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Abstract

Currently, the extinction of donkeys (Equus asinus) worldwide is very limited, but donkey milk is recently getting popular
in many countries due to its nutritional properties and chemical composition. For this reason, in our country, the farmers
are encouraged to keep, to raise and increase the number of donkeys in their farms. Milk and donkey products are niche
products, consumed by a small number of people, especially people suffering from various diseases (e.g. food allergies,
children to whom breast milk should be substituted with milk similar in composition). Donkey milk brings benefits to
consumers due to its chemical composition. Donkey milk storage depend on the chemical composition, antioxidant
capacity and the biochemical degradation under heat treatment.
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INTRODUCTION

Donkey milk has a high antioxidant capacity,
delays the aging process and is rich in various
compounds that stimulate the body's immunity
(Ma et al., 2008). Milk is an important nutritious
food with many essential components (vitamins,
minerals, acids, amino acids, minerals,
lysozyme) and compounds such as antioxidants.
Antioxidants are a particular importance due to
their positive effect by neutralizing and
eliminating free radicals (Saxelin et al., 2003;
Yazdanparast et al., 2007). At present, people
pay a lot of attention to natural products that
have antioxidant capacity. Antioxidants have
ability to neutralize and eliminate free radicals,
and bring benefits to the human body (Khan,
2019).The antioxidant capacity of donkey milk
is higher than cow milk. For children, people
with allergic problems, and cardiovascular
diseases and diabetes the administration of
donkey milk and powdered milk are better than
cow's milk due to their nutritional properties and
chemical composition (Ling et al., 2018).
Donkey milk can substitute the breast milk,
when this is not enough due to its chemical
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composition and the antioxidant capacity that
reduces oxidative stress (Beghelli et al.,
2016).The antioxidant capacity is also shown in
the study reported by (Anuradha et al., 2019) on
Halari and French Poitu donkeys. The chemical
composition and antioxidant capacity of milk
are influenced by processes applied to milk (e.g.
processing, pasteurizing, boiling, packing,
storage conditions) (Zygoura et al., 2004).
Antioxidant capacity is a very important
parameter and it should be analyzed in milk and
dairy products. There are studies that highlight
the presence of oxidants and the mechanism of
defence of antioxidants (Halliwell, 1996). Pozzo
et al. (2019) evaluated the activity of human
milk, cow's milk, donkey milk, raw and after
pasteurization. He observed a significant
variations depending on species and the
treatment applied. Human milk minimized the
intake of food oxidative compounds compared
to other infant formulas. Cloetens, 2013 used
different methods to measure the total
antioxidant capacity (TAC), similar compounds
in human and animal milk, and the effect of
antioxidants in vitro and in vivo studies.



The main components of donkey's milk play a
very important role in improving the defence
system for new-borns and young children, who
cannot be fed with breast milk or have an allergy
to milk from other animal species (e.g. cows).
The importance of donkey milk due to due to its
content in antimicrobial components was
reported in various studies. In the last decade,
the interest for donkey milk consumption has
grown as a source of human food. The large
amounts of antimicrobial components and
defense factors present in milk provide
protection against microbial infections. These
characteristics make it different from other types
of milk (Carminati et al., 2014; Sies et al., 2007).
Clinical studies showed that donkey milk can be
used in in treating allergies to cow's milk
proteins or in food intolerance. In addition, it has
benefits in terms of energy balance, lipid
metabolism and disease prevention, which is
considered a functional food (Martini et al.,
2014). The purpose of this study was to evaluate
the influence of thermal processes on the
composition (fat, protein, lactose, pH,
antioxidant capacity) of donkey milk. The milk
was obtained of donkeys in the Transylvania
area.

MATERIALS AND METHODS

Sterile containers were used for
collection.

The samples were collected from donkeys
maintained in traditional system. Farms were
situated in Cluj and Salaj area. Milk production
per animal/day was 900 ml -1.5 litters. Milk
samples were collected from donkeys in
lactations 1 and 2 and were manually milled.
Physico-chemical analysis (fat, protein, lactose
and pH) was performed by using Lactoscan. The
antioxidant capacity of donkey milk was
analysed by using the ACL (antioxidant capacity
of lipid soluble compounds) method. Photochem
was used to determine antioxidant capacity.

sample

RESULTS AND DISCUSSIONS

Donkey milk due to its antioxidant capacity, has
the ability to prevent lipid peroxidation and has
a positive effects on people will consume this
milk. Donkey milk is considered a nutritional
and functional food due to its property and the
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general chemical composition (Beghelli, 2016).
In our study, the correlation between fat content
and TAC was observed in the analysed raw milk.
In addition the whole milk and whey had a
significant influence on TAC, caseins and
albumin. Similar results with our study were
obtained by Zulueta (2009), who observed a
significant differences for TAC, whey and
deproteinized  samples when  compared
pasteurized milk and milk treated with UHT. In
addition, Ling et al. (2018) informed in his study
that the total antioxidant capacity of donkey
milk ranged between 13.933+1.387 and
16.578+0.291 U/m, which are in the same range
with values obtained in the present study.
Antioxidant activity increased significantly
when increased the fat content in the milk. This
result may be influenced by lipid involvement
and antioxidant reactivity (Alaa et al., 2020).
The antioxidant activity in cheese increased
during the ripening period, and this was
correlated with the degree of proteolysis (Gupta
et al., 2009).Similar findings with our study was
obtained by Khan (2019), who evaluated the
antioxidant and nutritional capacity of milk and
dairy products; determines the total antioxidant
capacity of pasteurized milk and (UHT). TAC in
donkey milk was not affected by lactation did,
but this content may vary depending on the
quality of the feed in the diet (Beghelli et al.,
2016). Lipko-Przybylska et al. (2012) evaluated
antioxidant activity in colostrum and mil, and
reported dynamic changes regarding antioxidant
capacity in the postnatal period. Protein in raw
donkey milk was 1.97%, decreased to 1.92% in
boiled milk and 1.90% in frozen milk. The
lowest value of protein was registered in
lyophilized milk (figure 1.a).

Fat showed the lowest values in boiled milk
2.75%, and in lyophilized milk 2.85% (figure
l.a). Lactose had the lowest values in
lyophilized milk 6.85% and in boiled milk
6.90% (figure 1.b). Protein is a very important
parameter in the composition of donkey's milk.
Protein is a very important parameter in the
composition of donkey's milk, and an important
factors in the diet and development of organisms
(El-Hatmi et al., 2015). Ibrahim, 2015, realized
study about the chemical composition of camel
milk (fresh, dried and frozen). The content of
total protein, casein, lactose and ash from
skimmed and freeze-dried milk was higher



compared to camel milk completely freeze
dried. The results indicated that the moisture
content of completely dried and frozen camel
milk was lower due to the freeze-drying process
(Ibrahim, 2015). Similar results about the
physico-chemical parameters were reported by
Kumar and Mishra, 2004.
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Figure 1. a., b. Physico-chemical composition of donkey
milk (raw, boiled, frozen and lyophilized)

Figure 2 shows the results of TAC (U/ml) of
donkey milk according to the applied process
(boiling, freezing and lyophilization).
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Figure 2. TAC (U/ml) of raw, boiled, frozen and
lyophilized donkey milk
TAC - total antioxidant capacity;
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The TAC values obtained in our study were
higher than the values reported by Ling et al.
(2018) on donkey milk. Khan (2017) reported
the following values for TAC (%): for cow's
milk and buffalo milk in raw milk 42.1%,
pasteurized 41.3%, and boiled 40.7%. TAC (%)
in buffalo milk presented the following values:
in raw buffalo milk: 58.4%, pasteurized: 57.6%,
and boiled 66.5%. We observe for TAC,
significant changes also in milk that comes from
other species.

Mann et al. (2016) studied the antioxidant
capacity at different stages of lactation in cattle
and buffaloes. TAC in milk was higher during
early lactation compared to other lactation
periods. The data suggested that they are
removed from lactation to make time for dairy
cows and buffaloes to have a higher content of
antioxidants compared to other stages of
lactation. Polidori and Vincenzetti (2013)
investigated the protein profile of donkey milk,
considered safe for the prevention and treatment
of various human diseases. The influence of heat
treatment on the protein fractions of donkey
milk was also evaluated. Lyophilization is a
method that can maintain the nutritional
characteristics of milk (Polidori and Vincenzetti,
2013).

Silvestre et al. (2008) reported changes in the
total antioxidant capacity of milk, when it was
pasteurized at different temperature and
different intervals of time. The antioxidant
activity of cheese increased during the
maturation period, and the antioxidant activities
were correlated with the proteolysis degree
(Gupta et al., 2009). Total antioxidant capacity
also gives information about the antioxidant
state of biochemical compounds, which has the
ability to fight the free radicals produced.
Antioxidant capacity is used as a new marker to
evaluate oxidative stress (Sies et al., 2007). Vora
et al. (2017) in his study recommended the use
of natural antioxidants in order to extend the
shelf life of products. For the human body, the
natural antioxidants cause fewer side effects
compared to synthetic. In the case of dairy
products, such as ginseng yogurt, antioxidant
capacity decreased during storage. These
aspects were related in realized by Jung et al.
(2016). Consumers prefer natural antioxidants
obtained from various food sources instead of
synthetic antioxidants, which can have toxic



effects on the human body (Zambonin et al.,
2012; Abdel-Hamed et al., 2014). People
increase the interest on the milk and dairy
products obtained from donkey, buffalo, cow
and goat due to their potential for antioxidant
capacity, the diversity of milk caseins and whey
proteins (Pihlanto, 2006; Suetsuna et al., 2000).
TAC has also been studied for cow's milk,
camel, cow's and camel's yogurt (Niero et al.,
2016; Santos et al., 2012; Shori, 2013; Shori and
Baba, 2011).

Table 1 shows the average values for TAC in
milk and colostrum of donkey obtained in the
present study compared to other species.

Table 1. TAC for colostrum and donkey milk compared
to other species

Sample TAC! References

Donkey milk 31.2 (mmol/L) | Simos et al.,

(Italy) 2011

Donkey L.P.1** (221.7) | Beghelli et al.,

colostrum - 2016

(p mol neut. L.P.

HCIO/ml) 5% (210.9)

Human milk 816.3 Zivkovi¢ et al.,

(umol/L) 2015
Human colostrum | 1061.6 Zivkovi¢ et al.,
(umol/L) 2015

Cow milk 1246 (umol/L) | Chen et al.,

(pasteurized) 2003

Cow colostrum 3.92 (umol/g) | Albera et al.,
2011

Murrah buffalo 360.49 Mann et al.,

milk 2016

Murrah buffalo 393.42 Mann et al.,

colostrum 2016

Ewe milk 6.69 (umol/g) | Lipko-
Przybylska et
al., 2010

Ewe colostrum 4.78 (umol/g) | Lipko-
Przybylska et
al., 2010

Goat milk 35.8 (mmol/L) | Simos et al.,
2011

TAC' - total antioxidant capacity; L.P. - lactation period

CONCLUSIONS

Antioxidant capacity

is

a very

important

parameter, because it gives us information about
the benefits of donkey milk depending on the
amount of TCA in milk. TAC in donkey milk
was influenced by the boiling and lyophilization
process. Donkey's milk can be used to obtain
innovative and value-added products due to its
nutritional and functional properties. This
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information can bring important financial
benefits to both producers and consumers.
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