth and fifth groups over
animals of the control group by 1.0-1.3%.

Fodder costs for intensive technologies of
fattening young rabbits are determined by the
characteristics of animal metabolism and are a
factor in the efficiency of feed conversion. The
analysis of the cost of finished fodder per unit of
gain showed effective feed assimilation by



animals of the fourth and fifth groups, whose
diet was enriched with 200 and 250 g/t of
carnitine supplementation, as feed consumption
was only 3.70 kg, which is 4% lower than in the
control. Animals in the third group, which
received 150 g/t of carnitine supplementation,
consumed 3.75 kg of feed compared to 3.85 kg
of animals in the control group. Feed con-
sumption in animals of the second and sixth
groups, whose diets were enriched with 100 and
300 g/t of carnitine supplementation, was 3.85
kg and 3.80 kg, which was at the level of the
control.

Improving the metabolism of rabbits due to the
use of different doses of carnitine supple-
mentation in the diet of intensive fattening of
young animals naturally led to an increase in the

comprehensive assessment indicator (CAI),
which is calculated based on the average daily
weight gain and lumbar width. The highest
values of this indicator were obtained for young
animals of the fourth and fifth groups, which
received 200 and 250 g/t of carnitine supple-
mentation, respectively, and amounted to 273
and 268, while for animals of the control group,
this indicator was 251.

Thus, the use of carnitine supplementation in the
diet of fattening young rabbits at doses of 150,
200 and 250 g per tonne of finished feed
increased live weight by 2.9-6.8% at 90 days of
age, average daily gain by 4.2-10.5%, lifetime
loin width (meatiness) by 3.0-4.5%, and feed
conversion improved by 2.5-3.9% compared to
the control.

Table 5. Economic efficiency of using different amounts of bioadditive "CarnEon 50" in feeding young rabbits

L Group

Economic indicators ] 2 3 2 5 G
The cost of 1 kg of dietary supplement, USD - 39.27 39.27 39.27 39.27 39.27
The cost of 1 tonne of mixed feed, USD. 287.99 291.91 293.88 295.84 297.80 299.77
Feed costs per 1 kg of weight gain, kg 3.85 3.85 3.75 3.7 3.7 3.8
The cost of feed per 1 kg of live weight gain, USD 1.11 11.12 1.10 1.09 1.10 1.14
Cost of 1 kg of rabbit meat, USD 1.58 1.61 1.57 1.56 1.56 1.63
[SJaSli:)s price of 1 kg of live weight of rabbit meat, 209 209 209 209 209 209
Net income | kg of rabbit meat, USD. 0.51 0.49 0.52 0.53 0.53 0.46
Profitability, % 32 30 33 34 34 29
The best indicators of fattening productivity at kg of growth slightly decreased in all

90 days of age were obtained with the addition
of 200 g of "CarnEon 50" per tonne of finished
fodder, probably due to the effectiveness of the
physiological effect of carnitine on the digestion
and metabolism of monogastric herbivores,
which was manifested in better feed intake. The
live weight of rabbits in this experimental group
increased by 183 g, average daily weight gain by
3.8 g, loin width by 0.3 cm, and feed conversion
improved by 150 g.

Optimization of the diet of young rabbits under
intensive fattening conditions by adding diffe-
rent amounts of L-carnitine as part of a dietary
additive led to positive changes in animal
prodctivity but also caused a rise in fodder
prices.

That is why an economic analysis of the
effectiveness of the use of bio-additive with L-
carnitine as a component of the intensive
technology of rabbit meat production was
conducted. The data of the economic analysis,
presented in Table 5, show that feed costs per 1
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experimental groups (by 4%) compared to the
control, except for 2 experimental groups of
animals, where the level of feed costs remained
unchanged compared to the control values. At
the same time, a natural increase in the cost of 1
ton of ready-made feed was found in all
experimental groups (from 287.99 USD to
299.77 USD), caused by the optimization of
feed nutrition due to the addition of different
doses of bio-additive.

The use of "CarnEon 50" bioadditive increased
the fattening productivity of rabbits with a
simultaneous decrease in the cost of feed per 1
kg of growth by 2-5%, the exception was the
sixth group of rabbits that received a diet
enriched with 300 g/t of the additive, for which
an increase in the cost of 1 kg of feed was noted
by 1.5%. Similar data were obtained for the cost
of feeding young rabbits, which decreased in all
experimental groups compared to control
animals (from 1.58 to 1.56 USD), the exception



was the cost of feeding animals of the sixth
group, which amounted to 1.63 USD.

The increase in the cost of feed and the cost of
feeding rabbits naturally affected the indicators
of net profit and profitability of production. The
highest profitability of production based on
direct costs was recorded for animals of the
fourth and fifth groups and amounted to 34%. In
addition, the animals of these groups had better
performance indicators, which allows us to
recommend the doses of "CarnEon 50"
bioadditive with carnitine of 200 and 250 g/t as
an important element of intensive production of
rabbit breeding products.

Thus, optimization of the rations of young
rabbits under the conditions of intensive
production of rabbit meat by adding to the basic
compound feed "CarmnEon 50" bioadditive in
doses of 200 and 250 g/t makes it possible to
make the production of rabbit meat more
efficient. At the same time, direct costs for the
production of 1 ton of rabbit meat are reduced
by 2094 USD, and the profitability of
production increases by 2%.

A characteristic feature of the metabolism of
young rabbits of the chinchilla type is a high
daily increase in live weight, which occurs due
to the effective conversion of feed, but may be
accompanied by an imbalance in the conversion
of feed and disruption of the work of the
gastrointestinal tract, since under certain
circumstances this can lead to the development
of enteritis, and, respectively, to a decrease in
productivity (Petrescu & Petrescu-Mag, 2018;
Bashchenko et al., 2020).

Adjustment of metabolism in such a case is a
prerequisite for intensive production of rabbit
meat and is carried out, first of all, by optimizing
rations, as well as improving housing
conditions, etc. (Belengueret, 2005; Wu, 2022).
The main source of energy for rabbits is the
carbohydrates and fats of the feed, while young
animals use the energy of the feed nutrients
more intensively. In particular, during the day in
the body of a 60-75-day-old rabbit, about 1/3 is
deposited in protein, 2/3 in fat - 2/3 of the energy
of nutrients, and in a 90-105-day-old rabbit - 1/4
and 3/4, respectively (Bashchenko & Luchyn,
2019).

Carnitine plays an important role in energy
metabolism by supporting the transport of
activated fatty acids to the subcellular site of [3-
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oxidation. In particular, the administration of
exogenous carnitine can limit the use of fatty
acids as substrates for mitochondrial oxidation,
especially when there is an increased energy

demand  (Flanagan, 2010). L-carnitine
supplements are effective in critical periods of
animal development, such as intrauterine

development, lactation, and intensive growth of
young animals. The concentration of L-carnitine
in animals varies considerably between species,
depending on the type of tissue and nutritional
level (Ebeid et al., 2023).

In particular, in poultry farming, L-carnitine has
a multifunctional purpose, which includes:
growth stimulation, strengthening of the
immune system, antioxidant effect, and
improvement of poultry productive qualities
(Golzar et al., 2011). The effect of carnitine on
erythro- and thrombopoiesis has been shown,
and an increased oxygen demand has been
noted, which is associated with the effect of
stabilizing cell membranes (Liu et al., 2020).
The addition of carnitine to the ration of
lactating cows caused changes in the mRNA
transcription of some genes associated with
mitochondrial biogenesis and low-density
lipoprotein synthesis, thereby accelerating liver
regeneration processes and contributing to the
optimization of fatty acid metabolism in animals
(Ghaffari, 2021).

In the literature, there is a lot of data on the effect
of exogenous carnitine, both in the diet and by
parenteral administration, on improving the
productivity of farm animals, but the results are
very controversial (Ayyat et al., 2021; Chen et
al., 2008; Ringseis et al., 2018a). That is why,
when using carnitine as a feed additive, it is
necessary to take into account the carnitine
status of animals, which directly depends on the
homeostasis of this acid in the body and includes
endogenous synthesis, intake and absorption of
carnitine from the gastrointestinal tract and ways
of its excretion from the body (Ringseis et al.,
2018b).

Many studies show that carnitine is bioavailable
to animals, both ruminants and monogastrics,
even as a dietary supplement, but its effect on
milk or meat production is not always observed,
and correlates with endogenous carnitine levels
and the stage of ontogeny of the animal.
However, supplementation with carnitine is a
useful strategy to protect against excessive



ammonia caused by the consumption of
unbalanced feeds high in non-protein nitrogen or
feeds high in soluble nitrogen (Kononov et al.,
2022).

The positive effect of carnitine supplementation
is associated, in particular, with a decrease in the
level of unesterified fatty acids in blood plasma,
an increase in the level of eosinophils, which
indicates an increase in the regenerative
properties of tissues. The potential impact of L-
carnitine supplementation on immune cell
function, blood cortisol concentrations, and
proliferation has also been established
(Kononov et al., 2021).

The inclusion of L-carnitine in the ration of
highly productive Holstein dairy cows as part of
the rumen enzyme-resistant preparation
"Carneon 20 Rumin-Pro" contributed to an
increase in their milk production and milk
quality compared to the control group. The
administration of L-carnitine to these cows
reduced the concentration of high and low
density lipoproteins in the peripheral blood. To
some extent, this can be explained by the ability
of L-carnitine to modulate energy metabolism
and liver function (Danesh Mesgaran et al.,
2021).

A several authors have studied the effect of
adding L-carnitine to normal and high-energy
diets of young rabbits reared under severe heat
stress conditions on their productivity,
physiological ~ parameters and  carcass
characteristics. A significant improvement in the
physiological and biochemical parameters of
animals, an increase in their growth parameters
and the degree of feed conversion was
established. These animals showed significantly
higher levels of haemoglobin, leukocytes, total
protein, and glucose compared to the control,
which indicates the safety and effectiveness of
carnitine use when rearing them under stressful
conditions (Ayyat et al., 2021; Flanagan, 2010).

CONCLUSIONS

The use of an additive with carnitine "CarnEon
50" in the main diet of intensive fattening of
chinchilla-like young rabbits in doses of 150,
200, and 250 g per tonne of finished feed led to
an increase in the live weight of 90-day-old
animals by 2.9-6.8%, average daily gain by 4.2-
10.5%, and lifetime loin width (meatiness) by

3.0-4.5%. Feed conversion improved by 2.5-
3.9% compared to the control.

Animals whose diets were optimized with
carnitine supplementation at doses of 200 and
250 g/t outperformed the control animals by 124
and 94 g (p<0.01), and the slaughter yield of
young rabbits of these groups was 1.0-1.3%
higher than the control.

Using 200 and 250 g/t of carnitine additive in
rabbit fattening technology reduced feed costs to
3.70 kg of finished feed per 1 kg of weight gain
compared to 3.85 kg in the control.

The use of the additive "CarnEon 50" in the
amount of 200-250 g/t of feed in the diets of
young rabbits for intensive rabbit production
allows to reduce direct costs for the production
of 1 ton of rabbit meat by 20,94 USD and
increase the profitability of production by 2 %.
Thus, the optimization of the diet of young
rabbits of chinchilla type for intensive rabbit
production by adding 200 and 250 g/t of additive
to the feed contributed to the improvement of
lifetime meatiness and slaughter yield with a
simultaneous reduction in feed costs and an
increase in its conversion, which reduced the
cost of rabbit production. The use of carnitine as
a component of intensive fattening contributed
to an increase in the resistance of young rabbits
to gastrointestinal diseases and ensured the
absence of animal mortality during the study.
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Abstract

Propolis has been used for centuries as a medical remedy in both humans and animals. Propolis can be found as a
single basic product or as an additional compound in standardized drug formulations. The present research aimed to
assess the antioxidant and antibacterial activity of four propolis-based natural products. The investigations were
carried out on the following products: a propolis tincture;, an aqueous propolis extract; an aqueous propolis extract
with colloidal silver; and an ointment consisting of propolis, olive oil, and propolis wax. According to the obtained
results, of the four products, the ointment showed the highest antioxidant activity. A higher antibacterial potential has
also been demonstrated by the ointment compared to the other investigated formulas.

Key words: antibacterial, antioxidant, propolis-based products.

INTRODUCTION

Propolis is commonly referred to as "bee glue",
a colloquial term for the resinous material that
bees gather from various plant kinds. The
Greek word "propolis" has a particular sense,
"pro" meaning "defense" and "polis" signifying
"community" (Castaldo & Capasso, 2002).

The bioactive components of propolis provide
both antioxidant and immune-protective
qualities. Propolis is made up of several
different compounds, which vary depending on
the geographical area. Therefore, propolis
contains a variety of chemicals, such as
phenolic acids, alcohols, aromatic aldehydes,
lignans,  flavonoids,  esters,  diterpenes,
sesquiterpenes, amino and fatty acids, as well
as minerals and vitamins (Batista et al., 2012).
The main flavonoid components of propolis,
galangin, pinocembrin, and pinostrobin, are
linked to its antibacterial action. They interfere
with the DNA genetic encoding of
microorganisms and enhance the membrane’s
permeability of bacteria (Cornara et al., 2017).
Moreover, flavonoids can function as powerful
anti-bacterial compounds by blocking the
secretion of nucleic acids, the adhesion and
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production of biofilms, and the pathogens’
metabolism (Freires et al., 2016).

There are two aspects to take into account
regarding the propolis's antibacterial activity.
Firstly, it is associated with the immediate
impact on the microbe itself, and secondly,
with the immune system boost that triggers the
organism's inherent defense mechanisms
(Sforcin & Bankova, 2011).

The present paperwork aimed to study four
natural Romanian propolis-based products, by
assessing their antioxidant and antibacterial
potential.

MATERIALS AND METHODS

The biological material used in this study was
represented by four Romanian propolis-based
products and their form of presentation and
composition are shown in Table 1. To prevent
any alteration or change of the product's com-
position, the samples were stored in their ori-
ginal, hermetically sealed glass containers for
tinctures and aqueous extracts, and plastic con-
tainers for ointments, respectively. Additionally,
all products were kept out of direct sunlight in
dry space until further analyses were carried out.



Table 1. The investigated apitherapeutic products

RO, Product o 0.f Composition
crt. presentation

Aqueous propolis
extract with

Aqueous extract Aqueous propolis

extract, colloidal

The DPPH (2, 2-Diphenyl-1-picrylhydrazyl)
radical scavenging activity of the products was
assessed spectrophotometrically according to
Bankova et al. (2016), with certain adjustments
made within the Laboratory for Quality Control
of Bee Products and Diagnosis in Bee Diseases
(APHIS-DIA) USAMV Cluj-Napoca because
of the specifics of the studied products. This
test is a widely used technique for evaluating
the antioxidant capacity of different products.
To conduct this analysis, the samples were
prepared as follows: for the liquid products,
1/10 dilutions were made, using water as a
solvent for P1 and P3, and 80% ecthanol for P2,
respectively. In regards to the ointment (P4)
containing propolis, olive oil, and propolis
wax, solubilization was required first using the
following solvents: pure hexane; a mixture of
hexane and methanol 70% 1:1; a mixture of
hexane and ethanol 1:1; and dimethylsulfoxide
(DMSO). The purpose of using several
substances was to compare the degree of
solubilization of the product, considering its
oily-viscous consistency. Based on the results,
the mixture containing methanol and hexane
has been used in the study's subsequent stages.
The DPPH  solution was  prepared
extemporaneously; thus, 1 mg of solid DPPH
were dissolved in 50 ml of pure methanol,
obtaining a solution with a concentration of
0.02 mg/ml; then, 0.5 ml of each diluted sample
and 2.5 ml of DPPH solution were added. The
blank sample consisted of 0.5 ml of methanol
and 2.5 ml of DPPH solution. The samples’
absorbance was read at the wavelength of A =
517 nm. The antioxidant activity of the samples
was expressed as a percentage of inhibition
(% inhibition) and IC50 (the sample
concentration required to inhibit 50% of free
DPPH radicals).

The obtained data regarding both % inhibition
and IC50 for all the investigated products (P1,

colloidal silver silver 70 ppm
Propolis tincture Tincture Ethyl alcohol,
propolis

Aqueous propolis
extract
Propolis and olive
oil-based ointment

Aqueous extract Aqueous propolis
extract
Propolis, olive oil,

propolis wax

Ointment
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P2, P3, and P4) was tested for normal
distribution using the Shapiro-Wilk test,
followed by ANOVA one-way and Tukey's
multiple comparisons test (alpha was set 0.05).

The broth microdilution method, which has
been standardized by the Clinical and
Laboratory Standards Institute (2012) and well
documented in the literature (Patton et al.,
2006; Drago et al., 2007; Cremers et al., 2020),
was utilized to evaluate the antibacterial
activity. The lowest dose of an antimicrobial
drug at which no microbe growth was detected
in agar or broth dilution techniques is known as
the minimum inhibitory concentration, or MIC
(Clinical and Laboratory Standards Institute,
2012). However, the specificity of the products
under study required certain modifications.

The medium used to cultivate the bacterial
isolates and assess their susceptibility to the
investigated products was Mueller Hinton broth
(MHB).

The tested bacterial strains were clinically
isolated from various skin wounds of canine,
feline, and equine patients within the
Microbiology = Department,  Faculty  of
Veterinary Medicine, USAMV Cluj-Napoca.
The bacterial strains along with their source of
origin are listed in Table 2.

Table 2. The provenance of the isolated
Staphylococcus spp. strains

Bacterial

strain Species Wound type

Avulsion of the left forelimb

Skin wound of the left flank region

Canine

Skin wound around the tail base

[}

=
=
=

Postoperative abdominal skin wound
(umbilical hernia)

Equine

line

Skin wound on the left stifle

Skin wound of the left fetlock

Equine




The bacterial suspensions of the isolated strains
were realized in MHB in a 0.5 McFarland
turbidity.

Four 96-well plates were inoculated as shown
in Figure 1 for the antibacterial activity testing.

000000006000

000000000000
900000000000
000000000000
0000000 )

Figure 1. Plate inoculation model for determining the
minimum inhibitory concentration; the red numbers
represent the test columns and the green numbers the
positive control columns; H row 1-7 (C-) negative
control consisting in dilution of the product with sterile
broth instead of bacterial suspension row; S1, S2 — saline
sterility control; B1, B2, B3 — broth sterility control

IOTMmMOUOW>»

The two-fold serial dilutions method was used
to dilute the products (vertically from A to G);
for liquid products (P1, P2, P3), the solvent
was sterile saline. In the case of the ointment
(P4), the product was first dissolved in 96°
alcohol (1/2), after which the two-fold serial
dilutions were done in sterile saline. Regarding
the H row, wells 1 to 7 were named negative
control wells (C-) in which 100 pL of two-fold
serial dilution of the product and 100 pL of
sterile broth were added. Wells H 8-12 served
as sterility controls, wells S1 and S2 for the
saline used for products' dilutions, and wells
B1, B2, and B3 for the broth. In the odd
columns (1, 3, 5, 7, 9, 11, rows A to G)
representing the test columns, over 100 pL of
the serial dilution of the product, 100 pL of
bacterial suspension was added. In the even
columns (2, 4, 6, 8, 10, 12, rows A to G),
referred to as positive control columns, over the
100 pL of sterile saline used instead of diluted
product, 100 pL of bacterial suspension was
added. In the case of P4, two-fold serial
dilution of the 96° alcohol in saline was used
instead of saline in the positive control
columns. After adding the bacterial suspen-
sions, the plates were incubated at 37°C for 24
hours.
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RESULTS AND DISCUSSIONS

The DPPH method was used to assess the
antioxidant capacity of the investigated
products. When DPPH radical reacts with
various hydrogen donors, like antioxidants, it
decolorizes from its dark purple hue to pale
yellow (Baliyan et al., 2022). The color change
was monitored using UV spectrophotometry.
Determinations were made according to the
following formulas:

% Inhibition = [(Absorbance blank —
Absorbance sample)/Absorbance blank] x 100;
IC50 sample = [(50 x sample concentration
(%)]/ % Inhibition

The final value for each propolis-based product
is the mean of three independent determi-
nations + Standard deviation, as seen in Figure
2 and Figure 3.

The ointment (P4) consisting of propolis, olive
oil, and propolis wax, exhibited the highest
radical scavenging, with a mean % inhibition
value of 94.15% + 0.16; however, the propolis
tincture’s (P2) mean value of % inhibition was
quite similar to P4, namely 89.24 % + 0.29.
The lowest antioxidant activity was observed
among the aqueous extracts, as follows: the
aqueous propolis extract (P3) recorded a mean
% inhibition value of 51.27+0.84%, whereas
the aqueous propolis extract with colloidal
silver (P1), registered a mean value of
38.87+5.16%.

Percentage of inhibition (%)

100+
80
60
40|

204

n- [

Figure 2. Graphical representation
of the % inhibition of the samples

The IC50 value expresses the sample
concentration required to inhibit 50% of the
free DPPH radicals present in the solution. The
lower this value, the higher the antioxidant



capacity of the sample. As expected, the lowest
mean value of IC50 was found in P4 (0.53 +
0.0009), followed by P2 (0.56 + 0.0019), P3
(0.98 + 0.0158), and P1 (1.30 = 0.1612),
respectively. Overall, statistically significant
differences were observed when comparing the
antioxidant activity (% inhibition and IC50) of
the tested samples. The results of the ANOVA
one-way test indicated that there is a
statistically significant difference between the
compared values (Percentage of Inhibition: F =
60.18; p = 0.0157 and IC50: F = 325.7;, p =
0.0028). Further analysis using Tukey’s mul-
tiple comparison test revealed that there were
no significant differences between the antioxi-
dant potential of products P1 and P3 regarding
both the % Inhibition (p = 0.1477) and the IC50
values (p = 0.1895). This suggests that, accor-
ding to Tukey’s test, the antioxidant effects of
products P1 and P3 were similar and not
statistically different from each other.

IC50 (%)
2.0+
1.5+
= 1.0=
0.0- (R
T T T T
P1 P2 P3 P4

Figure 3. Graphical representation
of the IC50 of the samples

The antibacterial activity of the investigated
products was initially evaluated by optical
density (OD) read using a multichannel
spectrophotometer.

In the case of Pl and P4, the minimum
inhibitory concentrations were obtained for
each bacterial strain, by calculating the
difference between the OD of the serially
diluted product inoculated with the bacterial
strain and the absorbance of the negative
control (template) of the same concentration.
The obtained result was compared with the
corresponding  positive control. The last
dilution where the difference value was less
than half of the positive control value was
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considered to be the minimum inhibitory
concentration of these products.

Regarding P2 and P4, the MIC could not be
determined using the calculation method
described above. Both these products have a
more intense color than the aqueous extracts,
and if bacterial growth occurs in the wells, due
to the higher turbidity, the sample will lose its
initial absorbance.

Due to the difficulties in the interpretation of
the obtained OD, the antibacterial activity of
the investigated products was evaluated by a
naked-eye assessment of the medium's turbi-
dity. The results for P1 and P3 were com-
parable using both assessments. The minimum
inhibitory concentrations (% of propolis-based
products in saline) are presented in Table 3.

Table 3. The minimum inhibitory
concentrations (%)

Staphylococcus spp. bacterial strains
(MIC; %)

625

Product

P1
(Aqueous propolis extract
with colloidal silver)
17}

(Propolis tincture)
P3
(Aqueous propolis
extract)

P4
(Propolis and olive oil-
based ointment)

312 312 625 125 625

312 125 312 312 6.25

25 25 125

1.56 6.25 6.25 1.56

Product P4 emphasized the best inhibitory
activity against the tested bacterial strains, the
1.56% concentration having an inhibitory effect
on the growth of 3 bacterial strains (307, 272,
273), and that of 3.12% on a single strain (375);
the 199A and 403C strains proved to be the
most resistant, but even so, they were inhibited
by a concentration of 6.25% of the product;
additionally, 5 bacterial strains were inhibited
at concentrations in the range of 3.12-6.25% in
the case of Pl (aqueous extract with silver),
while P3 (aqueous propolis extract) inhibited
one bacterial strain (307) at the concentration
of 6.25% (307) and another strain (273) at the
concentration of 12.5%.

As a study limitation, in the plate no. 4
designed for P4, the solvent used to dilute the
product might have interfered with the bacterial
growth. However, considering the increased
antioxidant activity of the ointment, it is
unlikely that the obtained results regarding the
antibacterial potential are due to the presence of



the solvent and not to the bioactive compounds
of the product.

All investigated formulas contained propolis,
and the latter is described in the literature as a
therapeutic agent due to its curative properties.
Available data indicate that propolis exhibits a
wide range of significant biological actions as a
result of the presence of biologically active
components, including antibacterial, antifungal,
anti-inflammatory, antiviral, antitumor,
hepatoprotective, cardioprotective, and
immunomodulatory properties (Farooqui and
Farooqui, 2012; Jansen-Alves et al., 2019;
Rivero-Cruz et al., 2020; Yuan et al., 2019;
Ozdal et al., 2019; Asem et al., 2020;
Bhadauria et al., 2010). In addition, flavonoids
and phenolic acids, recognized as protective
agents against reactive oxygen species are
responsible for propolis's antioxidant action.
However, the average amounts of polyphenolic
components in Romanian propolis extracts
have been found to present considerable
variation depending on the geographical area
(Gatea et al., 2015; Marghitas et al., 2014;
Dezmirean et al., 2017), the procedures used in
beekeeping (Stan et al., 2011), and harvesting
period (Marghitas et al., 2013). The extraction
technique also influences the amount of
polyphenols found in propolis (Oroian et al.,
2020a; Oroian et al., 2020b).

The studied products displayed notable radical
scavenging activity, with P4 providing the best
antioxidant potential. This aspect may be due to
its unique composition; olive oil is known for
its phenolic content, which exerts strong
antioxidant effects (Tuck & Hayball, 2002). In
addition, most bioactive chemicals are poorly
soluble in water, and phenolic substances are
ten times less abundant in aqueous propolis
extracts than they are in ethanolic propolis
extracts (Mello et al., 2010; Moura et al.,
2009). These findings were in accordance with
the results of our study; the aqueous propolis
extracts showed lower antioxidant activity than
the propolis tincture (Figure 2; Figure 3).

The ability of propolis to prevent microbial
growth, such as yeasts, molds, and both Gram-
positive and Gram-negative bacteria, is well
acknowledged (Bankova et al., 2014;
Benhanifia et al., 2014; Nedji & Loucif-Ayad,
2014; Ozcan et al., 2004; Anjum et al., 2019).
In general, propolis has greater effects against
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Gram-positive than Gram-negative bacteria.
The secretion of enzymes that degrade the
constituents of propolis, as well as the
particular structure of the outermost membrane
of Gram-negative bacteria, contribute to this
aspect (Sforcin, 2016; Kedzi & Holderna-
Kedzia, 2013).

The testing of the products' antibacterial
activity  highlighted again the strongest
potential of the P4 product, namely the
ointment based on propolis, olive oil, and
propolis wax. This characteristic is also
associated with the presence of polyphenols in
olive oil, which possess antibacterial effects as
well (Capasso et al., 1995). Regarding the
antibacterial activity of the aqueous propolis
extracts, P1, which has colloidal silver in
addition to P3, recorded better values. The
antibacterial activity of colloidal silver against
both Gram-positive and Gram-negative bacteria
was postulated by Vila-Dominguez et al.
(2020). According to Barras et al. (2018), this
may be explained by the damaging effect of
silver on microorganisms by adhering to the
chemical structures found on their surface.

CONCLUSIONS

Based on the results obtained when assessing
the antioxidant and antibacterial potential of the
investigated products, we consider that the use
of apitherapeutic formulas in medical practice
may offer a viable substitute for diminishing
the incidence of antibiotic resistance. We also
appreciate that the form of presentation of
propolis-based products has a direct influence
on the biologically active compounds’ content
and implicitly on the bioactive properties of the
products. In addition, during the study we
encountered difficulties regarding the dilution
of propolis-based products with a viscous-oily
consistency; therefore, conducting more
research on finding the most suitable solvents
for the solubilization of this type of products is
crucial for obtaining conclusive results.
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Abstract

Natural feed additives for broilers have gained increasing attention in recent years due to the growing demand for
sustainable poultry production. These additives are derived from plant, animal, or microbial sources and are used to
enhance broiler health, improve growth performance, and optimize feed efficiency. As consumer preferences shift
towards more natural and organic products, the aim of the paper was to highlight that the use of natural feed additives
provides an alternative to synthetic additives and antibiotics, which are increasingly restricted due to concerns about
antibiotic resistance and environmental impact. From phytobiotics and probiotics to enzymes, natural feed additives
provide a wide range of benefits, including improved nutrient digestibility, enhanced immune function, and better meat
quality. While challenges such as cost and variability remain, advances in research and formulation will continue to

optimize their use in broiler production.

Key words: broiler, enzymes, organic acids, phytobiotics, probiotics and prebiotics.

INTRODUCTION

In order to improve the quality of meat,
increase the economic efficiency of production
and ensure its sustainability, a series of
measures can be applied in broiler farms aimed
at bird nutrition, genetic selection, reducing the
impact of growing chickens on environmental
pollution, breeding technologies that ensure the
welfare of the birds.

Researchers are exploring genetic selection and
gene editing techniques to develop chicken
lines more resistant to common diseases such
as coccidiosis and hepatic necrosis (Nagpal et
al., 2012). New methods of genetic selection
are also being studied to increase the efficiency
of conversion of feed to meat, thereby reducing
production costs and environmental impact
(Rehman et al., 2020).

To ensure the sustainability of poultry
production, research is focused on reducing
ammonia emissions from chicken farms
through changes in nutrition and manure
management, in order to reduce the impact on
the environment (Alagawany et al., 2016). At
the same time, alternative sources of protein,
such as insects or agro-industrial residues, are
being investigated to create more sustainable
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and economical feed (Belhadj Slimen et al.,
2023).

Technologies are being developed on farms to
monitor the health and behavior of chickens in
real time, using sensors and artificial
intelligence to optimize rearing conditions
(Taleb et al., 2024).

The purpose of this work is to investigate the
possibilities of improving the nutrition of
broiler chickens through different methods,
such as the use of natural feed additives and
different sources of fats and oils, in order to
improve the bioproductive performances, the
health and welfare of the birds and to offer
safer and healthier for consumers.

MATERIALS AND METHODS

In order to provide a complete and balanced
picture of the proposed subject, a wide variety
of bibliographic sources were analyzed which
included scientific articles, books, papers
presented at conferences, theses, government
reports. Academic databases such as Google
Scholar, PubMed, Scopus, Web of Science and
digital libraries (JSTOR, Project MUSE) were
used to access scientific articles and books.
Each source was carefully analyzed, evaluating



the arguments, the methods used, the results
and the conclusions.

Using multiple bibliographic sources in
research is essential to ensure a deep and
nuanced understanding of the subject. This
method contributes to the development of a
well-defined theoretical framework for further
research and to supporting arguments with
well-grounded evidence.

RESULTS AND DISCUSSIONS

The use of natural additives in broiler nutrition
is an emerging trend that responds to the need
to reduce the use of antibiotics and other
synthetic substances in poultry farming. These
additives not only improve chicken health and
performance, but also have potential benefits
for human health.

Probiotics and prebiotics

Probiotics are live microorganisms that,
administered in adequate doses, have beneficial
effects on the intestinal microflora of chickens.
Common examples include bacteria in the
genera Lactobacillus and  Bifidobacterium.
They help improve digestion and prevent
colonization of the intestine by pathogens
(Alagawany et al., 2018a).

Indigestible dietary fibers that selectively
stimulate the growth and activity of beneficial
bacteria in the intestine can be used as
prebiotics. A common example is inulin, which
supports the growth of good bacteria such as
Bifidobacterium (B. bifidum) and Lactobacillus
(L. bulgaricus, L. plantarum) (Khaksefidi &
Rahimi, 2005; Smith, 2014).

Meat from birds fed probiotics and prebiotics
may have a safer microbial profile, reducing
the risk of contamination with pathogenic
bacteria such as Salmonella or Campylobacter
(Patterson & Burkholder, 2003).

Common probiotic strains for poultry are:
Lactobacillus spp., which are lactic acid
bacteria that help maintain a healthy gut
environment; Bacillus spp., known for spore-
forming abilities, allowing them to survive feed
processing and gastric acid; Bifidobacterium
spp., which improve intestinal health by
maintaining a favorable gut microbiome;
Enterococcus spp., which contributes to a
healthy gut environment and inhibits
pathogens;  yeasts (e.g., Saccharomyces
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cerevisiae, which improves digestion and
immunity (Khaksefidi & Rahimi, 2005; Bai et
al., 2013).

Probiotics for broilers are typically delivered
by feed or water. So, probiotics can be
incorporated into the poultry feed during the
manufacturing process or they are added to the
drinking water, ensuring uniform distribution
across the flock.

Probiotics offer a range of benefits to broiler
chickens. By enhancing nutrient absorption,
probiotics lead to better growth rates and
improved feed efficiency (Soomro et al., 2019).
Studies show that broilers supplemented with
probiotics often have a lower feed conversion
ratio, meaning they require less feed to gain
weight (Khaksefidi & Rahimi, 2005; Rehman
et al., 2020).

In broiler chickens, probiotics play a vital role
in improving immune function, enhancing
disease resistance, and promoting overall health
and productivity (Patterson & Burkholder,
2003). Modern poultry production relies on
maintaining the health of broilers to ensure
optimal growth (Soomro et al., 2019), and the
use of probiotics has emerged as a natural
alternative to antibiotics for improving immune
function and controlling infections (Al-
Khalaifah, 2018). By stimulating the immune
system, probiotics increase the production of
antibodies and immune cells, helping broilers
fight off infections and maintain good health
(Rehman et al., 2020).

One of the most significant applications of
probiotics in broiler production is their ability
to reduce enteric infections, which are a major
cause of mortality and reduced productivity in
poultry. Probiotics have been shown to inhibit
the growth of harmful pathogens like
Salmonella spp., E. coli, and Clostridium
perfringens, which cause diseases such as
necrotic enteritis and colibacillosis in broilers
(Lutful Kabir, 2009). By competing for
nutrients and attachment sites in the gut,
probiotics reduce the proliferation of these
pathogens, thereby lowering infection rates
(Abd El-Hack et al., 2020; Bai et al., 2013).
Respiratory infections, such as those caused by
Mycoplasma gallisepticum and avian influenza,
are a common problem in broiler flocks,
leading to reduced growth performance and
increased mortality. Probiotics can help



improve the immune response in the respiratory
tract by enhancing mucosal immunity,
particularly through increased IgA production.
This boosts the broilers' ability to fend off
respiratory pathogens, reducing the incidence
of these infections (Abd El-Hack et al., 2020;
Patterson & Burkholder, 2003; Smith, 2014).

In addition to directly boosting immunity,
probiotics have been shown to enhance the
efficacy of vaccines in broilers. Vaccination is
a common practice in poultry production to
protect against diseases like Newcastle disease,
infectious bursal disease, and coccidiosis.
Probiotics can enhance the immune response to
these vaccines by stimulating higher levels of
antibody production and improving the overall
immune competence of the birds (Lutful Kabir,
2009). This synergistic effect can lead to better
protection  against  infectious  diseases,
improving flock health and reducing the need
for additional treatments (Abd El-Hack et al.,
2020).

Probiotics produce antimicrobial substances
like bacteriocins and organic acids, which help
inhibit the growth of harmful bacteria in the
gut. This is particularly important in broilers,
where maintaining a healthy gut microbiota is
essential for preventing the overgrowth of
pathogens like  Campylobacter, Bacillus,
Salmonella, and Clostridium, which are not
only detrimental to broiler health but also pose
food safety risks for humans. By reducing
pathogen levels in the gut, probiotics contribute
to both the health of the broilers and the safety
of the poultry products (Anthony et al., 2009).
Probiotic supplementation has been shown to
improve the structure of the intestinal villi,
leading to better nutrient absorption and overall
gut health (Bai et al., 2013).

Prebiotics are non-digestible food ingredients
that promote the growth and activity of
beneficial microorganisms in the digestive
tract, particularly in the gut. In broiler chickens,
prebiotics play a crucial role in maintaining gut
health, supporting immune function, and
improving overall growth and productivity.
They serve as a natural alternative to antibiotic
growth promoters, contributing to more
sustainable and healthier poultry production
systems (Al-Khalaifah, 2018).

By promoting the growth of beneficial bacteria
and enhancing gut barrier integrity, prebiotics
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significantly improve gut health in broilers
(Smith, 2014).

Prebiotics help to boost the immune system in
broilers by increasing the production of
protective antibodies and enhancing the activity
of immune cells. This improved immune
response makes broilers more resistant to
infections and reduces the need for antibiotic
treatments (Al-Khalaifah, 2018). Healthier
birds are more capable of fighting off common
pathogens that can compromise productivity,
leading to reduced mortality and lower
incidence of diseases (Windisch et al., 2008).
One of the most significant benefits of
prebiotics is their ability to reduce the
prevalence of gastrointestinal infections, such
as necrotic enteritis caused by Clostridium
perfringens, salmonellosis, and colibacillosis.
Prebiotics help to control these infections by
limiting the growth of pathogenic bacteria and
enhancing the bird’s immune defences, thereby
contributing to healthier flocks (Patterson &
Burkholder, 2003; Teng & Kim, 2018).

Studies have shown that broilers supplemented
with prebiotics tend to have higher body
weights, better feed conversion ratios, and
lower mortality rates compared to birds not
receiving prebiotic supplementation. This
improved performance translates into higher
productivity and profitability for poultry
farmers (Ricke et al., 2020; Windisch et al.,
2008).

Mannan-Oligosaccharides (MOS) is one of the
most widely wused prebiotics in poultry
production. MOS has been shown to improve
gut health by preventing the attachment of
pathogens, enhancing immune function, and
promoting the growth of beneficial bacteria
(Patterson & Burkholder, 2003; Ricke et al.,
2020).

Fructo-Oligosaccharides (FOS) stimulates the
growth of beneficial bacteria, particularly
Bifidobacterium and Lactobacillus, helping to
improve digestion and nutrient absorption in
broilers. FOS also helps reduce the population
of harmful bacteria by lowering the pH in the
gut (Ricke et al., 2020).

Inulin is another prebiotic fiber that promotes
the growth of beneficial gut bacteria and is also
associated with better nutrient absorption and
improved feed efficiency in broilers (Teng &
Kim, 2018).



Beta-Glucans are known for their immune-
stimulating properties. In broilers, beta-glucans
enhance the immune response by activating
macrophages and other immune cells, helping
the birds to fight off infections more effectively
(Ricke et al., 2020).

Phytobiotics

Phytobiotics, also known as phytogenic feed
additives, are plant-derived compounds added
to animal feed to improve health, growth, and
overall performance. In the poultry industry,
especially for broilers, phytobiotics are gaining
popularity as a natural alternative to antibiotics,
which are increasingly restricted due to
concerns about antibiotic resistance.
Phytobiotics include a wide range of substances
such as herbs, spices, essential oils, and plant
extracts (Kikusato, 2021).

Commonly used herbs include oregano, thyme,
rosemary, and turmeric. These herbs contain
bioactive compounds that have antimicrobial,
antioxidant, and anti-inflammatory properties.
Derived from plants like garlic, eucalyptus,
rosemary and peppermint, essential oils have
potent antimicrobial effects and promote gut
health by balancing the gut microbiota
(Ghazalah & Ali, 2008; Pandey et al., 2019).
The plant extracts are rich in bioactive
compounds like flavonoids, alkaloids, and
saponins, which have multiple benefits
including enhancing immune response and
improving digestion.

Numerous studies have shown that broilers fed
diets  supplemented  with  phytobiotics
(rosemary essential oil and eucalyptus essential
oil) have better growth rates and improved feed
conversion efficiency compared to those on
standard diets (Ghazalah & Ali, 2008;
Mohebodini et al., 2021).

Phytobiotics can improve the sensory qualities
of meat, including flavor and texture.
Additionally, their antioxidant properties help
extend meat shelf life by reducing lipid
oxidation (Pateiro et al., 2021).

By promoting gut health and boosting the
immune system, phytobiotics lower the
incidence of common diseases such as
coccidiosis and necrotic enteritis (Grashorn,
2010; Igbal et al., 2020).

Since phytobiotics improve feed efficiency,
they reduce the overall feed consumption
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required for growth, thus minimizing the
environmental impact of broiler production
(Mohebodini et al., 2021). Additionally, their
use leads to reduced ammonia emissions from
poultry waste, improving farm conditions
(Ortakei et al., 2019).

Organic acids

Organic acids are a class of naturally occurring
compounds used as feed additives in broiler
production. They are gaining increasing
attention as alternatives to antibiotics, which
have been traditionally used to enhance growth
and prevent diseases in poultry. Organic acids
improve gut health, enhance nutrient
absorption, and control pathogens, contributing
to better overall performance in broilers. These
compounds include short-chain fatty acids like
formic, acetic, and propionic acids, as well as
other organic acids like citric, lactic, and
fumaric acids (Adil et al., 2010; Scicutella et
al., 2021; Khan et al., 2022).

Widely used in poultry production, formic acid
has strong antimicrobial properties and is
effective in reducing harmful bacteria like
Salmonella and E. coli in the gut. It also
improves protein digestion by lowering gut pH
(Aljumaah et al., 2020; Hernandez et al., 2006).
Propionic acid is particularly effective against
mold and fungal growth in feed, helping to
preserve feed quality. In the gut, propionic acid
lowers pH, improves gut health, and enhances
the absorption of minerals like calcium and
phosphorus (Haque et al., 2009; Moghadam et
al., 2000).

Butyric acid is known for its beneficial effects
on the intestinal epithelium, promoting the
regeneration of gut cells and improving the
barrier function of the gut. This acid plays a
critical role in enhancing nutrient absorption
and reducing the risk of gut-related diseases
(Galli et al., 2021).

Citric acid helps in the digestion of minerals
such as calcium and phosphorus by increasing
their solubility. It also lowers the pH of the
diet, which aids in pathogen control and
enhances digestive enzyme activity
(Moghadam et al., 2006; Nezhad et al., 2007;
Sureshkumar et al., 2021).



Digestive enzymes

Enzymes are biological catalysts that accelerate
chemical reactions, including the breakdown of
complex molecules in animal diets. In broiler
production, exogenous enzymes are added to
feed to enhance nutrient availability and
improve digestion. With modern poultry diets
consisting largely of plant-based ingredients
like corn, soy, and wheat, many of the nutrients
are bound in complex forms that broilers’
natural digestive enzymes cannot fully break
down. The use of supplemental enzymes allows
broilers to efficiently utilize these nutrients,
leading to better growth, feed conversion, and
overall health (Badshah et al., 2023; Zhu et al.,
2014).

Several classes of exogenous enzymes are
commonly used in broiler feed to target specific
nutritional challenges.

Phytase breaks down phytate, the primary form
in which phosphorus is stored in plant-based
feed ingredients like cereals and oilseeds.
Phytate-bound phosphorus is poorly available
to broilers, but phytase liberates this
phosphorus, making it digestible and
absorbable. Phytase enhances phosphorus
absorption, reduces the need for expensive
inorganic  phosphorus  supplements, and
decreases phosphorus excretion into the
environment, reducing pollution (Alshamiri et
al., 2021; Badshah et al., 2023).

Proteases help digest proteins by breaking them
into smaller peptides and amino acids. Broilers
may struggle to fully digest plant-based
proteins like soy due to anti-nutritional factors.
Protease improves protein digestion, increases
the availability of essential amino acids, and
enhances growth performance, while reducing
nitrogen excretion, which is beneficial for the
environment (Zhu et al., 2014).

Carbohydrases (xylanase, glucanase, amylase).
Broilers naturally lack sufficient enzymes to
digest non-starch polysaccharides, which can
cause gut viscosity, impair nutrient absorption,
and slow growth. Carbohydrases reduce gut
viscosity, enhance nutrient absorption, improve
feed conversion ratio, and boost energy
availability ~ from  fibrous ingredients
(Alagawany et al., 2018b; Walsh et al., 1993).
Lipases are enzymes that break down fats lipids
into fatty acids and glycerol, aiding in fat
digestion. They improve the digestibility of
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fats, allowing for better energy utilization, and
contribute to optimal growth and body
condition (Badshah et al., 2023).

CONCLUSIONS

Natural feed additives offer a sustainable and
effective approach to enhancing broiler health,
growth, and performance. As the poultry in-
dustry moves towards more natural, antibiotic-
free production systems, the use of these
additives will play an increasingly important
role in meeting consumer demand for healthier
and more sustainable poultry products.
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Abstract

This study aimed to evaluate the effectiveness of oak barn as a natural source of tannins included in low protein diets
on the performance parameters, excreta composition, and nitrogen balance of laying hens. A total of 168 Lohmann
Brown laying hens, 51 weeks of age, were divided into three dietary treatment groups and housed in digestibility cages.
Laying hens were fed 17.5% crude protein (CP) in control 1 (Cl), 15.5% CP in control 2 (C2), and 15.5% CP
supplemented with 0.5 % oak barn in the experimental group (E). Dietary treatments registered a significant increase
(p = 0.001) in laying production in the C2 and E groups, and a significant decrease in average egg weight (p = 0.0002)
in the E group. The nitrogen balance assessment showed a significant decrease (p = 0.0004) of the nitrogen excreta in
groups with reduced dietary protein (C2 and E) compared to control (Cl). The cumulative effect of the two studied
factors (oak bark and protein level) led to a reduction in nitrogen elimination through droppings of almost 33%, on

average.

Key words: nitrogen excreta, pollution, poultry, reduced dietary protein, tannins.

INTRODUCTION

Creating a sustainable and competitive egg-
production system presents a significant
challenge for the laying-hen industry (Gautron
et al., 2021). Although poultry production isn't
a primary source of harmful gases, the
excretion of nitrogen in intensive poultry
production is responsible for concerning
environmental issues (Grzini¢ et al., 2023).
Additional focus is required to develop
nutritional solutions for reducing nitrogen
excretion and mitigating the emissions of
noxious and greenhouse gases (Malomo et al.,
2018). The protein content in feed shows a
strong correlation with nitrogen emissions in
excreta (Heo et al., 2023). Consequently, low-
protein diets are widely recognized as a
nutritional strategy to curb ammonia emissions
while cutting down feed expenses by
diminishing the need for high-cost protein
sources in the overall diet (Such et al., 2021).
Moreover, enhancing the digestibility of dietary
protein proves to be an effective strategy for
reducing nitrogen excretion (Dukhta & Halas,
2023).
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Tannins, defined as a heterogeneous group of
polyphenolic  compounds, are secondary
metabolites produced by plants as a nonspecific
defense mechanism (Choi & Kim, 2020).
Tannins are found in different parts of plants,
like seeds, bark, wood leaves, and fruit skins,
and exhibit a wide range of biological
properties, such as antimicrobial, anti-parasitic,
antiviral, antioxidant, anti-inflammatory, and
immunomodulatory effects (Huang et al,
2018). They are primarily categorized into
three main groups: hydrolyzable tannins,
condensed  tannins, and  phlorotannins
(Englmaierova et al., 2022). The condensed
tannins have a higher molecular weight and
more complex structure compared to
hydrolyzable tannins, which could suggest a
reduced bioavailability within the
gastrointestinal tract of poultry (Serrano et al.,
2009). Tannins have been considered
antinutrients due to their association with
various negative effects, such as decreased feed
conversion  reduced  bioavailability = of
micronutrients, and reduced growth, these
effects being particularly attributed to
condensed tannins (Selle et al., 2010). Some



authors suggested that a low concentration of
tannins can improve feed palatability and
increase the performance of monogastrics by
stimulating ~ consumption (Windisch &
Kroismayr, 2006). Other authors reported that
stimulation of digestive secretions may be the
main mechanism of action for tannins (Li et al.,
2020).

Quercus robur L., known as the common oak,
is a well-known species of tree, spontaneously
found in deciduous forests and utilized both in
the wood industry and traditional folk medicine
practices for the treatment of wounds and skin
diseases (Drozdz & Pyrzynska, 2018). In the
wood industry, the bark is often deemed as
waste material (Elansary et al., 2019). Oak bark
comprises various polyphenols, including
vanillic acid, ellagic acid, and gallic acid (De
Simon et al., 1996).

Oak bark extract has been used as an anti-
inflammatory agent, due to the elevated content
of tannins, pectins, and flavonoids, which
exhibit antimicrobial properties. Oak bark
supplementation into broilers’ diets resulted in
increased feed intake without adverse effects
on body weight (Bagno et al., 2018).
Furthermore, supplementation of oak bark
extracts along with enzyme preparations
enhanced digestion. The inclusion of Quercus
cortex extract, which contains biologically
active compounds, into the ration of broiler
chickens enhances productivity and strengthens
the immune-modulating body state (Fisinin et
al., 2018). Duskaev et al. (2021) showed that
the addition of oak bark extract in diets can
stimulate the accumulation of essential and
nonessential amino acids mainly in the pectoral
muscles of broilers, having a great economic
value. Moreover, it was suggested that oak bark
as a phytogenic feed additive can increase feed
digestibility, stimulate growth, improve feed
conversion ratio, and increase feed intake in
broilers. Bagirov et al. (2018) reported that
dietary Quercus cortex extract can enhance the
slaughter indices of broilers, modify the fatty
acid profile and the mineral composition of
muscle, and impact the microbiome of the
small intestine.

The goal of this study was to assess the effect
of the oak barn as a natural source of tannins
included in low protein diets on the
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performance parameters, excreta composition,
and nitrogen balance of laying hens.

MATERIALS AND METHODS

The experimental procedures were conducted
with approval from the Ethics Committee of
the National Research and Development
Institute of Animal Biology and Nutrition,
Romania. These procedures adhered to the
guidelines outlined in Romanian Law 43/2014
for the handling and protection of animals
utilized for experimental purposes, as well as
Directive 2010/63/EU concerning the protection
of animals used for scientific purposes.

Experimental design

A six weeks experiment was conducted on 168
Lohmann Brown laying hens, 51 weeks old,
which were assigned into 3 groups and housed
in metabolic cages (Zucammi batteries Z.M.E.C
50-model 2012) that allow accurate weighing of
the daily ingesta and excreta, and controlled
environmental ~ conditions. = During  the
experimental period laying hens received the
following experimental diets: a control diet (C1)
containing a corn-soybean diet, a control diet
with low-protein content (C2), and an
experimental diet (E) with the same structure as
the C2 diet and with an additional 0.5% oak
bark supplement (Table 1). The oak bark used
in the experiment was purchased from a local
producer, and then dried, grounded, and
packed. Feed and water were supplied ad
libitum.

During the experimental period, daily records
were kept for feed intake, feed conversion ratio,
egg production, egg weight, and laying
percentage.

During the last 5 days of the experiment, excreta
samples were daily collected.  Droppings
samples were homogenized, dried in the drying
oven BMT model Ecocell Blueline Comfort
(Nuremberg, Germany) for 48 h, at 65°C and
ground with Grindomix GM 200 mill (Retsch,
Germany).

Chemical analyses

Feed samples were analyzed to assess the
proximate composition as follows: dry matter
(method 930.15; AOAC, 2005), crude protein
with Tecator Kjeltek auto 1030 analyzer (SR



EN ISO 5983-2, 2009), ether extract with
continuous extraction in a solvent, followed by
fat measurement with Soxhlet after solvent
removal (SR ISO 6492, 2001), and ash (method
942.05; AOAC, 2007). Excreta samples were
analyzed for nitrogen assessment using the same
methodology as for feed samples.

Nitrogen balance was assessed using the
analytical data generated by the chemical
analysis of the feeds and droppings, and the
recorded data regarding daily feed intake and
excreta. The coefficients of protein digestibility
were determined using digestibility equations
proposed by Sirirat et al. (2013).

Table 1. Diets formulation

average egg weight but the differences were
not significant. Supplementation with oak bark
of low protein diets led to a significant (p <
0.001) reduction of daily feed consumption and
average egg weight, compared to the control
group, while feed conversion ratio and laying
intensity were not influenced by the dietary
treatments.

Results of this study showed that average egg
weight significantly decreased in the groups
with reduced dietary protein. Similar to our
results, Heo et al. (2023) reported a significant
decreasing effect of weights of eggs as the
reducing content of crude protein from diets,
although there was a linear decrease (P < 0.05)
in nitrogen excretion observed as dietary crude
protein levels decreased, both in pullets and
laying hens. This finding aligns with previous
research indicating that reducing crude protein
levels in diets results in decreased egg weight
(Alagawany et al., 2020; Summers & Leeson,
1994). Ji et al. (2014) also noted that reduced
protein concentrations did not impact growth
performance and egg production, being
expected that decreasing crude protein levels in
chicken diets would serve as an efficient
dietary strategy to mitigate the environmental
impact of nutrient overload.

The chemical composition of the excreta
samples was analyzed and presented in Table 2.

Table 2. Chemical analysis of laying hens’ excreta

Ingredients Cl C2 E
Corn, % 30.11 36.35 35.85
Wheat, % 30 30 30
Soybean meal, % 21 15.22 15.22
Sunflower, % 5 5 5
DI- methionine, % 0.1 0.16 0.16
L-lysine - 0.16 0.16
L-threonine - 0.01 0.01
Calcium carbonate, % 9.65 9.67 9.67
Monocalcium 0.73 0.78 0.78
phosphate, %
Salt, % 0.37 0.37 0.37
Vegetable oil, % 1.98 1.22 1.22
Choline, % 0.05 0.05 0.05
Premix, % 1 1 1
Bark oak, % - 0.5
Phytase, % - 0.01 0.01
Total 100 100 100
Chemical analysis
(calculated values)
Metabolizable energy, 2720 2720 2720
(kcal/kg)
Dry matter, % 88.78 88.72 88.72
Crude protein, % 17.5 15.5 15.5
Lysine, % 0.84 0.81 0.81
Methionine, % 0.39 0.42 0.42
Met+tcist, % 0.7 0.7 0.7
Treonina, % 0.64 0.57 0.57

Statistical Analysis

The analytical data were subjected to statistical
analysis through a two-way ANOVA, followed
by Tukey's test, using XLSTAT software
(Addinsoft, France) and Prism-GraphPad
software v. 9.1.2 (San Diego, CA, USA). A
probability level below 5% was considered
significant.

RESULTS AND DISCUSSIONS

The effects of dietary treatments on the
productive performances of laying hens are
presented in Figure 1. Feeding low protein diets
slightly decreased feed conversion ratio and

Items Cl Cc2 E SEM P value
DM, % 25.58¢ 24.44* 23.42° 0.532 0.262
CP, % 9.19° 8.09* 8.29° 0.208 0.059
EE, % 0.52° 0.73° 0.61%® 0.028 0.005
CF, % 3.44° 3.54* 3.35® 0.065 0.503

CEN, % 5.76° 5.82° 5.59* 0.239 0.504
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Values with different superscripts in the same row are significantly
different (P < 0.05).

Similar to the effects on production parameters,
the dry matter content of the excreta was not
influenced by the dietary treatments. As
expected, feeding low protein diets led to a
reduction in the crude protein concentrations in
excreta samples from C2 and E groups,
compared to the C1 group, but the differences
were not statistically significant. Contrary,
crude fat concentrations from excreta samples
increased significantly (p < 0.05) in the group
with reduced dietary protein levels without oak
bark supplementation (C2).




Adding a source of tannins (oak bark) in the
reduced protein diet (E) also led to a slight
increase in crude fat concentrations from
excreta, but not significantly different,
compared to the control group (C1).
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Figure 1. The influence of dietary oak bark
supplementation and protein level on productive
performances

The excreta collected during the balance period
contained significantly (p < 0.05) lower
amounts of nitrogen in groups with low protein
diets (C2 and E), compared to the control group
(Table 3). The concentrations of nitrogen
decreased by 21.7 % in the group with reduced
dietary content of crude protein (C2) and by
32.6 % in the group with low protein diet and
dietary oak bark supplementation (E),
compared to the control group (C1) (Figure 2).
Ammonia emissions from poultry production
represent a significant concern, necessitating
the implementation of the best available
practices to mitigate them. Nutrition plays a
pivotal role, with feeding low-protein diets
emerging as one of the most effective strategies
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for reducing emissions. The primary objective
is to determine the optimal protein reduction
level that maintains production traits without
adverse effects and potentially reduces feeding
costs (Belloir et al., 2015).

When employing low-protein diets, a reduction
of 1% in protein content can lead to
approximately a 10% decrease in nitrogen
excretion (Santonja et al.,, 2017). Nitrogen
found in droppings of laying hens originates
from a mixture of undigested dietary crude
protein, basal endogenous losses, and microbial
fermentation by-products (Soomro et al., 2018).
It is documented that excreted nitrogen can
contribute to issues like eutrophication, nitrous
oxide emissions, and global warming (Aneja et
al., 2006). Hence, decreasing nitrogen
elimination is crucial for fostering sustainable
production. Implementing reduced protein diets
remains a significant approach for minimizing
nitrogen elimination in droppings. In a study
conducted by Kerr et al. (1995), which
involved the use of diets with reduced protein
content and with supplementation of amino
acids for poultry, a 1% decrease in dietary
protein resulted in an 8.5% reduction in
nitrogen excretion, irrespective of breed or
body weight.

In this study, a reduction of crude protein by 2
% from laying hens’ diets was applied,
resulting in a 21.7 % decrease in the nitrogen
excreta (C2 group) compared to the control
group. The results of this research are in line
with previous studies reporting that nitrogen
excretion decreased linearly as the dietary
crude protein levels decreased (Soares et al.,
2019; Alfonso-Avila et al, 2022). The
reduction in nitrogen excretion associated with
decreased crude protein concentrations in diets
can be associated with reduced nitrogen intake.
Such et al. (2021) showed that a reduction of
2% in protein content in grower and finisher
broiler diets had no adverse effects on
production traits, but significantly decreased
the nitrogen excretion of the birds. The same
authors reported that feeding low-protein diets
led to greater reductions in nitrogen excretion
in younger birds. A 1% reduction in protein
content could decrease nitrogen excretion by as
much as 17.6% in 24-day-old birds and by
11.5% in 40-day-old animals.
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Figure 2. The influence of dietary oak bark
supplementation and protein level on nitrogen excretion

Protein digestibility and nitrogen balance were
assessed based on the values of feed
consumption and eliminated amounts, along
with the chemical composition of feeds and
droppings. Protein digestibility tended to
decrease in the group with reduced protein (C2)
and increased in the group with supplemented
oak bark in the reduced protein diet (E),
compared to control. However, statistical
differences were not observed in protein
digestibility between the groups.

Table 3. The influence of dietary oak bark
supplementation and protein level on crude protein
digestibility and nitrogen balance

Items Cl c2 E SEM | P value
E;gﬁ‘gg g’ 0422% | 0331 | 0285 | 0.017 | 0.0004
Asfg"flboegg’ 2666° | 1.990° | 2.119° | 0.095 | 0.001

N dlgeos/zlblllty, 86.64° | 8645 | 88.22° | 0368 0116
pfiﬁ;efod/ 26320 | 2064 | 1.776° | 0.103 | 0.0005
%
[ﬁgf;ﬂjii 16570 | 12.42° | 13.22° | 0.541 | 0.002
digeiff;ﬁ‘i{‘y v, | 86.18° | 8553% | 88.10% | 0444 | 0.101

Values with different superscripts in the same row are significantly
different (P < 0.05).

Prebiotics have the potential to alter gut
microflora, influencing nitrogen metabolism,
the quantity excreted, the ratio of fecal to
urinary nitrogen, and the manner of ammonia
emission from chicken manure (Such et al.,
2023). Numerous tannins are regarded as
sustainable feed additives because they
originate from byproducts of plant-based
agriculture and industry. For instance, chestnut
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tannins, which may be added to poultry feed,
are extracted through the distillation of wood
used in the construction industry (Mannelli et
al., 2019).

While the inclusion of tannins in the feed of
monogastric animals has been discouraged in
the past due to their antinutrient properties,
recent research indicates that with careful use,
tannins can offer benefits to monogastric
animals (Hassan et al., 2020). Smeriglio et al.
(2017) suggested that the oak bark additive
primarily consists of hydrolyzable tannins, with
a minimal proportion of condensed tannins.
Condensed tannins have been recognized as
inhibitors of various digestive enzymes, such as
amylases, cellulases, pectinases, lipases, and
proteases (Bhat et al., 2013). Their significant
antinutritive impact can adversely affect the
digestibility of lipids, starch, and amino acids
(Garcia et al., 2004; Brestensky et al., 2012).
Hammond et al. (2019) suggested that 3% oak
bark powder is an appropriate content in
poultry diets to enhance the birds' immunity
and overall health without adverse effects.
Additionally, tannins have the potential to
reduce the risk of livestock diseases and the
spread of zoonotic pathogens. Furthermore,
enhancement in performance may be a result of
the beneficial influence of fostering a healthy
intestinal ecosystem (Huang et al., 2018).

The mechanism by which tannins enhance
growth in monogastric animals is not as well
understood as it is in ruminants. One prevailing
theory suggests that including tannins in low
concentrations can boost feed intake and
consequently improve the performance of
monogastric animals (Huang et al., 2018).
Moreover, while poultry possesses a distinct
gastrointestinal tract compared to ruminants,
tannins have the potential to modify gut health
and microbiota in chickens, potentially
enhancing nitrogen utilization and thereby
reducing nitrogen emissions (Choi & Kim,
2020). In this study, the supplementation of a
low-protein diet with oak bark led to a
significant reduction of nitrogen excretion
compared to the control and also a reduction of
nitrogen by 14 % compared to the group with
low dietary protein without supplementation
with oak bark. This fact might suggest a
reduction of nitrogen excretion due to the use
of low-protein diets, and also a better



utilization of dietary nitrogen due to the
supplementation of diets with oak bark, as a
source of tannins.

CONCLUSIONS

Low-protein diets can be considered one of the
most effective strategies for reducing nitrogen
excreta in laying hens. Moreover, enhancing
the digestibility of dietary protein proves to be
an effective approach in decreasing nitrogen
excretion, for fostering sustainable poultry
production. Results of this study showed that
average egg weight significantly decreased in
the groups with reduced dietary protein. The
concentrations of nitrogen decreased by 21.7%
in the group with a reduced dietary content of
crude protein and 32.6 % in the group with a
low protein diet and dietary oak bark
supplementation, compared to the control
group. This fact might suggest a reduction of
nitrogen excretion due to the use of low-protein
diets, and also a better utilization of dietary
nitrogen due to the supplementation of diets
with oak bark, as a source of tannins.
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Abstract

In the past few years, there has been a notable rise in global demand for milk and dairy products. Milk fat represents an
important component of milk, playing a crucial role in energy provision and contributing to numerous physical
characteristics and manufacturing qualities of both milk and dairy products. The fatty acids found in milk fat are regarded
as important nutritional components in the human diet. Generating milk with an increased concentration of
polyunsaturated fatty acids (PUFAs), particularly from the n3 category, is advantageous because dietary patterns
containing more n3 fatty acids and fewer n6 fatty acids are considered healthier for humans. There are numerous factors
that influence the fatty acid in the milk profile, with nutrition being the most critical aspect among them. Primary dietary
factors, including the type and quantity of either forages or concentrates within the dietary regimen, extensive research
has been conducted on the balance between forage and concentrate ratios, as well as the inclusion of fat or oil
supplements in diets.

Key words: alternative food, dairy cattle, fatty acids, feeding, health.

INTRODUCTION There are numerous factors that impact the fatty
acid (FA) composition of milk, nutrition playing

In recent times, there has been a worldwide 3 pivotal role. Key dietary factors, such as the

inclination towards a heightened request for type and amount of forages or concentrates

milk and dairy items (OECD/FAO, 2020; EC,  consumed, the balance between forages and

2020). Milk fat represents a significant  concentrates, and the incorporation of fat or oil

constituent of milk, playing a pivotal role in  supplements into diets, have been thoroughly

energy provision and contributing to numerous investigated (Hanus et al., 2018).

physical attributes and manufacturing qualities

of both milk and dairy products (Bauman & MATERIALS AND METHODS

Griinari, 2001; Alatas et al., 2015).

Fatty acids (FAs) present in milk fat are deemed ~ For the completion of this study, a systematic

significant nutritional elements in the human search of other relevant scientific articles on the

diet (Hanus et al., 2018). From a nutritional =~ chosen subject was conducted in the Google

standpoint, it is desirable to produce dairy with Scholar, PubMed, and MDPI databases.

a larger amount of polyunsaturated fatty acids  Relevant articles published in recent years were

(PUFAS), particularly those from the n3 group, examined, and the references of included studies

because diets containing more n3 and less n6 were also consulted to obtain additional

fatty acids are considered healthier for humans  bibliographic sources.

(Simopoulos, 2002; Moallem, 2018). Fatty acids

can be classified into several -categories, RESULTS AND DISCUSSIONS

including saturated, monounsaturated,

polyunsaturated, and acetylenic fatty acids.  Exploring the role of milk fatty acids in

Additionally, there are fatty acids with unique  nutrition and human health

structural features, such as branched, cyclic, Fatt}./. acids foupd in milk fat. are crucial
epoxy, hydroxyl, and those containing a ketone nutritional constituents in the diets of many
group (Pece et al., 2007; Danila et al., 2022). people, with significant implications for human

180



health. While historically associated with
adverse effects, recent scientific understanding
has led to a more favorable perception of milk
fat's influence on human health (Nicolosi et al.,
1997; Parodi, 1997; Parodi, 1999; Dhiman et al.,
2005; German et al., 2009; Parodi, 2009; Chung
et al., 2018; Hadrova et al., 2021).

Historically, there has been an association
between fatty acids and adverse health effects.
However, over the past decade, this perception
has been significantly reassessed.

Milk fat contains numerous compounds with
potential anticarcinogenic properties, including
conjugated linoleic acid, sphingomyelin, other
sphingolipids, butyric acid, 13-
methyltetradecanoic acid, ether lipids, as well as
vitamins A and D. Research suggests that milk
fat provides protection against various types of
cancer, including breast, skin, stomach, prostate,
and colon cancer (Parody, 2004; Danila et al.,
2022).

Dairy products serve as significant sources of
conjugated linoleic acid (CLA), particularly the
cis-9, trans-11 isomer. The level of CLA found
in milk fat typically ranges from 3 to 5 mg/g,
with the cis-9, trans-11 CLA isomer comprising
approximately 80-90% of this concentration
(Parody, 1997; Sehat et al., 1998; Danila et al.,
2022). The dietary composition of ruminants,
particularly dairy cows, significantly influences
alterations in milk FAs, indicating the potential
for targeted dietary adjustments to yield milk
with a favorable fatty acid profile, aligning with
human nutritional guidelines (Shingfield et al.,
2008).

Generally, there is a health-oriented preference
for increasing the levels of n3 fatty acids in milk
and dairy products, while concurrently reducing
the presence of specific saturated fatty acids
(SFAs) due to their association with heightened
atherosclerotic risks (Lock & Garnsworthy,
2001; Socha et al., 2007). The content of PUFA
and SFA in milk fat can be altered by adjusting
the proportion of fresh grass, hay and maize
silage in the dietary intake.

Additionally, the consumption of fresh grass
boosts the level of CLA, a biologically active
compound known for its anticarcinogenic
effects (Ip et al., 2003; Bargo et al., 2006). The
reaction in milk production and composition
exhibits more variability when fat supplements
are added to the diet compared to diets based on
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corn silage as forage. Conversely, diets with
higher concentrate contents can potentially
cause milk fat depression and alterations in the
milk fatty acid profile (Reno et al., 2013; Liu et
al., 2008; Bauman & Griinari, 2003).
Supplementation of dairy cow diets with linseed
oil, sunflower oil, or fish oil can influence the
PUFA content in milk, particularly ALA and
CLA isomers. Controlling the ruminal
biohydrogenation  process can enhance
improving the health profile of cow milk by
augmenting the levels of CLA and n-3 fatty
acids (Mach et al., 2013; AbuGhazaleh, 2008;
Thanh & Suksombat, 2015; Silvia et al., 2015).
Dairy cows primarily acquire fatty acids for
milk fat synthesis from various sources,
including the diet itself, rumen microorganisms,
adipose tissues, and biosynthesis occurring
anew in the mammary gland (Walker et al.,
2004). The proportion of fatty acids from each
source in milk fat production varies significantly
based on factors such as feed intake, diet
composition, and lactation stage (Shingfield et
al., 2008). Increased starch intake is linked to
enhanced de novo synthesis, resulting in a
higher proportion of saturated milk fat, whereas
higher intake of polyunsaturated fatty acids from
pasture leads to elevated concentrations of
specific fatty acids in milk fat (Parodi, 2009).

Milk fat content typically rises with the
increasing fiber content of various forages.
Incorporating forage, especially fresh grass,
increases the ratio of unsaturated fatty acids to
saturated fatty acids in cow milk fat (Bauman &
Griinari, 2001; Lock & Garnsworthy, 2001;
Elgersma et al., 2013; Dewhurst et al., 2006).
Additionally, the intake of fresh grass elevates
the concentration of specific fatty acids with
beneficial effects on human health (Parodi,
2009). When fat supplements are introduced
into the diet, the reaction in both milk production
and composition varies in comparison to diets
primarily reliant on corn silage as the main
forage source. Diets with higher concentrate
contents can potentially cause alterations in the
milk fatty acid profile, highlighting the
importance of balanced dietary compositions
(Bauman &  Griinari, 2001; Lock &
Garnsworthy, 2001). Supplementation with
linseed oil, sunflower, and fish oil can impact
the fatty acid composition of milk, presenting
opportunities to enhance its healthiness



(Shingfield et al., 2008; Parodi, 2009). Fish oil,
rich in EPA and DHA, modulates the
biohydrogenation process, influencing the
synthesis of specific fatty acid isomers with
potential health benefits (Simopoulos, 2002).
The consumption of certain fatty acids has been
associated with several health advantages, such
as lowered cardiovascular risks and enhanced
neurological function (Rizos et al., 2012;
Simopoulos, 2002). Continued research in this
field is essential to comprehend fully the effects
of animal diets on milk composition and human
health (Griinari & Bauman, 1999). This could
lead to the development of more effective
dietary strategies and the promotion of healthier
lifestyles (Parodi, 2009; Rizos et al., 2012).
Dairy products with an optimal fatty acid
composition could positively impact consumer
health and well-being (Simopoulos, 2002).

Alternative feeding resources for dairy cows

When it comes to dietary characteristics,
substituting forage with oilseed brings about
notable shifts in certain fatty acid (FA) profile
outcomes. Meta-regression findings indicate
that as the difference in forage inclusion
increases (supplemented minus control values),
there's a reduction in CLA content (B =—0.09; p
< 0.05) and ¥ omega-6 (p = —0.11; p < 0.05).
Moreover, there's an observed increase in
unsaturated fatty acid (UFA) milk content with
a rise in NDF difference (f = 0.19; p < 0.001).
Elevated levels of linoleic acid (LA) in the
supplemented group are significantly associated
with decreased values of lactose (f = 0.005; p <
0.001), linolenic acid (LNA) (B = —0.13; p <
0.001), oleic acid (OA) (B = —0.23; p < 0.001),
and vaccenic acid (VA) in milk (B =—-0.04; p <
0.05). Additionally, there's a negative
correlation between the difference in LNA and
OA effect size (p = —0.15; p <0.001) (Vargas-
Bello-Perez et al., 2020).

Incorporating oilseeds into the diet doesn't
impact remains unaffected by the isoenergetic
balance between diets observed in most trials,
thus not influencing the productive behavior of
ruminants (Vargas-Bello-Perez et al., 2020).
Similarly, Rabiee et al. in 2012 didn't find a
statistical difference when using oilseeds;
nevertheless, it can improve milk production
with the utilization of an alternative lipid source,
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where the variation is linked to the dry matter
intake and energy content of the diet.
Sunflower, cottonseed, and soybeans
significantly contribute to a decrease in milk fat,
possibly linked to the quantity of LA (greater
than 50 g 100 g! FA), although this remains
unclear. Nevertheless, LA is believed to serve as
a substrate in the formation of trans isomers,
which have been associated with milk fat
depression syndrome. Conversely,
supplementation with flaxseed and rapeseed has
a has a lesser impact on LA content, possibly
due to saturation by alternative pathways of their
main fatty acids, resulting in fewer intermediate
isomers inhibiting de novo synthesis of FA in
milk fat (Bauman & Griinari, 2003; Leduc et al.,
2017).

Oilseed use in diets for ruminants can elevate
propionic acid production and decrease acetic
acid production proportionally. This occurs as a
result of glycerol release from triglycerides
during lipolysis. At this shift in the rumen, the
ratio of acetic to propionic acids does not impact
milk yield but promotes conditions (primarily
rumen pH and/or microbial population) for
increased unsaturated fatty acid (UFA) content.
Long-chain polyunsaturated fatty acids (PUFA)
escaping biohydrogenation are absorbed by the
intestine, increasing the UFA ratio in milk at the
expense of saturated fatty acids, possibly due to
an inhibitory effect of acetyl-CoA carboxylase
and fatty acid synthetase enzymes at the
mammary gland level (Martinez et al., 2013;
Kholifet al., 2018; Pi et al., 2019; Vargas-Bello-
Perez et al., 2020).

The significance of enhancing the PUFA
proportion in milk lies in its potential
to decrease obesity and mortality from
cardiovascular issues by as much as 30% and
decrease diabetes incidence by up to 50%.
Omega-3 PUFA exhibited a 20% decrease in
mortality among patients with cardiac issues
(Livingstone et al., 2013; Maki et al., 2018).
The abundant presence of linoleic acid (LA) in
sunflower seeds, comprising 60.4% of fatty
acids (FA), has a significant impact on the fat
content of milk. Introducing polyunsaturated
fatty acid (PUFA)-rich sources as supplements
leads to a reduction in acetic and butyric
fermentation in  the rumen, thereby
leading to a reduction in the synthesis of new
fats within the mammary gland and the



inhibition of lipogenic enzymes (Ueda et al.,
2003). In contrast, the incorporation of
sunflower into the diets of cows has a beneficial
effect on the content of oleic acid (OA), likely
attributable to the potential escape of fatty acids
from ruminal biohydrogenation and their
subsequent absorption by the small intestine for
secretion in milk, or through the activity of the
delta-9 desaturase enzyme in the mammary
gland (Rabiee et al., 2012). Moreover, the
inclusion of rapeseed and soybean in the rations
of dairy cows shows a positive correlation with
OA content, presumably due to the elevated
concentration of this fatty acid in these types of
oilseeds.

Higher levels of oilseed supplementation exhibit
a positive linear impact on unsaturated fatty acid
content when linseed, rapeseed, and soybean are
utilized. The forage level in the diet strongly
correlates with saturated fatty acid contents in
milk. Interestingly, experimental washout
periods impact unsaturated fatty acid contents,
specifically rumenic (CLA), vaccenic, linolenic,
and oleic fatty acids (Plata-Perez et al., 2022).
Marine algae encompass a wide array of
valuable, biologically active compounds,
including polysaccharides, proteins, PUFAs,
various pigments, and antioxidants, divided into
macroalgae and microalgae based on size.
Genera and species like Ascophyllum nodosum,
Laminaria sp., and others hold potential for use
as animal feeds. Despite low lipid content,
macroalgae are rich in PUFAs, particularly
EPAs and AAs, found primarily in brown and
red seaweeds. Scientific data on the effect of
macroalgae supplementation in ruminant diets
on milk yield and composition are limited but
indicate increased milk fat yields with
supplementation of certain species like
Lithothamnion calcareum. Microalgae produce
a variety of bioactive compounds, rendering
them suitable supplements not just in human
diets but also in animal diets. Chlorella and
Spirulina, among others, are notable for their
high protein content and are rich sources of
various fatty acids. Their supplementation in
cow diets can influence milk FA profiles,
impacting rumenic acid, n3 FAs, and DHA
transfer efficiency into milk fat. (Dawczynski et
al., 2007; Cruywagen et al., 2015; Makkar et al.,
2016; Khan et al., 2018; Neville et al., 2019;
Morais et al., 2020).
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Oilseeds, rich in PUFA, can be provided to dairy
animals to alter milk fatty acid profiles,
producing nutritionally  beneficial — milk.
Flaxseed decreases short- and medium-chain FA
concentrations while increasing long-chain FA
content in milk fat. Fish oil addition has been
suggested to increase long-chain n-3 FA
contents in milk. Clover in organic forage may
reduce rumen biohydrogenation of unsaturated
FA (Chilliard et al., 2001; Dewhurst et al.,
2003). Linseed supplementation elevates
nutritionally desirable FA content in milk,
which could be important for human nutrition
(Butler et al., 2011). Although oilseed
supplementation reduces SFA concentrations
and increases desirable FA, it may not
completely offset the absence of fresh forage in
the diets of housed cows. Rapeseed is inferior to
linseed in improving milk fat composition.
Proposed dietary combinations can maximize
positive impacts on milk FA profiles without
compromising milk production and solids
content (Stergiadis et al., 2014).

Linseed supplementation reduces C16:0
proportion while increasing omega-3 fatty acids
and conjugated linolenic acid concentrations,
improving milk quality. Additionally, linseed
supplementation affects gene expression related
to metabolism and immune response in the liver
and mammary gland, providing insight for
improving milk quality and animal health (Mach
etal.,, 2013).

CONCLUSIONS

The understanding of the role of fatty acids
found in milk fat has evolved significantly over
time, with recent research highlighting their
potential benefits for human health. While
historically associated with adverse effects,
scientific advancements have led to a more
favorable perception of milk fat's influence on
human well-being.

Milk fat contains compounds with potential
anticarcinogenic properties, providing
protection against various types of cancer. Dairy
products, particularly those rich in conjugated
linoleic acid (CLA), offer significant health
benefits. The composition of fatty acids in milk
can be influenced by dietary adjustments, with
targeted strategies yielding milk with a
favorable fatty acid profile. Increasing levels of



certain fatty acids, such as n3 fatty acids, while
reducing specific saturated fatty acids, align
with health-oriented dietary preferences.
Furthermore, supplementation with oilseeds and
other dietary modifications can enhance the
healthiness of milk by altering its fatty acid
composition. Continued research in this field is
crucial for developing effective dietary
strategies and promoting healthier lifestyles, as
dairy products with optimal fatty acid profiles
could positively impact consumer health and
well-being.
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Abstract

The study presents the influence of frozen and dried pollen feeding on the fat body development (FBD) of worker bees
(Apis mellifera L.). The degree of FBD was determined before and after feeding during the Autumn and Spring periods.
During Autumn, the highest percentage of bees (42.9%) with a second degree of FBD was found after feeding with
dried pollen. During the same period, 38.1% of bees fed in this way were observed to have reached the third degree of
FBD, and 19.0% of bees had reached the fourth degree of FBD. After completion of spring feeding with dried pollen,
the highest percentage of bees (58.6%) with the fourth degree of FBD was reported. This percentage was significantly
higher than the percentage before feeding (30.8%), with a difference of 27.8%. A significant increase in the percentage
of bees (11.1%) fed with frozen pollen with the fifth degree of FBD was recorded for this period. The high degree of
FBD of the worker bees indicates the greater effect of frozen pollen feeding compared to dried pollen feeding during the
spring period.

Key words: Apis mellifera L., fat body, feeding, frozen and dried pollen, honey bees.

INTRODUCTION & Chen, 2015). There is evidence that

"forager" bees exhibit preferences for specific
The presence of pollen and honey in nature is micronutrients in pollen, which vary depending
very important for bee specimens and has a  on the season (Bonoan et al., 2018). The rich
direct impact on the development and  nutrient content of pollen contributes to the
functioning of their fat body. Worker bees  development of worker bee fat bodies (Alaux et
accumulate fat deposits, carbohydrates, and  al., 2010). Most of the fatty acids obtained from
proteins in it after consuming pollen and honey. food are transported to it (Skowronek et al.,
Pollen is a major source of amino acids, 2021). An unbalanced diet rich in fatty acids
proteins, fats, vitamins, and minerals for honey  disrupts the ability of worker bees to recognize
bees (Stanley & Linskens, 1974; Roulston &  diseased broods, which can negatively affect
Buchmann, 2000). It is a major factor bee colony hygiene (Bennett et al.,, 2022).
determining the life span of specimens  According to Maurizio (1961), the degree of
(Haydak, 1970). development of the fat body in bees is an
According to some authors, insufficient  important indicator of the physiological state of
quantity and poor quality of pollen in nature  the insects. Research by several authors shows
lead to delayed development of bee brood  that it actively participates in the processes of
(Smart et al.,, 2016), suppression of bee  metabolism of other organs as well (Hoshizaki,
reproduction, and the emergence of worker 2013; Aljedani, 2018). In periods of stress for
bees with shorter lifespans (Zheng et al., 2014). bee colonies, such as a shortage of food in
The increase and decrease in brood areas  nature, a long flight of bees, a sudden change in
depend on the egg-laying activity of queen  environmental temperature, etc., honey bees
bees, as well as the availability of pollen in the ~ maintain homeostasis in their body by
environment during different seasons of the  mobilizing nutrients from their fat body with
year (Liolios et al., 2015; Di Pasquale et al.,  the participation of various hormones -
2016; Filipiak et al., 2017). The pollen  octopamine, adipokinetic —hormone, and
collected by bees during autumn is crucial for ~ juvenile hormone (Beenakkers et al., 1985;
bee colonies as it is rich in nutrients necessary Gruntenko et al., 2000; Hirashima et al., 2000;
for bees during wintering (De Grandi-Hoffman Arrese & Soulages, 2010; Kodrik et al., 2015;
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Tao et al., 2016). The degree of development of
the fat body is also of particular importance in
the production of royal jelly and the feeding of
brood by young worker bees (Crailsheim,
1992). Some authors have reported that
malnourished bees have less developed fat
bodies (Keller et al., 2005; Toth & Robinson,
2005). Others have found that during the last 1-
2 weeks of the life of worker bees, their fat
body stores decrease (Toth & Robinson, 2005).
Differences in the degree of development of the
fat body have been observed in summer and
winter bees (Lotmar, 1939). Fluri & Bogdanov
(1987) proved that the fat body is larger in
winter bees. The food reserves accumulated in
it during the autumn are used by the bees
during wintering (Maurizio, 1961). Shumkova
et al. (2019) found a positive influence of
stimulating feeding of bee colonies in the
autumn period on the degree of fat body
development of worker bees. According to
several authors, the floral origin of pollen
consumed by bees is also of great importance
for the development of the fat body of bees (Di
Pasquale et al., 2013). In beekeeping practice,
the feeding of bee colonies takes place mostly
in the spring and autumn periods. When there is
a shortage of pollen in nature and bee nests, bee
colonies are provided with protein substitutes
for pollen or foods with added pollen. After
collecting pollen from the bee colonies, it is
stored by drying (Regulation No. 9, 2005;
Dominguez-Valhondo et al., 2011) or freezing
(Nath & Anderson, 1975). In this regard, it is
appropriate to investigate whether there are
differences regarding the development of the
fat body of worker bees from colonies
additionally fed with frozen and dried pollen.
The study's objective is to investigate the
influence of feeding bee colonies with frozen
and dried pollen on the development of the fat
body in worker bees (Apis mellifera L.).

MATERIALS AND METHODS

The survey was conducted in the fall of 2022
and the spring of 2023 at the Educational
Experimental Base of the Beekeeping section at
the Faculty of Agriculture of Trakia University
- Stara Zagora, Bulgaria. Feeding of bee
colonies of the local honey bee (4pis mellifera
L.) previously equalized in terms of strength,
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number of brood, and food reserves was carried
out. Two experimental and one control groups
were formed with two bee colonies each, as
follows:

- 1% Experimental group — six feedings at
seven days’ intervals with 160 g polyfloral bee
honey mixed with 40g of dried pollen;

- 2"d Experimental group — six feedings at
seven days’ intervals with 160 g polyfloral bee
honey mixed with 40g of frozen fresh pollen;

- Control — six feedings at seven days’
intervals with 200 g polyfloral bee honey.
Worker bees were sampled from all bee
colonies to determine the degree of fat body
development before and after feeding in the
autumn and spring periods. The degree of
development of the fat body of 530 bees was
determined according to the method of
Maurizio (1954) - a 5-point scale.

Statistical software IBM® SPSS® Statistics
26.0 (NY, USA) was used for data processing,
applying the non-parametric method “x> —
analysis” (chi-square).

RESULTS AND DISCUSSIONS

1. Autumn period

Figure 1 illustrates the results of the x>-analysis
regarding the degrees of development of
worker bees' fat bodies for the periods before
and after autumn feeding. Before autumn
feeding, the highest percentages of bees whose
fat bodies reached the third degree of
development have been recorded, both for the
experimental groups (46.7%; 38.6%) and for
the control group (45.2%). The highest
percentage of bees with fat bodies that reached
the fourth degree of development has been
reported for Group 2 (22.6%), followed by the
control group (16.7%). A probable reason for
this relatively high rate of fat body
development in bees is the supply of bee
colonies with pollen from the summer period.
The presence of bee pollen in bee colonies
during this time of the year is a crucial
condition for raising brood from which worker
bees will hatch for the successful wintering of
the colony (Dorea et al., 2010). The percentage
of bees with fat bodies that reached the fifth
degree of development is the same in both
experimental groups. In the control group, no



bees have been found whose fat bodies have
reached the fifth degree of development.

The results for the autumn period after feeding
the bee colonies show that when feeding with
dried pollen, the highest percentage of bees
whose fat bodies have reached the second
degree of development (42.9%). The third
degree of development has been reached in
38% of the bees also fed with dried pollen.
Interestingly, the fourth degree of development
of the fat body has been observed in 19.0% of
the bees from Group 1, and before feeding this
percentage was only 8.9%.

As for bees fed frozen pollen, a higher
percentage of fat body development (fourth
degree) has also been recorded after feeding
(23.9%) compared to the percentage before
feeding (22.7%). An equal percentage of bees

Before Autumn feeding

Degree of fat
body
development
EDegree 1
.Degree 2
EDegree 3
[CDegree 4
.Degree 5

2,3%

16,7%

Controla

Group 1
Type of feeding

Cramer's V = 0.204; Sig. (p) = 0.026

Group 2

(37.0%) whose fat bodies have reached the
second and third degrees of development has
been reported in the group fed with frozen fresh
pollen. The percentage of bees whose fat
bodies have reached the fifth degree of
development was small and remained relatively
constant before and after autumn feeding with
frozen pollen. In the control group, a high
percentage of bees with the third degree of fat
body development has also been reported
(42.5%), followed by those with the second
degree of development (30.0%). A relative
increase of bees from the control group whose
fat bodies have reached the fourth degree of
development (27.5%) has been observed, which
is most likely due to the pollen obtained from
nature.

After Autumn feeding

Degree of
fat body
development
HDegree 1
.Degree 2
.chrcc 3
Dchree 4
.Degree §

0,1%

23.9%
27,5%

19,0% 22%

Controla Group 1

Type of feeding
Cramer's V =0.117; Sig. (p) =0.471

Group 2

Figure 1. Influence of feeding on the degrees of fat body development of worker bees before and after Autumn feeding
*p <0.05, Group 1 — feeding with dried pollen, Group 2 — feeding with frozen pollen

Considering the fact that all the bee colonies
included in the study were under the same
climatic conditions and bee pasture, it can be
assumed that the differences in the
development of the fat bodies of the bees from
the analysed samples are to a certain extent due
to the feeding as well. A support for this
statement is Cramer's V coefficients (0.204 and
0.117), which show that the influence of the
type of feeding on the development of fat
bodies of worker bees is weak, but statistically
significant.

2. Spring period

The provision of pollen in bee nests during the
Spring period is essential for the proper
development of bee colonies. The lack of food,
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especially the lack of pollen, leads to the
weakening of bee colonies (Mattila & Otis,
2006). The nutrients in pollen (proteins, lipids,
vitamins, and minerals) are essential for the
survival of the colonies (Brodschneider &
Crailsheim, 2010). According to some authors,
complete deprivation of pollen may reduce the
lifespan of bees (Wang et al., 2014). Some
authors have reported that malnourished bees
have less developed fat bodies (Keller et al.,
2005; Toth & Robinson, 2005).

Figure 2 illustrates the results of the x>-analysis
regarding the degrees of development of
worker bees' fat bodies for the periods before
and after spring feeding. Before the spring
feeding, the established trend of development
of the fat bodies was preserved, as before the



autumn feeding. The highest percentages of
bees whose fat bodies had reached the third
degree of development have been found in the
experimental groups (42.3%; 37.7%). In the
control group, the percentage of bees whose fat
bodies had reached the second degree of
development was the highest (44.9%), followed
by those with the third degree of development
(40.8%). The highest percentage of bees whose
fat bodies had reached the fourth degree of
development has been reported for Group 2
(32.1%), followed by Group 1 (30.8%). No
bees have been found the fat bodies of which
had reached the fifth degree of development.
After the end of the spring feeding, it has been
found that when feeding with dried pollen, the
highest has been the percentage of bees the fat
bodies of which had reached the fourth degree
of development (58.6%). For comparison
before feeding, the percentage in this group had
been 30.8%. A difference of the order of 27.8%
is observed, which is indicative of the effect of
additional feeding. Other authors have reached
similar conclusions (Shumkova et al., 2019). In
the present experiment, it has been found that
no bees whose fat bodies had reached the fifth
degree of development when feeding with dried
pollen.

Before Spring feeding
60
Degree of fat
body
50 development
.Degree 2
40 .D:grtc 3
- DDegree 4
§ 30
9]
20
0 308% 1%
143% A
Controla Group 1 Group 2
Type of feeding

Cramer's V =0,147; Sig. (p) = 0,050

In the bee colonies fed with frozen pollen, there
is a tendency to increase the number of bees
whose fat bodies have reached the fourth
degree of development (48.9%). An even
higher percentage of difference has been found
compared to the percentage for this group
before feeding (32.1%). The stated difference is
16.8%. In addition, a significant increase in the
number of bees with fat bodies developed to
the fifth degree (11.1%) has been reported. This
shows the greater effect of feeding bee colonies
with frozen pollen compared to dried pollen
during the spring period. Although there is an
influx of pollen from the flowering plant
species in the environment during the spring
period in the beehives, it turns out that the
addition of extra amounts of pollen has a
positive effect on the development of the fat
bodies of worker bees. In the control group, the
percentage of bees whose fat bodies had
reached the third degree of development was
the highest (58.1%), followed by those with the
fourth degree of development (37.2%). In this
group, 2.3% of bees with the fifth degree of
development of their fat bodies have been
found.

After Spring feeding

Degree of fat
body
development
EDegree 2
.Degm 3
[IDegree 4
WDegree 5

Controla Group2

Group 1
Type of feeding

Cramer's V =0,209; Sig. (p) =0,016

Figure 2. Influence of feeding on the degrees of fat body development of worker bees before and after Spring feeding
*p <0.05, Group 1 — feeding with dried pollen, Group 2 — feeding with frozen pollen

As with autumn feeding, Cramer's coefficients
(0.147; 0.209) show a weak but statistically
significant relationship between the type of
feeding and the development of worker bees'
fat bodies. Based on the results of the spring
feeding of the bee colonies with frozen and
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dried pollen, it can also be assumed that the
differences in the development of the fat bodies
of the bees from the analyzed samples are to
some extent also due to the feeding. Similar
conclusions have been reached by other authors
(Shumkova et al., (2019).



CONCLUSIONS

In the autumn period after feeding the bee
colonies, the highest percentage (42.9%) of
development of fat bodies reaching the second
degree was found in the bees fed with dried
pollen.

During the same period, the third degree of
development of the fat body was reached in
38% of the bees fed with dried pollen, and the
fourth degree of development was observed in
19.0% of the bees from this group, while before
feeding this percentage was only 8.9%.

After completion of spring feeding with dried
bee pollen, the highest percentage of bees in
which fat bodies reached the fourth degree of
development (58.6%) was reported compared
to the percentage before feeding (30.8%), with
a significant difference in the order of 27.8%.
For this period of the year, when feeding with
frozen pollen a significant increase in the
percentage of bees whose fat bodies are
developed to the fifth degree (11.1%) was
recorded. This shows the greater effect of
feeding bee colonies with frozen pollen
compared to dried pollen during the spring
period.
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Abstract

Klebsiella species cause infections occurring in different tissues of various hosts. In terms of bovine health it is a well-
known opportunistic pathogen playing a role in the pathogenesis of mastitis. In fact, such bacteria can spread widely in
bovine farm environments mostly through dairy facilities and breeding areas causing eventually mastitis. Characterizing
aetiological agents thoroughly can assist to understand pathogenesis of the opportunistic infections. In this study, a total
of 1206 dairy cows from 6 farms were first screened by California Mastitis Test (CMT). Samples found positive by CMT,
samples from clinical mastitic udders and also siwab samples obtained from both the same animals’ rectal and nasal
orifices and their surrounding environments were all cultured aerobically and a complete identification of the isolates
was achieved by phenotyping and genotyping. Some bovine Klebsiella strains from the culture bank of the Department
were also included as organ isolates in the study. Lastly, antibiotic resistance of the strains was detected. There is no
difference between numbers of coliforms from the farms using either robotic milking or classical milking systems (p >
0.05). The highest prevalence of Klebsiella mastitis in the farms examined in this study was 8.75%. It was common to see
colistin resistance in the Klebsiella isolates from all farms anyway. The lowest 12% and highest 50% resistances for
colistin were seen in rectal and organ originated strains, respectively. Unexpectedly, carbapenem (Imipenem) resistance
was detected and was the highest 50% in isolates from environments. The lower occurrence of carbapenem resistance
18.2% was measured in Klebsiella spp. isolated from mastitic milk samples. Carbapenem resistancy was further verified
molecularly.

Key words: Carbapenem, dairy cow health, environmental contamination, opportunistic infections.

INTRODUCTION pathogen with a presence in many countries
worldwide (Darniati et al., 2021). K. pneumoniae
Klebsiella species are Gram-negative, rod- is now considered as one of the major pathogens

shaped, encapsulated, lactose positive (with an of international concern due to the dramatic
exception of the species Klebsiella pneumoniae  increase in the occurrence of its hypervirulent as
subsp. rhinoscleromatis), non-motile, HaS well as carbapenem-resistant strains (Chang et
negative, facultatively anaerobic bacteriae  al., 2021). The bacterium's widespread presence
(Atalay, 2023; Cheng et al., 2021) Klebsiella in areas heavily used by humans, such as dairy
pneumoniae (K. pneumoniae) causes high  farms increases the risk of infection (Jayarao et
morbidity rates and significant economic losses al., 2006). Compared to other pathogenic

in cases of mastitis (Oliver, Gonzalez, Hogan, microorganisms, K. pneumoniae can lead to a
Jayarao, & Owens, 2004). Bovine mastitis leads  faster and more severe occurrence of mastitis by
to major economic losses and some profound,  means of its strong host specific growth feature
negative effects on animal welfare. Thus, it is  (Schukken et al., 2012). This often increases an
important to successfully manage such infec-  urgent need for appropriate and rapid treatment
tions including especially those that at the (Vikova et al., 2017). However, many K.
beginning or subclinical stage of the inflame-  pneumoniae strains show resistance to different

mation. K. pneumoniae is generally considered  antibiotics, which limits treatment choices, and
as one of the opportunistic pathogens causing more complex treatment protocols are required
not only environment-derived bovine mastitis (Paczosa & Mecsas, 2016; Ruegg, 2017). More
but also upper respiratory tract infection of dairy researches on Klebsiella were rather focused on
cattle. It is an emerging zoonotic and foodborne human health until recently (Chang et al., 2021;
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Schukken et al., 2012). However, it can be
argued that virulence genes in the human
isolates show similarities to those of animal-
derived strains. This suggests that the adoption
of any approaches to follow up sources of infec-
tions epidemiologically may be necessary (Yang
et al., 2019). More investigation is still needed
on genotypic and phenotypic features that may
affect the good management of bovine mastitis.
Specifically, for K. pneumoniae to establish an
udder infection, the bacteria must overcome
various mechanical and chemical barriers and
bypass the humoral and cellular defense system
of the host (Piperaki et al., 2017). Antibiotic
resistance profiles of animal originated strains
are also required to be updated at all time to treat
effectively patients of animal origin.
Researches on bovine mastitis caused by
Klebsiella spp. conducted in this country so far
produced little data and showed some
occurrence rates. An early of these studies
conducted on 1277 dairy cows from some state
farms located in Bursa, Eskisehir and Ankara
reported no Klebsiella isolation. Another study
later carried out in a farm from Ankara also
reported no isolation (Arda & Istanbulluoglu,
1980; Ulusoy, 1985). Among 21 other studies on
bovine mastitis in Turkey covering the period
from 1979 to 2022, the highest rate for
Klebsiella spp. isolation was observed 34.3% in
Aydin region (Erdogdu, 2019). In another study
from the same city 20 years later, a total of 141
milk samples taken from cows with clinical
mastitis were examined and K. pneumoniae was
detected in 5% of 141 milk samples examined
(Kaya et al., 1999).

In other studies in Turkey, the isolation rates
were between 0% and 17.9% depending on the
year and geography of the studies as reviewed
elsewhere (Atalay, 2023).

As for the studies in Konya and its district;
Klebsiella isolation was not stated in previous
reports from cow milk with mastitis (Ates et al.,
1991; Bozkir, 1985; Ding et al., 1991; Tekeli et
al., 1985). The first report ever on Klebsiella
spp. in Konya region was made from sheep
mastitic milk (Erer et al., 1990). In the following
years, Klebsiella spp. has been beginning to be
isolated from bovine mastitic milk as evidenced
by a few studies (Nizamlioglu et al., 1992).
Therefore, we aimed to detect up-to-date
prevalence and profile of carbapenem-resistance

in Klebsiella spp. isolates from the cases of
bovine mastitis, Konya by this study.

MATERIALS AND METHODS

Sampling, Isolation and Identification

The study was conducted on 1206 lactating
cows from 6 intensively managed farms in
Konya. All the cows were examined clinically
first and then those that were not showing any
visible signs of mastitis were screened using
California Mastitis Test (CMT). Subclinical
mastitis was diagnosed based on the screening
test. The CMT positive milk samples (n = 124)
as well as milk samples from udders showing
any signs of clinical mastitis (n = 67) were
collected to the 15 mL sterile tubes and
transferred to the lab in isothermal boxes 4°C for
bacterial culture. The microbiological examina-
tions were carried out at the Microbiology
laboratory of the Veterinary Faculty of Selguk.
A loopful of milk sample inoculating onto
Tryptic Soy Agar (TSA) enriched with 5%
sheep blood (Merck 105459/Almanya) and were
incubated for 24-48 hours at 37°C under aerobic
conditions. Suspicious coliform isolates based
on colony morphology and gram staining
characteristics were then transferred to
McConkey Agar (Lab M Limited/UK) and
incubated at 37°C overnight. Identification of
the isolates was performed using Lassen Triple
Tube Method, IMVIC and additional tests
(Hogan et al., 1999; Lassen, 1975; Quinn et al.,
2002). Swab samples taken from nasal, rectal
orifices and from environmental surfaces were
taken into tubes containing Todd Hewit Broth
(Neogen-NCMO0061/USA) and inoculated onto
the same agar as above and followed the same
procedures for isolation and identification. K.
pneumoniae ATCC 700603 strain was used as
positive control in molecular tests.

Antimicrobial sensitivity

The susceptibility of the isolated strains to
antimicrobials was evaluated according to the
Kirby-Bauer Disk Diffusion Method (Bauer,
1996) and the guidelines of the Clinical and
Laboratory Standards Institute (CLSI) (PA,
2010). Bacterial suspensions were adjusted to
0.5 McFarland Standard and planted on Mueller
Hinton Agar. Detection of Extended Spectrum
B-Lactamase (ESBL) production was performed
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using the double disk synergy method (PA,
2010).

DNA Extraction

Boiling and freeze-thawing protocol, a simple,
efficient, reproducible and inexpensive
technique was used to extract DNA from each
colony (Hasibuan et al., 2018). Isolated DNA
contents were stored at -20°C until use.

Molecular typing

Following morphological and biochemical
characterizations, identification of suspected
colonies was further performed by gyrA gene
PCR amplification specific for K. pneumoniae
subsp., and pehX specific for K. oxytoca.
Primers used in PCR analysis are presented in
Table 1.

Table 1. Primers used in the study

Amplified Gene Oligonucleotide sequence (5°-3°) Product References
or Sequence Length
(bp)

gyrd!

K. pneumoniae’

F-CGCGTACTATACGCCATGAACGTA,
R-ACCGTTGATCACTTCGGTCAGG
F-ATTTGAAGAGGTTGCAAACGAT,

441 (Brisse & van Duijkeren, 2005)

? R- TTCACTCTGAAGTTTTCTTGTGTTC 130 (Liu et al., 2008)
re R TAGCCTTTATCAAGCGOATACTCS 343 (Younis etal, 2017)
e R TTACTGCCCOTTGACGCCRAATC 75 (Montioetal, 2009
o E'_ Zﬁgﬁl{iﬁggﬁggﬁﬁ& 177 (Monteiro et al., 2012)
VIM F-GATGGTGTTTGGTCGCATA 0 (Poirel et al. 2007)

R- CGAATGCGCAGCACCAG

'gyrd = is for Klebsiella detection at genus level; K. pneumoniae = Specific for K. pneumonia detection; *pehX = Specific for K. oxytoca detection.

PCR and Multiplex-PCR Protocols

To determine isolates at genus and species level
molecularly, PCR was performed in 50 pL
volume contained 5 pl target DNA, 10 pmol of
each primer, 10 pl 5 x Master Mix
(Solisbiodyne, Estonya), and 33,6 pl of ultra-
pure distilled water. Thirty-five cycles with a
profile of 95°C for 15 min (denaturation), 94°C
for 30 sec (second denaturation), 58°C for 90 sec
(annealing), and 72°C for 90 sec (extension)
were run on a Techne PCR thermal cycler
(BIORAD T100). Cycling was preceded by a
final extension at 72°C for 10 min. Amplified
PCR products were analyzed by electrophoresis
in ethidium bromide-stained 1.5% agarose (w/v)
gels and visualized with a UV-transilluminator.

Multiplex PCR Detection of Carbapenemase
Genes

Primers designed to amplify the 3 genes
encoding carbapenemases (blaKPC, blaOXA
and blaVIM) were used (Ellington et al., 2007).
The PCR mixture contained 5 pL. DNA, 10 pL
5x Master Mix (Solisbiodyne, Estonia), 10 pmol
of each primer, 34 pl ultrapure water was used.

RESULTS AND DISCUSSIONS

Of 1206 cows, 51 were clinically infected and
bacteriologically positive. 20 of 51 clinical
mastitis cases were culture-positive for
Klebsiella. These results were confirmed
molecularly and are shown in Figure 1.

CMT as a screening test indicates that 124/1206
(10.28%) cows and 180/489 (36.8%) quarters
examined (except for 7 breast lobes - blind) were
observed positive for subclinical mastitis. Out of
124 CMT-positive cows 18/124 (14.52%) cows
and from 72 quarters 18/72 (25%) quarters were
positive for Klebsiella isolation (Table 2).

Table 2. Prevalences of mastitis in the farms, Konya

% Prevalence* in Farms
Mastnt:}s caused A B C D E G
y
n 200 250 342 135 137 142
K. pneumoniae 1 32 2.04 1.48 5.83 0
K. oxytoca 0 1.6 0 0 0.73 0
Other
Klebsiella 0 0 0.88 0 2.19 0
Total 1 4.8 2.92 148 875 0
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The CMT produced statistically significant
results on type of the farms (p > 0.05). Aerobic
bacteria grow more in milk samples from
manure littered bans. There is no difference
between the numbers of coliforms from the
farms using either robotic milking or classical
milking systems (p > 0.05). This was also the
case for the of acrobic bacteria numbers for the
same farms (p > 0.05).

In farms that robotic milking systems was in use
the negativity value for mastitis infection by
Klebsiella was statistically quite low (p < 0.05).
More Klebsiella spp. isolations occurred in the
manure litter groups.

In farms equipped with milking systems, a
correlation analysis was made between the some
infectious/physiological data (intramammary
subclinical and clinical mastitis status of dairy
cows, lactation numbers of milkers, milking day
after birth and milk yield) and isolations of
Klebsiella spp. Between the isolation of
Klebsiella spp. and day of milking a moderate
negative correlation (r = -237) was observed

Epreomonta

Figure 1. K. pneumoniae species-specific 16S-23S gene
gel image of isolates, M: 100 bp DNA ladder

76 M 19 10 78 97 126 111 60 120 M

MaKPC T8ERy
[ERTNET

WoxA 17TI

Figure 2. Gel image of carbapenem genes of isolates, M:
100 bp DNA ladder

Table 3. Distribution of carbapenem positive samples
determined molecularly

with a P value 0of 0.016. Thus, as the milking day SI(\)]HICTS blakPC __ blaVIM _ blaOXA
. . . asa
increases the Klebsiella spp. detection rate (n=45) LR TEe g T 4%/ 7w
decreases. % 70.59 47.06 23.52
Of the strains, 11 of the 16 ESBL positive Rectal s s s
isolates (64.28%) were found in farm B. No @ %25) 56/285 56/285 2 g
ESBL enzyme detection was seen in farms A Milk
and D. Ten of the strains with ESBL positivity (n=44) 1¥/14% A/14%E - 10%/14%*
re obtained from clinically mastitic cows % [ 28.57 7143
we Y : Organ (n = 6) 1%/3%% 1#/3%% 1%/3%
Molecular results regarding carbapenem % 33.33 33.33 33.33
resistance of isolates obtained from various Environmental
R (n=8) 0%/2%* 0%/2%* 2%/ 0k
sources are shown in Figure 2 and Table 3. The % 0 0 100
antimicrobial resistance profiles of the isolates, Total 19 18 19
categorized by their sources of isolation, are *Test Result
presented in Table 4. **Total Number of Samples
Table 4. Percent resistances of the isolates to antimicrobials based on isolation sources
Antimicrobial Milk Nasal Rectal Environmental Organ
AMC 29.5 44.4 48 16.7 75
C 36.4 13.3 8 16.7 87.5
PY 79.5 88.9 88 83.3 87.5
T 54.5 422 48 83.3 87.5
1PM 18.2 20.0 12 50.0 0
SXT 34.1 13.3 12 333 87.5
E 100 100 100 100 100
CN 13.6 8.9 16 0 87.5
AM 100 100 100 100 100
CTX 38.6 20.0 16 16.7 25
N 45.5 55.6 36 16.7 62.5
FLM 159 6.7 20 333 87.5
Colistin 22.7 31.1 12 333 50

AM10: Ampicillin (10 mg), PY100: Carbenicillin (100 mg), CTX30: Cephataxime (30 mg), C30: Chloramphenicol (30 mg), E15: Erythromycin
(15 mg), CN10: Gentamicin (10 mg), N30 Neomycin (30 mg), T30:Oxytetracycline (30 mg), SXT25: Sulphamethoxazole/ Tripethoprim (1.25/23.75
mg), AMC30: Amoxicillin- Clavulanate (30 mg), IPM10: Imipenem (10 mg), FLM: Flumequin (30 mg)



Housing conditions, bedding material, milking
systems, and udder hygiene are all critical
environmental factors that directly affect udder
health. The environment is sometimes itself the
factor that allows some amount of pathogens to
enter the udder tissue and thus increases the risk
of infection (Srivastava & Kumaresan, 2015). K.
pneumoniae 1is considered an opportunistic
pathogen that poses a risk to humans and
animals as evidenced by other studies so far (Fu
et al., 2022; Mirzaie & Ranjbar, 2021).
However, epidemiological studies of bovine
mastitis caused by Klebsiella spp. are still
insufficient in many part of the World (Fu et al.,
2022). A complete history of bovine Klebsiella
mastitis prevalence in Turkey is described
elsewhere (Atalay, 2023). From 1979 on,
occurrence has been reported between 0-17.9%
depending on the city and year. In Konya, the
detection of Klebsiella spp. as causative of
bovine mastitis was first reported in 1992. No
declining trend in the occurrences of Klebsiella
mastitis in cattle can be observed in the Country
anyway (Atalay, 2023)

All of the farms in this study were free from
bovine Tuberculosis and Brucellosis, use
automated milking systems and contained 100
lactating cows/each at least. One (Farm E) of the
farms sampled that was bedded with manure and
with free stall, open roof, shed-typed barn gives
the highest prevalence of Klebsiella spp.
mastitis (p<0.05). Percentages of mastitis
(subclinical and clinical) cases in total according
to farms A, B, C, D, E, and G were as follows;
15% (12.5%; 2.5%), 21.2% (14.8%; 6.4%),
9.06% (5.26%; 3.80%), 13.33% (8.14%j;
5.18%), 16.05% (12.14%; 3.65%), and 14.78%
(11.26%; 3.52%), respectively. However, Farm
G was unique in the characteristics that no
Klebsiella mastitis was detected at all although
mastitis (either of type) is present (14.78%) in
this farm with similar ratios to other farms. This
might be because of that Farm G has more strict
entry and exit allowances. On the other hand, by
performing statistical analysis of the CMT
results based on the litter type of the farms;
differences were not statistically significant (p >
0.05).

In parallel with previous reports, as the day on
lactation period increases, the detection rate of
Klebsiella spp. decreases (p < 0.05). This
supports the fact that coliforms causes mastitis

in the early stages of bovine lactation since
Klebsiella is one of the genera included in
Coliform bacteriae (Constable et al., 2016). This
early stage of vulnerability to Klebsiella spp.
may be due to an increased susceptibility of the
host or some other host specific reasons such as
changed levels of lactoferrin and citrates
(Burvenich et al, 2003). However, K.
pneumoniae is proposed to be superior to most
E. coli strains in bypassing the barriers posed by
lactoferrin and infiltrating the mammary gland.
On the other hand, similar to a E. coli infection,
K. pneumoniae infection usually begins with
subclinical mastitis at the end of the dry period,
which can develop into a clinical form with the
onset of lactation (Bradley & Green, 2000).

In Turkey, ESBL has been noted to be detected
in one K. oxytoca isolate and four E. coli isolates
obtained from mastitic cows (Babacan, 2022).
At the present study, ESBL-producing strains
were detected in 12.5% of all Klebsiella spp.
isolates obtained from cattle. The corresponding
figure for milk samples in total was 25%. The
rates of ESBL enzyme in the Klebsiella obtained
from lactating cows with clinical or subclinical
mastitis were very close to each other (25.9%,
23.53%).

It was reported more than 10 years ago that
coliform bacteria (E. coli, Klebsiella spp.) were
100% sensitive to carbapenems (Biiyiikcangaz
et al., 2012). In the present study, 9 of 16 ESBL-
positive isolates were resistant to Imipenem
(IPM). IPM resistance was 17.9% when all of
the isolates were taken into account. Two of the
resistant strains obtained from the environment
originated from the walls of animal shelters.
These environmental isolates were from only
one farm. The farm where we detected IPM
resistance from the environmental samples was
the farm that the highest rate of 55% IPM
resistance and the highest rate of 69% ESBL
enzyme occurred together. This suggests that it
seems to pose a risk in terms of transmission to
and between animals. Some of the primary
protection practices, namely udder washing,
drying, and teat dipping must be practiced in
dairy farms. Testing cows by CMT is also
crucial to detect early subclinically infected
cows. A new introduction into the herd should
not be allowed in any circumstances, either.
Protection of udder health by the administration
of proper vaccines is recommended as the first
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barrier to specific pathogens, too. Therefore, all
these primary protection measures make the
preventive approach in question indispensable
to the dairy industry.

The development of antimicrobial resistance in
veterinary medicine is driven by the wide
utilization and misuse of antibiotics (Bedawy et
al., 2024). The presence of the natural existence
of B-lactamase in K. pneumoniae can explain the
resistance to p-lactams and 3™ and 4™ generation
cephalosporins (Marr & Russo, 2019).
Additionally, extended-spectrum [-lactamases
(ESBLs) in this bacterial species is a well-
known phenomenon as one of the plasmid-
mediated enzymes (Bedawy et al., 2024;
Koovapra et al, 2016). When extended-
spectrum beta-lactamase activity was examined
in Klebsiella strains, it was determined that
bacteria with this enzyme spread in the
environment and this feature could pass on to
other bacteria quickly. This spread can occur
between similar or different bacterial species
(Caniga et al., 2015; DuPont & Steffen, 2017). It
has been pointed out that animal foods play an
important role in the spread of such bacteria
among humans (Wu et al., 2013). In Farm B in
this study, the antibiotics used must be resistant
to the B-lactamase enzyme since ESBL had the
highest rate of positivity with 69%. Therefore,
antibiotics that would be used in combination
with B-lactamase inhibitors such as sulbactam
and clavulonic acid may increase their
effectiveness.  Detection of  f-lactamase
positivity before starting treatment is critical for
identifying resistant isolates.

Carbapenems are recommended for high risk
community acquired and nosocomial infections
(Cole et al., 2022; Logan & Weinstein, 2017).
Carbapenemase positive bacteria have been
proposed to sometimes exhibit only a slight
increase of MIC values for carbapenems.
Genotypic rather than phenotypic methods to
detect resistance to carbapenems is more
convenient (Cornaglia et al., 2007). The present
study shows that carbapenem resistance is
evidenced genotypically in all of 6 dairy farms
sampled and frequency was between 2-34%.

In the present study, the identification of isolates
positive for carbapenem resistance genes from
the same animal’s either rectal or nasal samples
along with a finding that a high rate of such
resistance was seen in a particular farm together

reveals that a potential risk of contamination
between the cows is present.

Plasmid-mediated transfer of codes for enzymes
may enable the transfer of resistance between
bacterial populations. In our study, the
carbapenem resistance gene was found in
approximately one-third of the Klebsiella
isolates from milk-originated samples (31.81%,
n = 44). Although no animals in Konya are
known to be treated with carbapenem-based
antimicrobials, this study suggests that K.
pneumoniae carrying genes for resistance to
carbapenems and third-generation
cephalosporins present in dairy cows can have
critical potential for pathogenicity for humans.
The fact that K. pneumoniae carries the same
virulence genes in both animals and humans
indicates a possible zoonotic potential of this
microorganism. It may mean that the infection
that can be mutually transmitted between
animals and humans cannot be ignored.

The European Antimicrobial Resistance
Surveillance Network (EARS-Net) performs
surveillance of antimicrobial susceptibility of
eight bacterial pathogens in humans including
K. pneumoniae. To strengthen health
surveillance throughout the whole of Europe,
EARS-Net and the European Antimicrobial
Resistance Surveillance Network in Veterinary
Medicine (EARS-Vet) have been decided to
collaborate and started to work together. As an
outcome of this collaboration an alert on how
carbapenem-resistant K.  pneumoniae  is
transmitted between animals and humans was
set (Mader et al., 2021). We recommend
establishing a surveillance program covering
both bovine and human isolates within the
framework of One Health, in Turkey.

In this study, colistin resistance was determined
as 22.7%, 31.1%, 33.3%, 12% in milk, nasal,
environmental and rectal samples, respectively.
This type of resistance was not found in nasal,
rectal and milk samples from two farms (A and
C). We believe that this has been interpreted as
the colistin resistance may occur based on farm
management practicals (those in which colistin
was in use).

CONCLUSIONS

The detection of carbapenem resistance genes in
both animal and environmental samples poses a
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significant risk to animal and public health,
suggesting potential horizontal gene transfer.
These findings support the implementation of
comprehensive surveillance programs covering
both animal and human health sectors, in line
with the One Health approach, to effectively
manage and reduce the spread of resistant
pathogens.

To treat specific infections caused by
multiresistant Gram-negative bacteria few drugs
are recommendable. Carbapenems are of great
importance and are used to treat these kinds of
infections. Traditionally, those caused by
extended-spectrum  beta-lactamase (ESBL)
producing bacteriae that are members of Order
Enterobacterales and  multi-drug-resistant
organisms, such as Pseudomonas aeruginosa
and Acinetobacter spp. are prescribed.
Carbapenem-resistant organisms (CRO) have
recently become a significant threat to human
health and healthcare systems. In human
medicine, controlling CROs is seen as a priority
issue, necessitating a multifaceted approach that
includes aggressive infection control strategies,
enhanced surveillance, and more effective
antimicrobial stewardship measures.

The use of carbapenems in veterinary medicine
should be out of choice since it is off-label. Thus
it has been common to consider carbapenem as
a reserved antibiotic only for cases with limited
therapeutic alternatives. Carbapenem is not
routinely prescribed for veterinary treatment
purposes in Turkey.
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Abstract

The present study was conducted with objective to evaluate the validity of three hemoglobin (Hb) estimation methods,
including the cyanmethemoglobin method (HbC), Sahli's method (HbS), and veterinary hematology analyzer (HbA) in
Cholistani cattle (n=100). Blood samples were collected aseptically from apparently healthy cattle. The results regarding
the overall data and the data for age, and sex-wise groups revealed that HbA was significantly (p < 0.05) different from
HbC, whereas HbS was non-significantly (p < 0.05) different from the HbC. The Bland and Altman chart between HbS
and HbC, and between HbA and HbC showed significantly higher level of agreement between HbS and HbC with no
proportional bias on the distribution of data around the mean difference line (Mean= 0.39, 95% CI= 0.21 to 0.57).
Cronbach’s alpha and intraclass correlation coefficient between HbS and HbC, and between HbA and HbC for single
and average values, on similar grounds, were also higher between HbS and HbC being 0.819 and 0.900 as compared to
the values of 0.793, and 0.884 between HbA and HbC. Sahli's method (a three-time average) for Hb estimation in cattle
blood is comparable to the gold standard technique of the cyanmethemoglobin method, endorsing its use as a point-of-
care testing device in remote areas.

Key words: Cholistani cattle, hemoglobin, point-of-care testing.

frequently being used to determine Hb levels in
INTRODUCTION human and veterinary hematology. These

machines, though highly accurate and reliable,
Hemoglobin (Hb) is a tetrameric structural and  are yet costly, tedious and need trained
functional unit formed by the asymmetric  personnel. Furthermore, the transfer of blood
pairing of two polypeptide chains, the alpha and ~ samples to the laboratory may delay treatment,
beta globulins. Within the erythrocytes, it  resulting in disease aggravation (Adam et al.,
generates carbamino compounds with carbon 2012). The use of such analyzers has resultnalty
dioxide and buffers hydrogen ions, facilitating  quite limited in resource-poor countries
carbon dioxide transport in blood (Brundha &  (including Pakistan) owing to aforementioned
Priyadharshini, 2019). Priorly, extensive  limitations.
reviews have emanated globally which have = The World Health Organization conducted
reviewed the merits and demerits of various Hb  research on Hb determination using the Hb color
estimation methods mainly the Tallquist scale in which a color of the drop of blood was
method, Copper sulphate method, Sahli’s  compared to specified red shades (Darshana &
method, Lovibond comparator, Uluwaduge, 2014). The scale comprises of a
cyanmethemoglobin method, Hb color scale, little card with six different red colors
and HemoCue (Srivastava et al., 2014). Their representing Hb levels of 4, 6, 8, 10, 12, and 14
precision, accuracy, sensitivity, specificity and  g/dL. HemoCue portable photometer is another
repeatability for human blood has also been  way for determining Hb. It comprises of
reported (Barduagni et al., 2003; Adam et al., disposable microcuvettes holding dry reagent
2012; Agnihotri et al., 2015). In comparison to and a single-purpose photometer. The precision
these methods, lately the 3-part and S-part  of HemoCue for assessing Hb concentration in
automated veterinary hematology analyzers are ~ venous or capillary blood samples was inferior
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and was not equivalent to that of an automated
hematology analyzer (Kapoor et al., 2002).

The cyanmethemoglobin technique is widely
regarded as the gold standard for Hb estimation.
It can measure all forms of Hb except
sulfhemoglobin. However, there are several
drawbacks of using this method, as it may be
toxic due to presence of cyanide in its reagent,
presence of turbidity, and it requires skilled
technician and presence of unique equipment
(Kapoor et al., 2002; Srivastava et al., 2014).
Sahli's approach is doable by hand. It is less
expensive, less time consuming, more convenient,
and simpler to carry out. As a result, it is a
superior choice for on-field investigations
rightly coming under the definition of ‘point-of-
care testing device’ (POCT) (Singh et al., 2015)
However, visual mistake is likely when matching
the brown hue of the comparator box in this pro-
cedure, and all types of hemoglobin cannot be
measured (Balasubramaniam & Malathi, 1992).
Cholistani cattle are phenotypically a big, with a
stumpy body, having short horns, long ears, and
substantial dewlap both in males and females.
Males possess a prominent hump. The body of
this breed of cattle is speckled with red, black,
or brown dots, and its tail features a black
switch. The genetically superior Cholistani
cows may produce 15 to 18L of milk each day
(Farooq et al., 2010). This breed gained its fame
since 2010 and extensive research work on its
reproductive and productive attributes has since
been reported from Pakistan (Tausif, 2008; Ali
et al., 2009; Shahzad et al., 2010) Lately, our
laboratory has published results regarding the
reference intervals for various hematochemical
profile of apparently healthy Cholistani cattle
being reared under nomadic pastoralism in the
Cholistan desert of Pakistan (Saeed et al., 2022).
Furthermore, our laboratory has also initiated
work on validation of various hematological
attributes and deducing pen-side hematological
formulae for various Cholistani livestock
(Ahmad et al., 2022a; Ahmad et al., 2022b;
Farooq et al., 2023). However, no work has yet
been reported on assessing the diagnostic
efficacy of various Hb estimation methods for
this breed of cattle which may be used as point-
of-care testing (POCT). The present study is
therefore being devised with an objective to
assess the validity of various Hb estimation
methods (Sahli’s method, cyanmethemoglobin
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method, automated veterinary hematology ana-
lyzer) for blood of Cholistani cattle being reared
under pastoralism in Cholistan desert, Pakistan.

MATERIALS AND METHODS

The research work was conducted at the
Cholistan desert (for blood sampling) and post-
graduate laboratory of the Department of
Physiology, Islamia University of Bahawalpur
(for analyses). The cyanmethemoglobin
technique is regarded as the gold standard for Hb
detection. Pakistan throughout the time of June
2022 to May 2023. This desert has an area of
26,000 km? and is located in latitudes 27°42’ and
29°45' North, longitudes 69°52" and 75°24’ East,
and at a height of roughly 112m above sea level
(Farooq et al., 2017). It comes under the domain
of semi-arid tropical climate with average tem-
perature of 28.33°C. Month of June is consi-
dered as the warmest month with a temperature
soaring beyond 45°C (Farooq et al., 2010).
Cholistan has an annual rainfall of up to 180mm.
November through January are coldest of the
months having an average temperature of 13°C.
Cholistani cattle (n = 100) being reared by the
desert nomads of Cholistan were incorporated in
this study. Detailed interviews were conducted
with these nomads and clinical assessment of the
animals, the overall health of the animals was
assessed, and only apparently healthy animals
were included in the research. According to the
anamnesis provided by pastoralist herders,
animals deemed to be listless, depressed, off-
feed, and separated from the herd were excluded
from the research. Demographic information
was gathered through focal group discussion
from the livestock herders.

As directed by protocol, a disposable syringe
was used to take blood samples from the cattle's
jugular vein. After being carefully inverted and
placed in an icebox, the blood samples were
moved into purple-topped EDTA-containing
vacutainers (Becton Dickinson, USA) and
examined for hematological analysis within
eight hours. Three approaches were suggested in
this study to estimate the Hb levels in the blood
of Cholistani cattle; as given below:

a) Sahli’s method: The Sahli's approach
includes converting Hb to acid hematin and
visually comparing the resultant color to that of
conventional colored glass. The value of Hb



(HbS) was read straight from the graduated Hb
tube (Balasubramaniam & Malathi, 1992).
Three trained personnel took this reading
separately in order to eliminate interpersonal
errors and the reading was taken in broad
daylight. Mean of these readings was taken into
account.

b) Cyanmethemoglobin method: For the
cyanmethemoglobin method, about SmL of
Drabkin’s solution (SDL Company, Pakistan)
was taken by adding 20 pL blood into it. It was
mixed thoroughly and incubated for 5 minutes.
After that, the reading was taken through
spectrophotometer (Irmeco U2020, Germany)
set at 540 nm wavelength (Sari et al., 2001) and
Hb was deduced through standard curve (HbC).
This HbC was considered as gold standard
method for Hb determination.

¢) Automated veterinary hematology analyzer:
Blood was well mixed on a Roller Mixer (MixR-
40, Daihan Scientific, Korea) and then subjected
to an off-hand validated automated veterinary
hematology analyzer (Rayto RT-7600, China) to
determine the hemoglobin concentration (HbA).
Data analysis was done using the Statistical
Package for Social Science (SPSS for Windows
version 12, SPSS Inc., Chicago, IL, USA).
Using the Shapiro-Wilk test, the normality of the
data was examined. Using the provided
formulas, the means (+ SE) and 95% CI for the
three Hb values (HbS, HbC, and HbA) obtained
in this study were calculated. ANOVA with
Duncan's as a post-hoc test was suggested in
order to determine the difference between the
three Hb values for the total data as well as for
the different study groups, namely age-wise
(young, n = 45 and adults, n = 55) and sex-wise
(males, n = 68 and females, n = 32). The degree

of correlation between the three Hb levels was
calculated  using  Pearson's  correlation
coefficient. Scatterplots were drawn and linear
regression was carried out between these three

Hb values and accordingly, regression
prediction  equations  were  computed.
Considering cyanmethemoglobin as gold

standard method of Hb estimation, level of
agreement between HbS and HbC, and between
HbA and HbC was assessed through Bland
Altman agreement analysis (Bland and Altman,
1999). Likewise, as tests of agreement between
HbS and HbC and between HbA and HbC,
Cronbach alpha and intraclass correlation were
also deduced from the whole data (Gerke, 2020;
Shieh, 2020).

RESULTS AND DISCUSSIONS

The mean (+ SE) values and 95% CI for the three
Hb values attained in this study (HbS, HbC and
HbA) in Cholistani cattle (n = 100) are given in
Table 1.

Similarly, results for overall and group-wise
(based on age and sex) data revealed that HbA
was significantly (p < 0.05) different from the
HbC, whereas HbS was non-significantly (p <
0.05) different from the HbC.

Table 2 displays the regression analysis results
and the corresponding regression prediction
equations for each age and sex group under
consideration. A significant positive correlation
coefficient (p < 0.01) was observed between
HDbA and HbC as well as between HbS and HbC.
The greatest association between HbS and HbC,
however, was found in adult stock (r = 0.866;
adjusted r-square = 0.743).

Table 1. Mean (+ SE) values and confidence intervals for hemoglobin determined through Sahli’s, cyanmethemoglobin
method and autoanalyzer

HbS (g/L) HbC (g/L) HbA (g/L)
Groups
x + SE CI x + SE CI x + SE CI
S Females (n =32) | 100.0+1.9a | 96.3-103.8 | 102.1 +2.0a | 98.0-106.2 105.0+2.1b | 100.7-109.4
ex
Males (n = 68) 98.0+1.8a | 94.3-101.7 | 1059+ 1.8a | 102.1-109.6 | 99.6 + 1.8b 95.8-103.4
A Young (n = 45) 969+ 1.5a | 93.9-99.9 103.0+ 1.6a | 99.7-106.2 99.7+ 1.5b 96.6-102.7
e
g Adults (n = 55) 101.5+2.2a | 97.0-106.0 | 103.5+2.4a | 98.7-108.4 106.3 +2.6b | 101.1-111.4
Overall (n =100) 99.4+14a | 96.6-102.2 | 103.3+1.5a | 100.3-106.3 | 103.3 £ 1.6b | 100.1-106.5

**Different letters within rows are different at p <0.05 for the three hemoglobin values. HbS= Hemoglobin determined through Sahli’s method; HbC=
Hemoglobin determined through cyanmethemoglobin method, HbA= Hemoglobin determined through veterinary hematology analyzer; CI= Confidence

interval.
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Table 2. Linear regression between hemoglobin determined through Sahli’s method, cyanmethemoglobin method and
veterinary hematology analyzer in Cholistani cattle (n = 100)

Groups HbS versus HbC R Adjusted HbA versus HbC r Adjusted

r Square r Square
Sex Females (n = 32) | y=0.791(HbC)+1.9 | 0.860** | 0.736 y=0.886(HbC)+1.4 | 0.848** | 0.714
Males (n = 68) y=0.702(HbC)+2.3 | 0.708** | 0.485 y=0.726(HbC)+2.2 | 0.711** | 0.489
Age Young (n = 45) y=0.637(HbC)+3.1 | 0.707** | 0.488 y=0.555(HbC)+4.2 | 0.597** | 0.341
Adults (n = 55) y=0.795(HbC)+1.9 | 0.866** | 0.744 y=0.910(HbC)+1.2 | 0.865** | 0.743
Overall (n = 100) y=0.761(HbC)+2.0 | 0.821** | 0.671 y=0.832(HbC)+1.73 | 0.794** | 0.626

**Significant correlation at p < 0.01. HbS= Hemoglobin determined through Sahli’s method; HbC= Hemoglobin determined through
cyanmethemoglobin method, HbA= Hemoglobin determined through veterinary hematology analyzer.

The Bland and Altman chart between HbA and
HbC (Figures 1 and 2, respectively) and between
HbS and HbC (Figure 1) indicated a better level
of agreement with respect to the level of
agreement.

DIff (HBC-HBS)

Mean (HBC/HBS)

Figure 1: Scatterplot of Bland and Altman Test between
Difference of Hemoglobin Determined through
Cyanmethemoglobin (HbC) and through Sahli’s Method
(HbS) (HbC-HbS) and Average of Both Hemoglobins
(HbC+HbS/2). Black line indicates mean difference
(0.39) whereas the upper red and lower green lines
indicate upper (0.57) and lower (0.21) values for 95% CI,
respectively

Mean (HBC/HBA)

Figure 2: Scatterplot of Bland and Altman Test between
Difference of Hemoglobin Determined through
Cyanmethemoglobin (HbC) and through Veterinary
Automated Hematology Analyzer (HbA) (HbC-HbA) and
Average of Both Hemoglobins (HbC+HbA/2). Black line
indicates mean difference (0.0) whereas the upper green
and lower red lines indicate upper (0.2) and lower (-0.2)
values for 95% CI, respectively
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Additionally, there was no discernible
proportional bias in the data distribution along
the mean difference line between HbS and HbC
(Mean = 0.39, 95% CI=0.21 to 0.57).

Table 3 presents the findings for the intraclass
correlation coefficient and Cronbach alpha
between HbA and HbC and between HbS and
HbC. The average and single measure values
between HbA and HbC were 0.793 and 0.884,
respectively, while the values between HbS and
HbC were higher at 0.819 and 0.900.

Table 3. Cronbach alpha and intraclass correlation
between hemoglobin determined through Sahli’s method,
cyanmethemoglobin method and autoanalyzer

HbS and HbC

Intraclass Correlation 95% CI Cronbach
Alpha

Single Measure | 0.819 | 0.74-0.87
Average 0.900 | 0.85-0.93 | 0.900
Measures

HbA and HbC
Single Measure | 0.793 | 0.70-0.85
Average 0.884 | 0.82-0.92 | 0.884
Measures

HbS= Hemoglobin determined through Sahli’s method; HbC=
Hemoglobin determined through cyanmethemoglobin method, HbA=
Hemoglobin determined through veterinary hematology analyzer

Blood analysis is one of the vital and precise
tools being used widely in medical practice.
Therefore, globally, clinical hematology both
for human and veterinary medical sciences has
gathered considerable footing. And it has laid
precise foundations of diagnosis/prognosis of
blood-borne disorders. The development of 3-
part and S-part automated veterinary
hematology analyzers has replaced the manual
hematology methods such as measuring RBC
and WBC using hemocytometers, packing cell
volume through microcentrifugation
(Organization, 2000), differential leukocyte
count through stained blood smears (Hu et al.,



1993), and measuring Hb levels through
cyanmethemoglobin (Kapoor et al., 2002;
Srivastava et al., 2014). However, the
expensiveness, periodic maintenance, need for
trained personnel, continued validation, and
expensive chemical reagents for these analyzers
deem these analyzers unfit to be utilized as a
POCT devices. Being portable, easy to use, and
provision of quick results, the POCTs are in high
demand especially in developing/under-
developed parts of the world which either have
restricted or limited excess to standard
laboratory analyses (Chevalier et al., 2003;
Abuelo & Alves-Nores, 2016) The present study
assessed the validity and diagnostic accuracy of
three Hb estimation methods (Sahli’s method,
cyanmethemoglobin method, automated
veterinary hematology analyzer) for Cholistani
cattle blood. The Sahli’s hemoglobinometer,
which is a POCT device for Hb estimation in
humans, gave results for Hb which were similar
to those attained through the automated
veterinary hematology analyzer in the present
study. This endorses its vitality as a POCT
device for Hb estimation in cattle blood. There
is almost no work conducted on the study of
diagnostic accuracy and efficacy of Sahli’s
hemoglobinometer for cattle blood, hence, as
per need, the results of the present study have
been compared with prior studies conducted on
human blood.

The results for overall data as well as for age and
sex-wise groups in the present study showed that
the Hb values for Cholistani cattle blood
attained  through  automated  veterinary
hematology analyzer (HbA) were significantly
different from those attained through
cyanmethemoglobin method (HbC) and through
Sahli’s hemoglobinometer (HbS). However, the
values for HbS and HbC were non-significantly
different within each other, indicating a
substantial diagnostic accuracy and efficacy of
Sahli’s method for this breed of cattle. Our
results are not in line with most of the research
work conducted on humans (Sari et al., 2001)
and animals (DeNicola, 2011) which have
shown better efficacy and diagnostic accuracy of
auto-analyzers as compared to Sahli’s method.
Visual impairment of the observer, less light,
and fading out of the comparator-color-block of
the Sahli’s hemoglobinometer are few of the
drawbacks which decrease its efficacy for Hb
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estimation (Critchley & Bates, 2005). Sahli’s
method is a subjective test based on visual
comparison and has a lower sensitivity,
specificity, positive predictive value and
negative predictive value as compared to other
Hb estimation methods such as
cyanmethemoglobin method and auto-analyzers
(Barduagni et al, 2003; Brundha &
Priyadharshini, 2019). A digital
hemoglobinometer, in a study, was found to
have lower sensitivity and specificity of 89.4%
and 63.6% for pregnant women in India,
respectively as compared to 98.7% and 90.2%
for autoanalyzer (Toppo et al., 2019) Similarly,
while comparing Sahli’s method with
cyanmethemoglobin method for human adults, a
lower sensitivity of 86.2% has been reported as
compared to 96.5% for copper sulphate method
(Agnihotri et al., 2015) Apart from all this,
Sahli’s method is still being used as a POCT
device for clinical and research purposes,
especially in resource-poor settings such as
Asian countries, both for human (Sari et al.,
2001; Wasnik et al., 2014) and veterinary
(Pathan et al., 2011; Ibrhim, 2014; Osman et al.,
2017) medical sciences.

An interesting study conducted in India
compared the efficacy of Sahli’s method (two-
time and three-time average) and autoanalyzer
for Hb determination in human blood. It was
reported that the three-time average of Sahli’s
method was statistically not different from that
attained through autoanalyzer (Brundha &
Priyadharshini, 2019). These results coincide
with the results of the present study. In our
study, average reading from three trained
personnel was taken for Hb using Sahli’s
method which is not different from the gold
standard technique of cyanmethemoglobin.
Regarding the studies on the efficacy of Sahli’s
method in livestock blood, the only study
conducted in Iraq has compared Sahli’s method
against autoanalyzer for bovine, caprine and
sheep blood (Ibrhim, 2014). This study has also
reported that the values attained through Sahli’s
method are lower and statistically different than
those attained through auto-analyzers for all
three studied species. Another study has
compared the efficacy of Mission Plus (MP)
human device for Hb estimation with gold
standard technique for healthy cattle blood using
Passing Bablok regression analyses and Bland



Altman chart. They have reported that the
human MP device is equally effective for Hb
estimation as the gold standard technique for
cattle blood (Heller et al., 2021).

In the present study, gold standard method of Hb
estimation i.e. cyanmethemoglobin (HbC) was
compared both with the HbS and HbA. Three
main statistical tests viz. Bland and Altman,
Cronbach alpha and Intraclass coefficient were
implied for assessing the level of agreement
within these three Hb values. No proportional
bias on the distribution of data around the mean
difference line was noticed between HbS and
HbC, and there was a strong level of agreement
between HbS and HbC, as compared to that
between HbA and HbC. Hematology analyzers,
these days, are extensively being used both by
human and veterinary medical practitioners and
researchers. These machines are highly sensitive
machines and are validated by the manufacturers
as per the (inter)national standards to be sent out
into the market. However, their performance has
been marred by their need of periodic validation
and continued quality control measures. The
difference in Hb values attained through
veterinary hematology analyzer and through
gold standard method in the present study may
be indicative of the fact that the machines need
periodic validation through manual
hematological methods as reported earlier
(DeNicola, 2011; Vis and Huisman, 2016; Kratz
etal., 2019).

CONCLUSIONS

In a nutshell, the present study reveals that the
value of Hb for cattle blood attained through
Sahli’s method is comparable to that attained
through  gold standard technique  of
cyanmethemoglobin method. This endorses the
on-field use of this POCT device for Hb
estimation in cattle being reared in far-flung
areas for quicker, cheaper and reliable results.
However, we recommend three-time average of
the values taken through this device for better
results. It is further recommended that other
POCT devices for Hb estimation being used in
human practice such as HemoCue, MissionPlus,
and Hb color charts/scales, may also be
validated for livestock blood.

209

REFERENCES

Abuelo, A., & Alves-Nores, V. (2016). Point-of-care
testing in cattle practice: reliability of cow-side
diagnostic tests. /n Practice, 38, 293-302.

Adam, 1., Ahmed, S., Mahmoud, M.H., & Yassin, M.I.
(2012). Comparison of HemoCue® hemoglobin-
meter and automated hematology analyzer in
measurement of hemoglobin levels in pregnant
women at Khartoum hospital, Sudan. Diagnostic
Pathology, 7, 1-6.

Agnihotri, M., Ambad, R., & Rahule, A. (2015). Study of
evaluation of sensitivity and specificity of simple
screening methods for assessment of anaemia in
pregnant women. Journal of Contemporary Medicine
& Dentistry, 3, 62-66.

Ahmad, S., Farooq, U., Lashari, M.H. Idris, M., Rehman,
Z.U., & Sajjad, N. (2022). Devising and validating a
pen-side hematological formula for hemoglobin
estimation in Cholistani cattle. Tropical Animal
Health & Production, 54, 377.

Ahmad, S., Lashari, M.H., & Farooq, U. (2022). A
preliminary study on devising a hematological
formula for estimation of hemoglobin from packed
cell volume in beetal goats. Arquivo Brasileria de
Medicina de Veterinariae Zootecnia, 74, 77-82.

Ali, 1., Chaudhary, M.S., & Farooq, U. (2009). Camel
rearing in Cholistan desert of Pakistan. Pakistan
Veterinary Journal, 29, 85-92.

Balasubramaniam, P., & Malathi, A. (1992). Comparative
study of hemoglobin estimated by Drabkin's and
Sahli's methods. Journal of Postgraduate Medicine,
38, 8.

Barduagni, P., Ahmed, A.S., Curtale, F., Raafat, M. &
Solaiman, L. (2003). Performance of Sahli and colour
scale methods in diagnosing anaemia among school
children in low prevalence areas. Tropical Medicine
& International Health, 8, 615-618.

Bland, JM., & Altman, D.G. (1999). Measuring
agreement in method comparison studies. Statistical
Methods in Medical Research, 8, 135-160.

Brundha, D., & Priyadharshini, S. (2019). Comparison of
haemoglobin estimation by Sahli’s two-time average,
Sahli’s threetime average methods and automated
analyzer method: A different approach in clinical
pathology. International Journal of Clinical
Diagnosis & Pathology, 2,291-295.

Chevalier, H., Posner, L.P., Ludders, J.W., French, T.W.
& Gleed, R.D. (2003). Accuracy and precision of a
point-of-care  hemoglobinometer for measuring
hemoglobin concentration and estimating packed cell
volume in horses. Journal of American Veterinary
Medical Association, 223, 78-83.

Critchley, J., & Bates, 1. (2005). Haemoglobin colour
scale for anaemia diagnosis where there is no
laboratory: a systematic review. International
Journal of Epidemiology, 6, 1425-1434.

Darshana, L.G.T., & Uluwadage, D.I. (2014). Validation
of the WHO hemoglobin color scale method. Anemia,
531670. doi: 10.1155/2014/531670.



Denicola, D.B. (2011). Advances in hematology
analyzers. Topics in Companion Animal Medicine,
26, 52-61.

Farooq, U., Idris, M., Sajjad, N., Lashari, M.H. Ahmad, S,
Rehman, Z.U., Rashid, H., Mahmood, A., & Hameed,
S. (2023). Investigating the potential of packed cell
volume for deducing hemoglobin: Cholistani camels
in perspective. PLoS One, 18, €0280659.

Farooq, U., Samad, H., Sher, F.; Asim, M., & Khan, M.A.
(2010). Cholistan and Cholistani breed of cattle.
Pakistan Veterinary Journal, 30, 2074-7764.

Farooq, U., Nazir, A., Ahmad, I., & Mahmood, S.A.
(2017).  Effect of seasonal variations on
hematochemical profile of Cholistani service bulls.
Journal of Applied Animal Research, 45, 85-89.

Gerke, O. (2020). Nonparametric limits of agreement in
method comparison studies: a simulation study on
extreme quantile estimation. International Journal of
Environmental Research & Public Health, 17, 8330.

Heller, L.M., Zapa, D.M., Melo-Junior, R.D. Cavalcante,
A.S., Couto, L.F., Ferriera, L.L., & Soares, V.E.
(2021). Comparison between the Mission Plus device
and gold standard methods for measuring hemoglobin
concentrations and packed cell volumes in cattle.
Veterinary Clinical Pathology, 50, 495-500.

Hu, C.Y., Wang, C H., Chuang, HM., & Shen, M.C.
(1993). Evaluation of performance for automated
differential leucocyte counting on Sysmex NE-8000
by NCCLS recommended protocol, H20-T. Clinical
Laboratory Haematology, 15, 287-299.

Ibrhim, LE. (2014). Cow, sheep and goat hematological
parameters: Comparative studies between automated
analyzer and manual methods. Kufa Journal of
Veterinary Medical Sciience, 5, 241-248.

Kapoor, S., Kapil, U., Dwivedi, S.N., Anand, K., Pathak,
P., & Singh, P. (2002). Comparison of HemoCue
method with cyanmethemoglobin method for
estimation of hemoglobin. Indian Pediatrics, 39, 743-
746.

Kratz, A., Lee, S.H., Zini, G., Reidl, J.A., Hur, M, &
Machin, S. (2019). Digital morphology analyzers in
hematology: ICSH review and recommendations.
International Journal of Laboratory Hematolology,
41,437-447.

Organization World Health (2000). Recommended
method for the determination of packed cell volume
by centrifugation.

Osman, N.M., Elfaki, I., Ahmed, F.O., & Hommeida, A.
(2017). Postpartum serum biochemical profile of
Sudanese cystic ovarian crossbred dairy cattle.
African Journal of Biotechnology, 16, 1297-1301.

Pathan, M., Das, H., Khan, M.J., Siddique, G., Latif, A.,
& Parshani, H.R. (2011). Comparative studies on

210

haemato-biochemical profile of cyclic and non-cyclic
Holstein-Friesian crossbred cows. Wayamba Journal
of Animal Science, 20, 69-74.

Saeed, F., Farooq, U., Mahmood, S.A., Lashari, M.H., &
Sajjad, S. (2022). Hematochemical profile of
Cholistani cattle being reared in Cholistan desert of
Pakistan under pastoralism. Arquivo Brasileria de
Medicina Veterinariae Zootechnia, 74, 1111-1118.

Sandhaus, L.M. (2016). Is the hemocytometer obsolete for
body fluid cell counting? Am. J. Clin. Pathol., 145(3),
294-295.

Sari, M., Pee, S.D., Martini, E., & Herman, S. (2001).
Estimating the prevalence of anaemia: a comparison
of three methods. Bulletin of World Health
Organization,79, 506-511.

Shahzad, F., Yaqoob, M., Younas, M., & Farooq, U.
(2010). Factors affecting the birth weight of
Cholistani cattle calves. Pakistan Veterinary Journal,
30, 247-248.

Shieh, G. (2020). Assessing agreement between two
methods of quantitative measurements: exact test
procedure and sample size calculation. Statistics in
Biopharmaceutical Research, 12, 352-359.

Singh, A., Dubey, A., Sonker, A., & Chaudhary, R.
(2015). Evaluation of various methods of point-of-
care testing of haemoglobin concentration in blood
donors. Blood Transfusion, 13, 233.

Srivastava, T., Negandhi, H., Neogi, S.B., Sharma, J., &
Saxena, R. (2014). Methods for hemoglobin
estimation: A review of"' what works. Journal of
Hematolgy & Transfusion, 2, 1028.

Tausif, M.A. (2008). Performance of Cholistani male
cattle calves fed fattening ration under local climatic
conditions.  Pakistan  Journal of Agricultural
Sciences, 45, 2.

Toppo, M., Pal, D.K., Gour, D., & Melwani, V. (2019).
Comparison of  performance of  digital
Hemoglobinometer over automated hematology
analyzer for hemoglobin estimation and its user-
friendliness among the pregnant women in selected
district hospitals of Madhya Pradesh. Indian Journal
of Community Medicine: Olfficial Publication of
Indian Association of Preventive. Social Medicine,
44, 31.

Vis, J., & Huisman, A. (2016). Verification and quality
control of routine hematology  analyzers.
International Journal of Laboratory Hematology, 38,
100-109.

Wasnik, M., Tirpude, R., Wasnik, N., & Agrawal, V.
(2014). Validation of different tests for haemoglobin
estimation. [International Journal of Biological
Research, 5, 29-30.



Scientific Papers. Series D. Animal Science. Vol. LXVII, No. 2, 2024
ISSN 2285-5750; ISSN CD-ROM 2285-5769; ISSN Online 2393-2260; ISSN-L 2285-5750

HEALTHCARE MANAGEMENT USING AMAZON WEB SERVICES

Maria-Luiza DULGHERU, Iuliana MARIN

Department of Engineering in Foreign Languages, National University of Science and Technology
Politehnica Bucharest, 313 Splaiul Independentei, 060042, District 6, Bucharest, Romania

Corresponding author email: marin.iulliana25@gmail.com
Abstract

Healthcare and life sciences represent a significant role in people’s lives, these two aspects governing their well-being
and functioning. Redefining patient care methods and treatment solutions, working on thorough genomics studies and
balancing healthcare costs have become an upfront priority for any healthcare and life science organization. A cloud
infrastructure composed of applications, servers, networks, and data storage represents an effective solution to both
business and technical goals, but also a modernization tool. For this study, we created a web-based program called
HealthCloud, which facilitates medical data interoperability, provides automation services, and uses machine learning
for predictions and insights related to the possibility of developing a cardiovascular disease, based on patient input
regarding food and nutrition. Our results include a user-friendly interface, easy access to patient and doctor data, and
a high accuracy of disease risk prediction with a machine learning model built in Amazon SageMaker. The proposed
prototype proved its potential through the attained outcomes and presents an appropriate approach of healthcare
management, which merges with cloud technology for the enhancement of care delivery.

Key words: Computer Applications, Digital Healthcare, Machine Learning, Supervised Learning, Unsupervised Learning.

INTRODUCTION suffer from 2 or more chronic illnesses (Hajat

& Stein, 2018). Multiple Chronic Conditions
The need for a dlgltal transition in the (MCC) is when a person lives with several
healthcare management system has proved to  chronic conditions and requires a complex
be fast-forward and was mainly generated by  healthcare management system due to its
the COVID outbreak (Hamilton, 2023). Now,  posing difficulties on someone’s life (Caldeira
the goal of health industry executives is t0 et al., 2021). Chronic illnesses can also include

produce durable, cutting-edge medical systems, mental health related issues, such as chronic
such that the challenges of today are  depression, anxiety, bipolar disorder, memory
surmounted with more resilience. problems and SO On (Manger, 2019)

Not for a long time now, there have been some  Physical and emotional illnesses can have a
repeatedly OCCllrring pattems that demonstrated Signiﬁcant]y worse outcome on someone’s
the need for more creative solutions and tech  quality of life, making them unable to manage
related innovations (Pavaloiu et al., 2015). day to day activities, such as exercising, doing
Chronic Illnesses. ACCOrding to the National house Chores’ or even Working. Large amounts
Center for Chronic Disease Prevention and  of medications are required to reduce the pain
Health Promotion (NCCDPHP), a chronic  and symptoms of the illness and keep it under
disease is commonly defined as a medical control (Nijs et al., 2021). However, side
condition that lasts 1 year or more and needs  effects occur, and it becomes more exhausting
constant medical care (Centers for Disease  to manage such a disease that cannot be cured.
Control and Prevention, 2002). This leads to depression and a never-ending
Death, disability along with highly expensive  cycle, which burdens the patient and the
healthcare costs per year are consequences  healthcare  providers  with  ineffective
produced by major chronic diseases, such as  medications and, respectively, exponentially
diabetes, cancer, and heart disease (Culberson growing expenses.

et al., 2023). This represents a challenge for the  Telemedicine and remote patient monitoring
healthcare management systems, which are  (RPM). This challenge emerged at its peak
burdened with the increase of chronic diseases during COVID-19 and highlighted the
among an aging population: four in ten adults
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importance of several technologies such as
Internet of Things (IoT), machine learning
(ML), virtual reality (VR), and Big Data
(Brahmbhatt et al., 2022). The most affected
area following the pandemic is the healthcare
industry and was forced to quickly adopt the
expanded use of digital technologies (Darbandi
et al., 2022). Subsequently, the usage of tele-
medicine brought upon the healthcare sector
additional issues: in underdeveloped locations,
healthcare providers and patients experience
hardship since the limited resources restrict them
from using these technologies to their fullest
potential (Ftouni et al., 2022). The integration
of telehealth and remote patient monitoring into
healthcare-related workflows and operations
may pose difficulties: clinical staff might need
additional training, there would be a disruption
in the existing workflows, and healthcare
leaders must document these new technologies
and have the knowledge to modify clinical
procedures accordingly (Pugmire et al., 2023).
High-level digitalization depends also on the
patient’s willingness to engage and adapt,
particularly in the case of elderly patients,
being a prevalent preference for an in-person
encounter with healthcare professionals. Their
understanding of digital literacy is limited;
hence, the start or continuation of their virtual
care treatment would be impeded.

Machine Learning and Al  Artificial
Intelligence brings with it numerous benefits in
healthcare, such as disease prediction,
consistent routine  check-ups, managing
appointments with virtual healthcare assistants,
and drug discoveries (Haleem et al., 2022).
However, developing and maintaining such
practices may call for expensive investments,
advanced technology infrastructure and skilled
labor (Gangwar & Reddy, 2023). Financial
investments for the application of the Al field
in healthcare include the acquisition of
additional specialized software and tools for
production and deployment, high-performance
computing, and other expensive resources.
Additionally, obtaining Al solutions implies
hiring data science and machine learning
experts who can implement models and
algorithms to solve several use cases.

The most fragile companies are the small
businesses, which have less resources at their
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disposal, being prone to collapse while trying
to acquire and maintain Al capabilities.
Another drawback lies in the lack of accuracy
that could be generated due to the small amount
of data regarding certain illnesses,
demographics, or environmental variables
(Coccia, 2023). This could result in the wrong
interpretation of a diagnosis and the incorrect
administration of prescription medicine. In this
case, human surveillance is needed to confront
the problem of misdiagnosis, which is
especially  prevalent in a  particular
demographic area (Mackenzie et al., 2022).
Cost-related obstacles. A constantly growing
structure of the healthcare system requires a
considerable number of resources and costs:
infrastructure needs to be maintained and the
healthcare systems become more complex with
the user expectations and demands, as the
populations grow and age (Waitzberg et al.,
2022). Additionally, the regular monitoring of
patients with diseases such as chronic illnesses
implies that healthcare organizations get hold
of more advanced technologies and
interventions, which are of higher cost.

Greater expenses do not necessarily mean a
great outcome: it has been confirmed that the
U.S., as opposed to other countries, spends
more on healthcare, with 30% of the
expenditures being considered waste (Sullivan
et al., 2023). Most of the waste emerges from
high amounts of expenses and can be a result
from the following difficulties: inability to
provide  proper treatment, poor  care
organization, overtreatment or care of low
value, failure in pricing, fraud, abuse, and
administrative complexities (Tushar et al.,
2023).

A Cloud computing solution is an effective way
to reduce waste and costs and to improve the
patient’s experience within a clinic: siloed data
systems are no longer wanted by healthcare
companies, since the cloud can offer the ideal
balance between efficiency and costs (Barbandi
et al., 2022).

Security and Integrity of Health Information
Systems. One of the most delicate factors in
healthcare is the data and its security, which is
threatened with the expansion of modern
technologies, making the healthcare sector the
most targeted area by cyberattacks (Usmani et
al., 2023).



There are several methods in which hackers
could harm the healthcare system and its patients:
firstly, the dark web is a gateway to anyone
who has the intention of breaking into a system,
even with limited abilities (Chauhan et al., 2022).
Blackmail, stealing and selling information or
the total compromise of the normal operation of
a health information system are major threats in
terms of healthcare hacking. Data must be
safeguarded internally and externally, due to its
frequent exchange between multiple healthcare
establishments and providers, which increases
its vulnerability to digital attacks.

Networks where medical data is shared in this
manner attract more data thieves, who can
access the patient records and steal information
such as billing details. It is imperative that one
pays more attention to the protection of
electronic health records (EHRs), which are
more challenging to secure. In the Materials
and Methods section, is discussed the hosting
with AWS Amplify and the advantages of
cloud hosting. There are also explored the
application of machine learning in healthcare
and its role in predicting cardiovascular disease
risk. Amazon SageMaker and its tools, such as
Principal Component Analysis (PCA) and the
XGBoost Classifier, are introduced as part of
the current proposed software solution. There is
highlighted the integration of machine learning
into web applications and the need for more
detailed accuracy assessment based on patient
data. In the last section are mentioned the
potential future improvements, including
automated image analysis, virtual assistants,
and a patient-focused mobile application.

MATERIALS AND METHODS

A. Traditional Web Hosting versus Cloud
Hosting

Web hosting services offer the possibility of a
business launching its product into the market,
by establishing its visibility with online
presence. There are two practical solutions for
an application to be available on the internet
and these are the traditional web hosting or
hosting in the cloud (Zala et al., 2022). The
classic hosting environment is divided into two
categories: dedicated and shared. By using a
dedicated hosting approach, the client receives
a fixed number of resources over which he has
full control, on one or more servers.
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Shared hosting is more common among small
and medium-sized businesses which will be
given a set of resources shared with some other
websites, on only one server. In the present
moment, there are plenty of small and medium
companies with limited budgets that are
looking for a new and effective way of hosting
their website according to their business
requirements (Chidukwani et al., 2022). The
innovative approach is Cloud hosting, which is
also used in the current software solution, which
is proposed, having several advantages over the
traditional hosting (Ali et al., 2022), as shown
in Table 1.

Table 1. Comparison between Traditional and Cloud

Hosting
Metric Cloud Hosting Traditional Hosting
Scalability “Pay as you go” for usage ~ Almost no scalability,
hardware dependent
Elasticity Elastic and resilient due to  Limited, no elasticity
redundancy
Performance  Not affected by problems A single point of failure

with one application
Cost Server operation and

maintenance among

several parties

Costly as one must buy
necessary equipment

Deployment ~ Less time, it does not rely ~ Extended time for
time on hardware setting up servers
Internet It is needed as fast and Not needed
connection reliable

B. AWS Amplify

For the proposed project, AWS Amplify was
chosen as a hosting environment (dedicated to
multi front-end web and mobile apps), to
deploy the web application in the cloud
(Amazon, 2023). Additionally, as a version
control system, GitHub was selected.

The steps which were respected were to
navigate to the management console and
choose the AWS Amplify service, followed by
the connection of the source code from a
GitHub repository, in this case the “master”
branch is chosen. Afterwards, AWS Amplify
was enabled to deploy all files of the project's
root folder, automatically.

In Figure 1, the three steps of the previous
mentioned process were completed
successfully.

This type of deployment implied public Cloud
as the category of Cloud for the current project
idea since the application runs on the public
infrastructure of AWS. Moreover, there are
some benefits brought to this type of hosting,
namely easy deployment, as the process is
simplified by the automation of services



configuration and the
deployment pipelines.

setup of continuous

= ARSI PO iy 3 g st g | Gttt

Figure 1. AWS Amphfy Deployment

Source: own source

MACHINE LEARNING IN AWS

C. Overview of ML in Healthcare

The expansion of the healthcare industry
depends recently on emerging technology
approaches, such as artificial intelligence and
machine  learning, = which  allow  the
development of the field through fast diagnosis
and a higher level of accuracy. It is worth
mentioning that in the proposed software
solution, both structured and unstructured data
sets have been used to gain ML insights.

D. Healthcare Dataset

Before a diagnosis is made official, the doctor
must make a thorough examination and
analysis of the patient’s mental or physical
state. This assessment is done with the help of
some medical data of the patient, which helps
the healthcare provider to move in a particular
path towards a certain diagnosis. To predict the
presence or absence of risk for cardiovascular
disease, a healthcare dataset from the National
Institute of Aging (National Institute of Aging,
2023) has been used. This dataset encompasses
an array of features crucial for gauging
cardiovascular health.

The inclusion of objective features, subjective
information, and examination results forms a
multidimensional framework that aids in
steering the diagnostic process in a targeted
direction. It is important to note that this dataset
does not operate in isolation; rather, it
integrates various facets of the patient's health
to provide a comprehensive overview.

From Table 2, one may observe that the input
features are of three types, namely objective
features represent factual data (age, height,
weight, gender); subjective features which are
provided by the patient (smoking, alcohol
intake, physical activity); examination features
which are discovered during the medical
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appointment  (blood

cholesterol).

pressure,  glucose,

Table 2. Features of used health dataset

Feature Measurement
Age int (days)
Height int (cm)
Systolic blood pressure int
Diastolic blood pressure  int
Weight float (kg)
Gender categorical code
Smoker binary
Alcohol intake binary
Physical activity binary
Glucose 1: normal, 2: above normal, 3: well
above normal
Cholesterol 1: normal, 2: above normal, 3: well

above normal

Blood pressure (BP) is measured using two
numbers: systolic and diastolic BP, where the
first one must be less than 120 and the second
one must be less than 80. Otherwise, in case of
higher values, a cardiovascular disease might
be present (Justin et al., 2022). Moreover,
increased glucose and cholesterol levels also
represent a risk factor in diabetes or a heart
problem (Hariharan et al., 2022).

Besides the input features enumerated in the
previous table, there is also the target variable,
represented in binary, which marks the
presence or absence of a cardiovascular
disease. All the mentioned values were
recorded during medical examinations.

The link between the input features and food
and nutrition aspects of every person lies in the
impact of dietary habits on objective and
examination aspects associated with cardio-
vascular health.

The systolic and diastolic BP are indicators of
cardiovascular health that show the importance
of maintaining a healthy blood pressure.
Dietary factors such as high salt intake can
contribute to elevated blood pressure (Robinson
et al., 2019). Therefore, advising patients on a
low-sodium diet can be crucial in managing
blood pressure levels within the recommended
range (O’Donnell et al., 2020).

Increased glucose and cholesterol levels are
highlighted as risk factors for diabetes or heart
problems (Eckel et al., 2021). Nutrition plays a
significant role in managing these levels. A diet
rich in fiber, low in saturated fats, and with
controlled sugar intake can positively influence
glucose and cholesterol levels (Samuel et al.,
2023). Including foods like whole grains, fruits,
vegetables, and lean proteins can contribute to



better overall cardiovascular health (Capurso,
2021).

Dietary needs vary based on age, gender, and
body weight. Nutrition plays a vital role in
supporting growth, maintaining a healthy weight,
and addressing specific nutritional
requirements based on gender (Wohlgemuth et
al., 2021). Smoking and excessive alcohol
intake are lifestyle factors that can negatively
impact cardiovascular health (Kotseva et al.,
2019). Proper nutrition, combined with lifestyle
modifications such as regular physical activity,
can contribute to reducing the risk of
cardiovascular diseases (Lacombe et al., 2019).
Nutrition is a key factor in preventing and
managing cardiovascular diseases. A diet rich
in antioxidants, omega-3 fatty acids, and other
heart-healthy nutrients can be recommended for
individuals to reduce the risk of developing
cardiovascular diseases (Szczepanska et al.,
2022).

E. Amazon SageMaker and ML Algorithms
Amazon SageMaker is a cloud service
belonging to AWS which makes simpler the
process of building, training, and deploying
ML models (Dubey & Dubey, 2022). It has the
capability to process large amounts of
structured and unstructured data and to
significantly reduce the training time with a
developed infrastructure.

The AWS ML Stack consists of AI, ML
Services and ML Frameworks and Infrastruc-
tures. The ML Services include SageMaker
Studio IDE, which enables the performance of
all needed steps of the machine learning model
(Ratan, 2022).

The disease prediction model of the current
software solution was developed in a Jupyter
notebook instance of SageMaker Studio.

F. Principal Component Analysis Algorithm

Principal Component Analysis (PCA) is an
unsupervised machine learning algorithm that
has as its goal to perform dimensionality
reduction, where new features will be called
components and will extract the most important
information from the dataset (Ratra et al.,
2022). This type of algorithm solves challenges
in machine learning, such as overfitting,
decreased accuracy, or increased computation
time, since a high number of features in a
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dataset would result in an exponential growth
in the data needed to obtain a meaningful
result.

Regarding the proposed project, SageMaker
PCA was used, which is an implementation of
the traditional PCA, provided by AWS and has
several additional features. Firstly, scalability,
since the algorithm handles large datasets as
well, as it functions in two modes: regular (for
a smaller number of datasets and features) and
randomized (for datasets with an increased
number of features and observations).
Secondly, due to the interaction with other
AWS Services, such as uploading training data
to a S3 bucket. Lastly, hyperparameter
optimization, by running many training jobs to
determine the best model version. SageMaker
PCA provides a list of hyperparameters for the
training, such as feature dim, which is the
input dimension, num_components represents
the number of principal components and
algorithm_mode is the mode for calculating the
components represented in Figure 2.

(feature_dim=11,
num ponents=6,
sub t_mean

algorithm_mode
mini_batch_size

Figure 2. PCA Hyperparameters
Source: own source

G. eXtreme Gradient Boosting Classifier
eXtreme Gradient Boosting (XGBoost) is a
supervised machine learning algorithm that
provides an ensemble of weaker and simpler
models to predict a target variable more
accurately (Khan et al., 2022).

By using gradient boosting, variance and
overfitting are reduced and there is a significant
increase in the model robustness. This
ensemble algorithm is suitable for both
regression and classification tasks.

Since a classification algorithm is more
appropriate for disease prediction than a
regression one, XGBoost Classifier was used in
the SageMaker platform.

SageMaker XGBoost has several strong points
over the standalone XGBoost library, as the
ones of SageMaker PCA algorithm, namely
scalability, as the regular model can handle
large datasets; integration with AWS services,



such as uploading training data to a S3 bucket;
model tuning for optimal values of
hyperparameters.

In Figure 3, several hyperparameters are set,
such as the maximum depth of a tree or the
number of classes which are two, represented
in binary and it establishes the presence or
absence of a cardiovascular disease in a certain
patient.

num_t
eta
num_round

)

Figure 3. XGBoost Classifier Hyperparameters
Source: own source

H. Integration of ML Model with Web
Application

The connection between the model and the web
application is made once it has been trained,
tested and ready for use. The integration is
done with Boto3, an AWS SDK for Python
programming language, which invokes the
SageMaker endpoint and returns predictions
based on patient’s input data, as provided in
Figure 4.

Figure 4. Endpomt Invocation and Pradiction Fetrieval
Source: own source

The doctor will receive a warning message on
the screen that shows whether a patient belongs
to a category of risk for cardiovascular disease
or not. Furthermore, the incorporation of a
machine learning model in the healthcare sector
enhances the functionality of medical
processes, helping the professionals to visualize
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data better and to make informed decisions
based on real-time predictions.

RESULTS AND DISCUSSIONS

Considering the machine learning model, the
results are based on the category of risk for
whether a patient might suffer from a
cardiovascular disease or not. The accuracy is
based on each patient’s medical data, such as
age, height, weight, blood pressure. In this
manner, the medical providers gain a granular
understanding of the patient’s health data, and
it enables them to identify patterns and incon-
sistencies in the model. The accuracy of the
model is computed using the following
formula:

No. of correctly predicted labels i
No. of data points from dataset

100

M

Another limitation is based on appointment
scheduling, as the user is not shown on the
screen the availability of a day and timeslot
when a particular day and time from a certain
department are chosen. This issue could be
resolved with AJAX, which can update specific
parts of a web page, without the need to reload
the whole page.

Alongside the prediction of the category of risk
for a cardiovascular disease, there have been
several use cases implemented in this
prototype:

- Sign-Up (for both patients and doctors),
where the user enters personal information such
as first name, last name, email address, as
illustrated in Figure 5.

Sign up

Figure 5. User Sign-up Interface
Source: own source



After the user presses the registration button,
the information will be stored in the database
and a success message will be displayed.

- Login (for both patients and doctors), allows
the user to enter their credentials, which are the
username and password.

After the user presses the login button, they
will be redirected to their personal dashboard.
Similarly, the Logout (for both patients and
doctors) has been included in the application.

- Appointment Scheduling (patients only), as
patients can book their appointment by
completing the form from Figure 6.

Welcome to our clinic!

You can schedule 30 appointment with us either by creating an sccount.
Or, if you already have an account, please log in to schedule your appointment.
W book forward 1o assisting you with your healihcare needs.

First Name

Username
janee doet
Dapartmant

Allorgy | Immunclogy
Day

mm fdd { yyyy

Book Appointment

Thank you for
SOO0M 85 DOSSie.

s form! W will vithy LU

Figure 6. Appointment Scheduling Interface
Source:own source

- View personal details and appointments
(patients and doctors), where the dashboard is

as in Figure 7.

B HealthCloud = —om s e

Wiew Appointmaents
R —
o ] s toman e

ciosl AR TS

Figure 7. Personal Details and Appomtments Interface
Source: own source

- View corresponding patients (doctors only),
as doctors have an additional feature to view
their patients’ personal details, as in Figure 8.

My Patients
First Name Last Hama Usemame Email Phome Mumber  Actions
Jar Doa janes donl Jane.doe2@yah  +AOT4467T0S0 Gt disease risk

oo.com

Figure 8. Doctor’s Interface for Patient Visualization
Source: own source

- Edit personal details (for both patients and
doctors), where both patients and doctors can
edit their personal details, that will be updated
in the database, as in Figure 9.

My Profile

First Name: | Jane
Last Mame: | Doe

Username:|janee.dod '
Contact:
Sa\reChﬂngesl
Figure 9. Edit Personal Details Interface
Source: own source

- Get disease risk feature, as after choosing the
“Get disease risk” option from the patients
view, a binary score will be shown on the
screen which will establish the category of risk
of the patient, as in Figure 10.

Score: 1.0

ML Rasults:
» Precision = (.72645151E4617154 »
» Rocall = 0.725743751818539
« Accuracy = 0726

Figure 10. Get Disease Risk Feature Interface
Source: own source

CONCLUSIONS

The current paper highlighted the integration of
Amazon Web Services (AWS) in healthcare
management. Through conducting thorough
research on various state-of-the-art models and
comparing them with the proposed prototype,
one can conclude that the project idea has
proved its potential. The article has outlined the
importance of digital transformation in
healthcare, the challenges of chronic disease
management, the potential of machine learning



and Al, and the benefits of cloud hosting with
AWS Amplify.

Improvements to the current work and future
enhancements include first the fact that
incorporating  Amazon  Rekognition  for
automated image analysis, such as chest X-
rays, could greatly benefit early detection of
pneumonia, leading to prompt intervention and
better patient outcomes. This scalable AWS
service supports telemedicine, allowing patients
to easily upload radiographs for analysis, thus
enhancing  remote  healthcare  delivery.
Secondly, the implementation of a Cloud bot
using Amazon Lex presents an opportunity to
create a virtual assistant in healthcare. This
digital agent aims to simplify access to critical
information, improve patient engagement, and
provide 24/7 availability. Leveraging advanced
natural language models, the bot can offer a
conversational interface with speech and text
capabilities, enhancing patient-provider
interaction. Lastly, the extension of the current
web application can include a Symptom
Tracker mobile application. Tailored for
patients with  chronic  conditions, this
application can enable health data tracking and
generate insights for self-management and
remote monitoring. Utilizing Flutter as a cross-
platform framework and Amazon Amplify for
hosting, the Symptom Tracker application
offers flexibility and scalability across different
platforms.

In summary, while the current paper has laid
the foundation for integrating AWS into
healthcare management, there are opportunities
for further enhancement and expansion. By
leveraging emerging technologies and AWS
services, the project can continue to evolve,
addressing the ever-changing needs of the
healthcare industry and ultimately improving
patient care and outcomes.
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Abstract

Romanov sheep breed was distributed in Europe more than 50 years ago. It is attracting more and more interest in
Bulgaria because of its high fertility, but data on its milk productivity are scarce. The present study aims to determine
the milk yield and physico-chemical composition of milk from Romanov sheep as it is the first of its kind in Bulgaria.
137 milk samples obtained from the 30th to the 120th day of lactation of 43 purebred Romanov ewes were analyzed.
The average daily milk yield was 0.510 I, reaching 0.720 | as it gradually decreased during lactation. The milk yield for
the studied period was 45.7 £ 3.52 . The percentage content of milk fat increased with advancing lactation, as lactose
showed insignificant changes. The protein indicator increased at the beginning, then it slowly decreased.

Key words: milk yield, physicochemical composition, Romanov.

INTRODUCTION

During the first weeks of life of newborn
lambs, the main source of food is the mother's
milk. They depend on the milk productivity of
the mother, which is one of the main factors for
the growth, development, health, and viability
of the young organism (Lobkov et al., 2012).

In the first month of their life, the habituation
to coarse fodder and the development of the
proventriculus begins, and the most intensive
growth of the animals is also reported
(Ziangirova, 2020).

According to Radzik-Rant et al. (2017), sheep's
milk contains biologically active compounds
(enzymes, hormones, and vitamins) along with
essential nutrients (proteins, fats, lactose, and
total solids) that ensure the development of
lambs and can influence the meat qualities.
Breed, ewe age, feeding, and lactation period
also influence milk composition (Atti et al.,
2006; De La Fuente et al., 2009; Rozbicka-
Wieczorek et al., 2015).

Tsochev et al. (2018) reported that milk yield in
sheep is a heritable trait with high variation,
both between breeds and between individuals
within a breed, with a breed effect
demonstrated on lactation and milk quality
(Skoufos et al., 2017; Thomas & Haenlein,
2017; Moatsou & Sakkas, 2019).
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According to Rozbicka-Wieczorek et al.
(2015), the content of the main components in
milk is determined by genetic and
environmental factors. The milk of the dairy
sheep breeds has a lower fat and protein
content than the milk of breeds of other trends.
Insignificant differences in milk composition
were found in different meat-producing breeds
(Peniche et al., 2015).

Establishing the quality of the milk and the
higher milk yield of the ewes is a prerequisite
for a higher increase in the rearing of lambs for
meat production. There is a positive correlation
between lamb growth and the amount of milk
secreted by dams in early lactation (Wohlt et
al., 1981).

Sheep's milk contains more total solids, protein,
fat, and calcium. It follows that the calories in
sheep's milk are almost twice as much as in
cow's and goat's milk (Lesnovska, 2014).
Lobkov et al. (2012) found that under favorable
feeding conditions high milk yield is ensured
for the Romanov ewes, therefore they can raise
two, often three lambs without giving them
milk replacer.

According to Tekel et al. (2020), the Romanov
breed has a high milk yield, which is sufficient
not only to feed a large number of offspring,
but also for the production of dairy products
(Kostylev et al., 2015), but the data that



confirm it are limited. In Bulgaria, the milk of
the Romanov sheep breed was studied by
Tsochev (1983), and he reported data only on
the milk yield of the first and second lactation
and the content of milk fat and protein
substances. The limited amount of information
on milk yield and quality of milk from the
Romanov breed necessitated the present study,
which aims to determine the milk yield and
physico-chemical composition of Romanov
sheep and is the first of its kind in the
contemporary conditions of Bulgaria.

MATERIALS AND METHODS

The study was conducted with 43 pure-bred
Romanov ewes raised in the Scientific-Experi-
mental Base at the Research Institute of
Mountain  Stockbreeding and Agriculture
(RIMSA) of Troyan. The sheep are of different
ages and stages of lactation. 15 ewes were in
the first and second lactation, 15 ewes in the
third lactation, and 13 ewes between the fifth
and eighth lactation.

During the study period, the animals were kept
in a goat shed and fed according to norms for
lactating ewes. The daily ration included bulk
feed of good quality meadow hay, oat straw,
and concentrated feed containing corn, wheat,
sunflower meal, and vitamin-mineral premix.
Animals had continuous access to water. During
the first ten days after parturition, the lambs
together with their mothers were raised in
individual boxes, then they were gathered in a
group box, and between the 20th and 30th day,
the lambs were separated from their mothers.
The 90-day milk yield of the ewes was
determined by individual hand milking at each
milking check. The lambs were separated from
their mothers 12 hours before the control
milking, and the amount of milk produced by
each ewe was measured. To determine the milk
yield for the entire control day, the milk yield
was doubled. The duration of the control period
averaged 30 + 3 days. Milk yield for a control
period is the product of the amount of milk
determined on the control day and the number
of days in the control period. The 90-day milk
yield is the sum of the amount of milk from the
individual control periods.

To determine the quality of milk, individual
samples were placed in containers with a
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capacity of 50 ml. Immediately after receiving,
the milk samples were examined in the
Analytical Laboratory of RIMSA to determine
the main physicochemical parameters such as
milk fat content (%), protein (%), lactose (%),
solid-not-fat (%) and total solids (%) with milk
analyzer "Laktoskan LW". The statistical
processing of the data was conducted using the
statistical package Data Analysis, Excel 2021,
Microsoft.

RESULTS AND DISCUSSIONS

Milk yield is influenced by several genetic and
non-genetic factors, such as feeding, animal
movement, lamb presence, and udder
stimulation during lactation (Kostylev et al.,
2015), as well as animal temperament
(Stoycheva et al., 2014).

The average daily milk yield for the 90-day
study period was 0.510 1. For the researched
herd, the peak of the average daily milk yield
was between the 40 and 50" day with 0.720 1.
A significant gradual decrease in the average
daily milk yield was reported as the days of
lactation of the ewes progressed (P<0.05)
(Figure 1).

1 Daily milk yield

0,8
0,6 L
0,4
0,2

0

30-60 60-90 90-120
Days

Figure 1. Dynamics of average daily milk yield
for 90 days

The average daily milk yield in the present
study was 0.184 1 more than that reported by
Boylan and Sakul (1988) for Romanov ewes
with a daily milk yield of 0.326 1. In contrast to
the present results, Kostylev et al. (2015)
reported a higher milk yield, which reached
1550 g on the 10th day. After that, it gradually
decreased and by the end of lactation, the daily
amount of milk reached 100-150 g, and the
milk yield was determined by weighing the
lambs. The dynamics of changes in the amount



of average daily milk yield reported by Boylan
& Sakul (1988) and Kostylev et al. (2015) are
consistent with our results.

The results of the present study do not
correspond with those obtained by Magomedov
(1976), who found an average daily milk yield
of 1.661 to 1.758 1.

In contrast to our results, Magomedov (1976)
and Kostylev et al. (2015) reported the milk
yield of sheep by weighing the lambs before
and after suckling.

During the studied 90-day period, the average
amount of milk was 45.7+3.52 1.

Kutlucaa et al. (2011) reported that in F1
crossings Morkaraman x Romanov, the milk
yield was 74.2 kg, and in F1 crossings Awassi X
Romanov it was 104.3 kg.

The ewes with one lamb (Figure 2) had a
38.7% lower milk yield than the ewes that gave
birth to twins (Figure 3). The ewes with triplets
(Figure 4) had a 24.6% lower milk yield than
the ewes that gave birth to twins (Figure 5).

Figure 2. Romanov ewe with a single lamb (own source)

Figure 3. Romanov ewe with twins (own source)
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Figure 4. Romanov ewe with triplets (own source)

| 57,85

twins

singles triplets

Figure 5. Milk yield of ewes according to type of
parturition

Magomedov (1976) cited by Tsochev (1983)
found 157.8 1 for the first and 190 1 for the
second lactation of ewes with a delicate
constitution, and for animals with a rough
constitution, respectively, 149.8 and 167.2 1,
which does not correspond to our study.

In contrast to our results Kostylev et al. (2015)
reported that a ewe with one lamb gave 97 kg
of milk, when two litters were lambed, the
amount of milk for lactation was 155.4 kg, and
when triplets were born it was 161 kg.
According to Kostylev et al. (2015), milk
production is affected by the age of the mother,
as young animals in the first and second
lactation produce less milk than adults. The
milk yield of the ewes increases until the 5" or
6" lactation, after which it gradually decreases.
Assan (2020) reported that milk yield was
higher in multiparous beef breeds.

In the present study, the daily milk yield in the
3rd lactation of ewes was 0.120 1 more than the
Ist and 2nd lactation of ewes (Figure 6).

The milk yield of the sheep in the 1st and 2nd
lactation was 39.25 1 for 90 days. The milk
productivity of the sheep in the 3rd



lactation was 50.62 1 or 29% more than the
previous group.

Daily milk yield
1 0,56
06 044 : prr
0,4
0,2
0
1-2 3- 5-8

lactation lactation lactation
Sequence of lactation

Figure 6. Daily milk yield according
to the sequence of lactations

Since the Romanov breed is precocious
(Gatsiev, 2015), during the first lactations the
animals have not completed their growth and
development, therefore large amounts of energy
are used for their growth instead of milk
production (Bancheva et al., 2023). In the
group of ewes between the 5™ and 8th lactation,
the amount of milk was 46.48 1, which was
8.9% less than the ewes in the 3rd lactation
(Figure 7).

Quantity of milk for 90 days

50.62

60 3905 46.48
40
20
0
1-2 3- 5-8

lactation lactation lactation

Sequence of lactation

Figure 7. 90-day milk yield according
to the sequence of lactations

In animals that have completed their growth,
the maximum number of offspring in one
parturition is observed and the highest milk
yield is established (Ziangirova, 2020).
Tsochev (1983) found that animals in the Ist
lactation had a milk yield of 87.6 1, as it was
107.3 1 in the second lactation for 100 days,
and the amount of daily milk was the highest in
the first month.

Smirnova (1954) cited by Arsenyev et al.
(2011) reported that for 100-day lactation, the
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milk productivity of Romanov sheep with one
lamb was 97.2 kg, with two lambs was 120 kg,
with three lambs was 153 kg and with four
lambs was 169.1 kg, which is not confirmed in
our results.

Erokhin et al. (2005) found that according to
age, body weight, constitution, and the size of
the mammary papillae, the largest daily amount
of milk was obtained by the mothers of the 5th
or 6th lactation with 956 g, after which the milk
yield decreased.

Lobkov et al. (2012) reported that ewes in the
3rd lactation released 142 kg of milk,
151.9 kg in the 4™, 170.8 kg in the 5th, 169 kg
in the 6th, and 149 kg in the 7" and 8"
lactations. The study mentioned above shows
clearly that sheep in the 5th lactation gave the
largest amount of milk.

In the Romanov herd examined in the present
study, the ewes in the 3rd lactation had the
highest milk yield, but they occupied the
largest share of the herd. Sheep between the 5™
and 8th lactation were collected in a group
where the recorded amount of milk was lower
since the group also included ewes in the 7th
and 8th lactation.

In contrast, Smirnov (1953) quoted by Tsochev
et al. (2018) found the highest milk yield in the
2nd lactation, respectively in the Ist lactation
the milk yield was 111.48 1, 157.71 1 in the 2nd,
and 111.37 1 in the third.

The lactation length, as well as the physico-
chemical composition of milk, are genetically
determined by the breed. However, they are
significantly affected by the stage of lactation,
the nutrition of the ewes, the body and health
condition of the ewe, and the environmental
factors of the respective economic year (Nudda
et al., 2014; Skoufos et al., 2017). The decrease
in milk fat during lactation may be due to
increased milk secretion and reduced fat
mobilization from adipose tissue (Chilliard et
al., 2003).

Changes in the physico-chemical composition
of milk during lactation periods are presented
in Table 1.

As lactation progresses, fat content increases
reliably from the 90" to the 120" day (P<0.05).
Protein and lactose indicators do not change
significantly during lactation.

The solid-not-fat remains within narrow limits,
and at the beginning of the study, it was 0.15%



more than the previous period. A reliable
gradual decrease of the total solids index with
advancing lactation of the ewes (P<0.05) is

reported, which is associated with the decrease
of milk secretion (Table 1).

Table 1. Main indicators of milk

Milk fat, % Protein, % Lactose, % SNF, % Total solids, %
30-60 day 6.75+0.23%" 5.03+0.04" 4.71+0.04" 10.57+0.09" 17.32+0.22°
60-90 day 7.33£0.21% 4.95+0.03" 4.64+0.03" 10.414+0.06™ 17.75£0.21%
90-120 day 7.87+0.21% 4.96+0.04" 4.64+0.04" 10.4240.08™ 18.29+0.20?
LSD 0.05 0.60 0.10 0.10 0.22 0.60

Note: *Means followed by the same letters are not significantly different; ns - No statistical proof.

When examining the 28th and 56th day of
lactation of the Dorset, a meat and wool-
producing sheep breed, Wohlt et al. (1981)
found higher results on the 28th and 56th day
than the mentioned above, respectively the milk
fat content was 11.4 and 13.2%, the protein was
4.9% and 4.6%, lactose was 5.3 and 4.5% and
total solids were 22.5 and 23.1%.

Our results are close to Skoufos et al. (2016),
who studied three dairy breeds with milk fat
between 6.1% and 8.5%, protein from 5.43% to
5.95%, lactose from 4.5 to 4.64 and total solids
from 19.51 to 20.04%.

Boylan and Sakul (1988) indicated average
values of milk fat content of 6.4%, protein was
6.1, lactose was 4.8, and total solids were
18.1% for the Romanov sheep breed. The
average milk fat content in the present study is
0.92% higher, the protein is 1.12% lower, for
the lactose indicator the difference is
insignificant, and the percentage of total solids
is 0.32% higher than our results.

Kostylev et al. (2015) studied a Romanov herd
and recorded milk fat content and protein of
6.3, respectively; 5.23% at the beginning of
lactation, 6.15; 5.13% in the middle and 7.35%;
6.20% at the end of lactation, for lactose at the
beginning of lactation reported 5.15%, 4.7% in
the middle and 4.5% at the end of lactation.

The total solids at the beginning were
17.9 £ 0.04, in the middle 17.1 £ 0.3 and 19.2 +
0.4 % at the end of the lactation period. The
milk fat content, in the present study, at the
beginning of lactation was 0.44%, in the middle
was 1.18%, and at the end of lactation was
0.52% more. The protein was 0.2% lower at the
beginning, 0.18% lower in the middle and
1.24% lower at the end of lactation.

The lactose level was 0.44% lower at the
beginning of lactation in our results, but in the
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middle and at the end of lactation the values
were similar.

According to Tsochev (1983), a herd of
Romanov sheep in the Ist lactation had an
average milk fat content and protein of 7.85
and 5.6%, respectively, for the 2nd lactation the
fat content was 7.78% and 5.4% protein, as the
data correspond to our data.

In a study in Poland of a local breed of sheep,
Rozbicka-Wieczorek et al. (2015) and later
Radzik-Rant et al. (2017) confirmed the
dynamics of physicochemical parameters found
in the present study.

CONCLUSIONS

A significant gradual decrease in the average
daily milk yield of ewes was reported as the
days of lactation progressed (P<0.05).

Mother ewes in the 3™ lactation had a higher
milk yield than ewes in the 1% and 2" lactation.
In the course of lactation, milk fat content, and
dry matter increased reliably, whereas the
values of protein, lactose, and solid-not-fat did
not change significantly.
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Abstract

The reproductive performances (SP - service period, CI - calving interval, CCR - Reproductive capacity coefficient) of
Jersey (Js), Holstein (HL) cow populations of French, Dutch and local selection were studied, in the period of
adaptation to the new operating conditions. It was established that the most significant deviations from the optimal
physiological value of SP and CI are found in the Js breed (SRL "Agro-Gogu") (+104.9 and +113.4 days) and in the
local selection HL population (SRL "Gomets Efrem") (+78.2 and 88.6 days). In the dynamics of lactation, the duration
of SP and CI, regardless of the animal husbandry, but also of the breed, is far above the optimally allowed values. The
most favorable results are attested to heifers first calving of the French HL breed. The CCR reached the maximum value in
cows HL of local selection, from the second lactation, followed by the Js population. The analyzed data reveal that the
adaptive response of the animals to the new conditions is very slow, with breed differences and intrabreed variability.

Key words: adaptation, cows, imported animals, local selection population, reproductive performance.

INTRODUCTION

The revitalization and improvement of herds of
cows specialized for milk production is
achieved through the import of live animals,
semen, embryos etc. When importing animals
from abroad, we must strive not only to obtain
high productivity from them, but also to ensure
their long-term use in order to obtain as many
young animals as possible for breeding.
Dysregulation of the reproductive abilities of
cows leads to lower birth rates and lower milk
productivity (Deshevykh et al., 2016).

Sulyga & Kovaleva (2010) established that in
some animals, acclimatization occurs quickly,
without special changes in the physiological
state, while others require months and even
years, as environmental factors affect imported
animals differently. Filinskaya et al. (2020)
claims that adult animals acclimatize worse
than young animals that were raised in new
conditions for the breed. According to
Evstigneev (2010), the acclimatization of
imported animals to new natural and climatic
conditions is never complete and occurs only in
the first or second generation and, in some
cases, may not be observed at all. Therefore,
the successful introduction of productive ani-
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mals in new conditions is ensured if there is
sufficient information about the growth and
productive and farrowing status of the animal
breeding sector of the exporting country
(Shabalina, 2011; Korotkikh et al., 2019)
reports that for domestic animals, the distrib-
ution area can be expanded due to the creation
of maintenance and feeding conditions corres-
ponding to their natural properties. Adaptive
reactions in the body can be caused by various
factors and can be expressed in changes in
growth and development, the level of milk
productivity, the morphological and functional
properties of the udder and the reproductive
abilities of cows (Vostroilov et al.,, 2019;
Amaritii & Maciuc, 2023). Good reproductive
qualities in new climatic and economic
conditions often indicate the normal course of
the acclimatization process in these animals
(Usenkov et al., 2011).

Since about 70% of the herd intended for milk
production consists of imported animals, and
taking into account the pedoclimatic conditions
of the Republic of Moldova, which are
different from one area to another, in order to
develop the strategy of selection and
improvement works with these contingencies,
the study of the reproductive qualities of the



imported animals in the process of adaptation
to the new living conditions and of their
offspring is a very urgent and indisputable
problem. The reference objective focused on
the study of the main reproductive indicators in
cattle of different breeds, specialized for milk
production in the process of adaptation to new
living conditions.

MATERIALS AND METHODS

It was experimented with Holstein breed cow
populations of different origin from the
zootechnical units: SRL "Doksancom", v.
Tomai, Chiadar-Lunga, the Holstein breed of
Dutch origin (HLD); SRL "Gomerts Efrem",
Comrat municipality, the local selection
Holstein breed (HLLS); SRL "Holstein", v.
Roshcani, Anenii Noi district, the Holstein
breed of French origin (HLF) and the
population of Jersey (Js) cows SRL "Agro-
Gogu" v. Ruseni, Anenii Noi district.

To characterize the reproductive capacity of
cows, the following indices were evaluated: SP
- length of service period, CI - interval between
calvings, CCR - coefficient of reproductive
capacity.

In order to establish the interrelationships
between SP, CCR and milk productivity indices,
the direction and magnitude of the correlation
coefficient (r) was calculated between them
and: the amount of milk per total lactation (SP-
and CCR-MTL); the amount of milk during
normal lactation, kg (SP- and CCR-MNL);
overall fat, kg (SP- and CCR-OFNL).

The material for the research served the data of
zootechnical accounting (card form T-2) and
the information database of the farms.

The coefficient of reproductive capacity (CCR)
of cows was calculated according to Eisner
(1978) (1).

_ 365
COR = 22 s (1)

The aim was to obtain position estimators: the
arithmetic mean - X ; the standard deviation of
the mean - Sx; the coefficient of variation - Cv;
the correlation coefficient - ().

The authenticity of the obtained results was
verified according to the Student criterion - td.
Statistical processing and biometric analysis of
the obtained data were carried out according to
the generally accepted methods of variation
statistics (Grosu, 2005) using the MS Excel-
2010 analysis software package.

RESULTS AND DISCUSSIONS

The breeding efficiency of dairy cattle is
largely determined by the reproductive
intensity of the female herd, which has a direct
impact on milk productivity.

Among the factors that determine milk produc-
tivity in cows, along with feeding conditions,
maintenance, genetic potential an important
role is occupied by the reproductive state of the
female herd. The main indicators of the state of
reproduction of the herd are: the length of the
service period, the length of the interval bet-
ween calvings, the reproductive capacity
coefficient of the cows, the determining factor
being the service period (Lyashuk &
Mikhailova, 2016). In Table 1, we present the
results of some reproductive indices (SP -
service-period and CI- interval between
calvings) in Holstein cows, of different origins,
operated in different zootechnical units.

Table 1. The characteristic of the service period and the interval between calvings
in the populations of cows specialized for milk production operated in different zootechnical units

Specification The service period, days Tne calving interval, days
X+8S, Fwith the optima] Cv, X+S, = with the optimal] Cv,
value allowed | % value allowed %
(90), days/% (365), days/%
SRL “Doksancom” (HLD) 129.2+7.20" +39.2/43.5 | 52.3 | 411.3+£7.28"™" +46.3/12.7 15.3
SRL “Gomerts Efrem” (HLLS) | 168.2+16.19 +78.2/86.7 | 63.1 | 453.6+16.13 +88.6/24.3 23.3
SRL “Holstein” (HLF) 138.0£12.18"™ | +48.0/53.3 7.6 | 422.5+12.10™ +57.5/15.8 7.2
SRL “Agro-Gogu” (Js) 194.9+12.03 +80.8/89.8 | 59.8 45.5+18.77 92.5/25.3 26.4

“*P<0.001.

The obtained results demonstrate that in all cow
populations, the duration of the service period
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essentially prevails the maximum allowed
value (90 days) within the limit of 39.2 days for



HL cows, Dutch origin from SRL
"Doksancom" and 104.9 days for Jersey cows,
from SRL "Agro-Gogu". Close to the minimum
extreme of deviation, from the physiologically
optimal value, the French HL population from
SRL "Holstein" is placed with a difference of
48.0 days and towards the maximum extreme
of deviation is the HL local selection
population from SRL "Gomerts Efrem" with a
difference of 78.2 days.

The comparative study of the value of the
service period according to the origin of the
animals and the animal husbandry shows
statistically authentic differences lower by 65.7
days (td=4.7. P<0.001) in the herd of SRL
"Doksancom" (Holstein breed of Dutch origin)
and by 56.9 days (td=3.3. P<0.001) in the
livestock of SRL "Holstein" (Holstein breed of
French origin), compared to the Jersey
population exploited in SRL "Agro-Gogu".
Based on the analysed data, we mention that
the terms of fertile insemination of cows, in all
cases, exceed the maximum allowed limit, the
latest being found in the herd of cows from
SRL "Agro-Gogu".

Regardless of the origin of the animals, but also
of the animal husbandry, a great degree of
heterogeneity is attested within the herds (52.3-
64.4%) in terms of the duration of the service
period. The highest coefficient of variation is in
the population of Jersey cows from SRL
"Agro-Gogu". In the Holstein breed, French
origin from SRL "Holstein", the herd is much
more homogeneous, the coefficient of variation
is 7.2%. These data demonstrate that the
service period is mainly influenced by external
factors (technological, pedoclimatic).

The duration of the interval between calvings
(Table 1) in the investigated populations
exceeded the optimal term (365 days),
depending on the livestock farm, but also on
the origin of animals, the differences are within
the deviation limit of 46.3-113.4 days, forming
the series: Holstein of Dutch origin (46.3 days)
< Holstein of French origin (57.5 days) <
Holstein of local selection (88.6 days) < Jersey
(113.4 days).

The interval between calvings is maximum in
the cow population Jersey breed, from SRL
"Agro-Gogu" (478.4 days). Compared to the
Holstein breed of Dutch origin from SRL
"Doksancom", it is higher by 67.1 days (td=4.7.
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P<0.001,) and by 55.9 days (td=3. P<0.001) to
the Holstein population of French origin from
SRL "Holstein". In the rest of the cases, both
regarding the length of the service period and
the intervals  between  calvings, the
discrepancies are statistically inauthentic.

In practice, the coefficient of reproductive
capacity of cows is an essential economic index
that reflects the state of reproduction of the
herd and directly depends on the duration of the
interval between calvings, which in turn
depends on the service period. The service
period also conditions the duration of lactation,
but also the birth rate per population, as a
whole. In Figure 1 we present the dynamics of
the coefficient of reproductive capacity of
Holstein cow populations, of different origins.

0.92
0,95 -
09 | \ 0.87"
: L oo )
0,85 1 0.79%*%*

0,8 -
0,75 -
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“P<0.05. “"P<0.001.

Figure 1. Characteristic of the coefficient of reproductive
capacity in cow populations of breeds specialized for
milk production

The optimal level of the coefficient of
reproductive capacity of cows is equal to one
unit and depends on the length of the interval
between calvings. The value of the coefficient
of reproductive capacity at the cow populations
differ both according to breed, origin, and
livestock holding, occupying the range 0.92-
0.78.

The best result (0.92) is found in the population
of Holstein cows, of Dutch origin, from SRL
"Doksancom". The most significant difference
(0.14) (td=5.9. P<0.001) was established
between the herds of Holstein cows from SRL
"Doksancom" (southern pedoclimatic zone)
and the population of Jersey cows, SRL "Agro-
Gogu". At the same time, in comparison with
the Holstein populations of French origin, SRL
"Holstein" (central pedoclimatic zone), a



genuine statistical difference of plus 0.05
(td=2.2; P<0.05) is found in favor of the first.
Also, statistically authentic discrepancies were
elucidated in the Holstein cow herds of local
selection from SRL "Gomerts Efrem", the
results being lower by 0.09 (td=3.9; P<0.001),
compared to the Dutch population from SRL
"Doksancom", both being exploited in the
southern pedoclimatic zone, but in different
zootechnical units. At the same time, the value
of the coefficient of the reproductive capacity
of cows in the herd of SRL "Holstein" in which
the Holstein breed of French origin is
exploited, is significantly higher by 0.08 (td=
5.2; P<0.001), compared to the population of
SRL "Agro-Gogu", both located in the central
pedoclimatic zone of the country.

In practice, the coefficient of reproductive
capacity of cows is an essential economic index
that reflects the state of reproduction of the
herd and directly depends on the duration of the
interval between calvings, which in turn
depends on the service period. The latter also
conditions the duration of lactation, but also the
birth rate per population, as a whole (Table 2).

Table 2. Duration of lactation and the birth rate, in cow
populations of breeds specialized for milk production

Specification Duration of The birth
lactation, rate,
days calves

SRL “Doksancom” 356.2+7.14™" | 90.3£1.53™"
(HLD)
SRL “Gomerts Efrem”| 381.9£16.36" 81.242.15
(HLLS)
SRL “Holstein” (HLF) | 362.9+2.41"" | 86.4+0.43™
SRL “Agro-Gogu” 425.9+12.7 78.7+2.01

(Js)

“P<0.001. "P<0.001. ""P<0.001.

Lactation duration in all cow populations
exceeds the physiologically optimal value (305
days). The closest to the allowed duration was
found in the population of the Holstein breed of
Dutch origin, the gap being 51.2 days, 57.9
days in the population Holstein of French
origin, 76.9 days in the Holstein local selection
population and 129.9 days in the Jersey breed
COWS.

Depending on the origin of the animals, in the
Holstein population of Dutch origin, vis-a-vis
the Jersey breed population, the difference is -
69.7 days (td=4.6; P<0.001), - 63 days (td=4.9;
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P<0.001) in French Holstein and - 44 days in
the local selection population (td=2.1; P<0.05).
Based on the analysed data, the number of
calves obtained at 100 cows per year is
statistically genuine differences, compared with
Jersey population. The best results in Dutch
Holstein cows (td=4; P<0.001). A genuine
statistical difference was also evident in the
Holstein population of French origin (td= 2.6;
P<0.001).

In connection with the data from the profile
literature according to which the adaptation
process can occur in the first or subsequent
generations, we studied reproduction indices in
the dynamics of lactations. In Figure 2 we show
the characteristic of the service period in the
dynamics of lactations.
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Figure 2. The characteristic of the service period in the
dynamics of lactation in cow populations from different
breeds specialized for milk production

The duration of the service period, regardless
of the order number of the lactation, essentially
exceeds the optimal value allowed (90 days)
except for the herd of cows, the second
lactation, Holstein breed local selection from
SRL "Gomerts Efrem" located in the southern
pedoclimatic zone.

Comparing the results established for cows in
the first lactation, extreme values of the service
period are found in Holstein cows of local
selection, being higher by 122 days (P<0.001,
td=6.1), compared to the Dutch HL herd from
SRL "Doksancom", the same southern
pedoclimatic zone and with 107 days (td=5.6.
P<0.00) with the result established in the
Holstein, French population exploited in the
central areas of the country.



The dynamics of the service period in the
Holstein contingent of local selection from
second lactation, the result is diametrically
opposite to that established at the first lactation,
the duration being the shortest. The differences
are statistically significant lower by 66 days
(td=4.5; P<0.001) vis-a-vis the result recorded
in the Dutch Holstein population and by 36.4
days (td=4.4; P<0.001) in the French Holstein
population.

The duration of the service period in different
breeds shows that in Jersey cows it is
statistically significantly higher by 81.7 days
(td=5.5; P<0.001) and by 67.7 days (td=3.6;
P<0.001) compared to Dutch and French
Holstein populations, respectively.

Significantly = greater  differences  were
established in the Dutch Holstein herd by 58.3
days (td=3.3; P<0.001) and in the French
Holstein population by 28.7 days (d=3.4;
P<0.001), compared to Jersey cows. The
duration of the interval between calvings in the
dynamics of lactations, in all the populations
included in our investigations, are higher
compared to the physiologically optimal value
(Figure 3).
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Figure 3. The characteristic of the calving interval in the
dynamics of lactation in cow populations of different
breeds specialized for milk production

In first lactation cows, the largest gap was
established in the population of local selection
cows, exceeding with statistically genuine
differences of 124.5 days (td= 6.9; P<0.001)
(SRL "Doksancom") and 107.9 days (td=6.5;
P<0.001) (SRL "Holstein"). Statistically greater
genuine differences in these populations were
also established compared to the Jersey breed
population from SRL "Agro-Gogu" 83.9 days

231

(td=5.7; P<0.001) and 67.1 days (td=5.0;
P<0.001).

The second lactation contingents show a
similar trend to the situation in the case of the
service period. The best result was
demonstrated by the local selection of the
Holstein population. In relation to the Dutch
Holstein and French Holstein herds, differences
of 64.6 days (td=4.4; P<0.001) and 35.2 days
(td=4.2; P<0.001,) are found, respectively.
Statistically smaller true differences of 57.1
days (td=2.8; P<0.01) and 86.5 days (td=5.4;
P<0.001) in these latter two populations are
also attested compared to the result established
in the Jersey breed population.

Next, we present the dynamics of the
coefficient of utilization of the reproductive
capacity of herds of cows from specialized
breeds for milk production, corresponding to
the order number of the lactation (Figure 4).
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Figure 4. Characteristic of the coefficient of reproductive
capacity, in the dynamics of lactation, in cow
populations of breeds specialized for milk production

From the analysed data, it is evident the
influence of the service period on the duration
of the interval between calvings, which in turn
is directly reflected on the coefficient of
utilization of the cows' reproductive capacity.
Comparing the results obtained in the first
lactation, the best coefficient of utilization of
the reproductive capacity of the female herd is
found in the Holstein breed population of
Dutch origin exploited in the southern
pedoclimatic zone (SRL "Doksancom"), while
among the herds in the second lactation, the
superiority is held by the Holstein cows of local
selection, from SRL "Gomerts Efrem", located
in the south of the country, followed by the
contemporaries of the Jersey breed exploited in
the central area.



Based on the results recorded on two normal
lactations (305 days), we note that the
reproductive capacity coefficient of the female
population, regardless of breed, provenance or
pedoclimatic zone, is better in cows from the
second lactation.

In the following we  present the
interrelationships between SP, CCR and milk
productivity indices in the cow populations
included in the study (Figure 5).

mSP

ECCR

Figure 5. Relationship between SP, CCR and milk
productivity for total lactation, in cow populations of
breeds specialized for milk production

The analysed results attest to the presence of a
high and very high positive correlation between
service period and milk productivity on total
lactation. Under the same maintenance and
exploitation conditions, the magnitude of the
correlation coefficient between reproductive
capacity and milk productivity on total
lactation remains strong and very strong, over
time which direction changes diametrically
opposite - negative, regardless of the animal
husbandry or the origin of the animals.

Similar results can be seen in the case of milk
productivity in normal lactation (Figure 6),
only changing the magnitude of the correlation
coefficient from very weak to weak.

Figure 6. Relationship between SP, CCR and milk
productivity for normal lactation, in cow populations of
breeds specialized for milk production
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Figure 7 reflects the direction and magnitude of
the correlation between reproductive and
overall fat on normal lactation.

= SP

ECCR

Figure 7. Relationship between SP, CCR and overall fat
for normal lactation, in cow populations of breeds
specialized for milk production

Between the overall fat and reproductive
indices (SP and CCR) the presence of the
correlative link was established, predominantly
weak in magnitude, as a positive in the case of
the service period and negative to the
coefficient of use of the reproductive capacity
of the mother herd.

The results obtained in our study have an
ambiguous character. On the one hand, it
confirms the results reported by Usenkov
(2013), who, studying the economic, biological
peculiarities and the acclimatization capacity of
heifers imported from Germany, found that
heifers of the Holstein breed had difficulties
acclimatizing in the local conditions.

On the other hand, it rejects the view that even
after the first calving they had high rates for all
the basic economically valuable characteristics
and practically all fell within the requirements
of the target standards for native animals,
which in our case, was not observed in none of
the investigated populations, in the first
lactation.

At the end of the analysis of the experimental
results, we generalize that the indices that
reflect the functionality of the reproductive
system in cow populations imported from
abroad, but also in the local selection
population, did not fall within the requirements
of the target standards. According to the value
of the reproduction indices in the local
selection population, as a whole in the
population, compared to the imported animals,
no adaptive reactions are attested for now.
These being significantly higher with the result



established for the population of Holstein cows
of Dutch origin exploited in the same southern
pedoclimatic zone, and also lower results are
attested for them and compared to the result
established for Holstein cows of French origin,
located in the central pedoclimatic zone of the
country.

Thus, in dairy cattle breeding of the Republic
of Moldova, when solving problems related to
reproduction, it is necessary to apply an inte-
grated approach, using modern genetic mate-
rial, advanced technologies, including
improving the conditions of feeding and
keeping dairy cows.

CONCLUSIONS

The functionality of the reproductive system in
cow populations imported from abroad, for
now, does not fall within the requirements of
the target standard, showing variations
depending on the breed and their origin, but
also of the technological and pedoclimatic
conditions in which the animals are exploited.
The most significant deviations from the
optimal physiological value of SP and CI can
be seen in the Js breed (SRL "Agro-Gogu")
(+104.9 and +113.4 days) and the local
selection HL population, (SRL "Gomerts
Efrem") (+78.2 and 88.6 days).

In the dynamics of lactation, the duration of SP
and CI, regardless of the zootechnical unit,
breed and its origin, are far above the optimally
allowed values. The most favorable results are
attested to primiparas (I-st lactation) of the
French and Duch Hostein breed. For cows in
the second lactation we mention the HL breed
population of local selection. CCR reached the
maximum value in cows HL of local selection.
The adaptive response of animals to the new
conditions is very slow, with breed differences
and intrabreed variability.

The successful introduction of productive
animals in new conditions is ensured if there is
sufficient  information  about  breeding
technology, productive status and also the level
of selection and improvement of the animal
breeding sector of the exporting country.
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Abstract

The structural changes made in the cattle breed composition during the last 30 years in Bulgaria, along with studies on
milk and meat productivity, have required the study of hides as a strategic raw material for the light industry. The
relative weight, percentage of hide from the live weight, size, surface area, and thickness in certain sections of cull cows
excluded from breeding for various reasons, from the following breeds were studied: Limousin, Galloway, Normande
cattle, Bulgarian Red Cattle. Significant breed differences were observed in the examined hide parameters. The best
represented in the space, as a spread of the configuration, was the raw hides obtained from Normande cattle (498.29 dm’),
Jollowed by Bulgarian Red Cattle (461.23 dm?). The worst indicators were found in Galloway (388.75 dm?) (p <005)

Key words: cows, combined breeds, hide, thickness, surface area, weight.

INTRODUCTION

People have used animal hides for various
purposes since the Paleolithic period. The
production of leather goods is a century-old
industry. Once the skin is torn from the
animal's body, it is highly susceptible to mi-
crobial agents because it is rich in proteins and
lipids (Nadal-Molero et al., 2023)

Cattle hide skinned from the animal is the main
raw material for the leather, fur, and footwear
industries, as well as for the production of
souvenirs.

Cattle hide is the most common material of
animal origin. It accounts for about 65% of the
world leather market, as a waste product of the
meat processing industry. Hides are limited in
size, their quality is highly variable, the supply
chain is low margin, with a highly fragmented
value chain, and the production time is very
long (Tubb, 2022).

The changes made in the cattle breed
composition in Bulgaria in recent years suggest
studying not only milk and meat productivity
but also conducting studies on hides as raw
material.

Skin performs basic vital functions in the body,
such as protective, regulatory, and excretory.
According to its condition and the shine of its
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hair coat, it is possible to predict the health
status of cattle. The skin makes up about 7-9%
of the live weight of the animal (Kibkalo &
Zhersbilov, 2009; Badakhov, 2011).

Combined cattle breeds, which have a rela-
tively large live weight and heavy and thick
skin, usually reach about 35 kg skin weight and
more, with thickness in the controlled areas
from 4 to 4.5 mm (Badakhov, 2011; Kibkalo et
al., 2014; Kozyr, 2018).

To characterize the hide qualities in various
live cattle in practice, and in particular in adult
cows, after the third calving and older, before
slaughter are examined: the thickness of the
skin fold of the front left hocks and the
thickness of the skin in the middle on the last
rib. The data obtained from seasonal
measurements show that in Simmental breed
the type, constitution, and season of production
are essential for the quality of the hide (Panin,
2015; Nezavitin, 2015).

According to Adzinova & Mambetov (2018),
the weight, surface area, sameness, and defects
of cattle hide depend on sex, age, breed, and
live weight, as well as on feeding conditions
and technological parameters of rearing.

The objective of the present study was to
examine, compare, and analyze the quantitative
indicators of raw hides, such as weight,



percentage of live weight, size, surface area in
dm? and thickness in certain body parts in cull
cows from Limousin, Galloway, Normande
Cattle and Bulgarian Red Cattle breeds, which
had completed their growth and were excluded
from breeding for various reasons.

MATERIALS AND METHODS

The experiment was conducted with animals
from the farm of Ivan Ivanov - an agricultural
producer from the town of Aksakovo; animals
from Kastelo Farm in the village of Slivovo
Pole; and animals from the farm of the
Experimental Base of RIMSA-Troyan in the
late autumn of 2022 and the winter of 2023.
The objective of the study was cows excluded
from breeding for various reasons at the age of
5-10 years, which had completed their growth.
The raw hides were studied of slaughtered
cows from the following breeds: Limousin,
Galloway, Normande cattle, and Bulgarian Red
Cattle, at different ages and live weights,
owned by the farms of agricultural producers,
farmers, and the Research Institute of Mountain
Stockbreeding and Agriculture. Five hides were

system, and fed traditionally, a circumstance
that contributed to the manifestation of their
productive qualities. The slaughter and
skinning took place in the Meat Factory of
Svishtov, Meat Factory of Aksakovo, and Meat
Factory of Slivovo Pole.

The weight and surface area of raw hides were
determined after slaughter and cleaning using
an electronic scale to the nearest of 0.01 kg.
The sizes were measured by a retractable tape
measure. The surface area of the hide was
determined by the method of sum of squares in
dm? by a measuring tape, and the thickness
with a caliper at two specific points: at standard
point ‘O’ in the hide of the withers and at
standard point ‘H’ in the area of the sacrum
according to the Arzumanyan method (1962).

The data were processed by the methods of
variation statistics using the program Statistica-
2010 and presented in tables and figures.

RESULTS AND DISCUSSIONS
The weight, percentage of live weight, size,

surface area, and thickness of raw hides in
specific sections of cull cows, which had

studied from each breed. The cows were raised ~ completed their growth, are shown in
in identical conditions, in a free-stall housing  Table 1.
Table 1. Technological indicators of raw hides of meat and combined (dairy-meat) cows,
which had completed their growth, excluded from breeding for various reasons (X + Sx)
Technological indicators of rawhide
Cattle n Hide weight Length, Width, Surface Area, Thickness Thickness
Breed cm cm dm? at point ‘O’, at point ‘H’,
mm mm
kg % of live
weight
Limousin | 5 41.37*+1.03 6.8 261.72+1.36 199.53+1.37 522.21+£8.34 6.18**+0.26 6.68*%*+0.30
Galloway | 5 39.46+1.24 7.0 234.01+4.23 189.56+2.47 443.57+8.76 5.88+0.31 6.028%+0.25
Normande | 5 47.23*+1.08 7.3 274.1743.16 | 205.74*+1.09 | 564.70+9.54 7.12%*+0.31 8.09**+0.21
Cattle
Bulgarian | 5 44.11*£1.11 7.2 249.97+1.19 198.79+£1.32 | 496.91+10.81 6.47**+0.45 6.83**+0.35
Red Cattle

*P<0.05, **P<0.01

The hides of two prospective beef cattle breeds,
such as Limousin and Galloway, introduced in
Bulgaria, and two combined breeds, such as
Normande cattle and Bulgarian Red Cattle,
were compared. The hides of different cattle
breeds are distinguished by their structure and
technological qualities. The weight of rawhide
depends primarily on its size, thickness,
sameness, and density (Kibkalo & Zhersbilov,
2009; Adzimova & Mambetov, 2018).
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The size, thickness, and density of the hide
have an impact on the realization of its poten-
tial. The steady increase in the weight of
rawhide is not of the same character in different
cattle breeds. The differences in the relative
weight of the hide among the combined
Normande cattle breed and meat breeds, such as
Limousin and Galloway are clearly outlined, as
it is 5.86 kg for the first breed and 7.77 kg for
the second one, or 6.8% and 7.0% respectively.




There is a significant difference in the domestic
combined breed Bulgarian Red Cattle with 3.12
kg or 7.2% respectively (P<0.05). In our
opinion, the long-term use of Normande cattle

in a combined productivity trend and the
selected good meat, rounded forms, had an
impact on the weight of its rawhide, which
became higher, compared to previous studies.

Bulgarian Red Cattle

Normande Cattle

Galloway

Limousin

T T

0 200

M Thickness at point ‘0’,
mm
— m Surface Area, dm?
H Width
]
M Length, sm
_—
M Hide weight, kg
N
400 600

Figure 1. Graphical representation of technological indicators of raw hides from cows
of meat and combined breeds, excluded from breeding for various reasons

The highest percentage of rawhide from the
animal weight is registered for the Normande
cattle breed with 7.3%, followed quite closely
by the Bulgarian Red cattle breed with 7.2%,
Galloway with 7.0% and Limousin with 6.9%.

The value of hide in processing is determined
by its surface area and thickness. The best
represented in the space, in terms of spread, are
the raw hides obtained from female animals of

Normande cattle breed with 564.70 dm?2,
followed by the Limousin breed with 522.21
dm? the hides of Bulgarian red cattle with
496.91 dm? and hides from Galloway breed
with 443.57 dm?, or differences of 42.49 dm?,
67.79 dm? and 121.13 dm? (P<0.05). The
differences among breeds on this indicator are
not significant (P<0.05).

Table 2. The surface area of raw hides of different breeds in dm?

Figure 2. The surface area of raw hides of different
breeds in dm?
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Cattle Number (n = 5) Area in dm? Area in dm? per 1 kg live
weight
Normande cattle 5 564.70+3.44 0.903
Limousin 5 522.21+5.31 0.830
Bulgarian Red Cattle 5 496.91+12.81 0.831
Galloway 5 443.57+£7.43 0.765
P<0.05
. The largest surface area of 564.70 dm? and
Area in dm2 ) . . .
W Area in dm2 0.903 square decimeters per 1 kg of live weight
Galloway | was obtained from the representatives of
] Normande cattle breed, followed by Bulgarian
'ﬁfgﬂ:: Red cattle breed with 496.91 dm* and 0.831
Normande...} ‘ square decimeters per 1 kg live weight, and
0 200 400 600 Limousin with 522.21 dm? and 0.830 square
decimeters per 1 kg live weight. The lowest

results were obtained by the representatives of
Galloway with 443.57 dm? and 0.765 square



decimeters per 1 kg of live weight. The
differences are explained by the rougher
constitution and morphological structure of the
Galloway breed.

The rawhide of adult animals is rougher and
with uneven thickness in different sections. The
thickest raw hides in the examined sections
(point ‘O’ and point ‘H’) were measured in
Normande cattle breed with 7.12 cm and 8.09
cm, followed by Bulgarian Red Cattle with
6.47 cm and 6.83 cm respectively, followed by
Limousin breed with 6.18 cm and 6.68 cm
respectively, whereas the thinnest hides were
measured in the representatives of Galloway
with 5.88 cm and 6.028 cm. The obtained
results are significant at (P<0.01).

The data in the present study are close and
correspond to the results of Sinivirski &
Petkov, 1985; Kibkalo et al., 2014; Panin,
2015; Kozyr, 2018.

CONCLUSIONS

Cattle of different breeds and productivity
trends, reared and fed wunder identical
conditions, at approximately the same age and
of the same sex, give raw hides different in
relative weight and quality. The weight of the
rawhide depends on the size, thickness,
sameness, and density, and the quality depends
on the spread, nutrition, and method of
skinning.

Cattle breeds acclimatized in Bulgaria, both
meat and dual-purpose, exhibit good qualitative
and quantitative parameters of the resulting raw
hides.
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Abstract

For the diagnosis of diseases in cattle, apart from the clinical examination of the animal, the veterinarian also needs
some practical, fast, cheap and, above all, available tools. The importance of this study lies in reducing the number of
known paraclinical examinations that are often difficult to manage during a rural or farm field trip and are also
expensive. Because clinical signs are often nonspecific, the general clinical examination of clinically healthy cows can
only lead to a suspicion of disease without a necessary tool for confirmation or discovery of an insidious pathological
process. For this reason, serum protein electrophoresis (SPE) is an important component of laboratory diagnostic
evaluations for the measurement of serum proteins. In our study we used 8 clinically healthy cows of which 4 lactating
cows and 4 weaned cows. Although there have been fluctuations in the value of various protein fractions and low
specificities have been achieved in the diagnosis of certain diseases, the determination of the serum protein profile in
ruminants and the correct interpretation of their results are very useful for clinicians in the clinical diagnosis of healthy
and diseased animals and can serve as basis for other specific laboratory examinations, going up to protein fractions.

Key words: albumins, biochemistry, blood serum, protein fractions, proteins.

INTRODUCTION Electrophoresis is an analytical technique based
on the migration of charged particles in a
Veterinary medicine has advanced a lot in recent solution under the influence of an electric field
years, but no matter how advanced the  (Thrall etal., 2012).
techniques available for diagnosis, in the  Protein fractions migrated by electrophoresis
evaluation of internal diseases of dairy cows we  were identified in dairy cows, from cathode to
can never depart from the basic methods, anode, as albumin, alpha 1 - and alpha 2 -
starting from the complete clinical examination  globulins, beta 1 - and beta 2 -globulins, and
and exhaustive anamnesis, followed by the  gamma globulins (Jackson et al., 2015; Ionita,
investigations common paraclinical tests suchas ~ 2024).
hematological examination and microscopic Factors regulating immunoglobulin production
evaluation of blood smear, serum biochemistry, by normal and disease-associated plasma cells.
urine examination, etc. In all animal species, Blood electrophoresis varies according to age,
gestation and lactation are characterized by  physiological state, body condition score, etc.
intense metabolic changes and changes in many  The availability and speed of this investigation,

haematological and to chemical components, its non-invasive nature, low cost and important
including variables related to protein diagnostic information justify the efforts made
metabolism (Bossuyt, 2006). to obtain optimal results and a quality inter-

In clinical medicine, electrophoresis is mainly  pretation.

used to quantitatively separate and classify

(electrophoretic pattern or pattern) the proteins ~ MATERIALS AND METHODS

in a biological sample (serum, urine, cerebro-

spinal fluid, peritoneal or pericardial fluid, etc.) ~ Serum protein electrophoresis is a technique that
and  immunoelectrophoresis  allows  the consists in the separate migration of serum
qualita-tive detection of components to be  protein fractions on a semisolid gel, in the
named (Keren, 2003). presence of an electric current.
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The proteins are arranged on the gel in bands,
according to their size and electrical charge, then
the protein bands are colored with a special
staining solution, so that they can be visualized.
After the gel has dried, a densitometer measures
the bands: the densitometer provides a visual
pattern or graph of the protein bands, as well as
a calculation of the relative percentage of each
protein band in the total protein.

The only individual protein that is distinctly
separated by electrophoresis is albumin, which
has a clinical connotation only when it has low
values compared to normal.

The biological material was represented by 8
collected blood samples, from which the serum
was extracted and used for electrophoresis. The
electrophoresis was carried out using the EP
Line 1.0 electrophoresis system (Figure 1),
consisting of an EP SA200 voltage source, an
EP MB2 x 40 migration bath and a dedicated EP
Line analysis, calculation and results interpre-
tation system 1.0

Figure 1. The EP Line 1.0 electrophoresis system
(original)

This system is adapted to a computer that allows
data analysis and interpretation.

Globuline
oro2 By
b |88
ELFO normala

Figure 2. Normal electrophoresis
(Bossuyt, 2006)

After the gel has dried, a densitometer measures
the bands: the densitometer provides a visual
pattern or graph of the protein bands, as well as
a calculation of the relative percentage of each
protein band in the total protein. The only
individual protein that is distinctly separated by
electrophoresis is albumin, which has clinical
connotations only when it is significantly lower
than normal (in fact albumin in pregnant cows is
slightly lower). The electrophoretogram divides
the protein fraction of serum or plasma into its
constituent components, which include albumin

and globulins. There are three globulin frac-
tions: alpha, beta and gamma (Figures 3 and 4).
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Figure 3. Samples with migrated and stained
protein fractions (original)
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Figure 4. Example of healthy bovine serum protein
electrophoresis (after lonita L., 2024)

RESULTS AND DISCUSSIONS

The study was carried out in a farm of 50 cows
from which we chose 8 dairy cows, of which 4
were lactating and 4 were weaned. The age of
the monitored cows was between 3.5 and 6 years
and they were in their second to fourth gestation.
The cows were in good nutritional condition
with an average body weight of about 550 kg.
The health status of the animals during the
evaluated period was observed daily. All
animals were clinically healthy.

A. Dairy cows

Table 1. Blood biochemical examination of proteins

Lactating Total Albumin | Globulin Report A/G
cows protein g/dl g/dl g/dl
1 5.50 1.81 3.69 0.49

2 6.90 3.82 3.08 | 124

3 6.30 4.32 198 | 2.19

4 6.40 4.39 2.01 | 219

Mediate 6.28 3.59 2.69 | 1.53
Physiological 5.8-8.5 2.5-3.7 3.3- | 0.45-
values 4.8 1.31

From the analysis of Table 1, in dairy cows
normal values of total serum proteins, but regar-
ding albumin, 3 cows had increased albumi-



nemia values (probably slightly dehydrated) and
1 sample was found below normal values (low
during pregnancy).

Regarding the globulins, it is found that in
samples 3 and 4 they are found to be low
compared to normal. It should be noted that in
samples 3 and 4 albumin was significantly
increased, globulins significantly decreased, and
the A/G ratio is above the physiological limit.
Regarding the average of the sample, it is found
that the total proteins and albumin are within
physiological limits, the globulins are low and
the A/G ratio is increased above the physio-
logical limit. This requires performing electro-
phoresis to see what happens to the protein
fractions of these 4 samples.

Sample 1 - Dairy cow

Table 2. The results of the blood biochemical

examination
Sample Total protein | Albumin | Globulin | Report
g/dl g/dl g/dl A/G
1. 5.50 1.81 3.69 0.49
Physiological | 5.8-8.5 2.5-37 3.3-48 0.45-1.31
values

In the blood biochemical examination (Table 2),
total proteins and albumin are below normal
values and globulins and the A/G ratio are
within physiological values

Table 3. Electrophoresis of protein fractions

Parameter Rezult Rezult Reference
g/dl) (¥a) (24)
Alb 1.81 32.94 27-38
(H) Alpha 1 0.53 9.7 4-8
(H) Alpha 2 0.73 13.32 48
(H) Beta 1.18 21.37 6-10
(H) Gama 125 22.67 12-22

Analysis result:
Total protein = 5.50 g/dl, Report A/G = 0.49

From the Table 3 and Figure 5 of the electro-
phoretic examination in this animal, it is found
that all globulin fractions are above normal
values, albumin having normal values.
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Figure 5. The graphic aspect of the migration
of protein fractions

Sample 2 - Dairy cow

Table 4. The results of the blood biochemical examination

Sample Total Albumin | Globulin | Report
protein g/dl | g/dl g/dl A/G

2 6.90 3.82 3.08 1.24

Physiological | 5.8-8.5 2.5-3.7 3.3-4.8 0.45-1.31

values

From Table 4 in the blood bio-chemical examination
total proteins and the A/G ratio were within physio-
logical limits, albumin increased, and globulins
decreased

Table 5. Electrophoresis of protein fractions

Parameter Result Result Reference
(g/d) (%) (%)
Alb 3.82 56.34 27-38
(H) Alpha 1 0.38 5.44 48
(H) Alpha 2 0.57 8.32 48
(H) Beta 1.00 14.43 6-10
(H) Gamma 1.14 16.47 12-22

Analysis result:
Total protein = 6.90 g/dl, Report A/G = 1.24
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Figure 6. The graphic aspect of the migration
of protein fractions

From the Table 5 and Figure 6 it follows that
albumins and fractions Alpha 2 and beta were
increased and fractions al and gamma globulins
are within normal limits.

Sample 3 - Dairy cow

Table 6. The results of the blood biochemical examination

Sample Total Albumin | Globulin Report
protein g/dl g/dl g/dl A/G
3 6.30 4.32 1.98 2.19
Physiological 5.8-8.5 2.5-3.7 3.3-4.8 0.45-1.31
values

Table 6 shows that total proproteins were within
physiological limits, albumin was significantly
increased, globulins were low, and the A/G ratio
was very high.

Table 7. Electrophoresis of protein fractions

Parameter Result Result Reference
(g/dD) (%) (%)
Alb 4.32 68.60 27-38
(H) Alpha 1 9.31 4.98 4-8
(H) Alpha 2 0.54 8.58 4-8
(H) Beta 0.92 14.57 6-10
(H) Gamma 0.20 3.15 12-22
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Analysis result:
Total protein = 6.30 g/dl, Report A/G =2.19
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Figure 7. The graphic aspect of the migration of
protein fractions

Table 6 and Figure 7 show that the al fraction
was normal, the other globulins were increased,
and the gamma fraction was decreased.

Sample 4 - Dairy cow

Table 8. The results of the blood biochemical

examination
Sample Total protein | Albumin | Globulin Report
g/dl g/dl g/dl A/G
4 6.40 4.39 2.01 2.19
Physiological 5.8-8.5 2.5-3.7 3348 0.45-1.31
values

Table 8 shows that total proteins were within
physiological limits and albumins and the A/G ratio
were very high and globulins very low.

Table 9. Electrophoresis of protein fractions

Parameter Result Result Reference
(g/dl) (%) (%)
Alb 4.39 68.63 27-38
(H) Alpha 1 0.34 6.30 4-8
(H) Alpha 2 0.36 5.64 4-8
(H) Beta 1.19 18.57 6-10
(H) Gamma 0.12 1.86 12-22

Analysis result:
Total protein = 6.40 g/dl, Report A/G =2.19

et

Figure 8. The graphic aspect of the migration of
protein fractions

From the data obtained by electrophoresis, this
sample shows an increase in albumin and 3
fractions and a very significant decrease in y
fractions (Table 9 and Figure 8).

B. The following results were observed in
weaned cows in the period of mammary rest

Table 10. Blood biochemical examination of proteins

Lactating Total Albumin | Globulin Report
Ccows protein g/dl g/dl g/dl A/IG
1 5.50 1.81 3.69 0.49
2 6.90 3.82 3.08 1.24
3 6.30 4.32 1.98 2.19
4 6.40 4.39 2.01 2.19
Mediate 6.28 3.59 2.69 1.53
Physiological 5.8-8.5 2.5-3.7 3348 0.45-1.31
values

From the Table 10 it follows that the average of
the sample is within physiological limits in 3
samples, being only small fluctuations in a
single sample (3) where the significant increase
in albumin caused a significant decrease in
globulins and the A/G ratio was well above the
limit physiological.

Sample 1 - Weaned cow

Table 11. The results of the blood biochemical examination

Sample Total protein | Albumin | Globulin Report
g/dl g/dl g/dl A/G
1 7.10 2.77 4.33 0.64
Physiological 5.8-8.5 2.5-3.7 3.3-48 | 0.45-1.31
values

From Table 11 all the parameters of the analyzed
protein profile are within normal limits.

Table 12. Electrophoresis of protein fractions

Parameter Result Result Reference
(g/dl) (%) (%)
Alb 2.77 38.96 27-38
(H) Alpha 1 0.41 5.79 4-8
(H) Alpha 2 0.60 8.48 4-8
(H) Beta 0.99 13.88 6-10
(H) Gamma 2.33 32.88 12-22

Analysis result:
Total protein = 7.10 g/dl, Report A/G = 0.64

[A\VARY

-

Figure 9. The graphic aspect of the migration
of protein fractions
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The electrophoresis results show that the al
fraction was normal, the other globulins being
slightly increased.

Sample 2 - Weaned cow

Table 13. The results of the blood biochemical

Table 16. Electrophoresis of protein fractions

examination
Sample Total protein | Albumin | Globulin Report
g/dl g/dl g/dl A/G
2 6.40 3.03 3.37 0.90
Physiological 5.8-8.5 2.5-3.7 3.3-48 0.45-1.31
values

From Table 13 all the parameters of the analyzed
protein profile are within normal limits.

Table 14. Electrophoresis of protein fractions

Parameter Result Result Reference
(g/d) (%) (%)
Alb 3.03 47.28 27-38
(H) Alpha 1 0.43 6.75 4-8
(H) Alpha 2 1.03 16.04 4-8
(H) Beta 1.17 18.35 6-10
(H) Gamma 0.74 11.57 12-22

Analysis result:
Total protein = 6.40 g/dl, Report A/G = 0.90

\V2AS \

Figure 10. The graphic aspect of the migration
of protein fractions

From the Table 14 and the Figure 10, we can see
normal values of Alpha 1 globulins, albumins
and B globulins are increased and gamma
globulins are very slightly decreased compared
to normal.

Sample 3 - Weaned cow

Table 15. The results of the blood biochemical

Parameter Result Result Reference
(g/dl) (%) (%)
Alb 3.82 56.34 27-38
(H) Alpha 1 0.38 5.44 4-8
(H) Alpha 2 0.67 8.32 4-8
(H) Beta 1.00 14.43 6-10
(H) Gamma 1.14 16.47 12-22

Analysis result:
Total protein = 6.90 g/dl, Report A/G = 1.68

AV A \

Figure 11. The graphic aspect of the migration
of protein fractions

From Table 16 and Figure 11, alpha 1 albumins
and gamma globulins are in physiological values
and albumin and alpha 2 and beta fractions are
increased.

Sample 4 - Weaned cow

Table 17. The results of the blood biochemical

examination
Sample Total protein | Albumin | Globulin Report
g/dl g/dl g/dl AIG
3 6.70 342 3.28 1.04
Physiological 5.8-8.5 2.5-3.7 3.3-48 0.45-1.31
values

examination
Sample Total protein | Albumin | Globulin Report
g/dl g/dl g/dl A/IG
3 6.90 4.31 2.59 1.68
Physiological 5.8-8.5 2.5-3.7 3.3-4.8 0.45-1.31
values

From the Table 15 the total proteins are in
physiological values, the albumin and the A/G
ratio are significantly increased, and the
globulins are at low values.
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From Table 17 all the parameters of the analyzed
protein profile are within normal limits.

Table 18. Electrophoresis of protein fractions

Parameter Result Result Reference
(g/dD) (%) (%)
Alb 3.42 51.01 27-38
(H) Alpha 1 0.37 5.54 4-8
(H) Alpha 2 0.55 8.18 4-8
(H) Beta 1.22 18.20 6-10
(H) Gamma 1.14 17.06 12-22

Analysis result:
Total protein = 6.70 g/dl, Report A/G = 1.04

P \

Figure 12. The graphic aspect of the migration
of protein fractions




From Table 18 and Figure 12, alpha 1 albumins
and gamma globulins are in physiological values
and albumin and alpha 2 and beta fractions are
increased.

CONCLUSIONS

1. Electrophoresis is a practical and economical
alternative in the clinical exploration of
ruminant medicine.

2. Electrophoresis is a non-invasive test that
complements the quantitative characterization
of proteinemia with information on fraction
composition that can also be followed in
evolution.

3. Even if by biochemical determinations the
total proteins and albumins are in physiological
values, by electrophoresis significant fluctua-
tions of the protein fractions may appear which
may betray an asymptomatic or chronic
pathology in clinically healthy dairy cows.

4. Despite this low specificity in the diagnosis of
certain diseases, the determination of the serum
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protein profile in ruminants and the correct
interpretation of their results are very useful for
clinicians in the diagnosis of healthy and
diseased animals and can serve as a basis for
other specific laboratory examinations.

REFERENCES

Bossuyt, X. (2006). Advances in serum protein
electrophoresis. Adv. Clin. Chem., 42, 43-80.

Ionita, L. (coord.) (2024). Pathology and veterinary
medical clinic. Craiova, RO: Printera Publishing
House.

Jackson, D., & Elsawa, S. (2015). Factors regulating
immunoglobulin production by normal and disease-
associated plasma cells. Biomolecules, 5, 20-40.

Keren, D.F. (2003). Protein Electrophoresis in Clinical
Diagnostic. London, UK: Hodder Arnold Publishing
House.

Thrall, M.A., Weiser, G., Allison, R.-W., & Campbell,
T.W. (2012). Veterinary Haematology and Clinical
Chemistry. lowa, USA: John Wiley & Sons Publishing
House.



Scientific Papers. Series D. Animal Science. Vol. LXVII, No. 2, 2024
ISSN 2285-5750; ISSN CD-ROM 2285-5769; ISSN Online 2393-2260; ISSN-L 2285-5750

COMPARATIVE STUDY OF THE LEUCOCYTARE FORMULA
AND OF SOME BLOOD BIOCHEMICAL PARAMETERS
TO ROSS 308 AND COBB 500 MEAT HYBRIDS

Carmen IONITA, Roxana Mariana IGNATESCU, Nicoleta Andreea MINCA,
Lucian IONITA

University of Agronomic Sciences and Veterinary Medicine of Bucharest,
59 Marasti Blvd, District 1, Bucharest, Romania

Corresponding author email: roxana.ignatescu@yahoo.com

Abstract

In poultry farming, thanks to the development of technology, the broiler is a remarkable achievement in terms of genetics,
nutrition and economic performance. The monitoring of the disease state is done from a clinical and paraclinical point
of view only when the situation requires it. The determination of hematological parameters provides valuable information
for the assessment of the health status of animals, but in current avian pathology these determinations are not widely
used due to the lack of reference values for avian blood profiles, the very young economic age of broilers in conditions
where feeding, watering, animal hygiene are regulated and monitored daily. In addition, the fact that erythrocytes in
birds are nucleated and the hematology machines do not distinguish erythrocytes from leukocytes, counting them as
nucleated cells giving errors in the counting, we, in practical field conditions, resorted to performing the leukocyte
formula (easier to performed even in farms) and to the laboratory determination of some biochemical parameters to achieve
a small difference between the 2 broiler hybrids during the growth period. From the experiment data we found that.

Key words: albumins, biochemistry, blood serum, protein fractions, proteins.

INTRODUCTION

The broiler chicken regardless of the hybrid it comes
from (Ross 308 and/or Cobb 500) gives the image of
a healthy chicken; their growth presenting multiple
advantages, such as: the accessibility of meat
consumption (it has no religious prohibitions), food
convenience (always fresh meat can be delivered), a
large number can be grown on small areas, the meat
has nutritional and dietary value, etc. (Ionita, 2024).
Poultry health refers to: well-being, providing
biological comfort, ensuring balanced nutrition
(quantitative and qualitative), etc., all of which will
allow to achieve the genetic performance of these
hybrid breeds Ross 308 and Cobb 500 (Talebi et al.,
2005).

Modern commercial broiler hybrids are not all the
same: they are very similar but have distinct growth
characteristics.

Some produce larger breasts, others larger thighs and
legs, while some produce balanced breast and
leg/thigh meat.

Several operators focus on rapid growth and meat
gain from hatch, while others focus on slower growth
with an emphasis on structural development - limb
bones and heart muscle (Broiler Management Guide)
These growth traits are important to traders looking
to produce meat for their specific market targets.
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With all the listed advantages, raising broilers
requires the identification and application of

appropriate biosecurity measures to prevent possible
serious

diseases with economic

(Figures 1 and 2).

implications

Figure 1. Advanced broiler breeding technology
(www.aviagen.com)
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Figure 2. The main risk factors of bird diseases
(FAO, 2011)



Thanks to the immunoprophylactic measures applied
for a very long time, no disease situations were
recorded during the short economic period of 28-35
days when these chickens are raised. That's why
hematological analyzes are not used either, and
blood biochemical determinations are made only for
scientific and economic purposes to improve the
quality of the meat and influence it through the
addition of nutrients to improve or correct certain

targeted properties.

&
‘.

j j Cobb500

Figure 3. Broiler breeds Ross 308 and Cobb 500
(www.aviagen.com)

Ross308

MATERIALS AND METHODS

To perform the metabolic Mini profile, we
collected blood samples from broilers of
different breeds, similar ages, 2 different rearing
units, but from clinically healthy birds.

The collection was carried out in special
vacutainers for biochemistry and hematology,
by puncturing the humeral vein; for serum
expression, the blood samples were kept at room
temperature, then in the refrigerator at 4°C.

The analyzes were performed in the Laboratory
of the discipline of Internal Medicine, within
FMYV Bucharest, with the equipment provided.
The leukocyte formula was obtained through
laboratory analysis using the hematology ana-
lyzer Abacus Junior Vet 5. It should be noted
that this device could not be used for the quan-
titative determination of the red blood cell and
its derivatives as well as the leukocyte blood cell
because erythrocytes are nucleated (Figure 4).

=

[‘; ‘

Figure 4. Abacus Junior Vet 5 Hematology Analyzer
(own source)
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For biochemical blood analyses, serum samples
were separated by centrifugation and measured
by standard methods using the ARKAY
apparatus (Figure 5).

Figure 5. ARKRAY Dry Biochemistry Analyzer,
Model SPOTCHEM EZ-SP-4430 (own source)

To obtain the blood serum, the blood samples
collected on the anticoagulant were centrifuged
(Figure 6).

Figure 6. Centrifuge (own source)

To determine the leukocyte formula, we resorted
to the hematology analyzer, which evaluated the
percentage of the components of the white
series, and I also made an image of them, from
which nucleated erythrocytes and some white
elements (heterophile, eosinophil, monocyte,
lymphocyte) can be observed in Figure 7.

‘f.
@ ‘?&
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Figure 7. Microscopic field with red and white blood
elements (own source)



RESULTS AND DISCUSSIONS

Currently in Romania but also in the European
Union, the share in the growth of meat hybrids
belongs to the Ross 308 hybrid (it has a fast
development, efficiently utilizes the feed, etc.).
Ross 308 is a high-performance broiler that can
reach impressive body weights (females around
3 kg and males 3.5 kg at 47 days of age); it has
avery good yield at slaughter (Sam et al., 2023).
The Cobb 500 hybrid has a low feed conversion
rate, fast growth, a less expensive nutritional
regimen; has adaptation problems with an
increased sensitivity to growth on permanent
litter; it was oriented especially to produce
"breast” (Talebi et al., 2005).

A. Ross 308 meat hybrids

Genetic heritage: Ross 308 is bred by Aviagen,
a global poultry company. It is a cross between
two different chicken breeds, each selected for
specific traits such as growth rate, feed effi-
ciency and meat quality.

It is globally recognized as a broiler that delivers
consistent performance.

Integrated and independent producers appreciate
its growth rate, feed efficiency and robust per-
formance. Ross 308 boasts unmatched genetics
optimized for fast growth, exceptional meat
quality and efficient feed conversion.

Its adaptability to various environments and
robust health profile makes it a reliable option
for both small-scale and commercial operations.
This breed dominates the market, trusted by
poultry producers for its proven track record and
superior attributes.

The Ross 308 hybrid (Figure 8) requires a
differentiated feed to achieve high performance
but shows better resistance to microclimate
conditions.

Figure 8. Ross 308 hybrid at 21 days of age (own source)
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In Romania, it is grown on a large scale because
the parents of Ross meat hybrids have a higher
percentage of eggs compared to the parents of
Cobb and because the hatching percentage is
higher.

Especially in birds, the clinical diagnosis is
completed with the laboratory examination,
based on the results of hematological and bio-
chemical investigations (Al-Aufi et al., 2024).

Table 1. Average biochemical values in 28-day-old
Ross 308 chickens (n = 20)

Parameters UM Physiological Age
values 28 days
(mediate)
Total proteins g/dl 3-7 3.5
Albumins g/dl 2.6-4.6 1.42
Glbobulins g/dl 1.4-2.4 2.1
Uric acid mg/dl 1.6-4.2 17.3
Triglycerides mg/dl 25-500 145.0
Cholesterol mg/dl 50-400 225.0
GOT Ul 125-500 505.2
GPT url 26-34 38.9
Bilirubin mg/dl 0.2-4.0 1.2
Creatinine mg/dl 0.3-0.9 0.4

Table 1 shows that uric acid is slightly increased,
albumin is decreased and GOT and GPT are
increased.

Table 2. Average biochemical values in 38-day-old
Ross 308 chickens (n = 20)

Parameters UM Physiological Age
values 38 days
(mediate)
Total proteins g/dl 3-7 34
Albumins g/dl 2.6-4.6 23
Glbobulins g/dl 1.4-24 1.1
Uric acid mg/dl 1.6-4.2 26.7
Triglycerides mg/dl 25-500 125.5
Cholesterol mg/dl 50-400 268.0
GOT unl 125-500 432.0
GPT unl 26-34 42.0
Bilirubin mg/dl 0.2-4.0 1.6
Creatinine mg/dl 0.3-0.9 0.7

Table 2 shows small variations in the bio-
chemical parameters compared to broilers from
the age of 28 days.

Albumin is the most important plasma protein
substance that is formed in the liver; permanent
exchanges between serum albumins and tissues
explain the frequency of quantitative albumin
variations in various pathological states. The
decrease in albumin can be due to the decrease
in liver production, infectious processes, acute
inflammation, protein losses at the renal, gastro-
intestinal level etc.



A proteinemia of more than 3 mg/dl may be
associated with albumin loss through abnormal
fluid distributions in the body, such as abdo-
minal ascites or effusions around organs; these
two aspects can be encountered at slaughter
without being diagnosed by laboratory exami-
nation. In birds, uric acid is the main molecule
of nitrogen catabolism and plays a vital role;
there is a direct relationship between the amount
of protein ingested and the level of uric acid in
the blood.

The high concentration of protein in the forage
ration during the growing period causes an
increase in the level of uric acid in the blood.
The appearance of the leukocyte formula in the
Ross 308 hybrid falls within the physiological
limits at both 28 and 38 days of age.

Table 3. Leukocyte formula in Ross 308 hybrids, at the
age of 28 and 38 days (n = 20)

Parameter U/M | Physiological Mediate Mediate
values chicken 28 | chicken 38
days days
Lymphocytes | % 57-93 60.1 63.7
Heterophiles | % 8-48 34.5 229
Eosinophils % 1-8 2.6 11.6
Basophils % 0-3 0.8 0.6
Monocytes %" 0-7 2 1.2

Table 3 shows eosinophilia in 38-day-old chicks
(at finishing).

In the routine practice of clinical laboratories, it
is possible to determine both the proportion of
eosinophils per 100 leukocytes counted in the
pan optically stained blood smear and the
number of eosinophils per mm of peripheral
blood allows their identification even when the
leukocyte formula leads to false positive results
due to the uneven distribution of blood cells on
the smear. In recent years, the techniques for
identifying and counting blood elements have
been automated, significantly simplifying the
analysis and increasing the accuracy of the
results.

Next, we present the hematological and blood
biochemical situation of the Cobb 500 hybrids

B. Cobb 500 meat hybrids

Selected for breeder and broiler genetic
excellence, Cobb 500 offers unmatched dura-
bility and uniformity, exceptional feed effi-
ciency and outstanding growth rate. Today's
modern broiler chickens are more efficient,
productive and robust than previous generations.
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This progress is due to Cobb's commitment to
improving genetics and advances in breeding
methods that increase performance potential and
enhance longevity and welfare outcomes. A
cross-characteristic COBB 500 broilers - white
feathers and genetically yellow skin, so that
even when fed normal diets the unpigmented
skin of the finished carcass is always yellow.
Compared to other broiler crosses, COBB 500
has higher productivity and less growth in the
fattening period. In 35 days, the average weight is
1.9 kg, it should be in 42 days - 2.4 kg (Figure 9).

Figure 9. The Cobb 500 hybrid at the finish (own source)

Table 4. Average biochemical values in 28-day-old
Cobb 500 chickens (n =20)

Parameters UM Physiological Age

values 28 days

(mediate)
Total proteins g/dl 3-7 3.16
Albumins g/dl 2.6-4.6 1.18
Glbobulins g/dl 1.4-24 1.98
Uric acid mg/dl 1.6-4.2 8.15
Triglycerides mg/dl 25-500 97.5
Cholesterol mg/dl 50-400 1433
GOT Ui/l 125-500 2183
GPT unrl 26-34 18.0
Bilirubin mg/dl 0.2-4.0 0.30
Creatinine mg/dl 0.3-0.9 1.91

Table 4 shows the increase in uric acid and
creatinine and the slight decrease in albumin.

Table 5. Average biochemical values in 38-day-old
Cobb 500 chickens (n =20)

Parameters UM Physiological Age

values 38 days

(mediate)
Total proteins g/dl 3-7 2.88
Albumins g/dl 2.6-4.6 1.09
Glbobulins g/dl 1424 1.79
Uric acid mg/dl 1.6-4.2 5.48
Triglycerides mg/dl 25-500 46.1
Cholesterol mg/dl 50-400 138.9
GOT 1811 125-500 276.9
GPT ur/l 26-34 28.7
Bilirubin mg/dl 0.2-4.0 0.64
Creatinine mg/dl 0.3-0.9 1.36




Table 5 shows that in broilers at the age of 38
days, at the finishing stage, uric acid and
creatinine were found to be slightly increased
and the albumin is low

The appearance of the leukocyte formula in the
Cobb 500 hybrid falls within the physiological
limits at both 28 and 38 days of age.

Table 6. Leukocyte formula in Cobb 500 hybrids, at the
age of 28 and 38days (n = 20)

From the analysis of the results (Table 8), it is
observed that the parameters of the energy
profile, in both hybrids, are within physiological
limits.

Table 9. Comparative enzyme activity between broilers

Parameters Ross 308 (mediate) Cobb 500 (mediate)
28 days 38 days 28 days 38 days

GOT 505.2 432.0 2183 276.9

GPT 38.9 42.0 18.0 28.7

Parameter U/M | Physiological Mediate Mediate
values chicken 28 | chicken 38
days days
Lymphocytes | % 5793 63 67
Heterophiles | % 8-48 32 26
Eosinophils % 1-8 3 4
Basophils % 0-3 1 1
Monocytes %" 0-7 1 2

Regarding the leukocyte formula, in Cobb 500
hybrids it is found that all types of white cells
(granulocytes and agranulocytes) are within
physiological limits (Table 6).

(www.aviagen.com)

Next, we present some comparative metabolic
results between the 2 hybrid broilers.

Table 7. Comparative protein profile

Parameters Ross 308 (mediate) Cobb 500 (mediate)
28 days 38 days 28 days 38 days
Total proteins 3.5 34 3.16 2.88
Albumins 1.42 23 1.18 1.09
Glbobulins 2.1 1.1 1.98 1.79

The analysis of the data shows (Table 7) that in
the hybrid Cobb 500 albumin is found below the
physiological value at both investigated ages (28
and 38 days).

Table 8. Comparative energy profile

Parameters Ross 308 (mediate) Cobb 500 (mediate)
28 days 38 days 28 days 38 days

Triglycerides 145.0 125.5 97.5 46.1

Cholesterol 225.0 268.0 1433 138.9

Regarding liver activity (intensely forced by
growth), a significant increase in GOT and GPT
activity is recorded in hybrid Ross 308, at both
tested ages (Table 9). A very good activity of
these transaminases is found in Cobb 500
hybrids.

Table 10. Comparative activity of uric acid

Parameters Ross 308 (mediate) Cobb 500 (mediate)
28 days | 38 days 28days | 38days
Uric acid 173 [ 264 815 | 548

Birds are known to be hyperuricemic normally.
Of the 2 hybrids, it appears that Cobb 500 have
uric acid values close to physiological values,
including during the low finishing period. Ross
308 hybrids have high uric acid values (Table
10). This increase in uricemia is related to the
period of intensive growth of the chicks, a stage
of intense metabolic demand.

CONCLUSIONS

1. Modern commercial broiler hybrids are not all
the same - they are very similar but have distinct
growth and metabolism characteristics.

2. Growth traits are important to commercial
agents who wish to produce meat for their
specific market objectives.

3. Hematological, the laboratory analyzes
revealed that the leukocyte formula is within
normal limits, only in Ross 308 hybrids at the
age of 38 days a marked eosinophilia was found
4. From a biochemical point of view,
comparatively, the results show a significant
increase in GOT and GPT activity in the Ross
308 hybrid, at both investigated ages
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Abstract

In buffaloes, synchronization is especially important because of the peculiarities of reproduction. Gestation was
diagnosed sonographically 45 days after timed Al (TAI) in 133 buffalo cows and 75 heifers hormonally treated. The
dispersion analyses included the factors-classes: protocol - PreSynch/OvSynch, OvSynch, OvSynch+PRID; clinical
signs of estrus (CSE) - without CSE, sole patency of cervix, mucous discharge; age — heifers, cows; season - in and out
of season. The results show that protocol has strongest effect on conception rates (CR) (P< 0.01), significantly lowest
being that under PreSynch/OvSynch - 23.9%, compared to OvSynch (40.7%) and OvSynch+PRID (47.4%). In the
heifers OvSynch+PRID and OvSynch show markedly higher results (50.0 and 52.9%), while in the buffalo cows with
OvSynch CR is relatively low (38.3%). CSE is also significant (P< 0.05), the highest CR in the cases with mucus. The
superiority of OvSynch+PRID finds expression in the highest incidence of full estrus (mucus) in the lactating buffaloes
(70%) and especially in the heifers (82%). Especially OvSynch+PRID can be used for overcoming seasonal anestrus.

Key words: buffaloes, conception rate, estrus signs, PRID, prostaglandin.

INTRODUCTION

Management of herd replacement and
profitability in buffalo farming are majorly
based on age of first calving and calving
interval, rather than on milk yield, which is
proved with the economic weights of the traits
in the Bulgarian Murrah (Peeva, 2000) and in
the Italian Mediterranean breed (Barile, 2005).
In particular, breeding efficiency of buffaloes is
affected by late puberty, seasonality of calving,
prolonged anestrus after calving, irregular
cyclycity, low conception rates, etc. (Madan
1990). The great variability of estrus and
ovulation is a challenge to Al, as well (Ohashi,
1994; Perera, 2011).

Moreover, the reproductive process in the
buffalo farms is specifically characterized by
vaguely expressed signs of estrus and hence by
poor timing and low success of artificial
insemination (Alonso et al., 1992; Barkawi et
al., 1993), and in addition the portion of
animals in long anestrus is great, especially in
the non-breeding season (ElI-Wishy, 2007). It is
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a characteristic of the species that high sexual
activity comes in response to the reducing day
light in late summer and early autumn in
association with melatonin secretion, while in
the rest of the year buffaloes often exhibit
anestrus which, on one hand, reduces
reproductive efficiency and, on the other,
results in a misbalanced milk production
throughout the year (Zicarelli, 1997; 2007;
Neglia et al., 2004).

Efficiency of protocols for estrus and ovulation
synchronization has been established to
increase the percentage of pregnant animals
(Baruselli & Carvalho, 2005; Balamurugan et
al., 2017). Further, combined administration of
gonadotropins and prostaglandins has been
introduced with the purpose to optimize the
effect of these protocols by the inclusion of
timed artificial insemination (De Rensis &
Lopez-Gatius, 2007; Hammam et al., 2009).
Consequently, certain success has been
achieved in eliminating the effect of breeding
season (Carvalho et al., 2013; Baruselli et al.,
2013).



In buffalo breeding, the applied
synchronization schemes (Paul & Prakash,
2005; Carvalho et al., 2007; Warriach et al.,
2008) are of even greater importance,
compared to cattle, in view of the above
mentioned species-specific peculiarities of
reproduction. Namely, the new follicular wave
they induce affords circumventing the species-
problematic visual heat detection for Al timing
(Barile, 2005). There are only few research
works studying the presence of clinical signs of
full estrus in synchronized buffaloes on global
(Neglia et al., 2003) and national (Atanasov et
al., 2012) scale, suggesting that mucous
discharge can be used as an indicator for good
conception rates.

The objective of the presented field experiment
was to study the efficacy of the application of
three  different  protocols  for  estrus
synchronization in buffalo heifers and buffalo
cows of the Bulgarian Murrah breed expressed
in manifestation of clinical signs of estrus and
conception rates.

MATERIALS AND METHODS

The field experiment was carried out in the
years 2021 and 2022 and included 75 buffalo
heifers and 133 buffalo cows of the Bulgarian
Murrah breed bred on the farm of Agricultural
Institute — Shumen. The two categories of
buffaloes are kept in tie-stall housing with
exercise yards.

The diet of the buffalo cows includes 22 kg of
maize silage, 3 kg of leguminous hay, 4 kg of

cereal straw and 5 kg of compound feed per
capita per day. The concentrate feed provides
1629 kcal of energy and 96 g of digestible
protein and has the following composition:
wheat - 15%, barley - 12%, corn - 56%, wheat
bran - 10%, sunflower cake - 5%, dicalcium
phosphate 0.6%, salt - 0.4% and chalk - 1%.
The diet of the heifers consists of 18 kg of
silage, 3 kg of hay and 4 kg of feed.

The buffaloes were selected to be up to sixth
lactation and more than 60 days postpartum,
and the heifers - to be roughly 22 months old
with a live weight of about 380 kg. All
included animals were in good body condition
(BCS= 3-4) and free of obstetrical disorders
and abnormalities in their prior parities (if any).
On day 0, ovarian structures were examined
sonographically and for treatment were chosen
individuals with diameter of the follicles over 8
mm and no corpus luteum.

Three protocols of hormonal treatment for
estrus induction/synchronization with timed
artificial insemination (TAI) were applied in
heifers and lactating buffaloes, as presented in
Table 1. In the lactating buffalo cows, each of
the protocols was applied both in breeding and
non-breeding season, while in the heifers - out
of season only. Gestation was also diagnosed
sonographically on the 45th day after TAI The
echographic examinations were performed with
a SonoScape A2 Vet (SonoScape Co. LTD,
Shenzhen, China), a multi-frequency (7-12
MHz) linear probe and transrectal approach.

Table 1. Timing of hormonal administration within the three tested protocols

Date/Hour PreSynch/OvSynch OvSynch OvSynch+PRID
(ny= 46; n.=46) (ny=12; nc=47) (ny=17; nc=40)
500 UI Synchrostim' i.m. o PRID DELTA* vaginally
Day 1 §a.m. + 5 ml Enzaprost T? i.m. 2 ml Ovarelin i.m. inserted
Day 4 8 a.m 2 ml Ovarelin® i.m.
. PRID DELTA removal

Day 8 8 a.m. 5 ml Enzaprost i.m. +5 ml Enzaprost i.m.
Day 10 4 p.m. 2 ml Ovarelin i.m. 2 ml Ovarelin i.m.
Day 11 8 a.m. 5 ml Enzaprost T i.m. TAI TAL

4 p.m. TAI
Day 13 4 p.m. 2 ml Ovarelin i.m.
Day 14 8 a.m. TAI

i.m. — intramuscular injection; n, — number of buffalo heifers, n.— number of buffalo cows;
'Equine Serum Gonadotropin, Ceva Sante Animale, France; *Dinoprost Trometamol, Ceva Sante Animale, France; *Gonadorelin, Ceva Sante
Animale, France, *“Intrauterine device for cattle PRID delta 1.55 g Progesterone, Ceva Sante Animale, France
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The criteria for the diagnosis of pregnancy
were an enlarged uterine lumen, visualization
of the embryonic vesicle, and foetal cardiac
activity, as described by Fricke et al. (2016).
The artificial insemination and evaluation of
the clinical signs of the genital apparatus
associated with estrus were performed by an Al
technician. The presence/absence of a clear
cervical-vaginal mucous  discharge was
detected, as well as the passability of the
cervical canal with a pipette (patency).
Cryopreserved semen from tested buffalo bulls
was used.

Examinations and treatments were carried out
in compliance with the requirements and
regulations of the Animal Welfare Act (AWA).
The set of data registered sonographically were
processed via dispersion analysis of a non-
orthogonal set of qualitative traits (Model-1),
including the following factors and respective
classes:

- Age — two classes: heifers; cows;

- Protocol — three classes: PreSynch/OvSynch;
OvSynch; OvSynch+PRID;

- Clinical signs of estrus (CSE) as detected
during TAI application — three classes: without
CSE (lack of vaginal mucous discharge and
low patency of the cervix); patency (good
patency but lack of mucus); mucus (both
presence of mucous discharge and good
patency, i.e. expression of full estrus).

Another 3-factor analysis was conducted on
buffalo cows only. Instead of age, Model-2
included the factor: season - two classes: in
season (high breeding season); out of season
(low breeding season). In-season TAI breeding
was applied in the period from August 10th to
November 21st. The rest of the year was
considered out of season.

In the linear model, the gradations are
presented as p; values, resulting from the
number of the individuals characterized by the
qualitative trait pregnancy as diagnosed 45
days post TAI (¥my) out of the total number of
individuals in the respective class (Zny). The
effects of the singular factors included in the
ANOVA, their co-effects and the all-factors
effect (x) are expressed in coefficients of
impact (%) and coefficients of significance (F),
and the significance of the differences within
gradations — in Fg-values.

253

RESULTS AND DISCUSSIONS

Table 2 shows the raw data from the ultrasound
examinations for the diagnosis of pregnancy 45
days after TAIL as well as the visual detection
of the presence of vaginal mucus and the
patency of the cervical canal during TAL It is
noteworthy that in TAI after application of the
PreSynch/OvSynch protocol, 17.4% of the
heifers have shown no visual CSE, but still one
animal conceived (12.5%).

This indicates that this protocol had low
success in the heifers, while under the OvSynch
and OvSynch+PRID scheme all young animals
manifested at least patency of cervical canal.

Table 2. Results from day 45 post TAI by protocols
and by CSE and distribution by high or low season

of breeding
Protocols CSE Ny my  Season, n./mx
High Low
Buffalo heifers
No CSE 8 1
grveg’yfl‘ccfl‘/ Patency 14 2 - 46/8
Y Mucus 24 5
No CSE 0 0
OvSynch  Patency 6 4 - 12/6
Mucus 6 2
OvSynch+ No CSE 0 0
PRID Patency 3 1 - 17/9
Mucus 14 8
Buffalo cows
No CSE 1 0
PreSynch/
OvSynch Patency 19 4 38/11 8/3

Mucus 26 10

No CSE 3 1

OvSynch  Patency 20 5 25/9  22/9
Mucus 24 12
No CSE 5 1

OvSynch+

PRID Patency 7 2 16/6  24/12

Mucus 28 15

Accordingly, as indicated by the data in Figure
I, the pregnancy rate from  the
PreSynch/OvSynch protocol in the heifers was
markedly lower as compared to the OvSynch
and OvSynch+PRID synchronization schemes.
In the buffalo cows under the
PreSynch/OvSynch protocol, conception rate
was also lowest, but with less pronounced
differences with OvSynch and OvSynch+PRID
(Figure 1). It is noteworthy that while in the
heifers OvSynch+PRID and OvSynch lead to
high results (conception rates of 50.0 and



52.9% respectively), in the buffalo cows
OvSynch has lower success (38.3%).

With no CSE in the PreSynch/OvSynch
protocol was only one buffalo cow (2.2%) and
she did not conceive; in each of OvSynch and
OvSynch+PRID scheme there was one animal,
which constitutes respectively 6.4 and 12.5%,
with pregnancy rates of 33.3 and 20.0 % (Table
2).

It is noteworthy that in OvSynch the results
when patency is the only CSE detected are

even lower, while when mucous discharge is
present the conception rate is markedly higher.

The differences in the manifestation of full
estrus are remarkable. Figure 1 indicates that
the heifers with mucus constitute as much as
82.4% of all OvSynch+PRID treated animals,
compared to 52.2 and 50.0% in the other
protocols. Similar but slightly less-expressed
dependency is observed in the buffalo cows —
70.0% in  OvSynch+PRID, 56.5% in
PreSynch/OvSynch and 51.1% in OvSynch.

buffalo heifers

PreSynch/OvSynch OvSynch OvSynch+PRID

buffalo cows

PreSynch/OvSynch

OvSynch OvSynch+PRID

Figurel. Results based on raw data about overall conception rates (framed grey), incidence of full estrus (black) and
conception rates from full estrus (dark grey) per protocol within age group, %

Obviously, as Table 2 shows, the
PreSynch/OvSynch  protocol  results in
relatively good percentage of heifers with
mucous discharge but also in poor follicular
wave associated with poor conception rates
(Figure 1).

Figure 1 also shows that in both age groups the
conception rates from full estrus are highest
after application of TAI within the
OvSynch+PRID protocol (over 50%), but in
the lactating buffaloes OvSynch also has a high
result (50.0%).

It is noteworthy that in the OvSynch scheme
the heifers show good conception rates when
their cervix has good patency and no mucus.
Pregnancies in the buffalo heifers under the
OvSynch+PRID are achieved majorly in the
presence of mucous discharge (i.e., of both
clinical signs), which applies also to the buffalo
cows treated under the all three protocols.
ANOVA from the dispersion analysis in
Model-1 indicates that the factor protocol has
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the most pronounced effect on conception rates
— P< 0.01 (Table 3). The significantly lowest
pi-estimate belongs to the animals treated with
PreSynch/OvSynch (Table 4), which is
commensurate with the information in Figure 1
within age groups. CSE also has significant
effect on the success of TAI (P< 0.05, Table 3),
the highest p;-value observed in the cases with
mucous discharge during insemination.

Table 3. ANOVA from the dispersion analysis of
conception rates, whole dataset - Model-1

Sources of df n? F P
variance

Age 1 0.0049 1.027 P>0.05
Protocol 2 0.0463 4.894 P<0.01
CSE 2 0.0373 3.948 P<0.05
Age x Protocol 2 0.0505 5.340 P<0.01
CSE x Protocol 4 0.0180 0.953 P>0.05
CSE x Age 2 0.0595 6.287 P<0.001
X 17 0.1016 1.265 P>0.05
z 190  0.8984

y 207 1.0000




Although Figure 1 suggested some differences
between heifers and cows, the dependence of
conception rates on protocol and CSE have
similar trends in the two categories of
buffaloes. In this context are the data in the
ANOVA (Table 3), showing that age is not a
significant source of variance of pregnancy
rates.

Table 4. Effect of the significant factors from ANOVA
on conception rates, whole dataset — Model-1

Classes Zny Zmy Di
Protocol
1. PreSynch/OvSynch 92 22 0.239
2. OvSynch 59 24 0.407
3. OvSynch+PRID 57 27 0.474
Clinical signs of estrus (CSE)

4. Without CSE 17 3 0.177
5. Patency 69 18 0.261
6. Mucus 122 52 0.426
Y /Cpenso 208 73 0.351

>n, — number of individuals in the class/gradation

Xm, — number of individuals echographically diagnosed pregnant on
day 45 post TAI out of Zn,

Significance of differences among pi values within gradation: 1-[2, 3]*
and 6-[4, 5] at P<0.05

On the other hand, the co-effects of age with
the factors protocol (P< 0.01) and CSE (P<
0.001) are significant. The co-effect of protocol
with CSE and the all-factors co-effect,
expressed as x-value, are not significant.

The ANOVA under Model-2 (Table 5) shows
that the factor protocol is not a significant
source of variation of conception rates in the
lactating buffaloes, which corresponds with the
above observed smaller differences in
conception rates between high and low
breeding season in the buffalo cows than in the
heifers (Figure 1).

Table 5. ANOVA from the dispersion analysis of
conception rates in lactating buffaloes - Model-2

Sources of df n? F P
variance

Season 1 0.0137 1.794 P>0.05
Protocol 2 0.0147 0962 P>0.05
CSE 2 0.0586 3.855 P<0.05
SeasonxProtocol 2 0.0953 6.256 P<0.001
CSExProtocol 4 0.0504 1.653 P>0.05
CSExSeason 2 0.0514 3371 P<0.05
X 17 0.1237 0955 P>0.05
z 115  0.8763

y 132 1.0000
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This implies that the above established
differences among protocols depend mostly on
those in the heifers. More importantly, the
analysis of variance indicates that season does
not affect pregnancy rates significantly, as well.
Table 2 also shows the timing of the protocols
as per season. It is noteworthy that the
conception rate after out-of-season TAI under
the OvSynch+PRID protocol is higher (50.0%)
than in the main breeding season (37.5%). The
differences between the seasons in the
protocols PreSynch/OvSynch and OvSynch are
smaller, implying a tendency to diminish the
impact of season on buffalo reproduction.

On the basis of the observation in the presented
field trial that high conception rates are
achieved in the cases with both clinical signs
(full estrus) only, we share the opinion in other
works with the OvSynch protocol in the
Bulgarian Murrah (Atanasov et al., 2012) that
the presence of cervical mucus during Al can
be used as an indicator for good conception
rates, all the more that in our study the
incidence of this clinical sign is much higher.
Moreover, this rationale applies also to the
OvSynch+PRID protocol where the proportion
of buffalo cows and heifers with induced full
estrus is definitely highest.

As in the breeds Murrah (Ghumen et al., 2014),
Surti (Patel et al., 2022), Jafarabadi (Raval et
al., 2021) and Italian Mediterranean (Presicce
et al., 2004; De Rensis et al., 2005), field
experiments on buffalo heifers and cows have
resulted in very good estrus-inducing effect of
the OvSynch protocol (under the same GnRH-
PGF2,-GnRH scheme), an additive favorable
effect on conception rates afforded by
progesterone treatment in anestrus in high and
low breeding season.

Applying  out-of-season  treatment  with
PreSynch/OvSynch, in buffalo heifers was
achieved high estrus induction and conception
rate which were close to the results from the
other two protocols (Sing et al, 2010).
However, according to these and to other
Indian authors (Saini et al., 1988; Andurkar et
al.,, 1995; Kumar et al., 2010), the sole
application of this protocol does not provide
good outcome, while in combination with
progesterone inserts or prostaglandins it is
much more effective. Italian researchers (Barile
et al.,, 2001) came to the same conclusion,



emphasizing the major economic impact of
such protocols in buffalo heifers and pointing
out that at earlier age the effect is relatively
better due the usual lack of cyclicity at that
stage of individual development. All these
effects are implied also in the results from the
Bulgarian Murrah heifers and buffalo cows
from the present experiment.

The integral role of the timed components of
the OvSynch+PRID protocol is described by
the experiment of McDougall and co-
researchers (McDougall et al., 1992) in dairy
cows with the observation that increased
concentrations of progesterone during the
anestrous are important for incidence of estrus
and for the luteal phase afterwards,
hypothetically contributing for maturation of a
dominant follicle and hence for prostaglandins
secretion and ovulation. The combination with
prostaglandins at the beginning of the protocol
was established to induce follicular atresia and
a new follicular wave also in buffaloes
(Baruselli et al., 2007).

When buffalo reproduction is concerned,
season should be always taken in consideration.
Having been included in the linear model with
classes of the factor specific for the bubaline
species within the conditions of Bulgaria, the
effect of season is commensurate with the
experience in the Italian Mediterranean breed,
where especially in the recent decade the
experiments with gonadotropins, progesterone
and other exogenous hormones have
demonstrated similar pregnancy rates after out-
of-season breeding as in the high breeding
season (Carvalho et al., 2013, 2016; Baruselli
et al.,, 2013); and also with the experience in
Murrah breed in India (Kumar P. et al., 2016).
The lack of significant differences in the
success of TAI by season is actually a good
news for the conditions in Bulgaria. It implies
that the use of these protocols, and especially
OvSynch+PRID, affords manipulation of the

breeding season for better reproductive
efficiency, hence profitability, of buffalo
farming. It also contributes for better

distribution of bulk milk throughout the year, in
case there is misbalance between annual
dynamics of production and prices of raw milk,
as it is in Italy.
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CONCLUSIONS

All three protocols tested in the present study
show capacity to mitigate the impact of season
on reproduction, which in practice can be used
for overcoming the species-problematic
seasonal anestrus, especially OvSynch+PRID.
It can be summarized that in the Bulgarian
Murrah buffaloes the follicular wave in
response to the hormonal protocols is similar to
that in other breeds in different conditions.
Namely, a favorable effect from the application
of OvSynch+PRID in both age groups was
established, and also of OvSynch in heifers, as
well as of  poor results from
PreSynch/OvSynch. In our study, the
superiority of the OvSynch+PRID protocol — as
compared to the other protocols and also to
other studies — finds expression in the higher
incidence of full estrus especially in the heifers,
which predetermines the high conception rate,
despite the relatively high percentage of
animals without CSE. In this way, its use in
field conditions finds justification despite its
labor-intensive application in practice. In this
context, the presence of cervical mucus during
Al can be confidently used as an indicator for
high pregnancy rates under the protocols
OvSynch and OvSynch+PRID.
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Abstract

Although climate change is a certainty in the current era, very few people are aware of the medium and long-term
effects it may cause. Therefore, the purpose of this research was to assess the impact of climate change on the breeding
season of Karakul of Botosani ewes. The research relied on the analysis and interpretation of data concerning the time
interval when the first ewes exhibited sexual heat and when over 50% of the total number of ewes assigned for mating
were mounted, spanning each season between 2000 and 2022. The biological material studied consisted of a
representative population of adult ewes belonging to the Botosani Karakul sheep breed, located at the Research Station
for Sheep and Goats Breeding, in Popauti-Botosani. The obtained data highlight that between 2000 and 2011, the first
ewes were mounted at the end of August (when the temperature was around 15°C). For the reproduction seasons
between 2011 and 2022, it is observed that the period in which the first ewes exhibit sexual cycles shifted towards the
middle of September (when the temperature at 8 AM remained around 15°C). Moreover, the period when over 50% of
ewes exhibited sexual cycles and accepted mating also shifted towards the latter part of September and the first half of
October. Under these conditions, it can be said that the third heat cycle, in which the proportion of mounted ewes

exceeded 95%, shifted towards the first half of November.

Key words: climate change, Karakul, reproduction, sheep.
INTRODUCTION

The current period is witnessing climate change
as one of the most significant threats to the
environment, social framework, and economy.
Global warming is already a recognized
phenomenon and will likely lead to major
imbalances in the environment. It will also
affect the production and reproduction
performance of animals.

According to the sixth assessment report on
climate change by the experts of the
Intergovernmental Panel on Climate Change
(IPCC), human-produced greenhouse gas
emissions are responsible not only for the rise
in global temperatures but also for substantial
and rapid changes in the atmosphere, oceans,
cryosphere, and biosphere. The range of global
temperature increase caused by humans,
starting from 1850, ranges regionally between
0.8°C-1.3°C. What is more concerning is that
according to the IPCC report (AR6), it is
anticipated that in the coming decades, climate
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change will affect all regions of the world. As
the global temperature rises, extreme changes
continue to intensify. Some studies indicate that
with every additional 0.5°C increase in
temperature, there are noticeable rises in the
intensity and frequency of extremes with
extremely high temperatures, including
heatwaves, heavy rainfall, variations in air
current intensity, and intensified meteorological
droughts in some regions of the world (IPCC,
2023). In the case of a 2°C temperature
increase compared to pre-industrial levels,
extreme temperatures would more frequently
surpass critical thresholds for agriculture and
health.

Despite animals being an important resource
for humans, it is observed that people pay too
little attention to climate change and the
negative effects that can occur in this domain.
In animal husbandry, climate change represents
an area that is very poorly researched. This is
why very little is known about the interactions
between the increasing variability of climate



and other factors that can affect animal
husbandry systems and development under
future pedoclimatic conditions (Thornton et al.,
2009).

The effects of global warming will not be
negative everywhere in the world and in all
agricultural sectors. According to an analysis
by Thornton et al. (2007), a slight increase in
crop productivity is forecasted for agriculture
in medium to high latitudes for a local average
temperature increase of 1-3°C. However, in
these areas, frost, heatwaves, or heavy rainfall
can negate the advantages of increased
temperatures. It is believed that a temperature
increment of 1-2°C would severely affect crop
production, especially cereals, in lower altitude
regions. The most affected areas will be those
in the northern hemisphere, especially North
America, Northern Europe, Northern Asia, and
to a lesser latitude, regions such as
Mediterranean basin countries, Central and
Western Asia (Easterling et al., 2007).

To guide the evolution of animal production
systems under the influence of temperature
increase and extreme climatological events,
better information regarding biophysical and
social vulnerability is needed. This information
should be integrated with future agricultural
and animal husbandry components.

MATERIALS AND METHODS

The area where the research was conducted is
situated in the northeastern part of Romania, at
47°44'55 north latitude and 26°40'10 east
longitude. This specific area is significantly
affected by climate change, particularly the
extension of periods with higher temperatures
and extremely reduced precipitation.

The research began by observing that in recent
times,  with  atmospheric ~ temperatures
frequently exceeding the thermal comfort limit,
there has been a considerable change in the
onset and execution of mating in Botosani
Karakul sheep breed ewes.

Presumably, these changes in climate are at the
root of this situation, generating negative
effects on the animals' bodies, affecting their
reproductive activity and ovine performances.
To gather accurate information about the
impact caused by climate changes on the

260

breeding season, data were collected over a
longer period, specifically spanning 20 years.
Based on this data, the onset of the breeding
season was determined, as well as the calendar
interval in each season when the highest
proportion of mounted ewes occurred.

All the data used in this study originate from
farm records located at the Research and
Development Station for Sheep and Goats
Breeding, in Popauti-Botosani.  Specific
temperature data for each mating season were
obtained from local meteorological stations.

RESULTS AND DISCUSSIONS

Climate change is an undeniable aspect, yet its
effects are often controversial. Therefore, the
aim of this research was to evaluate the effects
caused by climate change on the reproductive
activity within a population of sheep belonging
to a breed that holds significant importance in
the breed structure within the Northeast Region
of Romania.

In the unit where the research was conducted,
the breeding season traditionally started in the
third decade of August and ended in the first
half of October. However, in recent seasons, it
has been observed that the breeding season's
onset has shifted to late September and
concluded in the second half of October.

To analyze the data and the conditions under
which the reproductive activity occurred, all
information regarding the day when the
breeding season commenced was extracted
from farm records over a representative time
interval from 2000 to 2022. Based on these
records, the timeframe in which at least 50% of
the total allocated females were mated each
season was also determined (Table 1 and Table

2).
Additionally, for this timeframe, data on the
average values of daytime temperatures

recorded at 8 AM on each day of the initial
pairings were extracted. The obtained data
highlight both consistency in the thermal
regime and certain seasonal differences, for the
day when the first ewes exhibited the sexual
cycle and for the interval in which over 50% of
the total ewes assigned for mating were
mounted each year (Figure 1).
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Figure 1. Graphical distribution of temperatures and the onset and end range of ewes' mating season

For the interval between 2000 and 2011, it was
observed that the first pairings occurred at the
end of August; an exception was noted in the
seasons of 2004 and 2005 when the first
females exhibited sexual cycles at the
beginning of September (under similar thermal
conditions to the analyzed time frame).

The analysis of the thermal regime
corresponding to the periods of each year when
the first females were inseminated highlights
that the recorded values at 8 AM fluctuate
within a relatively narrow thermal range,
between 13.9°C and 15.1°C (Figure 2).

Table 1. The debut of breeding season and the time
interval in which >50% of the ewes allocated for mating
were inseminated between 2000-2011

The debut of breeding The calendar
season . .
Th interval during
Year The date of c which >50% of
temperature
first the ewes were
. at 8 AM
breeding 2o mated

2000 27.08 14.8 05.09 - 22.09
2001 01.09 15.1 07.09 - 24.09
2002 30.08 15.1 05.09 - 25.09
2003 28.08 15.0 18.08 - 28.09
2004 02.09 14.5 21.09 - 30.09
2005 01.09 15.0 15.09 - 29.09
2006 30.08 14.4 15.09 - 27.09
2007 29.08 14.9 16.09 - 30.09
2008 30.08 13.9 12.09 - 28.09
2009 29.08 14.8 09.09 - 27.09
2010 26.08 15.1 04.09 - 27.09
2011 28.08 14.1 04.09 - 28.09
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Figure 2. The distribution of the thermal regime when
the reproductive activity started in Botosani Karakul
sheep breed

For the time interval between 2000 and 2011, it
is also observed that the time boundaries within
which mating occurred with a proportion
greater than 50% of the number of females
allocated for mating, fall in the second half of
September each year. In practice, each year,
this interval corresponds to the second heat
cycle, meaning that the last pairings occurred
during the third cycle and concluded in the first
half of October.

For the analysis period between 2012-2022, a
shift is noticed in the time interval when the
first pairings occurred (Table 2). Examining the
data related to this aspect reveals that after
2011, there is a shift towards the middle of
September regarding the first day when the first
adult ewes showing clear signs of entering heat
were identified.



Table 2. The debut of breeding season and the time
interval in which >50% of the ewes allocated for mating
were inseminated between 2012-2022

The debut of breeding season The calendar

The date of The interval during

Year first breeding | temperature | Which >50% of
at 8 AM (°C) | the ewes were

mated

2012 09.09 15.2 18.09 - 03.10
2013 10.09 14.8 18.09 - 09.10
2014 11.09 14.1 21.09 - 09.10
2015 08.09 14.2 27.09 - 25.10
2016 08.09 14.1 21.09 - 15.10
2017 08.09 15.0 20.09 -11.10
2018 15.09 15.3 24.09 - 18.10
2019 10.09 13.7 22.09 - 14.10
2020 08.09 13.6 14.09 - 16.10
2021 09.09 13.9 21.09 -23.10
2022 09.09 13.4 18.09 - 21.10

Throughout the analyzed interval, it is observed
that the first pairings occurred between
September 8th and 15th. After 2011, there is a
tendency noticed for a shift of approximately
14 days in the date when the mating season
begins (Table 2).

The data regarding the temperature levels
recorded at 8 AM for each day when the first
ewes were mated indicate that the average
values fall within the same range, ranging
between 13.4°C and 15.3°C (Figure 3). This
aspect was possible because the period when
optimal temperatures for triggering heat in
sheep shifted towards the second half of
September.

15,5 15,2
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2018
2019
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2022

Figure 3. The distribution of the thermal regime
when the reproductive activity started
in the Botosani Karakul sheep breed

Furthermore, it is observed that the period
during which over 50% of ewes exhibit heat
and accept mating has shifted towards the
second part of September and the first half of
October. Under these circumstances, it can be
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said that the third heat cycle, during which the
proportion of sheep mated in that season
exceeds 95%, has shifted towards the first half
of November.

Climate change refers to a modification in the
climate state that can be identified and persists
for an extended period, usually for several
decades or more (UNFCCC 2011). Some
studies indicate that between 1901 and 2007,
the average annual air temperature in Romania
increased by 0.5°C (Climate Regions, 2011).
Similarly, data obtained from 94 meteoro-
logical stations show significant changes in
seasonal average temperatures between 1961-
2007. Specifically, during this interval, there
was an approximately 2°C increase in average
temperatures during summer, winter, and
spring, with a slight tendency for a decrease in
average temperatures during autumn (MEEF,
2010). Other sources present similar findings
concerning various temperature extremes, such
as daily maximum and minimum temperatures
(Busuioc et al., 2015), the number of summer
days with temperatures outside comfort limits
(Dobrinescu et al., 2015).

Climate change is expected to intensify in the
coming years, continuing the trend observed in
recent decades. According to the National
Meteorological Administration of Romania, in
2021, the average annual temperature was
recorded at 10.90°C, with a thermal deviation
of 0.69°C compared to the 1981-2020 average,
confirming the evident trend of rising air
temperatures in recent decades.

According to NMA Romania, positive thermal
anomalies for the 2012-2021 period ranged
between 0.69°C (2021) and 1.92°C (2019),
marking the hottest period of ten consecutive
years in the history of meteorological
measurements, attributed to climate warming.
In descending order, the warmest years in the
2012-2021 period were: 2019, 2020, 2015,
2007, 2018, 2014, 1994, 2009, 2013, 2012, and
2021 (NMA Romania).

Consistent with these values, there is a trend of
significant temperature increase for all seasons
in recent times, except for autumn, with the
highest rate of increase in summer and the
lowest in spring (Busuioc et al., 2015).

The increase in average temperatures beyond
certain thresholds has been relatively constant
in the last 40 years across Europe.



Climatological data analysis for Romania
shows a trend of increasing multiannual
average temperatures over the past century
(Figure 4). Additionally, the research area not

Temperature (°C)

g et

only shows a tendency of rising average tem-
peratures but also a reduction in atmospheric
precipitation (Figure 5).
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Figure 4. The evolution of multiannual average temperatures in Romania (1901-2022)
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Climatological diagrams based on data
collected from six weather stations in the
North-Eastern Region of Romania indicate a
significant reduction in the period when both
daytime and nighttime temperatures drop below
0°C, and dry periods have extended in the last
30 years due to climate change.

Air temperature in Botosani has experienced a
remarkable increase statistically significant
from 1961 to 2017. The average annual
temperature increased by 0.31°C per decade or
1.8°C throughout the period, with the
maximum statistical significance (p < 0.001).
Warm and cold seasons, summers, springs,
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winters, and the months of January to August
notably show a statistically significant increase
in air temperature (Stratila et al., 2021).

Since animal reproduction, including sheep, is
a complex process involving various physio-
logical and psychological aspects governed by
hormones, metabolites, and environmental
factors, it's clear that climate change can lead to
certain modifications. Ewes and rams are
highly sensitive to high temperatures and
undernutrition (Nechifor et al., 2022; Simeanu
et al., 2023; Staykova et al., 2023; Pascal et al.,
2023).



Continuous exposure of animals to thermal
stress compromises growth, milk and meat
production, and reproduction. An animal's
capacity to mitigate the effects of rising
environmental temperatures without pro-
gressing towards acquiring stress resistance
differs within and between species (Joy et al.,
2020).

All  reproductive  processes, such as
gametogenesis, puberty, gamete migration,
fertilization, early embryonic development,
maternal recognition of pregnancy, gestation,
birth, and postpartum recovery, can be
indirectly influenced by environmentally-
induced stress and directly affected by
impairing the functions of reproductive organs
or by blocking hormone-mediated cellular
functions of the hypothalamic-pituitary-gonadal
axis (Florea et al., 2017; Florea et al., 2021,
Kumar et al., 2017; Pascal et al., 2008).
Increasing air temperatures cause animals to
experience longer periods of heat stress,
affecting both rams and ewes. For rams, the
increment of body temperature during breeding
period stress leads to testicular degeneration, a
decrease in the percentage of normal and fertile
sperm, reduced ejaculate volume, higher sperm
pH, decreased sperm motility, and reduced
sperm quality (Hamilton et al., 2016; Rahman
et al., 2016). For ewes, exceeding specific
thermal comfort limits increases the risk of
mammary gland infections in lactating ewes
(Koyuncu et al., 2018), as well as reducing
lamb birth weights and viability during both
colder and hotter months (Luo et al., 2020).

To mitigate the impact of stress factors, farmers
need to adapt to current circumstances and
adopt technologies and management practices
that limit the negative effects of climate

change; otherwise, substantial losses may
occur.
Losses will arise because the animal

environment is affected by key climatic factors
(temperature, humidity, radiation, and wind). In
any of these situations, extreme climatic values
induce a change in energy transfer between the

animal and its environment, potentially
affecting  reproductive activity. Seasonal
variations in the environment, alongside

nutrition and management, can also lead to
changes in estrous activity and its duration.
Moreover, it's known that conception rates are
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reduced under heat and cold stress, and
endocrine functions are altered by climatic
extremes (Gwazdauskas, 1985).

Regarding sheep, Narayan et al. (2018) specify
that heat stress reduces embryo production
during artificial insemination or embryo
transfer due to disruptions in essential
physiological elements, affecting not only
reproductive function but also early embryo
development in pregnant ewes.

Climate change and the increase in days when
temperatures exceed normal limits can diminish
the reproductive capacity of ewes because
physiological adaptations struggle to cope with
heat stress (Hansen, 2007a; Hansen, 2007b).
Extreme climatic conditions are undesirable as
they can trigger physiological, biochemical,
hematological, and hormonal changes that can
affect the active maintenance of homeothermy
and the productivity of sheep. Knowing the
comfort limits and ensuring constant optimal
values are challenging to manage during the
warm season. Under these conditions, heat
stress occurs, leading to disturbances in
mechanisms responsible for heat stress
tolerance in animals (McManus et al., 2020).
Apart from the effects of climate change on
ecosystems, it's evident that prolonged periods
of high temperatures will significantly alter the
natural resources essential for animal
production.  Climate features such as
temperature and precipitation levels have a
significant impact on pasture productivity and
other resources, affecting the ruminants' growth
process (Tiifekei et al., 2021).

Several studies demonstrate that climate change
and its disruptive factors can affect sheep in
two ways: directly by reducing lamb survival
rates and indirectly by influencing the
vegetation season, endangering net primary
productivity of pastures and forage availability
(Castillo et al., 2021).

CONCLUSIONS

Climate change, mainly due to rising
temperatures, affects the reproductive activity
of Botosani Karakul sheep breed.

Since 2011, the period when over 50% of ewes
exhibit heat and accept mating has shifted
towards the latter part of September and the
first half of October.



This alteration of the period of sexual cycles
manifestation also leads to a shift towards early
November when over 95% of ewes forming the
livestock exhibit sexual cycles and become
pregnant.
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Abstract

The specific properties of colostrum make it an indispensable source of nutrients and passive immunity for newborns.
Feeding kids with colostrum within the first hours after parturition is extremely important for their health and survival.
The composition of colostrum in different animal species is not the same. There is also a difference in terms of
interbreeding. The present study aims to monitor the changes in the physicochemical parameters of colostrum from Anglo-
Nubian (AN) goats that occurred within the first 24 hours after parturition. The study was conducted in the goat farm of
the RIMSA, Troyan, Bulgaria, and a total of 40 colostrum samples were obtained from clinically healthy AN goats. For
the studied period of 24 hours, a reliable decrease of the studied parameters was reported: protein (14.21-7.79%), total
solids (24.02-20.84%), solid-not-fat (19.21-12.93%), density (1.045-10.354 g/mP), acidity (32-21°T) and Ca (0.254-
0.1494 mg/%). In contrast, for the indicators, such as fat (5.32-8.37%), lactose (2.63-3.43%), and pH (6.24-6.31), an

increase in the values was observed.

Key words: Anglo-Nubian breed, colostrum, goats, physicochemical indicators.

INTRODUCTION

Feeding colostrum within the first hours after
parturition is especially significant for the health
and survival of the kids. It is the first secretion
that is released from the mother's udder after
parturition (Agradi et al., 2023), different in
appearance and content from usual milk, and it
has a thicker consistency than milk, and is
yellowish (Dimov et al., 1975, Kivrak et al.,
2012, Anitag & Goncii, 2024,).

Changes in the composition and properties of
colostrum are most significant during the first
day after parturition (Sanchez-Macias et al.,
2014). During the so-called "transition period",
or in other words, the transition of colostrum
into milk, changes are observed in its
biochemical and physiological indicators (Arain
et al., 2008; Ovet, 2023).

Both interspecies and interbreed differences in
the colostrum composition have been found.
This question is reported by Koluman et al.
(2019) (comparing cow, sheep, and goat
colostrum), Anitas et al. (2021) (in Awassi and
Cukurova Meat Type Sheep Breeds), Kumar et
al. (2014) (in Sannen x Beetal and Alpine x
Beetal goats) and others.
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Konig (1903) and Bergman & Turner (1936) cite
Henry (1840), who first made studies on the goat
colostrum composition. According to Arguello
et al. (2006), the colostrum composition varies
among goat breeds. Information on the quality
of colostrum from Anglo-Nubian goats, and its
physicochemical and immunological properties
is limited.

This information would allow a more accurate
assessment of proper suckling, health status, and
to what extent the newborn has received passive
immunity from the mother. That is why that
paper is focused on the physicochemical profile
of colostrum from Anglo-Nubian goats raised in
Bulgaria, as well as its change within the first 24
hours after parturition.

The present study aims to observe the changes
in the physicochemical parameters of colostrum
from Anglo-Nubian (AN) goats that occurred
within the first 24 hours after parturition.

MATERIALS AND METHODS
The study was conducted in the goat farm of the

Experimental Base of the Research Institute of
Mountain Stockbreeding and Agriculture of



Troyan, located on the foot-hill of the Central
Balkan Mountain, at 380 m above sea level.

The colostrum analyzed for the present study
was obtained from twenty clinically healthy
Anglo-Nubian goats during the period of
kidding. The samples were milked at the 1st and
then at the 24th hour after parturition, as each of
them was placed in an individual container of
200 ml and transported to the Meat and Milk
Laboratory at the laboratory complex of
RIMSA-Troyan.

The physicochemical analysis includes a total of
nine indicators, such as milk fat, protein, lactose,
solids, and solid-not-fat, which were analyzed
on a MilkoScan FT 120 Foss Electric device,
and the samples were previously tempered to
40°C in a water bath to homogenize them. The

obtained results are expressed in percentages
(%).

Acidity and Calcium (Ca) were determined by
standard titration methods.

Colostrum density was measured by weight
method, at a sample temperature of 20°C, and
reported in g/cm?.

Active acidity or pH was determined using a pH
meter 3110 SET 2- Wissenschaftlich
Technische Werkstatten.

JMP v7 software package was used for the
statistical processing of the results.

RESULTS AND DISCUSSIONS

Table 1 shows the chemical composition of
colostrum at both time points it was obtained.

Table 1. Chemical composition of colostrum from AN goats within 24 h postpartum, %

1h 24h Significance
Indicators (%) Mean Under Upper SD Mean Under Upper SD 1hx24h
Fat 5.32 4.53 6.11 0.27 8.37 7.58 9.16 0.48 ok
Protein 14.21 12.8 15.61 0.88 7.79 6.39 9.2 0.43 ok
Lactose 2.63 2.28 2.98 0.22 3.43 3.08 3.78 0.1 Hx
TS 24.02 2227 25.78 1.1 20.84 19.08 22.59 0.54 *
SNF 19.21 17.69 20.74 0.98 12.93 11.41 14.46 0.41 HEE

wEE < 0.001; % p < 0.01; *p < 05

Protein

Within the 24-hour postpartum period (Table 1),
the amount of protein in the colostrum studied
by us decreased by 6.42% (p < 0.001). The
percentage decrease of this indicator is higher
compared to what we found in the colostrum of
Toggenburg goats (Mondeshka & Stoycheva,
2023), which is 3.81% (p < 0.001) and lower
than what was found in the goat colostrum from
Bulgarian White Dairy breed with 9.64% for the
same period (Stoycheva & Mondeshka, 2023).
In Murciano-Granadina goats, Romero et al.
(2013) found similar results to ours for protein,
13.64% at the 1st hour and 6.24% at the 24th
hour postpartum, the difference between the two
values (7.4%) is close to ours and confirms the
trend to a significant decrease in the protein
amount in the colostrum during the first day
after parturition.

Anitag et al. (2021) reported 18.60 £ 0.31%
protein in the Awassi sheep colostrum and 10.90
+ 3.16% in the colostrum of Cukurova Meat
Type Sheep Breed obtained at 16 h postpartum.
Kessler et al. (2019) reported 16.36% protein in
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the colostrum of Anglo-Nubian goats raised in
Switzerland and Germany obtained within the
first two hours after parturition.

The decrease in protein content in colostrum
found in many breeds could be due to the large
decrease in the number of immunoglobulins,
leukocytes, lactoferrin, lysozyme, growth
hormones, some amino acids, etc. within the 24
hours after parturition (Pellegrini et al., 1994;
Rashid et al., 2012).

Lactose

Lactose is the main carbohydrate that newborns
receive with colostrum. Also called milk sugar,
it is a disaccharide found only in milk, milk
products, and nowhere else in nature. Lactose
has been found to stimulate the synthesis of B
vitamins (Dimov et al., 1975). Lactose favors
the intestinal absorption of calcium, magnesium,
phosphorus, and vitamin D3 (Chilliard et al.,
2003; Rashid et al., 2012). Kra¢mar et al. (2002)
summarized the research of Hadjipanayiotou
(1995) who compared milk and colostrum from
sheep, goats, and cows and reported that the



amount of lactose increased sharply in samples
taken consecutively during the colostral period
and remained relatively high throughout the
transition and lactation period.

In the present study, an increase was observed in
the milk sugar content in the colostrum from
2.63 10 3.43% (p < 0.001) within the studied 24-
hour period (Table 1). The present finding is in
agreement with many researchers, such as
Kraémar et al. (2002) in Brown Short-haired
breed goats; Sanchez-Macias et al. (2014) in
Majorera goats; Rashid et al. (2012) in Beetal
goats etc.

Fats

The percentage fat content of colostrum from
Anglo-Nubian goats found in the present study
was 5.32% at the 1st hour after parturition and
8.37% at the 24th hour (Table 1). Some publica-
tions present differences, which are determined
by the breed, in the dynamics of this indicator
within the first 24 hours after parturition. The fat
and lactose in the colostrum are required by the
newborn for heat production and the prevention
of hypothermia (Keskin et al., 2007).

In domestic breeds of Romanian goats, Zaharia
et al. (2011), investigated changes in fatty acid
composition and cholesterol content of
colostrum and followed the change in fat content
from 0 to 7 days. The results published by the
author's team, regarding the fat content, were
obtained from samples taken for examination on
0h-420%; 6h-8.08%; 12 h - 5.14%; 24 h -
6.02%, and 48 h - 4.80%.

It is obvious that the results are quite dynamic
and represent alternating increases and decreases
in the percentage of lipids in the colostrum
samples. Arguello et al. (2006) analyzed the
effects of lactation sequence and number of kids
born on the physicochemical parameters of
colostrum from Majorera goats and found an
increase in fat during the first day after partu-
rition and a subsequent decrease until 132 hours
after parturition. Marounek et al. (2012) examined
colostrum from three-year-old White Shorthaired
goats and found a decrease in fat from 5.67% at
the 1st hour to 4.11% at the 24th hour.

Rashid et al. (2012) reported a much lower fat
content in Beetal goats at the 1st day with 3.8%,
followed by a continuous increase at the 2nd
(4.5%) and 3rd day (5.2%). According to Dimov
et al. (1975), the amount of fat in milk varies
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depending on several factors, such as the
lactation period, the season, and above all,
nutrition - the type and ratio of forage used for
animal feed.

The solid-not-fat (SNF)

In the present study, SNF of colostrum
decreased by 6.28% (p < 0.001) at the 24th hour
compared to the 1st hour after parturition (Table
1). The decrease is a logical consequence of the
changes that occur when the other investigated
colostrum indicators are changed. Proteins,
lactose, and minerals make up the solid-not-fat.
It is arelatively more constant quantity than total
solids (Dimov et al., 1975).

The decrease mentioned above is a logical
consequence of the dynamic changes occurring
within the first hours after parturition, in the
other physicochemical parameters of colostrum,
since there is a certain dependence between the
percentage content of SNF and proteins, lactose,
and mineral substances. SNF is a relatively more
constant quantity than total solids (Dimov et al.,
1975).

Our findings correspond to the results of other
authors on different goat breeds, such as
Sanchez-Macias et al. (2014) for Majorera
goats, Marounek et al. (2012) for White
shorthaired goats, etc.

According to Prasad et al. (2002) the higher the
solids content of the colostrum, the higher the
density. Kracmar et al. (2005) and
Hadjipanayiotou (1995) also described a higher
content of total solids in colostrum immediately
after parturition and a subsequent decrease. A
decrease in colostrum density values within the
first 24 hours after parturition was registered
(Figure 1).

g/cm3 Density
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Figure 1. Mean density values (g/cm?) of colostrum from
AN goats at 1st h and 24th h after parturition



The total solids in the present study decreased
from 24.02% at the 1st hour to 20.84% at the
24th hour after parturition (Table 1).

Keskin et al. (2007) reported that the total solids
content of colostrum of Damascus goats was the
highest on the Ist day and decreased gradually
until the 3rd day. The present data correspond to
those presented by Romero et al., (2013) for
Murciano-Granadina goats and Torres Vilar et
al. (2008) for Saanen goats.
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Figure 2. Mean values for the titratable acidity (°T)
of colostrum from AN goats at 1st h and 24th h after
parturition

Titratable acidity is determined immediately
after milking and indicates the presence of
phosphates, citrates, proteins, and gases in milk.
According to Dimov et al. (1975), it is
influenced by nutrition, the health status of the
animal, and the lactation period, as these factors
probably also influence the colostrum
composition (Torres Vilar et al., 2008).

We found values of 32°T at the 1st hour after
parturition and 21°T at the 24th hour (Figure 2).
In previous studies, we found 35°T at the Ist
hour after parturition and 20°T in the 24th h in
Bulgarian White Dairy goats (Stoycheva &
Mondeshka, 2023) and values of 25°T at the 1st
hour after parturition and 21°T in the 24th h in
Toggenburg goats (Mondeshka & Stoycheva,
2023). Torres Vilar et al. (2008) reported acidity
0f46.1 °D at the 1st hour and 25.1 °D at the 24th
hour in Saanen goats, which was higher than
what we found, but the trend was similar.
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Figure 3. Mean pH values of colostrum
from AN goats at 1st h and 24th h after parturition

The wvalues of active acidity (pH) of the
colostrum we studied increased from 6.24 at the
Ist hour to 6.31, 24 hours later (Figure 3).

In Murciano-Granadina goats, Romero et al.
(2013) reported values for this indicator from
6.38 at the 1st hour to 6.58 in the 24th h. Similar
results to ours were also reported by Torres Vilar
et al. (2008) in Saanen goats and Sanchez-
Macias et al. (2014) in Majorera goats Some
authors consider that the change of active acidity
is influenced by the number of lactations of the
goat (Torres Vilar et al., 2008, Romero et al.,
2012), whereas others do not find such a
dependence (Argiiello et al., 20006).

At the 1st hour after parturition, we found Ca
content of 0.254 (mg/%), in the colostrum
obtained from Anglo-Nubian goats, as the value
of this indicator was 0.194 (mg/%) at the 24th
hour (Figure 4).
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Figure 4. Average Ca values (mg/%) of colostrum from
AN goats at 1st h and 24th hour after parturition



The calcium content in fresh goat's milk is found
in the ionic, molecular, and colloidal-dispersed
state. Its amount in milk is relatively constant.
The increased or decreased content of calcium
in milk depends on the health of the animals, the
lactation period, and their nutrition (Dimov et
al., 1975; Pecka-Kielb et al., 2018). Hamed et al.
(2023) reported a decrease in the amount of Ca
when the colostrum transits into milk for Baladi
goats, from 511.695 = 0.22 to 27.924 + 0.21
mg/100 g.

CONCLUSIONS

In conclusion, the present study showed the
change in the colostrum composition obtained
from Anglo-Nubian goats within the first 24
hours after parturition, which is within the
optimal limits for this type of animal.

A reliable increase in the values of fat, lactose,
and pH, and a decrease in the values of protein,
total solids, solid-not-fat, density, acidity, and
Ca were found.

The results of the present study could be used as
a basis for interbreed differentiation and criteria
for determining the main quality characteristics
of colostrum from Anglo-Nubian goats at the 1st
day after parturition, which is decisive for the
survival of the newborns and their normal
development.
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Abstract

The aim of the present study was to highlight the influence of the age of first calving, parity, new-born weight and calving
season on the average daily gain. The biological material consists of Holstein calves reared in an intensive system. The
data obtained from the measurements at 7 days and 30 days, were statistically processed with the help of Statistics
Analysis of Variance and Covariance (SAVC) and SPSS 16.00 computer programs. Significant differences between
batches (p<0.05) were observed at 7 days, between calves born by cows having second parity which has a mean with
0.300 g higher of daily gain than those calved by third parity cows. At 30 days, the daily gain mean value has significantly
greater differences (p<0.05), been with 0.12 g/day higher in the case of calves born in winter compared to those born in
summer and with 0.14 g/day compared to those calved in spring (p<0.01). In the case of calves studied for age at first
calving and birth weight, there are no differences between the batches so, these factors not influencing their further

development in the case of the considered periods.

Key words: age at first calving (AFC), daily gain, Holstein, parity.

INTRODUCTION

For the calves, the suckling period is a critical
one in terms of the future performance and the
evaluation of the body development of the
animals is done by monitoring the daily weight
gain (DWG). Studies show an association
between body weight achieved at 30 days and a
reduced age at first calving (Brickell, 2009;
Raducanu et al., 2023) and that DWG influence
the productive performance in first lactation.
Thus, daily weight gain of more than 500 g/day
during this period has a positive impact on
production in first lactation and some studies has
suggest that each 100 g of DWG can be
associated with an extra 85-110 kg of milk.
(Hyde M.R. et al., 2021).

The evolution of calf weight gain is influenced
by a number of different factors such as genetic
(breed) or non-genetic ones (age at first calving
of the female, parity, calving and breeding
season, etc.) (Shivley et al., 2018). The value of
the daily weight gain is influenced by factors
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related to management practices such as the
administration of colostrum, the amount of milk
administered (Wieland et al., 2017; Tautenhahn
etal., 2020) and its composition, climatic factors
and microclimate, therefore it is necessary a
holistic approach to them. The most important
influencing factor during this period is nutrition,
calves fed ad libitum with milk gained four
times more than restricted-fed calves, which
also showed signs of starvation (De Paula Vieira
et al., 2008; Nica et al., 2023).

The hygiene of the bedding and the individual
bunks as well as the group housing of the calves
are organizational measures that indirectly
improve the rate of growth by reducing the
incidence of diseases (Horvath & Miller-
Cushon, 2018; Lindner et al., 2021).

MATERIALS AND METHODS
The present study aims to highlight the influence

of some factors such as age at first calving
(AFC), female parity, birth weight (BW) of



calves and calving season on the daily weight
gain (DWG) of calves.

DWG was calculated at 7 and at 30 days age, for
a batch of 154 calves of the Romanian Black and
wihte breed (Holstein strain), males and
females, calved between June 2022 and July
2023. The analyzed batches were obtained after
excluding individuals that they had digestive,
respiratory or other pathologies during the
reference period, causes that could have affected
the growth rate of the animals. The results of the
measurements were grouped according to the
influencing factors followed, namely the age at
first calving (AFC) and the parity of the cow, the
birth weight (BW) of the calves and the calving
season.

In the studied farm, calves are rearing in
individual banks and during the first five days of
life are fed with quality colostrum (> 30 °Brix)
from the cows - mother or foster-mother. After
the end of the colostrum period, they are fed
daily with a quantity of 8 liters of whole milk
distributed in two meals. A first assessment of
body development was made 7 days, after the
end of the colostrum period and then at 30 days.
Weight assessment was done indirectly, based
on chest circumference measurements and the

observed values were entered into the eWeigh
application for cattle. Based on the assessed
weight, the average daily gain at 7 days (DWG7)
and at 30 days (DWG30) were calculated.

The primary data were statistically processed
with the help of the SAVC (Statistics Analysis
of Variance and Covariance) software,
respectively SPSS 16.00 for WINDOWS. Thus,
a series of statistical estimators were determined
such as: the arithmetic mean (X), the standard
deviation of the arithmetic mean (+sz), the
standard deviation (s), the coefficient of
variability (V%), the Fisher Test and the Tukey
Test, the significance test p. and the confidence
interval (C.1.) (Cucu et al., 2004).

RESULTS AND DISCUSSIONS

The mean value of DWG7 in studied batch is
0.744 kg and for DWG30 it is 0.578 kg. For age
at first calving, data on DWG7 and DWG30
values were grouped into three classes, namely:
cows whose age at 