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Introduction

In the last years, considerable interest has been focusing on 
donkey’s milk for human feeding and it has also been sug-
gested as a hypoallergenic substitute in children affected by 
cow’s milk protein allergy or multiple food intolerance.(1,2) 
Moreover, donkey’s milk seems to be a promising nutra-
ceutical for aged people for its capacity to upregulate the 
elderly immune response.(3,4) According to current litera-
ture, donkey’s milk differs from that of other species tradi-
tionally employed for human feeding(5) also being very close 
to human milk.(6,7) Thus, it is characterized by a low casein 
index (43% as average)(8) while the whey proteins repre-
sent an important component of the nitrogenous fraction 
(35–50%).(9) Basically, it is known that whey proteins with 
their high body value, which exceeds egg protein by 15%, 
exhibit a great nutritional and functional properties.(10–15) 
The principal whey proteins in milk from ruminants consist 

of α-lactalbumin (α-LA), β-lactoglobulin (β-LG), bovine 
serum albumin, casein-derived peptides, lactoferrin (LF), 
lactoperoxidase (LP), and immunoglobulins.(5) On the other 
hand, in domesticated equid milk, the major whey proteins 
are α-LA, β-LG, and lysozyme (LYS).(16,17) α-LA and β-LG 
are the two main whey proteins,(18,19) both synthetized in 
the mammary gland. In mare’s milk three molecular types 
of α-LA have been isolated(20) while only one genetic vari-
ant was found in donkey’s milk.(9) In cow’s milk α-LA has a 
molecular weight (MW) of 14,175 Da and is constituted by 
123 amino acid residues.(21) This protein acts as a coenzyme 
for the biosynthesis of lactose, which is an important source 
of energy for the newborn.(22) Its functional properties have 
been studied in the field of cancer prevention.(22–24) More-
over, it has been reported that α-LA contains well-digestible 
amino acids and the α-LA peptides are able to stimulate 
proliferation and maturation of T- and natural killer cells, 
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thus contributing to the defence of children against some 
pathogenic bacteria, mainly of the intestinal tract.(25)

β-LG presents several genetic variants, among that 
the β-LG A is the most common one. It consists of 162 
amino acid residues(26) and is dimeric (MW 36,000 Da)(5) 
in milk of ruminants, while it is predominantly present 
as a monomer in equine milk.(19,27,28) In donkey’s milk, 
two molecular forms with their respective amino acid 
sequences have been identified (β-LG I and β-LG II), 
β-LG I representing the major form (80% of the total).(29,30) 
β-LG is also characterized by the presence of free thi-
olic groups which represent a rich source of cysteine,(31) 
an essential amino acid. In rats, cysteine appears to 
stimulate glutathione synthesis, an anticarcinogenic 
tripeptide, produced by the liver and protective against 
intestinal tumors.(32) However, β-LA biological function 
is not completely known. Its role is thought to be related 
to a transport action for acquisition of passive immunity 
in newborn, to regulation of phosphorous metabolism at 
mammary gland,(33) to its capability to exert an antioxida-
tive activity,(31) and to bind and transport retinol to small 
intestine.(34) All these biological functions appear to be 
less important to human babies, which may explain why 
β-LA does not occur in human milk.(22)

LYS is a muramidase of 14,000–18,000 Da MW(26) 
which is present in body fluids (serum, tears, saliva) and 
secreted by mononuclear phagocytes.(35,36) In milk, LYS 
seems to be of leukocyte origin.(5) LYS enzymatically acts 
on the peptidoglycan of bacterial cell walls hydrolyzing 
the 1–4 glycosidic linkages between η-acetylmuramic 
acid and η-acetylglucosamine.(37,38) Moreover, LYS ex-
hibits a synergic antimicrobial activity together with LF 
and LP, constituting the non-immunological protective 
system in milk.(39) In human milk together with LF and 
secretory immunoglobulin A, LYS plays a key role in 
affording passive protection to infants.(40)

In donkey’s milk, two genetic variants for LYS, as LYS 
A and LYS B, have been identified,(9,30) while limited data 
are available on the composition of whey proteins and 
factors which influence their concentration.

This study was undertaken with the aims to deter-
mine in donkey’s milk the amounts of the major whey 
proteins—α-LA, β-LG, and LYS—and their variations in 
relation to lactation stage and production season. Poten-
tial benefits to human health deriving from donkey’s milk 
consumption will be highlighted.

Materials and methods

Animal
A total of 27 pluriparous, healthy lactating asses of 
Martina Franca breed, an autochthonous breed of 
Apulia region (Southern Italy), were used. The animals 
were reared at an experimental private farm located in 
the typical breeding area for this breed (Alberobello, 
South Eastern Murgia; 40°37′20″latitude, 60°17′44″ 
longitude). The animals were bred following the tradi-
tional semi-extensive breeding system which is based 

on the use of natural scrub pasture and an integration 
with oats (2.0 kg/day/head). According to the routine 
used by us for asses milking, during the trials animals 
were subjected to a twice daily milking by machine 
in the presence of foals, after a 3 h interval from foal 
separation by dams.(41,42)

Source of milk
A trial aimed at evaluating the milk content in α-LA, β-LG, 
and LYS throughout a long-term lactation of 8 months. 
Milk samples were collected from 9 asses selected ac-
cording to a close foaling date. Individual milk samples 
from morning milking were collected. The first sampling 
was carried out at 25 ± 5 days after foaling, and then every 
28 ± 2 days in correspondence of each lactation month 
until to the month 8. Milk samples were frozen and 
stocked (−20°C) until analysis.

An experiment was designed to investigate how the 
concentration of α-LA, β-LG, and LYS in donkey’s milk 
could change in relation to the season. The trial lasted a 
whole year, throughout the four seasons in Europe: Spring 
(April to June), Summer (July to August), Autumn (Sep-
tember to December), and Winter (January to March). 
Milk was drawn from nine asses at different lactation 
stages: five asses were at 1st to 3rd month of lactation and 
four asses were at fourth to sixth month. At the end of the 
6 months lactation the asses were gradually substituted 
with other asses for a total of 18 animals. Individual milk 
samples from morning milking were collected at 3 weeks 
interval for each season. Milk samples were frozen and 
stocked (−20°C) until analysis.

Preparation of milk samples
After thawing, one 10 mL aliquot from each milk sample 
was skimmed by centrifugation (Allegra X22R, Beckmann 
Coulter, Brea, CA) at 9,500 rpm for 15 min at 4°C. Caseins 
were then precipitated by adjusting the pH to 4.6 according 
to the procedure of Aschaffenburg and Drewry.(43)

RP-HPLC
The analysis of the whey proteins—α-LA, β-LG, and LYS—
was performed by reversed phase–high-performance 
liquid chromatography (RP-HPLC), using a DIONEX 
Ultimate™ 3000 System (Dionex Corporation, Sunnyvale, 
CA), according to the procedure of Vincenzetti et  al.(44) 
slightly modified. Each serum sample was filtered with 
a cartridge in cellulose acetate (pore 0.45 μm, Teknokro-
ma, Barcelona, Spain) and then diluted 1:1 with water for 
HPLC (Carlo Erba Reagents, Milan, Italy). 20 μL serum 
were then injected into a RP-HPLC column, type Waters 
Symmetry300™ (C

4
, 4.6 mm × 150 mm, pore size 3.5 μm; 

Waters Corporation, Milford, MA). The column was con-
ditioned in trifluoroacetic acid (TFA; Fluka, Buchs, Swit-
zerland)/H

2
O 1:1000 v/v (buffer B) and the elution was 

conducted with TFA/H
2
O/acetonitrile (Carlo Erba Re-

agents) 1:100:900 v/v (buffer A), according to the following 
gradient: %B = 100, time = 2 min; %B = 80, time = 10 min; 
%B = 60, time = 0.1 min; %B = 45, time = 19.9 min; %B = 45, 
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time = 3 min; %B = 100, time = 2 min. The flow was 1 mL/
min and the proteins eluted were detected at 280 nm. 
For each protein concentration analysis five dilutions of 
the standards—2.0 mg mL−1, 1.0 mg mL−1, 0.5 mg mL−1, 
0.25 mg mL−1, 0.1 mg mL−1—were also included in each 
assay series. The standards used were the following: for 
LYS, white egg LYS (Sigma-Aldrich, St Louis, MO) dis-
solved in acetonitrile/H

2
O 1:1 (v/v); for α-LA, bovine 

milk α-LA (Sigma-Aldrich) dissolved in acetonitrile/H
2
O 

1:1 (v/v); for β-LG, bovine milk β-LG (Sigma-Aldrich) 
dissolved in H

2
O. The peak area was measured using the 

method of integration valley to valley and calibration 
curves were linear in the concentration range achieved. 
Each fraction eluted in correspondence of the three chro-
matographic peaks was collected separately and then 
analyzed by sodium dodecyl sulfate–polyacrylamide gel 
electrophoresis (SDS-PAGE).

SDS-PAGE
The fractions corresponding to each protein were col-
lected separately. The eluate was deprived of acetonitrile 
using a rotary evaporator (Buchi, Flawil, Switzerland), 
frozen and then freeze-dried. The powders (5 μg) were 
then dissolved in 50 μL of running buffer and 2 μL of 
β-mercaptoethanol (Sigma-Aldrich). After 5 min of incu-
bation, the samples were analyzed by SDS-PAGE (8–18% 
gradient). Electrophoresis was performed at 12°C and 
10 mA. The proteins were visualized by Coomassie Blue 
staining. SDS and MW standard (low range) for SDS-PAGE 
were from Bio-Rad Laboratories (Hercules, CA).

The RP-HPLC chromatogram of donkey whey proteins 
and the SDS-PAGE analysis of the eluted peaks are shown 
in Figure 1. Peak A with a MW of 15.0 kDa was identified 
as LYS, peak B with a MW of 14.2 kDa was associated to 
α-LA and peak C with a MW of 19.0 kDa was identified 
as β-LG. MW found for the three proteins overlap those 
described in literature.(9,44)

Statistical analysis
Data were analyzed by least square analysis of variance 
using the GLM procedure of the SAS.(45)

Data were analyzed considering a linear model. In 
experiment I, the model included the fixed effects of 
month of lactation and animal within month of lactation, 
their interaction and the residual error. In experiment 
II, the model included the fixed effects of season and 
animal within season, their interaction and the residual 
error. Means were compared by Student’s t-test with the 
predicted difference (pdiff) option of the GLM.

Results

Effects of lactation period
Month of lactation exerted a significant (P < 0.01) effect 
on all the three whey proteins at study.

Overall, the mean content of α-LA during the 8 months 
of lactation (±SD) was 1.32 ± 0.22 mg mL−1, whit an α-LA 
to β-LG ratio of 3:4 (data not shown). Considering the 
variations during the lactation, α-LA showed the highest 
value at the first month (mean ± SE: 1.57 ± 0.09 mg mL−1) 
with a tendency (P > 0.05) to decrease until the fourth 
month (Figure 2). From the fifth month, its concentra-
tion underwent a progressive marked decreasing (0.01 
> P < 0.05), reaching the lowest value at the month 8 of 
lactation (0.94 ± 0.09 mg mL−1).

Among the three whey proteins studied, β-LG showed 
the highest concentration with a mean value (mean ± 
SD) during lactation of 1.75 ± 0.27 mg mL−1 (data not 
shown). The peak was recorded at month 4 of lacta-
tion (mean ± SE: 2.24 mg mL−1 ± 0.09; 0.01 > P < 0.05), 
after which the β-LG concentration began to decrease 
markedly (0.01 > P < 0.05) to the lowest value at month 8 
(1.38 ± 0.09 mg mL−1) (Figure 3).

During lactation, the mean concentration of LYS result-
ed to be 0.69 ± 0.09 mg mL−1 (mean ± SD; data not shown). 
By analogy to β-LG, the peak was observed at month 4 of 
lactation (mean ± SE: 0.76 ± 0.03 mg mL−1) (Figure 4). This 
value resulted to be significantly (P < 0.01) different com-
pared to 0.67 ± 0.03 mg mL−1, recorded at months 4 and 7. 300
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The lowest LYS concentration was recorded at the month 
8 (0.47 ± 0.03 mg mL−1).

Effect of season
In Figure 5 the influence of the season on α-LA, β-LG, 
and LYS concentrations is shown. Overall, the highest 

concentrations for all the three whey proteins at study 
were recorded in spring. The highest α-LA content was 
observed in spring (mean ± SE: 1.69 ± 0.08 mg mL−1; 
P < 0.01). In summer it reached the level of 1.35 ± 0.08 mg 
mL−1, resulting higher in comparison to the value re-
corded during the winter (1.13 ± 0.08 mg mL−1; P < 0.05) 
and similar to that of the autumn (1.24 ± 0.08 mg mL−1; 
P > 0.05).

β-LG showed a trend similar to that of α-LA. In 
spring, it showed the highest concentration (mean ± 
SE: 2.07 ± 0.09 mg mL−1) with a significant difference 
(P < 0.01) compared to the other seasons. The lowest val-
ue of β-LG occurred in winter (1.54 ± 0.09 mg mL−1) and 
no differences were found in comparison with summer 
(1.75 ± 0.09 mg mL−1) and autumn (1.71 ± 0.09 mg mL−1) 
contents.

Also LYS showed the lowest (P < 0.01) values in the win-
ter—autumn period (0.57–0.66 mg mL−1), while the high-
est concentration was recorded in the spring—summer 
period (0.76–0.74 mg mL−1).

Discussion

It is well known that milk is the best food for the new-
born of the mammalian species. It evolves with their 
nutritional requirement, from colostrum to milk, and 
changes its composition during lactation. In this respect, 
it could be stressed out that also donkey’s milk produc-
tion varies in terms of both quantitative and qualita-
tive aspects.(46–48) Therefore, the study of milk protein 
variations in this species is of particular interest for a 
developing industrial exploitation, also considering its 
increasing consumption in human nutrition mainly ad-
dressed to particular consumers as children with cow’s 
milk protein allergy(49–53) and elderly people.(3,4) With 
special reference to aged people, donkey’s milk adminis-
tration in these subjects promoted a significant increase 
in interleukin (IL)-8 and IL-6 (an acute phase response 
mediator) and a moderate upregulation of serum levels 
of IL-1β and tumor necrosis factor.(4) In this framework, 
it should be mentioned that previous experiments of our 
group have demonstrated an in vitro modulating activity 
of colostrum and milk from donkey on normal human 
peripheral blood mononuclear cells.(3) Both colostrum 
and milk were able to increase innate and adaptive im-
munity in terms of nitric oxide, cytokine and antibody 
production, thus affording potential protection to the 
host in in vivo conditions.

Donkey’s milk is characterized by a low protein con-
tent, ranging from 1.36 g/100 g milk to 1.9 g 100 g−1(46) with 
the whey protein content ranging from 0.49 to 0.80 g 
100g−1.(7)

Owing to the biological and functional properties of 
α-LA, β-LA, and LYS(24,25,31,38) and their major concentra-
tion in donkey’s milk,(7) in this study we have analyzed 
their content in relation to lactation stage and season. 
Overall, all these whey proteins are markedly influenced 
by both month of lactation and season.
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Considering the effect of lactation, α-LA, β-LA, and 
LYS show a similar trend with higher values during the 
first half (4 months) of lactation period. This finding 
substantially agrees with that reported by Vincenzetti 
et  al.(44) while it differs from the results of Guo et  al.(7) 
who found a more consistent trend during lactation. The 
different breeds and breeding conditions of the animals 
might explain such a discrepancy. In mares(54) and human 
milk,(55,56) it was found that whey protein concentrations 
are very high early in lactation and decrease subsequent-
ly, while the concentration of milk casein increases.

Here, the highest α-LA concentration was recorded 
at the first month after foaling but without significant 
changes until the fourth month after which it decreases. 
Of note, in Ragusana donkey breed during 60–190 days 
lactation period, the highest α-LA value was found at the 
month 3.(44)

The overall β-LG content was 1.75 mg mL−1 on average, 
which results similar to that observed by Greppi et al.(57) 
(1.12 g L−1) but much lower than that recorded in Ragu-
sana donkey by Vincenzetti et al.(44) (3.80 mg mL−1). This 
difference might be attributable to the different genotype 
of the animals. In our study, the β-LG concentration was 
also much lower than that reported in cow’s milk (1.8–
5.0 g L−1).(58) All that assumes a considerable meaning in 
nutritional terms, taking into account that β-LG protein 
is absent in human milk,(6) while in cow’s milk it has been 
identified as the main allergen together with casein.(59–61) 
β-LG as allergen is considered mainly important in in-
fants and small children.(49,62,63) Also the balance between 
casein and whey proteins may determine allergenicity 
of cow’s milk.(64) Therefore, the low content in β-LG of 
Martina Franca donkey’s milk found in this study might 
assume a considerable interest for its use in babies feed-
ing, as maternal milk substitute, since it appears to be a 
hypoallergenic food. In fact, some recent studies have 
documented its better tolerance in children with cow’s 
milk allergy.(53,65)

Also the content of LYS in donkey’s milk has to be 
evaluated in terms of side effects since it is present in 
traces in cow’s as well as in goat’s milk,(26,66,67) while it is 
one of the major components of the human milk whey 
fraction.(56) None allergic responses have been detected 
to mammalian LYS in patients with cow’s milk allergy.(68)

The mean LYS content was 0.66 mg mL−1. This value 
results to be very close to the content in human milk 
(0.50 mg mL−1),(67) comparable to that found in other 
studies (0.50–0.76 g L−1)(58,69) but lower to that found in 
Ragusana milk (1.00 mg mL−1).(44) In the present study, 
LYS shows the highest value at month 4 of lactation and 
a marked decreased at month 8. A more consistent trend 
for this protein was found by Guo et al.(7) in Jiangyue don-
key’s milk. In conclusions, other and our own data dem-
onstrate that all milk whey protein content varies among 
different breeds of donkey.

As far as the influence of production season on the 
milk protein fraction synthesis is concerned, spring af-
fects the highest concentration of the all three whey 

proteins at study. Autumn and even more winter affects 
the lowest values of α-LA, β-LA, and LYS. During spring, 
a more favorable availability of pasture for the animals 
bred under semi-extensive conditions could have influ-
enced positively the milk content of the whey proteins. A 
different trend of protein content was observed in Ragu-
sana donkey’s milk.(47) In this study, the lowest percent-
age of protein corresponded to summer and autumn. In 
cow milk, no difference in relation to the hot season was 
reported on total whey fraction(70) as well as on α-LA and 
β-LG, in particular.(71)

Conclusions

In donkey’s milk the content of the major whey proteins—
α-LA, β-LA, and LYS—is affected by lactation stage and 
season. Overall, the best milk quality corresponds to the 
first 4 months of lactation, after that all the three whey 
proteins at study decrease consistently, reaching about 
40% of their highest value at month 8. This indicates a 
decreasing capability of whey proteins synthesis by 
the mammary gland with advancing of lactation, and, 
therefore, in order to maintain a good nutritional qual-
ity of milk, it is useless to extend too much the lacta-
tion of jennies. The highest concentration of the major 
whey proteins found in spring leads to hypothesize that 
donkey’s milk quality is affected by availability and/
or quality of food. Moreover, the findings of this study 
outlines some differences among the studies carried 
out in other breeds. In particular, β-LG showed a lower 
concentration compared to Ragusana donkey breed.(43) 
Further researches to deepen the knowledge about the 
factors influencing the nutritional quality are important 
to better characterize donkey’s milk and define the op-
timal breeding system for market development. Finally, 
the role of major whey proteins in the modulation of the 
immune response in allergic children to cow’s milk and 
elderly will be object of investigation for a better under-
standing of the beneficial effects exerted by this aliment 
consumption in humans.
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