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Abstract The aim of this study was to investigate microbiological, chemical and sensory properties of raw
donkeys” milk from an autochthonous breed originated from Serbia. Changes in microbiota during the six days of
storage at 4°C were monitored by enumeration of total count of bacteria, yeasts and moulds, coagulase positive
staphylococci, lactic acid bacteria, bacterial endospores, Escherichia coli, Clostridium perfringens and Salmonella
spp. Descriptive method was used for determination of sensory properties. Descriptive terms were developed to
describe appearance (colour), flavour, taste and aftertaste. Chemical analyses included determination of protein, milk
fat, dry matter, lactose and vitamin C content. After five days of storage at 4°C microbiological quality of the raw
Domestic Balkan donkeys” milk was in accordance with the requirements of European Regulation. The obtained
results indicate strong antimicrobial activity of the tested milk and longer shelf-life in comparison to other raw milk
sources. Sensory properties of the tested raw milk were acceptable within four days of storage at 4°C. High vitamin
C content (32.95 pg/mL), low protein (1.67%, w/w) and milk fat (0.66%, w/w) content make the tested milk as
valuable potential component of functional food.
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1. Introduction

The therapeutic effects of donkeys” milk have been
known since ancient times, while nowadays the research is
addressed towards its nutrient composition and health
effects. Donkeys’” milk has lower content of fat, protein
and inorganic salts, and higher content of lactose in
comparison to bovine milk. Low casein content, high
percentage of essential amino acids, protein and lipid
profiles similar to those of human milk [13,45,57] favour
donkeys’ milk as a potential new dietetic food and a good
alternative for infant nutrition in the case of cow’s milk
protein allergy (CMPA) [20,35,58]. Several studies
reported potential anti-inflammatory effect [12,27] and
positive effect of donkeys’ milk on the prevention of
atherosclerosis [54]. Anti-proliferative and anti-tumor
effect of some active compounds in donkeys’ milk on
human lung cancer cells have also been reported [30].
High concentration of polyunsaturated fatty acids,
vitamins A, B, C and low cholesterol level contribute to
donkeys’ milk functionality [48].

The Domestic Balkan donkey is an autochthonous
breed primarily farmed in the Northern and Eastern

regions of Serbia [16,28]. In the past, the population of
Domestic Balkan donkeys was widespread throughout the
mountain region of Serbia and other countries of the
Western Balkan. Nowadays, this population is endangered
and in Serbia it is estimated at about 1000 by the FAO
DAD-IS [16]. Donkey’ milk has been traditionally used in
Serbia as a natural remedy for treatment of many diseases
including asthma and bronchitis. Since estimated deaths
by respiratory diseases in Serbia is higher than Europe and
world average [11], there has been a growing demand for
donkeys’ milk on the Serbian market, recently. Despite
that fact, chemical properties of the Domestic Balkan
donkeys’ milk and its potential for use as functional food
has never been investigated. Local consumers in Serbia
usually consumed raw donkeys’” milk cooled at 4 °C and
refrigerated for a few days. The examination of
microbiological profile of this milk during prolonged
refrigeration can answer the question if the unpasteurized
donkeys” milk can pose a serious health risk for
consumers.

The aim of this study was to investigate the chemical
and sensory properties of Domestic Balkan donkeys’ milk,
as well as changes in microbiota during the six days of
storage at 4°C.
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2.Material and Methods

2.1 Sample Collection

Donkeys’ milk samples were collected immediately
after morning milking from "Zasavica" Special Nature
Reserve. The milk obtained from eight manually milked
donkeys was collected, shaken and kept in an ice box at
4°C during the transport. The milk sample was divided
into three equal parts designated to study its
microbiological, chemical and sensory properties. The
milk sample assigned to microbiological examination was
further divided into seven subsamples of 50 mL each,
intended to study the changes in microbial composition
during six days of storage. One sub-sample was examined
immediately, while the others were stored at 4°C and
analysed on a daily basis. Donkeys’ milk samples were
collected three times following the same sampling
procedure.

2.2 Determination of Changes in Microbial
Composition during the Storage

Changes in microbiota during the six days of storage at
4°C were monitored by enumeration of beta-
glucuronidase-positive  Escherichia coli, yeasts and
moulds, total count of bacteria, coagulase positive
staphylococci, and Clostridium perfringens, according to
ISO methods [21,22,23,25,26]. Enumeration of bacterial
endospores was performed by incubation of previously
heated (100°C, 5 min) milk samples on nutrient agar
(Himedia, India) at 30°C for 72 h according to Serbian
legislation [43]. The lactic acid bacteria count was
determined by incubation (30°C, 72 h) of inoculated Man,

Rogosa and Sharpe (MRS) agar (LabM, United Kingdom).

Coliform  bacteria and  Enterobacteriaceae  were
determined according to AOAC methods [2,3]. Detection
of Salmonella spp. was carried out according to the 1SO
method [24]. All experiments were performed in triplicate.

2.3 Sensory Analysis

Donkeys’” milk samples were tempered on 15°C before
analysis to allow the release of odors and flavors [4].
Approximately 25 mL of each sample was given to the
assessors in 3-digits coded covered glasses. Sensory
evaluation was performed during 6 days in order to test
milk stability. Descriptive sensory analysis was performed
by a trained eight-member panel. The panelists were
selected according to SRPS ISO method [51]. Sensory
evaluation was carried out in individual boxing in the
laboratory according to SRPS 1SO method [52].
Descriptive terms were developed for the assessment of
sensory quality and intensity of colour, flavour, taste and
aftertaste using terms from the lexicon of SRPS ISO
method [50]. The panelists used attributes, definitions and
references from previous sensory studies of milk [4]. The
following data scale was used: 1-typical, optimal quality;
2-neither good nor poor quality; 3-poor quality.

2.4 Chemical Analysis

Protein, milk fat, lactose content and dry matter were
determined by the IDF standards [6]. The vitamin C
content was determined by enzymatic method [33].

3. Results and Discussion

The changes of microbiota of donkeys” milk during six
days of storage at 4°C are presented in the Figure 1.
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Figure 1. Total bacteria count (TBC), lactic acid bacteria (LAB),
bacterial endospores (BS) Enterobacteriaceae and coliforms counts in
raw donkeys’ milk during six days of storage at 4 °C (mean values of
three independent experiments)

The results of three independent experiments indicate
that there was no significant difference (P<0.05) between
total bacterial counts at the beginning (4.24 + 0.90 — 4.79
+ 0.55) log CFU/mL and after five days of storage (4.89 +
0.16 — 5.22 + 0.76) log CFU/mL, whereas increase was
observed on 6" day (6.17 + 0.40 — 6.57 + 0.90) log
CFU/mL. From the initial number of (2.08 + 0.03 -2.10 £
0.90) log CFU/mL lactic acid bacteria count slightly
increased to (2.60 £ 0.31 — 2.95 + 0.05) log CFU/mL after
six days. Bacterial endospores remained at low level (< 2
log CFU /mL) during the storage period. In the first
experiment, Enterobacteriaceae and coliforms were not
detected until the 2" and 4" day, respectively, whereas in
the other two trials these bacteria were not detected during
all six days of storage. The presence of Salmonella spp., E.
coli, C. perfringens, coagulase positive staphylococci,
yeasts and moulds were not observed in any of the
analysed samples. The obtained results were in
accordance with findings of other authors who also
reported low total bacterial count [10,45,47,49,59] as
well as low count of lactic acid bacteria [8,10] in raw
donkeys’ milk. Total bacterial count in raw milk of
conventional dairy species (bovine, goat and sheep) is
generally higher and depends on hygienic practice during
milking and further milk manipulation. According to
literature data total bacterial count in these types of milk
can reach the values higher than 7 or 8 log CFU/mL
[7,36,40,42]. Comparing the results of lactic acid bacteria
count in bovine and donkeys’ milk it was found
significantly higher amount of these bacteria in bovine
milk (3.4 — 6.8 log CFU/mL) [18]. In raw milk from other
sources pathogenic bacteria were found more frequently
and in higher count compared to raw donkeys’ milk. On
example, Salmonella spp. has never been detected in raw
donkeys’ milk [1,9,47,59], while 3 - 6% of samples of
raw bovine milk were positive on Salmonella spp. with an
average number of 2.3 log CFU/mL [42]. Low microbial
count determined during 5 days of storage as well as
absence of pathogenic microorganisms could be explained
by the high concentration of lysozyme (1 - 4 g/L) in
donkeys’ milk [8,10,57]. Unlike the donkeys’ milk,



635 Journal of Food and Nutrition Research

bovine milk have a minor content of lysozyme (0.05 —
0.21 mg/L) [5,15], while the level of this enzyme in goat
and owine milk is apromaxitely 0.25 and 0.1 mg/L,
respectively [5,41]. Except lysozyme this type of milk
possesses many other antimicrobial agents including
lactoferrin [59]. Despite the fact that low count of
autochthonous lactic acid bacteria was observed in this
study, their supporting role in the total antimicrobial
activity of donkeys’ milk should not be excluded.
According to the previous reports different compounds
(including bacteriocins) produced by lactic acid bacteria
possessed strong antimicrobial activity [53]. Therefore it
would be useful to investigate the biodiversity of
autochthonous lactic acid bacteria present in Domestic
Balkan donkeys’ milk and their ability to produce
antimicrobial compounds. Strong antimicrobial activity of
donkeys’ milk has been previously reported [46,55,59].

Sensory properties of the tested milk are shown in the
Figure 2. Typical milk colour did not change during all six
days of assessment. Aroma was poorly expressed during
the first three days, whereas on 4™ day a milky-sweet
flavour appeared and became more intense during the next
two days leading to a lack of freshness.
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Figure 2. Changes in the sensory properties of raw donkeys’ milk during
six days of storage at 4°C

Panel members defined milk taste as a pleasant, with a
slight sweetness originating from lactose. In terms of
overall acceptability of taste, panellists did not observe
any changes during the first three days of experiment.
However, slightly bitter taste appeared on 4" day and
intensified during the next days. For this reason, on 5" day
milk was assessed as non specific according to its primary
and residual bitter taste. The obtained results indicate that
raw Domestic Balkan donkeys’ milk was sensory
acceptable during four days of storage at 4°C. This was in
accordance with its microbiological quality.

Results of the chemical composition of raw donkeys’
milk are summarized in Table 1. Determined total solids,
protein, milk fat and lactose content of the tested milk
were in the range of previously reported amounts in milk
of other donkey breeds [19,39,45].

Table 1. Chemical composition of raw donkeys’ milk

Chemical characteristics (mean = standard deviation)

Total solids (%, w/w) 8.58 £0.32
Protein content (%, w/w) 1.67+0.20
Milk fat content (%, w/w) 0.66 £0.11
Lactose content (%, w/w) 7.07+£0.14

Vitamin C (ug/mL) 32.95+1.38

Protein, lactose, fat and mineral content of donkeys’
milk, as well as that of mare’s milk, is more similar to
human milk than to bovine milk [37,45]. Generally,
donkeys” milk has low total solids (8% - 10%) and protein
content (1.25% - 2.18%) as well as high lactose content
(6.01%-7.28%), while fat content ranges between 0.10%

and 1.82% [19,39,45]. The reported variations in chemical
composition can be due to the effect of lactation stage.
Except the lactation stage chemical composition of milk
could be affected by breed, breeding area and forage,
milking technique, and interval between milking, which
was previously reported [17]. Average values of fat
content of donkeys’ milk ranged from 0.45% at the
beginning to 1.49% at the end of lactation [19]. The
protein content was also affected by stage of lactation,
which was observed in Haflinger mare’s milk [31] and
bovine milk [17]. The high lactose content was generally
observed at early and late stages of lactation. The level of
lactose in donkeys’ milk is quite similar to that in human
milk (6.30-7.00%) while in bovine and other ruminant
milk lactose content is 1.5 times higher [56]. Lactose
gives good taste to donkeys’ milk [35] and it is essential
for the development of the nervous system. Based on
protein and lactose content similar to human milk, donkey
milk could be better alternative for human milk compared
to bovine milk [29]. The good digestibility and the lower
renal solute load also confirm donkeys’ milk as suitable
for infant nutrition [56,60]. The reported total vitamin C
content detected in donkeys’ milk presents recommended
daily intake of vitamin C for children aged between 6-12
months [32,34]. These properties of donkeys’ milk
emphasise its significance as healthy food for humans [38].

In conclusion, microbiological quality of donkeys’ milk
during the six days of storage at 4°C indicate that this milk
could be a safe food, if the animals are healthy and milked
in proper hygienic conditions. After five days,
microbiological quality of the raw Domestic Balkan
donkeys’ milk was in accordance with the requirements of
European Regulation for raw milk from species other than
bovine [44], which indicates its longer shelf-life in
comparison to other raw milk sources. Sensory properties
of the tested raw milk were acceptable within four days of
storage at 4°C. High vitamin C content, low protein and
milk fat content make the tested milk as valuable potential
component of functional food.
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