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Abstract: This study aimed to evaluate essential traits of donkey’s milk and cow’s milk kefir during
storage for 28 days at +4 ◦C. The results showed that the pH decreases significantly during fermenta-
tion from 6.75 ± 0.045 to 4.22 ± 0.062 for cow’s milk and from 7.01 ± 0.011 to 4.28 ± 0.030 for donkey’s
milk. Acidity values increased significantly during storage from 63 ± 2.08 ◦D to 170 ± 2.80 ◦D for
cow’s milk and from 92 ± 1.0 ◦D to 163 ± 1.30 ◦D for donkey’s milk (p < 0.05). A significant variation
in total solids was observed during storage. Stability in protein content was observed for kefirs
during storage time. While the level of lactose decreased significantly during storage, the fat content
did not vary in kefirs during storage time at 4 ◦C. For microbiological properties, donkey milk kefir
presents a significant difference (p < 0.05) compared to bovine kefir. Donkey’s milk always contains
the lowest average germs, suggesting a better microbiological quality than cow’s milk samples. The
fermented milks showed an interesting antioxidant activity measured by the DPPH and ABTS assays,
which were improved during storage. The Aeromonas hydrophila was the most sensitive bacterium
to the action of kefir samples. Results from the sensorial test show that participants prefer kefirs
freshly prepared than those stored after 28 days at 4 ◦C. In conclusion, related to its unique bioactive
activities and microbiological properties, donkey’s milk could be an interesting kefir fermentation
source materials alternative.

Keywords: donkey milk; cow milk; kefir; quality; storage

1. Introduction

Milk is an essential component of the human diet because its particular components
promote young animals’ nutritional, immunological, and developmental needs [1]. How-
ever, people’s intolerance and allergic reactions to cow’s milk (CM) have led to a rising
demand for alternative milk sources in recent years [2–6], such as horse and donkey milk
(DM), and is classified as a “pharmafood” that is also highly preferred by consumers [7].
Nowadays, the economic worth of DM has been recognized not only for its nutritional value
but also for its medicinal and functional capacities due to its chemical composition, which
is similar to human milk, particularly for newborns with cow’s milk protein allergy [8–11].
It has a hypo-allergenic protein composition, high polyunsaturated fatty acid and essen-
tial amino acid [6,11–15]. In addition, DM exhibited antiaging, antioxidant, antibacterial,
anti-inflammatory, and antiaggregant activities related to its unique composition [16].

Although raw milk has traditionally been favored for consumption, fermented milk
products have increased in popularity due to their therapeutic effects and favorable impact
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on health [17]. Kefir is a fermented milk beverage that originated in Russia’s Caucasus
mountains or Mongolia and is made of a unique blend of beneficial microbes [18]. Lac-
tic acid bacteria (LAB) (Streptococcus, Leuconostoc, Lactobacillus, and Lactococcus), yeasts
(Saccharomyces, Torula, Kluyveromyces, and Candida spp.), and Acetobacter have been found
in fermented milk products based on kefir [19]. All of these bacteria cohabit in kefiran, a
water-soluble branched glucogalactan polysaccharide matrix that may boost consumers’
immune systems and increase resistance to some diseases, such as neoplasia and infec-
tions [20]. Small clusters of microbe combinations embedded in a special polysaccharide
matrix called kefir grains can be inoculated into milk to generate kefir, and fermentation
can take up to 24 h [21].

Milk fermentation is not just a traditional preservation method but is also used to
improve the quality or taste of dairy products [22]. Through sensory attributions and
physicochemical qualities, the textural characteristics of the fermentation process influence
customer approval of the product [23]. The composition of the source material is the most
important factor in kefir fermentation. As a result, kefir is well-known for its probiotic, pre-
biotic, antimicrobial, anticarcinogenic, antidiabetic, antiallergic, anticancer, and antioxidant
properties [21].

This work aims to study the kefir fermentation of cow and donkey milk by exam-
ining the chemical, physicochemical, microbiological, sensory profiles, antioxidant, and
antibacterial activities.

2. Materials and Methods
2.1. Samples

Cow’s (Holstein breed) milk and donkey’s (Arabian breed) milk were collected be-
tween February and March 2020 under hygienic conditions from intensive cattle breeding
farms (n = 120) situated in Manouba (Northern East Tunisia) and modern donkey breeding
farms (n = 8) in the Zaghouan (Northerner Tunisia) regions, respectively. Milk samples
were collected in dairy farming conditions under Tunisian law (The Livestock Law No.
2005-95 of 18 October 2005) so that the ethical approval of the research protocol was waived.
The samples were stored in sterile bottles, immediately cooled, and transported to the
laboratory under refrigerated conditions from 6–10 ◦C.

Kefir grains, obtained from the Animal Production Laboratory of Ecole Supérieure
d’Agriculture du Kef, were mainly composed of Kazachstania spp., K. lactis, K. marxianus,
S. cerevisiae, L. acidophilus, L. brevis, L. casei, L. delbrueckii, L. helveticus, L. kefiranofaciens,
L. kefiri, L. paracasei, L. Plantarum, L. rhamnosus, L. sake, L. lactis, L. mesenteroides, Pseudomonas
spp., S. thermophilus, C. humilis [24–28].

2.2. Kefir Manufacture

Raw cow milk (CM) samples (g/100 g, total solids = 11.92 ± 0.65, protein = 3.1 ± 0.04,
lactose = 4.60 ± 0.3, fat = 3.65 ± 0.05) and donkey milk (DM) samples (g/100 g, total solids =
8.62 ± 0.11, protein = 1.53 ± 0.02, lactose = 6.15 ± 0.07, fat = 1.33 ± 0.03) were pasteurized
at 95 ◦C for 10 min then cooled down to 25 ◦C. The fermentation process was carried out
according to the method described by Perna et al. (2019) [29] with some modifications.
Briefly, the cooled milk sample was inoculated with 5% (w/v) of kefir grains and incubated
at 25 ◦C for 24 h and pH was measured every 2 h. In the end, the grains were separated by
filtration through a sieve. The kefir samples were stored in 100 mL plastic containers in a
refrigerator (+4 ◦C) for subsequent analysis. All samples were analyzed at 0, 1, 7, 14, 21,
and 28 days of refrigerated storage.

2.3. Physicochemical and Chemical Analysis

The kefir and raw milk samples were mixed and analyzed for pH, Dornic acidity, solid,
fat, lactose, and protein contents.

Dornic acidity, expressed in terms of ◦D [30], was measured on 10 mL of fermented
milk. The Dornic acidity was determined by titration with 0.1 N NaOH [31]. In addition,
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the pH of kefirs was measured using a digital pH meter (Consort PH C860, Belgium)
calibrated using commercial pH 4.00 and 7.00 buffers.

The total solids (TS), fat, lactose, and protein contents were determined using the milk
analyzer based on the Fourier-transform infrared technology MilkoScan TM Mars (Foss
Electric, Hillerod, Denmark).

2.4. Microbiological Analysis

During 28 days of storage at 4 ◦C of kefir milk, aliquots of the fermented milks were
removed under aseptic conditions and decimal dilutions were performed for the enumera-
tion of total aerobic mesophile bacteria (TAMB), total coliforms (TC), fecal coliforms (FC),
yeasts (Y), and lactic acid bacteria (LAB). Sterile peptone water was used to prepare the
dilutions for the microbiological analyses. TMAB count was determined on plate count agar
(PCA, Merck, Germany) after incubation at 30 ◦C from 48 h to 72 h [32–34]. Total and fecal
coliforms were counted according to [35]. Yeast counts were quantified on Potato Dextrose
Agar with chloramphenicol (0.1 g/L), which was incubated at 30 ± 1 ◦C for 48 h under
aerobic conditions [29,34,36]. LAB counts were determined on De Man, Rogosa, and Sharpe
(MRS) agar plates, incubated at 30 ± 1 ◦C for 48 h under anaerobic conditions [29,34,37].

Afterward, plates containing between 20 and 200 colonies were enumerated, and the
results were expressed as colony-forming units per mL of kefir (log10 CFU/mL) [29,34,38].
Finally, the entire microbiologically experiment was repeated in triplicate.

2.5. Antioxidant Activity
2.5.1. Extraction

Kefir samples (2 g) were mixed with 20 mL of aqueous methanol (70:30%, v/v) for
4 h in the dark at room temperature under magnetic stirring. Extracts were centrifuged at
1420× g for 10 min and filtered through qualitative filter paper (Whatman grade 2, 8 µm
thick); supernatants were used for ABTS and DPPH assays as described by [39].

2.5.2. ABTS Test

The free radical stock solution ABTS was prepared by reacting 20 mM ABTS•+ with
2.45 mM potassium persulfate solution (1:1, vol/vol) and stored at room temperature from
12 to 16 h in the dark before use. ABTS•+ working solution was prepared by diluting the
stock solution 1:10 with ethanol to yield an absorbance of 0.7 ± 0.02 at 734 nm.

Then, 0.25 mL of samples were mixed with 3.75 mL of ethanol and 1 mL of ABTS
radical cation solution. The mixture was stood at room temperature for 10 min, and the
absorbance was measured after at 734 nm using a UV-visible spectrophotometer (Jenway
6505 UV-Vis spectrophotometer, Berryville, Virginia).

2.5.3. DPPH Test

Firstly, 0.25 mL of extract was mixed with 0.18 mL of DPPH (10−3 M) stock solution,
and methanol was added to bring the final volume to 3 mL (6 × 10−5 M). After 30 min in
the dark, absorbance readings were taken on reagent blanks at 515 nm using a UV-visible
spectrophotometer (Jenway 6505 UV-Vis Spectrophotometer, Berryville, Virginia).

The free radical scavenging activity (SA) was estimated based on the percentage of
inhibition of DPPH or ABTS+ radicals, according to the following formula [40].

SA(%) =
(A1 − A2)

A1
× 100

A1 and A2 were controlled absorbance (ABTS or DPPH solution without extract) and
sample absorbance, respectively.
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2.6. Antibacterial Activity
2.6.1. Bacterial Strains

To assess the antibacterial activity of pasteurized donkey and cow milk kefirs, four
pathogen bacteria available in our laboratory, namely three Gram-negative bacteria, i.e.,
Escherichia coli (ATCC 35218), Pseudomonas aeruginosa (ATCC 9027), and Aeromonas hy-
drophila (ATCC1943), and one Gram-positive bacterium, Staphylococcus aureus (ATCC 25923),
were used.

2.6.2. Disc Diffusion Test

The antimicrobial activity was assessed according to [41] with slight modifications.
First, kefir samples were filtered through 0.22-µm cellulose acetate membrane filters (Solar-
bio, Beijing, China).

Aeromonas hydrophila, Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus
were grown at their optimum temperature (37 ◦C) overnight in a nutrient broth medium
(HiMedia, India). After that, the bacteria were diluted to approximately 106 Colony-
Forming Units (CFU)/mL and inoculated on the nutrient agar medium (HiMedia, India).

The sterile disks (5 mm diameter) were soaked with filtered kefir samples (150 µL)
and placed on the agar surface. Then, the plates were incubated at 37 ◦C for 24 h. The
presence of a clear zone indicates a total inhibition of bacterial growth.

2.7. Sensory Evaluation

The sensory evaluation was performed to evaluate the consumer acceptability of
kefir samples freshly prepared (48 h) and after storage (28 days) and the pasteurized raw
milks [42]. In addition, coded cow and donkey samples (approximately 15 mL) were tested
by 60 untrained panelists chosen by convenience. The following sensory parameters were
assessed, including color, flavor, smell, taste, texture, and overall acceptability. A structured
9-point hedonic scale ranging from 1 (highly disliked) to 9 (extremely liked) was used in
this test.

2.8. Statistical Analysis

An XL STAT software was used for ANOVA and student’s test to detect significant
differences among all kefir samples stored for 28 days at 4 ◦C for different parameters
tested. Microsoft Excel 2010 was used to determine means (± standard deviations) and
construct viscosity and flow curves.

3. Results
3.1. Physicochemical and Chemical Analyses
pH Variation during the Fermentation

The pH evolution of the different fermented kinds of milk using the kefir grains
is presented in Figure 1. The results show that the pH decreases significantly during
fermentation from 6.75 ± 0.045 to 4.22 ± 0.062 for cow’s milk and from 7.01 ± 0.011 to
4.28 ± 0.030 for donkey’s milk.
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Figure 1. pH evolution of cow and donkey milks during fermentation with kefir grains at 25 ◦C.

3.2. Evolution of Physicochemical Parameters during Storage
3.2.1. Dornic Acidity Evolution during Storage

Initially, raw cow and donkey milks have an acidity of 18 ± and 17 ± ◦D, respectively.
However, after fermentation, the acidity of the kefir-fermented milk was 63◦D for CM and
92 ◦D for DM.

The Dornic acidity measurement of fermented milk beverages during storage is pre-
sented in Figure 2. Acidity values increase significantly during storage from 63.00 ± 2.08 ◦D
to 170.00 ± 2.80 ◦D for cow’s milk and from 92.00 ± 1.00 ◦D to 163.00 ± 1.308 ◦D for don-
key’s milk.
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Figure 2. Dornic acidity evolution of cow and donkey kefirs during storage time at 4 ◦C.

3.2.2. Biochemical Composition Evolution during Storage Time at 4 ◦C

After fermentation, the monitoring of biochemical composition during storage at
+4 ◦C is given in Table 1. It can be noted that the significant variation in the biochemical
composition of kefirs is due to the variation in the composition of the kinds of milk, and
the storage time significantly affects the total solids and lactose contents of the kefirs.
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Table 1. Biochemical composition evolution of cow and donkey kefirs during storage time at 4 ◦C.

g/100 g Storage Time (Day)

0 1 7 14 21 28 Significance

TS Cow 11.70 ± 0.21 10.42 ± 0.16 10.86 ± 0.04 9.83 ± 0.02 10.84 ± 0.01 9.75 ± 0.02 **
Donkey 8.55 ± 0.04 8.27 ± 0.08 8.90 ± 0.09 8.36 ± 0.12 8.27 ± 0.04 8.14 ± 0.04 *

Significance *** *** *** *** *** ***

Protein Cow 3.07 ± 0.02 3.06 ± 0.06 3.39 ± 0.03 3.43 ± 0.10 3.37 ± 0.04 3.15 ± 0.09 NS
Donkey 1.52 ± 0.03 1.54 ± 0.02 1.53 ± 0.02 1.64 ± 0.02 1.55 ± 0.01 1.56 ± 0.05 NS

Significance *** *** *** *** *** ***

Lactose Cow 4.10 ± 0.65 3.54 ± 0.01 3.46 ± 0.10 3.44 ± 0.13 3.37 ± 0.19 3.34 ± 0.23 *
Donkey 6.13 ± 0.05 5.54 ± 0.15 4.93 ± 0.06 3.72 ± 0.06 3.71 ± 0.04 3.68 ± 0.01 ***

Significance *** *** *** NS NS NS

Fat Cow 3.63 ± 0.02 3.55 ± 0.01 3.54 ± 0.02 3.53 ± 0.01 3.52 ± 0.01 3.51 ± 0.02 NS
Donkey 1.32 ± 0.01 1.31 ± 0.01 1.30 ± 0.01 1.30 ± 0.02 1.31 ± 0.01 1.30 ± 0.01 NS

Significance *** *** *** *** *** ***

The results are the mean of two replications ± standard deviation. NS: Non-significant; *: p < 0.05; **: p < 0.001;
***: p < 0.0001.

3.3. Microbial Profile of Kefirs

Except for TC and FC, the microbiological analysis of the studied kefirs highlights
the presence of significant variations during storage (Table 2). Initially, the number of
lactic acid bacteria was high for both samples (8.96 log CFU/mL for CMK and 8.12 log
CFU/mL for DMK). However, during storage, the viable LAB count decreased for the two
samples reaching 6.80 log CFU/mL (28th day of storage) (Table 2). According to Table 2,
the two kefirs do not present fecal coliforms. The absence of these germs indicates the good
hygienic quality of kefir.

Table 2. Viable counts of total aerobic mesophilic bacteria (TAMB), lactic bacteria (LAB), total
coliforms (TC), and yeasts (Y) of cow and donkey kefirs during storage at 4 ◦C.

Storage Time (Day)

Log CFU/mL 0 1 7 14 21 28 Significance

LAB
Cow 8.96 7.96 7.75 7.10 6.90 6.80 *

Donkey 8.12 7.67 7.42 7.2 6.87 6.80 *
Significance * NS NS NS NS NS

FC
Cow 0.00 0.00 0.00 0.00 0.00 0.00 NS

Donkey 0.00 0.00 0.00 0.00 0.00 0.00 NS
Significance NS NS NS NS NS NS

TC
Cow 4.02 4.33 4.34 4.43 4.50 4.51 NS

Donkey 0.00 0.00 0.00 0.00 0.00 0.00 NS
Significance *** *** *** *** *** ***

TAMB
Cow 4.80 4.85 4.85 4.86 4.96 4.97 *

Donkey 4.18 4.12 4.22 4.39 4.67 4.71 *
Significance * * * * * *

Y
Cow 6.60 6.94 6.94 0.00 0.00 0.00 **

Donkey 6.67 0.00 0.00 0.00 0.0 0.00 ***
Significance NS *** *** NS NS NS

The results are the mean of two replications ± standard deviation. NS: Non-significant; *: p < 0.05; **: p < 0.001;
***: p < 0.0001.

Moreover, total coliforms were only detected in the CM kefir samples. TC count
increases during storage from 4.02 log CFU/mL (day 0) to 4.51 log CFU/mL (day 28). The
enumeration of TAMB for the studied samples shows that there is an alteration of the
fermented milk during the storage period, with a significant difference (p < 0.05) between
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the monitoring days and the two types of fermented milk (Table 2). It should be noted that
the DM kefir is characterized by a lower level of TAMB (4.18–4.71 log CFU/mL).

For yeast, the CM and DM kefirs show a similar profile. Yeast was not detected from
day 14 of storage for CM kefir and day 1 of storage for DM kefir.

3.4. Antioxidant Activity

The studied fermented milk beverages showed an interesting antioxidant activity
measured by the DPPH and ABTS tests and expressed as an inhibition percentage of free
radicals (Table 3).

Table 3. Free radical scavenging activity of cow and donkey kefir during storage at 4 ◦C.

Storage Time (Day)

0 1 7 14 21 28 Significance

DPPH
Cow 56.04 ± 7.62 58.7 ± 4.45 72.27 ± 2.55 76.99 ± 7.71 78.76 ± 5.3 84.95 ± 0.88 **

Donkey 58.7 ± 7.72 63.71 ± 6.19 66.96 ± 4.87 68.43 ± 1.02 75.22 ± 6.13 78.76 ± 7.56 **

Significance NS * * * NS *

ABTS
Cow 88.31 ± 1.77 88.3 ± 0.42 87.32 ± 2.61 91.59 ± 0.88 91.59 ± 0.24 92.73 ± 0.42 **

Donkey 86.6 ± 0.88 89.31 ± 1.7 89.74 ± 2.26 92.02 ± 2.1 93.3 ± 2.43 94.01 ± 2.26 **
Significance NS NS NS * * *

The results are the mean of two replications ± standard deviation. NS: Non-significant; *: p < 0.05; **: p < 0.001.

Initially, donkey and cow milk kefirs revealed a similar antioxidant activity against
DPPH and ABTS+ free radicals. Then, the antioxidant activity increases significantly during
storage for both tests, reaching 84.95% (DPPH test) and 92.73% (ABTS test) for CMK and
78.76% (DPPH test) and 94.01% (ABTS test) for DMK at the end of storage.

3.5. Antibacterial Activity

This analysis allows us to measure the sensitivity of pathogenic strains to the studied
kefirs. The inhibitory effect was determined from measurements of the inhibition zone
diameter (Table 4). The studied bacteria (A. hydrophila, P. aeruginosa, E. coli, and S. aureus)
were chosen for their pathogenic effect causing gastrointestinal disorders, such as diarrhea.
This disease is still the most prevalent health problem in developing countries despite
scientific progress and management that have taken place in recent years [43]. These authors
have shown that ingesting food contaminated with infectious or toxigenic microorganisms
such as S. aureus, E. coli, and A. hydrophila leads to death.

Table 4. Average zone diameter for antibacterial activity of cow and donkey kefirs during storage
time at 4 ◦C.

Time (Day) E. coli S. aureus A. hydrophila P. aeruginosa

C
ow

0 5 ± 0.01 5 ± 0.012 6 ± 0.03 5 ± 0.01
1 5.5 ± 0.002 5 ± 0.016 6 ± 0.05 5 ± 0.029
7 5.75 ± 0.04 6 ± 0.031 6 ± 0.036 5.5 ± 0.012

14 6 ± 0.012 6.5 ± 0.012 6.5 ± 0.062 5.5 ± 0.023
21 6 ± 0.01 6.5 ± 0.042 6.5 ± 0.031 5.5 ± 0.064
28 6 ± 0.03 7 ± 0.096 7 ± 0.042 5.75 ± 0.012

D
on

ke
y

0 5.5 ± 0.014 6 ± 0.036 6 ± 0.026 5 ± 0.012
1 5.75 ± 0.012 6.5 ± 0.031 6 ± 0.043 5 ± 0.041
7 5.5 ± 0.025 7 ± 0.056 6 ± 0.082 5 ± 0.065

14 5.5 ± 0.034 6.5 ± 0.011 6 ± 0.017 5 ±0.22
21 6± 0.036 6.5 ±0.046 6± 0.042 5 ±0.036
28 6.75 ± 0.012 6.5 ± 0.022 7 ± 0.016 5 ± 0.092

The results are the mean of two replications ± standard deviation.
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This study observed that cow and donkey kefirs inhibited most of the studied pathogenic
bacteria. However, the evolution of the antibacterial activity of kefir was not significant
during storage.

The A. hydrophila is the most sensitive, showing an inhibition zone diameter between
6 mm and 7 mm for cow and donkey kefir during storage at + 4 ◦C. This Gram-negative
bacterium causes gastrointestinal or non-gastrointestinal complications. Kefirs also show
an inhibitory effect on S. aureus, followed by E. coli (Table 4).

3.6. Consumer Acceptability

For functional foods, such as kefir, the evaluation of sensorial characteristics and
consumer acceptance is important.

The sensorial profiles of samples are illustrated in Figure 3. The results show that raw
donkey milk was the most appreciated sample for the most studied sensory characteristics
(flavor, taste, and overall appreciation). For the fermented milk, cow and donkey kefir
were more appreciated when they were stored for 48 h at 4 ◦C. Hence, the fermentation
of milk with kefir grains improved the appreciation of color, flavor, smell, taste, and
texture. However, all sensory characteristics were depreciated by tasters for kefirs stored for
28 days, suggesting a degradation in the sensory parameters during storage.
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4. Discussion

The milk composition changes significantly depending on breed, species, diet, lactation
period, and genetic polymorphism of the species and breeds [2,44,45]. These results are
in agreement with the data presented by [46]. A significant variation in total solids was
observed during storage for both kefirs. These results are confirmed by those found in [47],
which show that fermentation does not influence the total solids of milk kefir. Indeed,
this factor depends on the composition of the used milk and the fermentation process [47].
According to Table 1, non-significant changes in protein content during storage were
observed for the two kefirs. This result was similar to data reported by [47] and contrary to
data reported by [48], which explained the decrease in protein content due to the presence
of enzymes secreted by the bacteria that are found in the kefir grains and hydrolyze the
k-caseins by eliminating the hydrophilic part. Then, the hydrophobic parts will, therefore,
approach the casein level coagulates and subsequently increase as the fermented milk’s



Beverages 2023, 9, 2 9 of 12

protein level increases. In contrast to data proved by [49], a non-significant decrease in fat
content was observed for kefirs during storage time at 4 ◦C.

Lactose levels decrease significantly during storage, as observed in the case of DM
kefir. Lactose is transformed to lactic acid owing to the presence of bacteria and yeasts in
kefir grains that stimulate lactic fermentation. The bacteria found in kefir grains secrete
galactosidase, which hydrolyzes lactose into simple sugars [46]. Irigoyen et al. [49] found
no significant changes in lactose levels in cow milk kefir during storage. The low lactose
content encourages lactose intolerant people to drink kefir [26]. The acidity evolution
of fermented DM is noticeably lower than that of CM (Figure 2). Indeed, Salimei et al.
(2004) [15] speculate that this is due to the low casein and phosphate levels in donkey milk.

pH is an important parameter in the production of fermented milk. It indicates the
end of the fermentation process. This involves the increase in the rate of ions (H+) resulting
from the lactic and alcoholic fermentations induced by bacteria and yeasts found in kefir
grains [50]. Raw cow’s milk is more acidic than donkey’s milk. These phenomena were
reported previously by [48,51] and were explained by the high casein content of CM
compared to DM. The isoelectric pH of milk is equal to 4.6, and at this value, the milk
caseins coagulate. According to Figure 1, the casein precipitation was observed after 14 h for
CM and 16 h for DM. This can be related to the low casein concentrations in donkey’s milk
leading to slow clotting [44]. According to Bornaz et al. (2010) [46], donkey milk caseins are
better digestible than ruminant milk due to the fermentation activities of microorganisms
found in milk, mainly lactic acid bacteria, which transform lactose into lactic acid.

For the microbial profile of kefirs, the results showed the absence of fecal coliforms,
which indicates the good hygienic quality of the two kefirs [46]. Furthermore, the viable
TAMB increased during storage for the two samples, and similar findings were reported
by [32] for yogurt. On the contrary, Benmeziane et al. (2021) [45] reported the absence of
TAMB and CT during 21 days of storage and similar results were reported by [47,49,50].
The significant decline in LAB count can be likened to the storage temperature. Indeed,
one of the important parameters influencing metabolic activity and microorganism growth
is storage temperature. The cold temperature may affect cell damage and force cells to
be static or have a low metabolism [52]. Furthermore, no yeast was detected on day 1 or
day 14 of storage for DM kefir or CM kefir, respectively. This was most likely due to this
microorganism’s sensitivity to high acidity levels [53].

Donkey’s milk always contains the lowest average germs, indicating a better microbi-
ological quality than cow’s milk. This is due to the protein profile and richness of DM of
lysozyme, which acquires milk antimicrobial activities [11].

The antioxidant activities have increased during the storage time for the two samples
for the two tests. This increase is probably due to the low molecular weight bioactive
peptides (<5000 KDa) derived from the proteolytic activities of lactic acid bacteria and
yeasts [34]. Furthermore, Lima et al. (2017) [54] suggest that the fermented milk kefir is
a source of bioactive peptides showing important antioxidant activity. Moreover, they
reveal a relationship between the increase in antioxidant activity and the high degree
of proteolysis.

The CM and DM kefirs show an inhibitory effect against the growth of pathogenic
bacteria. This can be related to the production of bacteriocins and organic acids during fer-
mentation [55]. Further, Nazzaro et al. (2020) [56] estimate the presence of other substances
resulting from the digestion of proteins which gives milk an antibacterial power.

P. aeruginosa was the most resistant bacterium to the kefirs effect during storage. It was
mentioned that P. aeruginosa is naturally recalcitrant to many antibiotics [57]. Its general
resistance is due to a combination of factors, such as the low permeability of its cell wall,
the genetic capacity to express a wide repertoire of resistance mechanisms, the capacity of
mutation in chromosomal genes, and the acquirement of additional resistance genes from
other organisms via plasmids, transposons, and bacteriophages [58].
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It is sensitive to a remaining number of antibiotics, explained by the existence of
mechanisms with complementary or synergistic actions determined by the chromosomal
genes belonging to the heritage of the species [57].

5. Conclusions

Chemical, physicochemical, microbiological, sensorial, and bioactive results show that
the composition of kefirs depends on the storage period and the origin of milk. Donkey milk
kefir contains less dry matter, fat, and protein; however, it is richer in lactose than cow milk
kefir. The microbiological profile reveals a low number of germs and an absence of pathogenic
germs in kefirs, particularly for DM kefir. Indeed, the microbial profile of kefirs was improved
during storage. The evaluation of the antioxidant and antibacterial activities of kefirs shows a
significant improvement during storage. Sensorial results show that raw donkey milk is the
most appreciated sample. While the fermentation of milk with kefir grains stored for 48 h has
improved the appreciation of color, flavor, smell, taste, and texture.

Thus, donkey kefir production could be a good fermented product because of its
composition and high antioxidant and antibacterial activities.

This study is the potential for further investigations focusing on producing fortified
kefir with specific functional characteristics.
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47. Yıldız-Akgül, F.; Yetişemiyen, A.; Şenel, E.; Yıldırım, Z. Microbiological, physicochemical, and sensory characteristics of kefir

produced by secondary fermentation. Mljekarstvo 2018, 68, 201–213. [CrossRef]
48. Ochirkhuyag, B.; Chobert, J.-M.; Dalgalarrondo, M.; Haertlé, T. Characterization of mare caseins. Identification of αS1- and

αS2-caseins. Dairy J. 2000, 80, 223–235.
49. Irigoyen, A.; Arana, I.; Castiella, M.; Torre, P.; Ibanez, F. Microbiological, physicochemical, and sensory characteristics of kefir

during storage. Food Chem. 2005, 90, 613–620. [CrossRef]
50. Gul, O.; Mortas, M.; Atalar, I.; Dervisoglu, M.; Kahyaoglu, T. Manufacture and characterization of kefir made from cow and

buffalo milk, using kefir grain and starter culture. J. Dairy Sci. 2015, 98, 1517–1525. [CrossRef]
51. Egito, A.; Miclo, L.; Lopez, C.; Adam, A.; Girardet, J.-M.; Gaillard, J.-L. Separation and characterization of mares’ milk αs1-, β-,

κ-caseins, γ-casein-like, and proteose peptone component 5-like peptides. J. Dairy Sci. 2002, 85, 697–706. [CrossRef] [PubMed]
52. Setyawardani, T.; Sumarmono, J. Chemical and microbiological characteristics of goat milk kefir during storage under different

temperatures. J. Indones. Trop. Anim. Agric. 2015, 40, 183–188. [CrossRef]
53. Carbonetto, B.; Nidelet, T.; Guezenec, S.; Perez, M.; Segond, D.; Sicard, D. Interactions between Kazachstania humilis yeast

species and lactic acid bacteria in sourdough. Microorganisms 2020, 8, 240. [CrossRef] [PubMed]
54. de Lima, M.d.S.F.; da Silva, R.A.; da Silva, M.F.; da Silva, P.A.B.; Costa, R.M.P.B.; Teixeira, J.A.C.; Porto, A.L.F.; Cavalcanti, M.T.H.

Brazilian Kefir-Fermented Sheep’s Milk, a Source of Antimicrobial and Antioxidant Peptides. Probiotics Antimicrob. Proteins 2017,
10, 446–455. [CrossRef]

55. Kim, D.-H.; Jeong, D.; Kim, H.; Kang, I.-B.; Chon, J.-W.; Song, K.-Y.; Seo, K.-H. Antimicrobial activity of kefir against various food
pathogens and spoilage bacteria. Korean J. Food Sci. Anim. Resour. 2016, 36, 787. [CrossRef]

56. Nazzaro, F.; Orlando, P.; Fratianni, F.; Coppola, R. Isolation of components with antimicrobial property from the donkey milk:
A preliminary study. Open Food Sci. J. 2010, 4, 43–47. [CrossRef]

57. Jeannot, K.; Sobel, M.L.; El Garch, F.; Poole, K.; Plésiat, P. Induction of the MexXY efflux pump in Pseudomonas aeruginosa is
dependent on drug-ribosome interaction. J. Bacteriol. 2005, 187, 5341–5346. [CrossRef] [PubMed]

58. Lambert, P. Mechanisms of antibiotic resistance in Pseudomonas aeruginosa. J. R. Soc. Med. 2002, 95, 22. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.idairyj.2011.01.001
http://doi.org/10.1016/j.idairyj.2005.07.004
http://doi.org/10.1016/j.foodchem.2005.10.038
http://doi.org/10.3168/jds.2017-13871
http://doi.org/10.13171/mjc55/01606022015/bouzouita
http://doi.org/10.3390/ani10020337
http://www.ncbi.nlm.nih.gov/pubmed/32093356
http://doi.org/10.1016/j.idairyj.2010.02.001
http://doi.org/10.15567/mljekarstvo.2018.0305
http://doi.org/10.1016/j.foodchem.2004.04.021
http://doi.org/10.3168/jds.2014-8755
http://doi.org/10.3168/jds.S0022-0302(02)74126-X
http://www.ncbi.nlm.nih.gov/pubmed/12018413
http://doi.org/10.14710/jitaa.40.3.183-188
http://doi.org/10.3390/microorganisms8020240
http://www.ncbi.nlm.nih.gov/pubmed/32053958
http://doi.org/10.1007/s12602-017-9365-8
http://doi.org/10.5851/kosfa.2016.36.6.787
http://doi.org/10.2174/1874256401004010043
http://doi.org/10.1128/JB.187.15.5341-5346.2005
http://www.ncbi.nlm.nih.gov/pubmed/16030228
http://www.ncbi.nlm.nih.gov/pubmed/12216271

	Introduction 
	Materials and Methods 
	Samples 
	Kefir Manufacture 
	Physicochemical and Chemical Analysis 
	Microbiological Analysis 
	Antioxidant Activity 
	Extraction 
	ABTS Test 
	DPPH Test 

	Antibacterial Activity 
	Bacterial Strains 
	Disc Diffusion Test 

	Sensory Evaluation 
	Statistical Analysis 

	Results 
	Physicochemical and Chemical Analyses 
	Evolution of Physicochemical Parameters during Storage 
	Dornic Acidity Evolution during Storage 
	Biochemical Composition Evolution during Storage Time at 4 C 

	Microbial Profile of Kefirs 
	Antioxidant Activity 
	Antibacterial Activity 
	Consumer Acceptability 

	Discussion 
	Conclusions 
	References

