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Abstract  
 
Metabolism, a manifestation specific to life, represents the set of physical and chemical processes through which living 
matter achieves continuous renewal to function and organize the specific activity. The physical-chemical composition of 
goat milk is conditioned by breed, individuality, area, and age. This study analyzes the physical-chemical composition of 
milk from a population of Carpathian goat breed, in the first seven postpartum days (first, third, and seventh day) 
according to age (primiparous and multiparous) to observe the physical-chemical changes from colostrum to milk. The 
physical-chemical parameters analyzed were: fat (g/100 g); protein (g/100 g); casein (g/100 g); lactose (g/100 g); solid 
non-fat - SNF (g/100 g); total dry matter (g/100 g); pH; freezing point (FP); urea mg/dl; somatic cells count - SCC/ml x 
1000; total bacteria count - TBC/ml x 1000. Results highlight the intense changes that occur at the physico-chemical level 
of goat's milk to cover the nutritional requirements of the newborn goat and indicate the health status of the mammary 
gland. 
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INTRODUCTION  
 
The study of colostrum composition and gradual 
transition to normal milk is of considerable 
interest from several points of view. Colostrum 
indicates the rate at which the epithelial cells 
gradually take over the function of milk 
synthesis and also the immune bodies are 
transferred from the mother to the fetus in 
association with the globulin fraction of the 
colostrum, which gives additional importance to 
the separate analysis of this protein because it 
passes unchanged from the bloodstream into 
milk (Woodman, 1921). The first studies 
performed on the composition of goat colostrum 
and the transition to normal milk analyzed 
constituents such as total solid, fat, casein, 
albumin, globulin, lactose, water, and ash 
(Bergman & Turner, 1937). Milk protein is one 
of the most important nutritional components of 
goat milk (Zhu et al., 2018). In the first five days 
postpartum, goat milk was considered colostrum 
because there was a significant difference in the 
composition of goat milk. After 5 days, it was 
switched to normal milk when all measured 
parameters were within normal ranges (Mahmut 
et al., 2007; Di Chen et al., 2018). The 

composition of goat colostrum and its evolution 
to normal milk is essential for the transfer of 
passive immunity to goat kids and for the 
development of an optimal formula of milk 
powder to ensure the nutrient requirements for 
new-born goat kids in the case of artificial 
feeding (Constant et al., 1994; Arguello et al., 
2004a; Clark et al., 2017). The advantages of 
artificial feeding are due to the lack of weaning 
stress which stagnates the growth of the goat 
kids for 7-8 days. The chemical composition of 
milk is conditioned by the breed, individuality 
of the animal, area, age, level, nature of feeding, 
lactation stage, season, milking duration, and 
health status (Morand-Fehr et al., 2007). Breed 
influences goat milk production, when milk or 
colostrum production is high, the total protein 
content decreases (Pritchett et al., 1991; Quigley 
et al., 1994). Evaluation of milk composition 
showed that two- and three-year-old goats do 
not have any significant difference in terms of 
fat, SNF, protein, and lactose. As for four-year-
old goats, there are distinct differences in 
composition where the fat content is extremely 
high (Ibrahim & Jail, 2022). Somatic cells have 
no active role in the composition of goat milk 
and indicate the quality and health of the 
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mammary gland. The general somatic theory 
tells us that the number of cells increases with 
the development of lactation (Poutrel & 
Lerondelle, 1983). The level of somatic cells is 
significant for goat milk during the lactation 
period (Haddadi et al., 2006), and physiological 
status is insignificant for microbially goat milk 
quality (Saha, 2022). 
 
 
MATERIALS AND METHODS  
 
This study aimed to identify the physical-
chemical parameters of goat milk in a 
Carpathian goat population depending on the 
physiological state, during the first seven days 
postpartum. The Carpathian goat population 
under study is located in the area of the Trascău 
Mountains, Alba County. The study included 10 
Carpathian goats at the first lactation 
(primiparous) and 10 Carpathian goats at the 
second lactation (multiparous). Milk samples 
were collected from each specimen belonging to 
the experimental group at 3 different postpartum 
periods: first day postpartum, third day 
postpartum, and seventh day postpartum 
following the model of Chen, D., who takes the 
composition of goat milk from a Laoshan goat 
population throughout the lactation period, with 
an emphasis on analysis of the first seven days 
postpartum (Chen et al., 2018; Argüello et al., 
2006). The udder was pre-washed with warm 
water and blotted with a disposable paper towel; 
the goat milk was milked by hand and it was 
considered that the milking was complete and 
hygienic for the accuracy of the analyzed data. 
The milk sample was homogenized and put in 
sterile containers (50 ml), to be analyzed the 
physical-chemical parameters of goat milk: fat 
(g/100 g); protein (g/100 g); casein (g/100 g); 
lactose (g/100 g); solid non-fat - SNF (g/100 g); 
total dry matter (g/100 g); pH; freezing point 
(FP); urea mg/dL; somatic cells count - SCC/mL 
x 1000; total bacteria count - TBC/mL x 
1000.  The milk sample was analyzed with the 
help of the MilkoScan FT (Foss Electric) which 
is based on Fourier transform infrared 
technology and provides a wide range of 
compositional parameters for milk devices 
(Sánchez, 2007; Saha et al., 2022). Milkoscan is 
calibrated according to reference methods: ISO 
8968-2/IDF 20-2 for protein (ISO, 2014); ISO 

1211/IDF for fat (ISO, 2010); ISO 26462/IDF 
for lactose (ISO, 2010); ISO 6731/IDF for milk 
solids (ISO, 1989); ISO 108:2002 for freezing 
point (IDF, 2002); ISO 14637:2004 for urea and 
pH (ISO, 2004b). The total bacterial count was 
determined by flow cytometry method using a 
BactoScanTM according to ISO 21187:2004 
(ISO, 2004) and somatic cells count was 
determined by Fossomatic FC according to ISO 
13366-1:2008 (ISO, 2008). ANOVA one-way 
was used to determine if there were statistically 
significant differences between means of groups 
(intragroup and intergroup), followed by Tukey 
post-hoc test for multiple comparisons (Chende 
et al., 2022; Matei-Lațiu et al., 2023). Before 
performing ANOVA one-way, the normal 
distribution of data was analyzed. Where data 
did not follow a normal distribution, the 
Kruskal-Wallis test was used, seconded by the 
Dunn test. The threshold for statistical 
significance was set to α=0.05. Data processing 
was performed in Microsoft Excel for Windows, 
MS Excel 2016, version 16.0.4266.1001, and 
GraphPad Prism 8.0.1.  
 
RESULTS AND DISCUSSIONS  
 
Changes in fat content were observed in both 
primiparous (P) and multiparous (M) groups 
only when comparing day 1 to day 7 (P-Day 1 
vs. P-day 7: P=0.0573 and M-Day 1 vs. M-day 
7: P=0.751). Fat content from day 3 and day 7 
did not show statistically significant differences 
(P<0.0001 in both cases). Intergroup 
comparison (P-Day 1 vs. M-Day 1, P-Day 3 vs. 
M-Day 3, P-Day 7 vs. M-Day 7,) did not show 
statistically significant differences (P>0.9999) 
(p and Figure 1). Fat content is higher in the first 
days postpartum and remained high until day 5 
and reached normal milk goat fat percentage at 
day 15 (Sánchez-Macías et al., 2014). Compared 
to mature goat's milk, colostrum has 
significantly higher contents of protein, fat, 
minerals, dry matter, and a lower concentration 
of lactose (Yufang et al., 2021). The stage of 
lactation had significant effects on the contents 
of fat, protein, lactose (Kondyli et al., 2007). In 
general, an increase was observed in protein, fat, 
ash, SNF, and viscosity, except for lactose and 
pH, which recorded high values during the first 
lactation, decreasing until the fourth lactation 
(Antunac, 2001).  
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Figure 1. Variations and descriptive statistics of fat, lactose, SNF and TS content determined for primiparous and 
multiparous group. Red box and whisker plots represent colostrum analysis (day 1 and day 3). Blue box and whisker plots 
represent milk analysis (day 7). P represents the primiparous group and M represents the multiparous group 
 
Lactose and SNF content registered identical 
trends to fat content, intragroup analysis 
showing statistically significant differences only 
when comparing day 1 to day 7 (P<0.0001 both 
for primiparous and multiparous). Intergroup 
analysis din dot showed statistically significant 
differences (P>0.9999) (Figure 1).  
Ontsouka et al. (2003) observed that lactose 
production values were lower in colostrum than 
in mature milk. According to Oltner (1985), we 
can state that the casein content and urea content 
in Carpathian goat milk is influenced by the 
stage of lactation. Lactose content can also be 
used as an indicator of mammary gland health 
(Lindmark-Månsson et al., 2006).  
The total solids content (TS) presented statis-
tically significant differences in both intragroup 
analysis (primiparous and multiparous groups) 

(P-Day 1 vs. P-Day 3; P-Day 1 vs. P-Day 7; P-
Day 3 vs. P-Day 7; M-Day 1 vs. M-Day 3; M-
Day 1 vs. M-Day 7 and M-Day 3 vs. M-Day 7: 
P<0.0001).  
Intergroup analysis (P vs. M) did not show 
statistically significant differences (P-Day 1 vs. 
M-Day 1: P=0.446; P-Day 3 vs. M-Day 3: 
P=0.7307; P-Day 1 vs. M-Day 1: P>0.9999) 
(Figure 1). SNF content varies slightly during 
the lactation stage and the change in SNF 
content is less pronounced, especially in late 
lactation (Noutfia et al., 2014). Decreasing fat, 
protein, non-fat dry matter, and total dry matter 
in the composition of milk decreases milk 
quality (Peana et al., 2007).  
In intragroup analysis protein content from day 
1 to day 3 (for both primiparous and multiparous 
groups) did not show statistically significant 
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differences (P>0.9999). When intragroup day 1 
and day 7 were compared, statistically 
significant differences were observed (P-Day 1 
vs. P-Day 7: P=0.004 and M-Day 1 vs. M-Day 
7: P=0.0008). A similar situation was observed 
when P-Day 3 vs. P-Day 7 (P= 0.0244) and M-
Day 3 vs. M-Day 7 (P<0.0001) were analyzed. 
The intergroup analysis did not show 
statistically significant differences (P>0.9999) 
(Figure 2). Other studies show a similar decrease 
in total protein content in colostrum and total 
protein levels from different goat breeds (Graf et 
al., 1970; Linzell and Peaker, 1974). Other 
studies show a similar decrease in total protein 
and fat contents in goat colostrum; fat 
percentage at postpartum was higher than 
second day and the following days (Arguello et 
al., 2006; Sánchez-Macías et al., 2014) and total 
thus concluding that the nutritional requirements 
of the newborn goat are significantly higher than 
the nutritional requirements in the growth and 
fattening process. 
Casein and urea content showed statistically 
significant differences in all intragroup analyses 
(P<0.0001) but in intergroup analysis, no 
significant differences were observed (Figure 2). 
The high casein content in the first postpartum 
days is explained by its ability to form a 
coagulum and facilitate the digestion of the 
newborn goat, observing a regression until the 
seventh day, when nutritional requirements are 
no longer as high (Bergman & Turner, 1937). 
Milk urea has been used as an indicator of the 
adequacy of the ratio of crude protein to energy 
intake in animal nutrition. Milk urea is 
influenced by milk production, age of animals, 
number of lactations, stage of lactation, and 
grazing system (Oltner et al., 1985; Carlsson et 
al., 1995).  
 
The pH levels in the primiparous group were 
statistically significant (P-Day 1 vs. P-Day 3; P-
Day 1 vs. P-Day 7; P-Day 3 vs. P-Day 7: 
P<0.0001). In the case of the multiparous group, 
pH levels were statistically significant only in 
M-Day 1 vs. M-Day 3 and M-Day 1 vs. M-Day 
7 intervals (P<0.0001) while in M-Day 3 vs.  
M-Day 7 interval, no statistically significant 
differences were observed (Table 1 and  
Figure 3). 

 
 
Figure 2. Variations and descriptive statistics of protein, 

casein, and urea content were determined for the 
primiparous and multiparous groups. Red Box and 

whisker plots represent colostrum analysis (day 1 and 
day 3). Blue box and whisker plots represent milk 

analysis (day 7). P represents the primiparous group and 
M represents the multiparous group 
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Figure 3. Variations and descriptive pH and FP content 
were determined for the primiparous and multiparous 

groups. Red Box and whisker plots represent colostrum 
analysis (day 1 and day 3). Blue box and whisker plots 

represent milk analysis (day 7). P represents the 
primiparous group and M represents the multiparous 

group 
 
The biochemical components of milk gradually 
increase from the first lactation to the fourth 
lactation, except for lactose and pH (Bhosale et 
al., 2009). pH has a significant effect on the 
thermal stability of goat milk proteins, and goat 
milk proteins are the least thermally stable at pH 
6.9 (Li et al., 2020).  
FP content in the primiparous group did not 
show statistically significant differences in P-
Day 1 vs. P-Day 3 intervals (P>0.9999) while in 
P-Day 1 vs. P-Day 7 and P-Day 3 vs. P-Day 7 
intervals the differences were statistically 
significant (P=0.0002 respectively P=0.0232). 
In the multiparous group, FP content showed a 

similar tendency: M-Day 1 vs. M-Day 3 
(P>0.9999), M-Day 1 vs. M-Day 7 (P=0.0025), 
and M-Day 3 vs. M-Day 7 (P=0.001). The 
intergroup analysis (primiparous vs. 
multiparous) did not register significant 
statistical differences (P>0.9999) (Figure 3). 
The freezing point (FP) of milk is relatively 
constant as a consequence of the osmotic 
balance in milk and blood (Henno et al., 2008), 
for goat's milk an average reference value of        
-0.579°C was established (Dharamarajan et al., 
1950). Freezing point is significantly influenced 
by breed, genetic factors (species and breed) as 
well as non-genetic factors such as feed 
composition, water intake, milking time, stage 
of lactation, season, and livestock size 
(Gencurová et al., 2008; Kędzierska-Matysek et 
al., 2011).  
Bacterial mammary infections are the major 
cause of increased SCC in dairy goats, but there 
are a large number of non-infectious factors that 
can significantly affect SCC in goat milk, such 
as time between milkings, stage of lactation, 
number of lactations, and breed (Jiménez-
Granado et al., 2014).  
The SSC determinations showed significant 
statistical differences in the primiparous group 
for all intervals (P-Day 1 vs. P-Day 3: P<0.0001, 
P-Day 1 vs. P-Day 7: P=0.0006, P-Day 3 vs. P-
Day 7: P<0.0001). In the multiparous group 
statistically, significant differences were 
observed for M-Day 1 vs. M-Day 3 (P<0.0001) 
and M-Day 3 vs. M-Day 7 (P<0.0001), while for 
the interval M-Day 1 vs. M-Day 7, no significant 
statistical differences were observed 
(P=0.1145). Intergroup analysis (primiparous 
vs. multiparous) showed that there were no 
statistically significant differences (P-Day 1 vs. 
M-Day 1: P= 0.5499; P-Day 3 vs. M-Day 3: 
P=0.9964 and P-Day 7 vs. M-Day 7: P>0.9999) 
(Figure 4). Normal limits of SCC vary between 
210 x 1.000 and  
1.120 x 1.000 cells/ml in goat milk (Manser, 
1986). According to the reference range of SCC 
in the specialized literature and the results of the 
analyzes performed on the milk of the 
Carpathian breed goats, it can be said that the 
health status of the mammary gland is adequate. 
In other studies, the lactation stage was shown 
to have no significant effect on SCC and TBC, 
and the correlation between these parameters 
was also non-significant (Kuchtík et al., 2021).  
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Figure 4. Variations and descriptive statistics of SSC and 

TBC content determined for primiparous and 
multiparous group. Red box and whisker plots represent 

colostrum analysis (day 1 and day 3). Blue box and 
whisker plots represent milk analysis (day 7). P 

represents the primiparous group and M represents the 
multiparous group 

 
TBC is commonly used to assess the 
bacteriological quality of milk. The goat's milk 
sampling protocol was strictly followed to 
obtain the accuracy of the data regarding the 
bacterial load, so we can state that for the 
analyzed Carpathian goats TBC was influenced 
by the period of lactation, but not by their 
physiological status (primiparous and 
multiparous). The TBC determinations in both 
groups (primiparous and multiparous) were 
statistically significant (P<0.0001). Intergroup 
(primiparous vs. multiparous) analysis did not 
show statistically significant differences 
between groups (P-Day 1 vs. M-Day 1: 
P>0.9999; P-Day 3 vs. M-Day 3: P=0.4856 and 

P-Day 7 vs. M-Day 7: P=0.9855) (Figure 4). 
Many studies show that the bacteriological 
quality of goat milk is mainly influenced by the 
milking method, water quality, hygiene of 
milking equipment and storage tanks, hygiene of 
milkers, milking parlor environment, and 
transport hygiene (Contreras et al., 2003).  
 
CONCLUSIONS  
 
The physiological status can produce significant 
changes in the physical-chemical parameters of 
the milk of Carpathian goats raised in the area of 
the Trascău Mountains, Alba County, Romania. 
Changes in Fat, Lactose, and SNF content 
registered identical trends, with intragroup 
analysis showing statistically significant 
differences only when comparing day 1 to day 
7, while the intergroup analysis did not show 
statistically significant differences. Protein 
content from day 1 to day 3 (for both 
primiparous and multiparous groups) did not 
show statistically significant differences but 
observed statistically significant differences 
intragroup day 1 and day 7. A similar situation 
was observed from primiparous Day 3 vs. Day 
7. Casein and urea content showed statistically 
significant differences in all intragroup analyses 
but in intergroup analysis, no significant 
differences were observed. The casein and urea 
content in Carpathian goat milk was influenced 
by the stage of lactation. FP content in the 
primiparous group did not show statistically 
significant differences and in the multiparous 
group, FP content showed a similar tendency. 
This tendency shows that the freezing point of 
milk is relatively constant. The pH levels were 
statistically significant in the primiparous and 
multiparous groups, but intergroup there were 
no statistically significant differences observed. 
Protein, Casein, SNF, and TS were observed to 
decrease throughout the seven days studied, 
except for lactose which showed an increase. 
The composition of the goat's milk was different 
in the first three days compared to the 
parameters of normal milk, which demonstrates 
the power of the milk to support the nutritional 
needs of the newborn goat kid. The practical 
applicability of these data can be translated into 
milk formula recipes adapted for the Carpathian 
goat biological requirements.  
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The stage of lactation had no significant effect 
on SCC and TB, and the correlation between 
these traits was also insignificant. The SSC 
determination and the TBC determinations 
showed significant statistical differences in both 
groups (primiparous and multiparous). 
Intergroup (primiparous vs. multiparous) 
analysis did not show statistically significant 
differences. According to the reference range of 
SCC in the specialized literature and the results 
of the analyzes performed on the milk of the 
Carpathian breed goats, it can be said that the 
health status of the mammary gland is adequate. 
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