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Abstract 

The aim of the present study was to investigate the 
whey proteins profile of raw donkey’s milk from an 
 autochthonous Domestic Balkan donkey breed during 
the lactation period from 45 to 200 days. 

The following parameters were determined: whey pro-
teins, alpha-lactalbumin, beta-lactoglobulin, lysozyme 
and lactoferrin. A technique use for determination of 
the protein profile is chip-based separations on the 
 Agilent 2100 bioanalyzer. 

The content of alpha-lactalbumin (2740 - 1300 mg/L), 
beta-lactoglobuline (260 - 139 mg/L) and lysozyme 
(2970 - 1670 mg/L) had a tendency to stabilize during 
mid-lactation period (100th - 150th day), after that it 
tended to decrease, in a straight line to the end of lac-
tation. The immunoglobulin had an increasing trend, 
which was best manifested on 100th day (88 mg/L), 
but thereafter they showed decreasing trend (26 
mg/L). The content of whey protein and lactoferrin de-
creased quite linearly (84 - 6mg/L), with the lactation 
progressed (80th - 125th day). The content of serum 
albumin (238 - 113 mg/L) showed a stabilizing trend 
observed in the middle period of lactation. 

Based on results obtained in our study, more in-depth 
information on lactation and milk characteristics in 
donkeys are provided. 
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1. Introduction

There is a particular worldwide interest for the con-
servation and breeding of the local breeds of animals 
due to their superior biological traits (Pelmus et al. [1]). 
Donkey produces nutritious milk for human consump-
tion and this milk is naturally available in Serbia. 

The protein concentration changes significantly dur-
ing lactation, while the greatest change occurs in the 
whey protein fraction (Taddese [2]).

Approximately 35 - 50% of the proteins in donkey’s 
milk are whey proteins, while the proportion in cow’s 
milk is much smaller, only 20% (Herrouin et al. [3]). 

Donkey’s milk is characterized by a low ratio of casein/
whey proteins (1.04 average) (Guo et al. [4]) and a key 
role in sensitizing the protein fraction of cow’s milk, 
or low ratio reduces the occurrence of allergic to milk 
(Tidona et al. [5], Burumi [6]). The ratio of casein/whey 
protein, which changes during lactation decreases 
from (1.33 to 0.60) (Tidona et al. [5]; Burumi [6]). Don-
key and human milk form a softer clot and the time of 
digestion in the stomach about 2 hours after intake of 
milk in the body, which increases the digestibility and 
absorption of soluble proteins, and the reason is more 
favorable ratio of whey protein and casein in the milk 
of these animals (Park et al. [7]). 

In general, the composition of donkey milk whey proteins 
shows a 100% similarity to the human milk contained 
the amino acid sequences. Between, the alpha-lactalbu-
min and lactose is a protein subunit of the enzyme that 
catalyzes the biosynthesis of lactose (Bertino et al. [8]). 

In equine milks, whey proteins are principally constituted 
by α-lactoalbumins, β-lactoglobulins and lysozyme to-
gether with minor components such as serum albumin 
and lactoferrin (Cunsolo et al. [9]). β-lactoglobulin exists 
predominantly as monomerin equine milks, whereas this 
protein is dimeric in milk of ruminants (Herrouin et al. [3]). 

70% of β-lactoglobulin from donkey’s milk is digestible, 
which is twice more than in cow’s milk. Thus a greater 
percentage of β-lactoglobulin digestible may also im-
prove the yield of peptides in the stomach bioaktiving 
(Inglistad et al. [10], and Tidona et al. [5]). 

Although the donkey’s milk present high levels of 
lysozyme 4 g/L, the content is reduced during lactation 
(Guo et al. [4]). This enzyme, together with other factors 
including immunoglobulin and lactoferrin may func-
tion in the infant’s digestive tract to reduce the inci-
dence of gastrointestinal infections (Businco et al. [11]). 
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The Domestic Balkan donkey’s is an autochthonous 
breed primarily farmed in the Northern and Eastern 
regions of Serbia (Food and Agriculture Organization 
[12]; Kugler et al. [13]). In the present work, the content 
of whey protein fraction in donkey’s milk was deter-
mined at different stages of lactation (45, 60, 80, 100, 
125, 150, 170, 200 days after parturition) by using chip-
based separations on the Agilent 2100 bioanalyzer. 

2. Materials and Methods

2.1 Animals and biological samples

Donkeys’ milk samples were collected immediately 
after morning milking from “Zasavica” Special Nature 
Reserve.To determines the milk quality parameters, 
as well as the milk protein profile, milk samples were 
obtained from 10 female Balkan donkey breed after 
parturition. Milking was done manually twice a day on 
45th, 60th, 80th, 100th, 125th, 150th, 170th, 200th day 
of lactation.

2.2 Determination of whey protein profile

Milk proteins were further separated by SDS-PAGE 
electrophoresis on the Agilent 2100 bioanalyzer (Agi-
lent Technologist, Santa Clara, CA, USA) in combination 
with the Protein 80 Plus Lab Chip kit and the dedicat-
ed Protein 80 software assay on 2100 expert software. 
Sample preparation was carried out according to Ti-
dona et al. [5] with some modifications. Milk samples 
were diluted in 1 : 1.5 (v/v), sample : buffer (0.125m Tris-
HCL, 4% SDS, 2% glycerol, 2% β-mercaptoethanol, pH 
6.8) and heated at 100 0C for 5min.

2.3 Statistical analysis

Analysis of variance and Duncan’s multiple range test 
were performed using the software software package 
Statistica 9.1 for Windows, Stat Soft, Tulsa, Oklahoma, USA, 
2009. Differences were considered significant at p < 0.05.

3. Results and Discussion 

The changes of whey protein concentration from don-
key’s milk during the lactation period are shown in Table 1. 

Whey proteins from donkey milk are characterized 
by the presence of high intensity α-lactalbumin and 
lysozyme bands. α-lactalbumin are the major whey 
protein in donkey milk and high content, obtained in 
this study, was very similar to that found in human milk 
2200 mg/L (Vincenzzeti et al. [14]). High concentration 
of lysozyme identified in donkey’s milk, was very high 
compared to cow’s milk (0.09 mg/L) and human milk 
(40-200 mg/L) (Polidori et al. [15]). Concentration of 
β-lactoglobuline in donkey milk was significantly low-
er than the concentration of α-lactalbumin. 

The α-lactalbumin ranged from 2740 to 1300 mg/L, 
β-lactoglobuline from 260 to 139 mg/L and lysozyme 
from 2970 to 1670 mg/L, with tendency to stabilize 
during mid-lactation period (100th - 150th day). After 
that period, it tended to decrease, in a straight line to 
the end of the lactation period. The results obtained in 
this research were consistent with those obtained from 
other authors (Paolicelli [16], and Fox et al. [17]). 

Results presented in Table 1 show that lactoferrin con-
centration range from 41 to 6 mg/L and decrease dur-
ing the entire lactation period. 

The immunoglobulin had an increasing trend, which 
was best manifested on 100th day (88 mg/L), but there 
after showed decreasing trend. Similar to immuno-
globulin, serum albumin contains a high concentration 
to 100th days of lactation (237 mg/L), but there after 
showed decreasing trend. A similar trend was reported 
by (Guo et al. [4]). Data from this study are an impor-
tant reference for an in-depth knowledge of donkey 
milk and in particular for the Domestic Balkan breed.

Table 1. Changes of whey proteins fraction in the donkey milk throughout the lactation period

Concentration 
(mg/L)

Time of milk sampling, lactation stage, day

45 60 80 100 125 150 170 200

α-lactalbumin 2730 2740 2450 2590 1700 1580 1980 1300

β-lactoglobulin 260.2 263.3 207.4 211.2 200.2 212.7 139.4 141.7

Serum Albumin 113.1 115.2 238.4 236.8 202.1 191.7 217.8 192.2

Immunoglobulin 47.6 55.2 73.3 88.3 60.3 46.7 37.4 25.9

Lysozyme 2970 2490 2350 2490 2300 2210 1940 1670

Lactoferrin 41.4 30.6 25.5 21.9 16.1 13.2 12.6 6.4
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4. Conclusions 

- Whey protein content in donkey milk varies through 
lactation period. The main components of donkey 
whey proteins are α-lactalbumin and lysozyme respec-
tively. The specific a preferred whey protein fraction in 
donkey milk can be a good indicator of its importance 
of milk in the diet of children and adults.

- The results of whey protein concentrations from Bal-
kan donkey’s milk during lactation period, obtained in 
this study, can be used as a valuable aid to optimize 
the use of donkey milk for human feeding.
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