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Abstract: Milk is the most nourishing natural biofl uid. Milk bioactives contribute signifi cantly to meeting nutrient 

requirements while minimizing the risks of cancers, traumas, and metabolic complexities. Some mothers may not be 

able to feed their infants breast milk for a prolonged period. Very young infants and the elderly may be intolerant to cow 

milk and its proteins and cholesterol. Th us, viable substitutes are needed to complement human breast milk in such cases. 

Th is review describes the most signifi cant research fi ndings to date and highlights the special nutritional and health 

properties of donkey and mare milks as promising substitutes for cow and human milks. Donkey and mare milks have 

similar biophysical and biochemical characteristics to human milk. Th us, their consumption can minimize allergies, 

hyperlipidemia, and related abnormalities occurring with cow milk consumption, particularly in infants, children, and 

the elderly. Despite the limited Equidae dairy production and research data, the emerging perspectives should fuel 

more research that will form the base for commercial investments in breeding dairy Equidae and manufacturing value-

added Equidae dairy products. Eff ective education and renewed data dissemination are among the requirements for 

developing the unbiased science of cow, human, and Equidae milk. Th ese are to ensure adequate public awareness of 

livestock milk’s nutritional and functional values and its contribution to maintaining optimum human health.
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Introduction

Depending on the nature of animal ecology, 
evolution, genetics, and feeding management, milk 
composition and nutritional properties diff er vastly 
among species (Table). Th e highest per capita dairy 
consumption is in Western Europe, Scandinavia, 
Australia, and Canada (1), emphasizing the necessity 
of ongoing education and insight dissemination in 
these and other world regions of the human health 
implications of livestock milk. Cow milk contributes 
about 85% to the total world milk production (1,2). 
Th e average nutrient intakes in many regions are 
still well below minimum daily requirements of 70 
g of protein and 800 mg of calcium (3). Insuffi  cient 

palatability, protein related allergies, unfavorable 

immune responses, hyperlipidemia, and gut 

intolerances continue to limit cow milk preference 

for certain groups of people including infants, 

children, newly lactating mothers, and the elderly 

(4,5). Consequently, research has focused on the 

biochemical description and nutritional capacity 

of milk from other less-known species with the 

potential to substitute for cow milk and human 

breast milk (6-11). Th us, eff ective public education 

on the nutritional importance of noncow milks is 

an evolving necessity. Donkey and mare milks have 

been found to be the most similar to human milk, 

thus receiving increasing research and commercial 
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interests for infant and elderly nutrition (12). Th e 

primary objective of this review is to delineate 

research-based nutritional and health properties and 

assess the implications of Equidae milk as a potential 

substitute for cow and human milks for optimum 

human nutrition and health in diff erent age groups.

Milk and humans: a science update

Milk is biosynthesized from volatile fatty acids, 

ammonia, peptides, and microbial mass resulting 

from reticulorumen fermentation of plant cell wall 

and solubles (13,14). Consequently, milk is made 

of numerous bioactives functioning beyond their 

nutritional importance (15,16). As such, milk is 

considered the most natural functional biofl uid. Th e 

bioactives includes essential amino acids, specialized 

casein and peptides, lactalbumins, immunoglobulins, 

nucleosides, nucleotides, unsaturated and conjugated 

linoleic acids, sphingomyelins, and fat soluble 

vitamins and calcium (16,17). However, the rising 

concerns of infant allergies, adult cardiovascular 

issues, and aging complexities, at least in part due 

to improper cow milk nutrition, have contributed 

to a global demand for healthier substitutes (18). 

Very early neonatal cow milk intake has been related 

to insulin-dependent diabetes (19,20). Despite all 

the health and nutritional benefi ts of cow milk, 

viable substitutes are required for such specifi c 

circumstances. Th e following sections will focus on 

the science of Equidae milk, including mare and 

donkey milks.   

Donkey milk as a substitute

Donkey milk biochemistry is similar to that of 

human milk (5). However, limited data exist on the 

biochemical and nutritional properties of donkey 

milk. Donkey milk is very similar to mare milk, with 

low total solids (8%-10%) and protein (1.5%-1.8%) 

contents and high lactose (6%-7%) content. Donkey 

milk fat ranges between 0.28% and 1.82% (6,21). 

Milk protein has 47.3% casein and 36.9% whey 

and has a reasonably high β-lactoglobulin content 

of about 30% (22). It is also rich in peptide-bound 

amino acids (AAs) and essential AAs. Compared 

with all other milks, donkey milk is the richest in 

valine and lysine. Its special peptides stimulate 

intestinal functional recovery and development via 

growth factors and protective agents (5). As such, 

donkey milk is considered a suitable alternative for 

cow milk-intolerant infants (5,23). Donkey milk 

favorably aff ects osteogenesis and atherosclerosis, 

coronary heart disease, and cholesterolemia (24). 

Table. Average milk composition per kilogram of milk in diff erent species 

Component Cow Donkey Mare Human

Fat, g 40 11 13 40

Protein, g 34 17 21 19

Lactose, g 48 66 64 65

Minerals, g 7 4 4 2

Solids, nonfat, g 90 92 93 73

Total solids, g 133 102 105 121

Cholesterol, mg 140 22 45 200

Calcium, mg 1200 680 890 320

Phosphorus, mg 930 500 560 140

Saturated FA, g 24 4 4 18

Monounsaturated FA, g 11 2 3 16

Polyunsaturated FA, g 1 4 5 5

  

FA = fatty acids.
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However, because of limited donkey milk production, 

the quantities available for human consumption are, 

in realistic scales, still inadequate. China has the 

highest number of donkeys worldwide at 8,000,000 

(12). China has recently improved donkey milk 

production via advanced breeding strategies to an 

annual milk yield of 40,000 t (12,25). Human milk 

protein contents, and its ratio of casein to total 

protein, are low and similar to those of donkey and 

mare milks (26). Donkey milk is considered the 

most similar natural milk to human milk. Pediatric 

research data support its use in infant nutrition (27).

Human milk must develop a soft  curd for eff ective 

assimilation in the infant gut. Such a soft  curd is 

partly due to lower soluble calcium. It is convincing 

that in many regions of the world infants have been 

safely fed donkey milk instead of cow milk (26,28). 

Cow and buff alo milks make harder curds more 

favorable for cheese-making. Th ese should be diluted 

with water before feeding them to infants. A recent 

study on Jiangyue donkeys in northwestern China 

showed that the milk contained 9.5% total solids, 

1.6% protein, 1.2% fat, 6.3% lactose, and 0.4% ash, 

similar to mare and human milks (12). Donkey 

milk is rich in β-lactoglobulin and lysozyme. Th e 

percentage of 8 essential AAs in donkey milk protein 

was about 38%, higher than that of mare and cow 

milks. Donkey milk protein has greater serine (6.2% 

vs. 4.8% and 5.1%), glutamic acid (22.8% vs. 23% and 

17.8%), arginine (4.6% vs. 3.3% and 4%), and valine 

(6.5% vs. 4.8% and 6%) and lower cystine (0.4% vs. 

0.6% and 1.7%) compared to cow and human milks, 

respectively (12). Donkey milk proteins primarily 

include αS1- and β-caseins, lysozyme, α-lactalbumin, 

and β-lactoglobulin (29). Th e average β-lactoglobulin 

and α-lactalbumin contents are 3.75 and 1.8 mg/mL, 

respectively, with a high lysozyme content (1.0 mg/

mL) compared with other milks (29).

Donkey milk bioactives can enhance interleukin-2 

(IL-2), interferon-γ (IFN-γ), interleukin-6 (IL-6), 

tumor necrosis factor-α (TNF-α), and interleukin-

1β (IL-1β) secretion (9). Specialized proteins and 

lysozyme act to depress tumor proliferation and 

destroy tumors, through activating lymphocytes 

and macrophages (9). As such, donkey and goat 

milks are considered nutraceuticals in replacing 

human and cow milks at times of allergy, atopy, 

and infl ammatory conditions. Th ey also modulate 
immunity and nitric oxide (NO) and IL-8 release, 
or potent antiatherogenic vasodilators (30,31). 
Fermented donkey milk modulates immunity in the 
elderly with intestinal mucosal immune responses 
(31). Donkey milk and colostrum induce NO release 
and CD25 and CD69 expression on human peripheral 
blood mononuclear cells (11). In addition, donkey 
milk induces interleukins (IL-12, IL-1β, and IL-10) 
and TNF-α. Th ese imply a potential in preventing 
atherosclerosis and reducing immune depression.

Recent studies suggest highly similar protein 
fractions of donkey and human milks (8,32), both 
being hypoallergenic and suitable for infant nutrition 
(33) and cosmetic materials (34,35). Th e high lactose 
content suits the making of fermented products 
and drinks (7), further highlighting donkey milk’s 
potential role in human nutrition (10,36). Raw 
donkey milk has a low bacteria count (about 4 × 
104 CFU/mL), which is related to its high lysozyme 
content, which stabilizes pH. Donkey milk has been 
a growth medium for probiotic L. rhamnosus strains 
(7). It thus may be used in manufacturing commercial 
probiotic supplements (7,37).

Mare milk as a substitute

Mare milk’s protein content is higher than that of 
human milk and lower than cow milk. Its casein 
content is also medium, being between that of 
human and cow milks. However, mare milk’s fat 
content is lower than both those of human and cow 
milks (38). Mare and human milks are similar in 
milk fat diglyceride and triglyceride distribution, 
with polyunsaturated fatty acids (PUFAs) being 
higher in mare and human milk fats than in cow 
milk fat. As such, mare milk is more suitable than 
cow milk for human and infant feeding (38). In 25 
children in an age range of 19-72 months old with 
immunoglobulin-E-mediated cow milk allergy, all 
showed strong positive skin test responses to cow 
milk, whereas only 2 children did so to mare milk. 
Again, all the children showed a positive response 
to an oral food cow milk challenge, whereas only 
one child reacted to mare milk (4). Based on these 
fi ndings, mare milk may be a suitable substitute for 
cow milk in young human nutrition.

Mare milk solids change across lactation. Milk 
total solids and fat contents were respectively 24.25%-
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26.28% and 2.85%-2.93% on the fi rst day, 12.15%-
12.78% and 2.05%-2.17% on days 2-5 postpartum, 
and 10.37%-10.61% and 1.04%-1.32% on days 8-45 
postpartum (39). Great diff erences exist in milk 
fatty acid composition between mare and cow milks. 
Mare-to-cow milk fat ratios of octanoic, decanoic, 
dodecanoic, linoleic, linolenic, stearic, myristic, 
and palmitic acids were 9.6, 3.1, 2.1, 4.4, 224, 0.2, 
0.6, and 0.5, respectively. Mare colostrum contents 
of vitamins A, D

3
, K

3
, and C were respectively 0.88, 

0.0054, 0.043, and 23.8 mg/kg, which were 1.4-2.6 
times their levels in milk (i.e. 0.34, 0.0032, 0.029, and 
17.2 mg/kg). Vitamin E content is similar between 
mare colostrum and milk (1.342 and 1.128 mg/kg, 
respectively), being similar to cow milk (39).

Total protein, whey protein, casein, and 
nonprotein nitrogen (NPN), respectively, were 
16.41%, 13.46%, 2.95%, and 0.052% in colostrum; 
4.13%, 2.11%, 2.02%, and 0.043% in milk at 2-5 days 
postpartum; and 2.31%, 1.11%, 1.20%, and 0.031% 
in milk at 8-45 days postpartum (40). Milk ratios 
of true and whey proteins to total protein decreased 
while casein and NPN increased from foaling to 45 
days in milk. However, milk AAs decreased in the 
same period. Mare mammary secretions’ biological 
value is the highest (132.3) immediately postpartum 
due to high threonine and lysine levels, decreasing 
to 119.7 at 5 days postpartum and 107.9 at 45 days 
postpartum (40), suggesting much higher biological 
values than cow milk. Calcium is lowest immediately 
aft er foaling (747.7 mg/kg) and highest at 5 days 
postpartum (953.7 mg/kg) (40).

Pregastric fermentation and fatty acid saturation 
dilute eff orts that aim to increase cow milk PUFA 
levels (41,42). Mare milk contains higher α-linolenic 
acid (ALA) and linoleic acid (LA) (i.e., essential 
fatty acids, EFA) that are precursors of omega-3 
and omega-6 PUFA, respectively (39). ALA (C

18:3n-3
) 

and eicosapentaenoic acid (EPA; C
20:5n-3

) give rise 
to prostaglandins such as prostacyclin (PGI) with 
vasodilatory eff ects, thromboxane (TXA) with 
vasoconstrictive eff ects, and docosahexaenoic acid 
(DHA; C

22:6n-3
). Linoleic acid (C

18:2n-6
) makes other 

groups of prostaglandins (PGI
2
) and TXA (43,44). 

Mare milk has large EFA proportions, especially of 
linoleic acid, that cannot be produced by humans. 
Th e LA to ALA ratios of 1.3-2 make mare milk also 
suitable for infant nutrition. Th e liver transforms 
LA and ALA to EPA, DHA, and arachidonic acid. 
Th ese PUFAs enhance endothelial NO synthesis, 
inhibit proinfl ammatory cytokine production, lower 
cholesterolemia, and lower risks of atherosclerosis 
and coronary heart diseases (45). Mare milk’s 
saturated-to-unsaturated fatty acids ratio is about 1.2 
(46), which suits human and infant nutrition.

Implications

Milk contains numerous bioactives that function 
beyond their nutritional signifi cance. Such nutritional 
properties, especially for noncow milks, are to be 
continuously disseminated to advance the public 
awareness of an unbiased livestock milk science. 
Allergies, and immune and gut complexities, may 
arise by consuming cow milk, especially in certain 
groups including infants, patients, and the elderly. 
Th us, viable substitutes are required for cow and 
human milk for such groups that are highly reactive 
and sensitive to allergies and anaphylactics. Equidae 
milk is considered very similar to human milk. 
Although Equidae dairy pr  oduction and research 
data are limited, the emerging knowledge and 
perspectives should fuel more research that will base 
commercial investments in breeding dairy Equidae 
and manufacturing value-added dairy products. 
Eff ective education and data dissemination is an 
ongoing priority for the promising nature of such 
substitutes to be optimally assimilated by the public 
into routine dietary practices to optimize human 
nutrition and health.
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