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ABSTRACT

Nowadays, consumers choose food products, pay attention not only to their nutritional value and taste, but also to
health-promoting properties. Milk from various animal species is a rich source of health-enhancing components
present in the fat, protein and water fractions. They exert a multidirectional impact on the human organism and
limit the risk of development of many lifestyle diseases. There are differences in the content of bioactive ingredi-
ents in milk from various animal species. In comparison with cow milk, which is of key importance in the world
production, sheep and donkey milk contains higher amounts of whey proteins (mainly $-Lg) and polyunsaturated
acids. Camel milk deserves special attention as well due to its high content of antibacterial substances, i.e. lactofer-
rin and lysozyme, as well as vitamins C and E. Importantly, milk and dairy products are a rich source of essential
amino acids and minerals (mainly calcium), indispensable for normal functioning of the human organism. Due
to the presence of antioxidants, i.e. -Lg, lactoferrin, CLA, and vitamins E and C, they are classified as natural

antioxidants.
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INTRODUCTION

At present, products exerting a beneficial effect on the
human organism are assigned great importance by con-
sumers. Undoubtedly, one of such products is milk and
dairy products, which account for approximately 25-30%
of the average human diet [Khan et al. 2019]. They play
an important role in human nutrition as a source of not
only essential nutrients but also active biological com-
ponents, which have a wide range of health-enhancing
properties beneficial for the human organism. These com-
ponents are contained in the fat, protein, and water milk
fractions [Kuczynska et al. 2013, Vanitcharoen et al.
2018]. Noteworthy, cow milk is definitely the most pop-
ular in most countries of the world — 85% of the world
milk production is derived from cattle. However, in cer-
tain parts of the world, milk from other animal species
also has a significant share in milk consumption. Except
for bovine milk, 11% of the world production is from
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buffalo milk, followed by caprine and ovine milks, 12.3
and 1.7%, respectively [FAO 2015]. In turn, camel milk
is widely consumed in Arab countries. Donkey milk has
also gained popularity recently, as it has the most similar
composition to that of human milk in (Table 1).

Milk protein

The main protein in milk is casein, which accounts
for about 80% of the total protein content. In turn,
20-25% of cow milk proteins are whey proteins, i.e. al-
bumin (a-lactalbumin, B-lactoglobulin, and bovine serum
albumin), immunoglobulins, and proteose-peptones as
well as glycomacropeptides, lactoferrin, growth factors,
hormones, and numerous enzymes, including lysozyme
[Krdl et al. 2011, Brodziak et al. 2017].

In addition to their obvious nutritional value, milk
proteins and their decomposition products serve numer-
ous biological functions. Casein is the most useful protein
for the synthesis of hemoglobin and blood plasma pro-
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Table 1. Basic chemical composition of milk from different animal species and human

Cow Goat Sheep Buffalo Camel Donkey Human
Dry matter, (%) 12.4-13.0 12.1-15.0 17.0-19.1 15.7-17.2 12.4 9.0-11.7 10.7-12.9
Protein, (%) 3.2-4.0 2.8-5.2 4.5-7.0 3.6-4.7 3.0-3.3 1.4-2.0 0.9-1.9
Fat, (%) 3.4-45 3.4-45 53-93 52-9.0 3.2-3.8 0.3-1.8 2.1-4.0
Lactose, (%) 4454 3.9-5.0 3.9-5.0 3.2-47 4345 5.8-7.4 6.3-6.9
Ash, (%) 0.7-0.8 0.7-0.9 0.9-1.0 0.8-0.9 0.8-1.1 0.3-0.5 0.2-0.3

Table based on research conducted by Park et al. 2007, Giambra et al. 2014, Kapadiya et al. 2016, Temerbayeva et al. 2018, Khalifa and Zakaria 2019,
Numpaque et al. 2019, Soliman and Shehata 2019, Vianna et al. 2019, da Silva et al. 2020, Faccia et al. 2020, Derdak et al. 2020, Garau et al. 2021.

Table 2. Biological activity of whey proteins
Protein Biological activity
Casein — enhancement of calcium and phosphorus availability

B-lactoglobulin

a-lactalbumin

Serum albumin

Immunoglobulins

Glycomacropeptide

Lactoferrin

Lactoperoxidase

Lysozyme

— synthesis of hemoglobin and blood plasma proteins
— anti-cancer activity

— opioid effect

— reduction of blood pressure

— involvement in the binding, translocation, and accumulation of fat-soluble compounds, e.g. retinoids, free fatty acids, or

vitamin D

— ability to bind and transport sodium, calcium, or mercury ions
— anticarcinogenic, antiviral, and antibacterial properties

— potential antioxidant role

— involvement in passive immunity

—role of a precursor of bioactive peptides

— effector of lactose synthesis in the mammary gland

— calcium carrier

— anticancer effect

— stimulation of the growth of normal intestinal microflora; activity against Gram—positive bacteria
— antiviral activity

— immunological factor increasing immunity in newborns

— precursor of bioactive peptides

— participation in the metabolism, binding, and transport of fatty acids and other small molecules, including metal ions
(e.g. calcium)

— prevention of fatty acid peroxidation

— anticancer effect (especially in breast and colon cancer)

— precursor of bioactive peptides

— specific immune protection

— antibacterial and anticoagulant effect
— regulator of gastrointestinal hormones

— binding of iron, calcium, copper, aluminum, and manganese ions
— bactericidal and bacteriostatic activity

— antioxidant effect

— anticancer effect

— component of non-specific systemic immunity

— cell growth regulator

— antifungal activity

— antiviral activity

— antiparasitic activity

— precursor of bioactive peptides

— antibacterial activity

— antibacterial activity; synergistic effect with immunoglobulins, lactoferrin, and lactoperoxidase
— component of non-specific humoral immune mechanisms

— antifungal properties

— anti-inflammatory properties

— analgesic activity

Table based on research conducted by Krdl et al. 2011, Kuczynska et al. 2013, Bucevi¢-Popovi¢ et al. 2014, Piovesana et al. 2015, Beghelli et
al. 2016, Al-Asmari et al. 2017, Arab et al. 2017, Ayyash et al. 2017, Brodziak et al. 2017, Homayouni-Tabrizi et al. 2017, Khan et al. 2019,
Yilmaz-Ersan et al. 2018, Mercha et al. 2019, Bulca and Giiveng 2020.
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teins in mammalian organisms. It is involved in the con-
centration, stabilization, and supply of elements, mainly
calcium and phosphorus. One of its important functions
is to support digestion and prevent retention of food con-
tents in the stomach [Haque et al. 2010, Bartowska et al.
2011]. It should be emphasized that the content of whey
proteins is particularly important for health. They have
biological activity and strong antibacterial, antiviral, and
antioxidant properties [Sharma and Singh 2014, Yadav
et al. 2015, Homayouni-Tabrizi et al. 2017, Mercha et
al. 2019], Table 2. They have an impact on the gastroin-
testinal, immune, circulatory, and nervous systems and
reduce the risk of many lifestyle diseases, e.g. atheroscle-
rosis, obesity, diabetes, cancer, and even Alzheimer’s dis-
ease or HIV [Krdl et al. 2011, Kuczynska et al. 2013].
The content of proteins in the diet, mainly immunoglob-
ulins, lactoferrin, and lysozyme, is one of the determi-
nants of the proper immune response of the organism
[Krdl and Brodziak 2015]. Whey proteins, especially -
LG and lactoferrin, exhibit the highest antioxidant po-
tential in comparison with proteins present in other food
products. This is related to the high content of sulfur
amino acids, especially cysteine, which is essential for
glutathione synthesis [Yilmaz-Ersan et al. 2018].

The content of different proteins in milk obtained
from different animal species varies (Table 3). The rich-
est source of protein is sheep milk, which contains the
highest content of casein, e.g. two- to three-fold higher
amounts of B-casein and B-lactoglobulin in comparison
with milk from other species [Balthazar et al. 2017,
Claeys et al. 2014, Selvaggi et al. 2014]. Human and
camel milk does not contain -lactoglobulin, i.e. the basic
whey protein in the milk of ruminants. In turn, this type of
milk is a richer source of antibacterial proteins (lactofer-
rin and lysozyme) than milk from other lactating animals
[Szwajkowska et al. 2011]. Donkey milk is becoming in-
creasingly popular among consumers. It is regarded as the
best substitute for human milk due to the similar chemi-
cal composition [Monti et al. 2012, Polidori et al. 2015].
In turn, buffalo milk has the most similar composition
to that of cow milk, but the former contains more casein
[Abd El-Salam and El-Shibiny 2011, Islam et al. 2014].

Essential amino acids, which are abundant in milk
and dairy products, are highly important for the human
organism [Rafiq et al. 2016, Khan et al. 2019]. As shown
in Table 4, milk is the rich source of essential amino
acids. It fully covers the demand for these compounds.
Whey proteins are characterized by a high total level
of essential amino acids, which are of great importance
in human nutrition. They have high contents of sulfu-
ric amino acids, which exert a positive effect on human
health, indirectly contributing to protection against the
growth of cancer cells. Whey proteins are also a rich
source of tryptophan, which increases the ability of the
organism to cope with stress and is the basis for the
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biosynthesis of vitamin PP necessary for the proper func-
tioning of the brain and nervous system as well as the
production of sex hormones. In comparison with other
food proteins, whey proteins have a higher level of ly-
sine, isoleucine, leucine, tryptophan, and threonine. The
content of amino acids in selected proteins is presented in
table 5. The consumption of 14 g of whey proteins fully
covers the daily requirement for amino acids in an adult
person weighing 70 kg. This amount is equivalent to 23 g
of casein or 17 g of egg white [Szczurek 2008].

As suggested by current hypotheses, in addition to its
basic functions, each protein can play the role of a pre-
cursor of bioactive peptides [Abdel-Hamid et al. 2017,
FitzGerald et al. 2020]. Released bioactive peptides exert
a beneficial effect on the human organism through their
antithrombotic, antibacterial, antioxidant, and opioid ac-
tivity [Behera et al. 2012, Islam et al. 2014, Martinez-
Augustin et al. 2014, Saini et al. 2014, Shanmugam et al.
2015, Tenore et al. 2015, Marcone et al. 2017, Guha et
al. 2021]. Noteworthy, milk and dairy products, mainly
cheese and fermented beverages, are a rich source of
bioactive peptides [Szwajkowska et al. 2011, Garau et
al. 2021]. Many peptides are produced during cheese
ripening, e.g. casomorphine, which is an opioid from the
same family as morphine. Casomorphines can cross the
human intestinal barrier and influence the nervous, gas-
trointestinal, and immune systems. They are also believed
to exert an impact on the cardiovascular and respiratory
systems [Park and Nam 2015]. In turn, casoplatelins,
i.e. anticoagulant peptides preventing the formation of
an insoluble fibrin clot from fibrinogen, are formed dur-
ing yoghurt production. Peptides with similar activity
to that of morphine are also produced from whey pro-
teins; they are referred to as lactorphins. Concurrently,
they act as inhibitors of ACE (angiotensin-converting en-
zyme), which catalyses the generation of angiotensin II,
i.e. a hormone increasing blood pressure. Additionally,
B-lactotensin, lactokinin, and B-lactosine have been iso-
lated in B-LG sequences. These peptides are ACE in-
hibitors as well [Krél and Brodziak 2015, El-Sayed
and Awad 2019]. Milk and dairy products are also the
primary source of peptides with antioxidant properties
[Tenore al. 2015]. These peptides usually consist of 5-11
amino acid residues, including hydrophobic ones (pro-
line, histidine, tyrosine, tryptophan, or cysteine) exerting
antioxidant activity in the free form [El-Sayed and Awad
2019]. Such activity is demonstrated by B-casein and
released peptides with the VKEAMAPK, AVPYPQR,
KVLPVEK, VLPVPEK sequences and by ayj-casein
with the YFYPEL sequence [Darewicz et al. 2015].
Timén et al. [2014] identified three peptides with rad-
ical scavenging activity in Burgos cheese derived from
as1-casein (SDIPNPIGSENSEKTTMPLW) and B-casein
(YQQPVLGPVRGPFPIIV; LLYQQPVLGPVRGPFPIIV).
A large number of antioxidant biopeptides have also
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Table 3. Protein content in milk from various species animals and human

Protein, g - L' Cow Goat Sheep Buffalo Camel Donkey Human
Total casein 24-28 23-46 42-59 32-49 26 6.4-10.3 2442
asi-casein 9.5-12 3.0-7.0 11-22 9 4-5 1.5 0.77
asp-casein 1.6-4 3.0-4.0 0-13 5 2-3 0.1 -
B-casein 9-15 11-15 15-36 12-21 12-13 4 3-5
K-casein 2.0-3.5 2-7 5-12 4-6 0.7 - 1-3
Total whey protein 6-8 3.7-7.0 6-9 5-6 5.9-8.1 4.9-8.0 6.2-8.3
a-lactoalbumin 1.0-1.8 1.7-3.3 1.35 1.4 1.3 1-2 2-3
B-lactoglobulin 2.8-3.5 3.0 4.6-7.0 3.9 - 3.3-4.0 -
serum albumin 0.43-0.57 - 0.4-0.6 0.29 0.4 - 0.3
lactoferrin 0.1-0.2 0.1 0.28 0.03-3.4 0.2 0.08 1-3

Table based on research conducted by Korhonen 2009, Abd El-Salam and El-Shibidy 2011, Selvaggi et al. 2014, Hazebrouck 2016, Mati et al.
2016, Pastuszka et al. 2016, Balthazat et al. 2017, Vincenzetti et al. 2017, Khan et al. 2019, Verruck et al. 2019, Garau et al. 2021.

Table 4. Amino acid content (g - 100 g™') in milk from various species animals

Amino acid Cow Goat Sheep Buffalo Camel
Aspartic acid 7.8 7.4 6.5 7.1 6.9
Threonine 45 5.7 44 5.7 4.1
Serine 4.8 52 34 4.7 43
*Glutamic acid 232 19.3 14.5 21.4 18.1
Proline 9.6 14.6 16.2 12.0 12.0
*Cysteine 0.6 0.6 0.9 0.6 1.9
Glycine 1.8 2.1 3.5 1.9 2.1
Alanine 3.0 3.6 2.4 3.0 2.1
*Valine 4.8 5.7 6.4 6.8 4.1
*Methionine 1.8 3.5 2.7 0.9 2.0
“Isoleucine 42 7.1 4.6 5.7 4.9
‘Leucine 8.7 8.2 9.9 9.8 6.1
*Tyrosine 4.5 4.8 38 39 3.1
Phenylalanine 4.8 6.0 43 4.7 4.0
*Histidine 3.0 5.0 6.7 2.7 2.1
Lysine 8.1 8.2 7.8 7.5 -

2Amino acid has antioxidant acivity in milk and dairy products.

Table based on research conducted by Bartowska et al. 2011, Medhammar et al. 2012, Ren et al. 2015, Khan et al. 2019.

been isolated and identified from B-LG hydrolyzed with
Corolase PP [Herndndez-Ledesma et al. 2006].

Milk fat

The fatty acid profile is an important parameter of milk
fat quality [Tao and Ngadi 2017]. Milk from ruminants
is characterized by high content of saturated fatty acids
(SFA) associated most often with the risk of obesity,
hypercholesterolemia, and atherosclerosis [Hanu§ et al.

88

2018]. It should be emphasized that the presence of satu-
rated short-chain acids, which are used as a source of en-
ergy indispensable for organism functioning, is a unique
feature of milk fat. Table 6 shows the fatty acid profile
of milk from various animal species. A characteristic fea-
ture of goat milk is the high content of short-chain acids,
which are responsible for its specific smell, as suggested
by many authors [Bartowska et al. 2011]. In turn, sheep
milk is rich in unsaturated fatty acids, mainly C18:1 and
C18:2 [Gonzalez-Martin et al. 2017].
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Table 5. Percentage content of exogenous and relatively endogenous amino acids in different types of proteins

Amino acid Milk Rennet Tvarog Pork meat Wheat Soybean Hen egg
Whey Protein Casein cheese
Isoleucine 6.2 5.1 4.8 49 5.0 43 5.0 5.4
Leucine 10.1 9.4 8.9 9.5 7.3 6.7 7.9 8.6
Lysine 9.0 7.5 7.7 7.8 8.2 2.8 6.4 7.6
Methionine + cysteine 44 2.8 3.1 32 3.7 35 33 5.7
Phenylalanine + tyrosine 6.7 10.0 10.4 12.1 7.5 8.7 8.7 9.3
Threonine 7.3 4.1 3.5 49 43 2.9 3.9 4.7
Tryptophan 1.9 1.3 1.4 1.4 1.1 1.2 1.3 1.7
Valine 6.2 6.1 5.7 5.9 52 4.6 52 6.6

Table based on research by Szczurek 2008, Siemianowski and Szpendowski 2014, Teter et al. 2020.

Table 6. Total fatty acid profile and cholesterol content in milk from various species animals

Fatty acid Cow Goat Sheep Buffalo Camel
SFA (%) 46.7-67.7 59.9-73.7 57.5-74.6 62.1-74.0 47.0-69.9
MUFA (%) 22.7-30.3 21.8-35.9 23.0-39.1 24.0-29.4 28.1-31.1
PUFA (%) 2.4-6.3 2.6-5.6 2.5-7.3 2.3-3.9 1.8-11.1
CLA (%) 0.3-2.4 0.3-1.2 0.6-1.1 0.4-1.0 0.4
Cholesterol (mg - 100 mL™) 13.1-31.4 10.7-18.1 14.0-29.0 4.0-18.0 31.3-37.1

Table based on research conducted by Gastaldi et al. 2010, Devle et al. 2012, Claeys et al. 2014, Crowley et al. 2018.

Table 7. Impact of selected fatty acids on human health

Fatty acids Function
C4:0 — beneficial effect on the human intestinal flora and gastrointestinal tract wall mainly as a direct source of energy for
colonocytes

— one of the factors preventing the progression of colorectal and mammary cancer

— inhibition of cell growth, promotion of differentiation and induction of apoptosis in various human cancer cell lines
— possible prevention of tumor invasion through an inhibitory effect on urokinase

— potential broad anti-inflammatory effect through the influence on immune cell migration, cytokine adhesion and
expression, and cellular processes such as proliferation, activation, and apoptosis

C12:0 C12: 0, C14: 0, and C16: 0 are associated with an increased risk of atherosclerosis, hyperlipidemia, high content of
C14:0 low-density lipoprotein cholesterol, obesity, and ischemic heart disease

C16:0 C18: 0 and C14: 0 — increase thrombogenicity and cholesterol levels

C18:0

Cl18:1¢9 — anti-cancer and anti-atherosclerotic properties

C18:3 n-3 — positive effect on cholesterol levels

— improvement of immune response (anti-inflammatory effect)
C18:2 n-6 — improvement of insulin sensitivity thereby reducing the prevalence of type 2 diabetes

CLA cis9, transll ~ — reduction of tumor growth
CLA transl0, cis12 — reduction of the risk of ischemic heart disease
— inhibition of the proliferation and growth of neoplastic cells in humans
— modification of lipid metabolism (with a decrease in adipose tissue mass)

AA — neutralization of C12: 0, C14: 0, and C16: 0 through an increase in the level of high—density lipoprotein cholesterol
EPA — anti-cancer, antihypertensive, and anti-inflammatory properties
DHA — positive effect on brain cells, which is important for remission of Alzheimer's disease

— anti-cancer, antihypertensive, and anti-inflammatory properties

Table based on research by Hanus et al. 2018.
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Table 8. Content of vitamins in milk from various species animals

Vitamin, mg - 100 g' Cow Goat Sheep Buffalo Camel
Vitamin A 37-46 55-185 64-146 35-69 20.1
Vitamin E 0.21 0.03 n.d. 0.19 0.32
Vitamin D 2 1.33 2 2 3
Vitamin B6 0.04-0.06 0.045 0.08 0.33 -
Vitamin B12 0.36-0.45 0.66 0.71 0.40 -
Vitamin C 1.94 1.29 4.16 22 33

Table based on research conducted by Bartowska et al. 2011, Kuczynska et al. 2013, Wijesinha-Bettoni and Burlingame 2013, Claeys et al. 2014,
Ren et al. 2015, Balthazar et al. 2017, Khan et al. 2019, Brodziak et al. 2020.

Table 9. Function of the main vitamins
Vitamin Function
A — retinol precursor,
— essential in the process of vision and fetal development,
— involvement in the processes of growth and differentiation of nervous and skeletal cells,
— effective protection of the organism against bacteria and pollution
D — key role in calcium and phosphorus metabolism,
— key role in proper development of the skeletal system and teeth in infants and children
E — antioxidant effect (free radical scavenging, inhibition of lipid peroxidation reactions),
— involvement in many important functions of the organism, i.e. blood clotting, immunity, and reproduction
K — involvement in the blood clotting process
B, — important role in transduction of stimuli from nerves to muscles and regeneration of the nervous system after strenuous activity,
— support of the proper development, fertility, and breastfeeding ability and regulation of appetite
B — indispensable component for proper functioning of the nervous system,
— support of the skin healing process
Bs — support of the immune system through regulation of cell specialization and division
Bi — indispensable in the formation of morphotic elements of blood,
— involvement in cell division as a coenzyme; hence, it is regarded as a growth factor
C — antioxidant activity,

— indispensable factor involved in numerous metabolic processes in the human organism

Table based on research conducted by Rashad et al. 2011, Kuczyrniska et al. 2013, Zaborska et al. 2015, Mann et al. 2016 Brodziak et al. 2017,

Vanitcharoen et al. 2018.

Table 10. Content of minerals in milk from various species animals

Minerals, mg - 100 g Cow Goat Sheep Buffalo Camel
Calcium 122-125 134 195-200 112-184 114
Phosphorus 95-119 121 124-158 89-99 -
Potassium 141-152 181 136-140 92-102 156
Magnesium 12 16 18-21 8-19 12.3
Sodium 58 41 44-58 35-45 -

Table based on research conducted by Park at al. 2007, Raynal-Ljutovac et al. 2008, Al-Haj and Al-Kanhal 2010, Bartowska et al. 2011, Wijesinha-

Bettoni and Burlingame 2013, Khan et al. 2019.

An important group of fatty acids are unsaturated
acids, which constitute the largest group of bioac-
tive components in the milk fat fraction [Haug et al.
2007, Krél and Brodziak 2012, Hanu$ et al. 2018].

90

Approximately 35% of all fatty acids in milk fat are
MUPFAs with a dominant level of oleic acid (C18:1). Its
effect on the human organism is extremely important,
as it reduces the content of total cholesterol, LDL frac-
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Table 11. Functions of the main macroelements

Element Effect on the organism

Calcium — involvement in formation of bones and teeth,
— impact on the function of muscles,

— regulation of blood coagulation processes,

— regulation of the function of parathyroid glands

Magnesium — involvement in the regulation of the cell cycle,
— involvement in DNA repair processes,

— impact on ATP and ADP synthesis,

— counteraction of myocardial ischemia and regulation of blood pressure

Phosphorus — involvement in vitamin C synthesis,

— support of the maintenance of normal bone mass,

— impact on hormonal homeostasis,

— involvement in calcium metabolism and zinc, magnesium, and copper absorption

Potassium

— involvement in the maintenance of water and acid—base homeostasis,

— involvement in the generation of the resting and action potential of nerve cells,

— support of the circulatory system function

Table based on research by Gijsbers et al. 2016, Brodziak et al. 2017, Gérska-Warsewicz et al. 2019.

tion, and triglycerides, thereby reducing the risk of car-
diovascular diseases [Krol and Brodziak 2012]. PUFAs,
also called essential fatty acids (EFAs), are the most
valuable unsaturated acids in terms of human physiol-
ogy. They should be supplied with food, as they are not
synthesized in the human organism, but their deficiency
leads to pathological phenomena with clinical manifesta-
tions. This group comprises linoleic acid (C18:2 LA n-6),
a-linolenic acid (C18:3 n-3), and their metabolites syn-
thesized in the human organism or supplied with the diet,
i.e. arachidonic acid (C20:4 AA n-6), eicosapentaenoic
acid (C20:5 EPA n-3), and docosahexaenoic acid (C22:6
DHA n-3) [Haug et al. 2007]. These acids serve a number
of biological functions in the human body (Table 7). The
properties of EPA and DHA have been confirmed by the
approval of the following health-related findings: EPAs
and DHAs contribute to proper cardiovascular function,
docosahexaenoic acid (DHA) contributes to the mainte-
nance of normal vision and normal brain function, and
the beneficial effects of n-3 polyunsaturated acids are
ensured by consumption of 250 mg of DHA/EPA per
day [EU Regulation 2012]. Noteworthy, donkey milk
has several-fold higher content of unsaturated fatty acids
(14.6%) than milk from other animals [Claeys et al.
2014]. As reported by Wszotek et al. [2014] with such
a high level of PUFAs, donkey milk fat is more beneficial
for human health than milk obtained from other species.
Conjugated linoleic acid (CLA) is arousing growing in-
terest due to its potential anti-atherosclerotic, anti-cancer,
and antioxidant properties. It is represented by 28 iso-
mers, but only two, i.e. 9-cis, 11-trans and 10-trans, 12-
cis, have biological activity [Wang and Lee 2015]. Sheep
milk contains the highest levels of CLA (Table 6), almost
twice as high as cow milk.

www.asp.zut.edu.pl

Milk vitamins

Milk is a valuable source of both water-soluble and fat-
soluble vitamins (Table 8). Noteworthy, sheep milk dif-
fers from the milk of other animal species, as it has higher
levels of vitamins A and C [Bano et al. 2011]. Camel milk
also has valuable properties due to the high content of vi-
tamins E and C (30-fold higher than cow milk). Vitamins
are indispensable for the proper function of the human or-
ganism, especially in children (Table 9). Vitamin A plays
an important role in many physiological processes in the
human organism. It is primarily known to be involved
in proper vision, as it is part of the photosensitive reti-
nal pigment (rhodopsin) responsible for receiving visual
stimuli [Zaborska et al. 2015]. Vitamin E with its active
form a-tocopherol and vitamin C are the main antioxi-
dants in milk [Vanitcharoen et al. 2018]. Their action con-
sists in organic free radical scavenging, lipid peroxidation
inhibition, and singlet oxygen quenching [Rashad et al.
2011, Mann et al. 2016]. Similar activity is also exhib-
ited by B-carotene (provitamin A), as it quenches singlet
oxygen and scavenges organic peroxides generated in the
lipid peroxidation process [Cichosz et al. 2017, Khan et
al. 2019].

Milk minerals

Milk is an important source of such minerals as calcium,
phosphorus, magnesium, sodium, and potassium, which
are characterized by very high bioavailability and opti-
mal proportions (Table 10). Calcium is important mainly
in the nutrition of children and adolescents, as it supports
the development and growth of the organism. It is the
most important component of bones and teeth [Bartowska
et al. 2011]. Calcium also serves many other functions
in the organism, e.g. it is involved in the transduction of
nerve stimuli and regulation of nerve excitability, mus-
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cle contractility, enzyme activation, and blood coagula-
tion (Table 11). It also contributes to reduction of the risk
of colon, prostate, and breast cancer. With its elevated
concentration of calcium and magnesium, sheep milk is
an attractive source of food for infants [Slacanac et al.
2010]. In turn, donkey milk has the lowest amounts of
minerals [Potorti et al. 2013].

CONCLUSIONS

Ingredients showing a positive effect on human health
are present in all fractions of milk, i.e. fat (fatty acids,
lipophilic vitamins: A, D3, E, K), protein (whey pro-
teins, casein, amino acid, peptides) and water (minerals,
mainly calcium). Compared to cow’s milk, which is cru-
cial in world production, sheep’s and donkey’s milk con-
tain a greater amount of whey proteins (mainly $-Lg) and
polyunsaturated acids. Camel milk also deserves special
attention due to the high content of antibacterial proteins,
i.e. lactoferrin and lysozyme, as well as vitamins C and
E. It should be emphasized that due to the specific ther-
apeutic properties of the milk components, regardless of
the species of animals from which the milk was obtained,
they are used in the production of functional food and
nutraceuticals.

REFERENCES

Abd El-Salam, M.H., El-Shibiny, S. (2011). A comprehensive
review on the composition and properties of buffalo milk.
Dairy Sci. Technol., 91, 663-699. DOI: 10.1007/s13594-
011-0029-2.

Abdel-Hamid, M., Otte, J., De Gobba, C., Osman, A.,
Hamad, E. (2017). Angiotensin I-converting enzyme in-
hibitory activity and antioxidant capacity of bioactive
peptides derived from enzymatic hydrolysis of buf-
falo milk proteins, Int. Dairy J., 66, 91-98. DOI:
10.1016/j.idairy;j.2016.11.006.

Al-Asmari, A.K., Abbasmanthiri, R., Al-Elawi, A.M., Al-
Horaib, G., Al-Sadoon, K., Al-Asmari, B.A. (2017). Effect
of camel milk against renal toxicity in experimental rats.
Pak. J. Pharm. Sci., 30(2), 561-565.

Al-Haj, O.A., Al-Kanhal, H.A. (2010). Compositional,
technological and nutritional aspects of dromedary
camel milk. Inter. Dairy J., 20(12), 811-821. DOI:
10.1016/j.idairyj.2010.04.003.

Arab, H.H., Salama, S.A., Abdelghany, T.M., Omar, H.A.,
Arafa, E.A., Alrobaian, M.A., Maghrabi, L.A. (2017).
Camel Milk Attenuates Rheumatoid Arthritis Via Inhibition
of Mitogen Activated Protein Kinase Pathway. Cell Physiol.
Biochem., 43, 540-552. DOI: 10.1159/000480527.

Ayyash, M., Al-Dhaheri, A.S., Al Mahadin, A., Kizhakkayil, J.,
Abushelaibi, A. (2017). In vitro investigation of anticancer,
antihypertensive, antidiabetic, and antioxidant activities of
camel milk fermented with camel milk probiotic: A com-
parative study with fermented bovine milk. J. Dairy Sci.,
101(2), 900-911. DOI: 10.3168/jds.2017-13400.

92

Balthazar, C.F., Pimental, T.C., Ferrdao, L.L., Almada, C.N.,
Santillo, A., Albenzio, M., Mollakhalili, N., Mortaza-
vian, A.M., Nascimento, J.S., Silva, M.C., Freitas, M.Q.,
Sant’Ana, A.S., Granato, D., Cruz, A.G. (2017). Sheep
Milk: Physicochemical Characteristics and Relevance for
Functional Food Development. Compr. Rev. Food Sci. Food
Saf., 16, 247-262. DOI: 10.1111/1541-4337.12250.

Bano, P., Abdullah, M., Nadeem, M., Babar, M.E., Khan, G.A.
(2011). Preparation of Functional Yoghurt from Sheep and
Goat Milk Blends. J. Agric. Sci., 48(3), 211-215.

Bartowska, J., Szwajkowska, M., Litwinczuk, Z., Krol, J.
(2011). Nutritional Value and Technological Sutiability
of Milk from Various Animal Species Used for Dairy
Production. Compr. Rev. Food Sci. Food Saf., 10, 291-302.
DOI: 10.1111/j.1541-4337.2011.00163.x.

Beghelli, D., Lupidi, G., Damiano, S., Cavallucci, C.,
Bistoni, O., De Cosmo, A., Polidori, P. (2016). Rapid Assay
to Evaluate the Total Antioxidant Capacity in Donkey
Milk and in more Common Animal Milk for Human
Consumption. Austin Food Sci., 1(1), 1-4.

Behera, P., 20-3-12, R., Kapila, S., Kapila, R. (2012).
Fractionation and characterisation of a, f and k-casein
trypsin hydrolysates from Buffalo (Bubalus bubalis) milk.
Milchwis., 67(4), 428-432.

Bucevi¢-Popovi¢, V., Delas, 1., Medugorac, S., Pavela-
Vranci¢, M., Kulisi¢-Bilusié, T. (2014). Oxidative stabil-
ity and antioxidant activity of bovine, caprine, ovine and
asinine milk. Int. J. Dairy. Technol., 67(3), 394—401. DOI:
10.1111/1471-0307.12126.

Bulca, S., Giiveng, B. (2020). Bioactive Peptides in Milk and
Milk products, Antimicrobial Properties and Effects on
Human Health. Turkish JAF Sci. Tech. 8(1), 158-164. DOI:
10.24925/turjaf.v8il.158-164.2886.

Brodziak, A., Krél, J., Bartowska, J. (2017). Mleko i pro-
dukty mleczne Zrédiem sktadnikéw biologicznie czynnych
[Milk and dairy products are sources of biologically ac-
tive ingredients]. Przem. Spoz., 10, 8-13 [in Polish]. DOI:
10.15199/65.2017.10.2.

Brodziak, A., Krdl, J., Bartowska, J., Litwinczuk, Z., Teter, A.,
Kedzierka-Matysek, M. (2020). Differences in bioactive
protein and vitamin status of milk obtained from Polish lo-
cal breeds of cows. Ann. Anim. Sci., 20(1), 287-298. DOI:
10.2478/a0as-2019-0069.

Cichosz, G., Czeczot, H., Ambroziak, A., Bielecka, M.M.
(2017). Natural antioxidants in milk and dairy products.
Int. J. Dairy Technol., 70, 165-178. DOI: 10.1111/1471-
0307.12359.

Claeys, W.L., Verraes, C., Cardoen, S., De Block, J., Huy-
ghebaert, A., Raes, K., Dewettinck, K,. Herman, L.
(2014). Consumption of raw or heated milk from dif-
ferent species: an evaluation of the nutritional and po-
tential health benefits. Food Control, 42,188-201. DOI:
10.1016/j.foodcont.2014.01.045.

Crowley, S.V., Burlot, E., Silva, J.V.C., McCarthy, N.A.,
Wijayanti, H.B., Fenelon, M.A., Kelly, A.L., O’Maho-
ny, J.A. (2018). Rehydration behaviour of spray-dried mi-
cellar casein concentrates produced using microfiltration of
skim milk at cold or warm temperatures. Inter. Dairy J., 81,
72-79. DOL: 10.1016/j.idairyj.2018.01.005.

www.asp.zut.edu.pl


https://doi.org/10.21005/asp.2021.20.3.12
https://doi.org/10.1007/s13594-011-0029-2
https://doi.org/10.1007/s13594-011-0029-2
https://doi.org/10.1016/j.idairyj.2016.11.006
https://doi.org/10.1016/j.idairyj.2016.11.006
https://doi.org/10.1016/j.idairyj.2010.04.003
https://doi.org/10.1016/j.idairyj.2010.04.003
https://doi.org/10.1159/000480527
https://doi.org/10.3168/jds.2017-13400
https://doi.org/10.1111/1541-4337.12250
https://doi.org/10.1111/j.1541-4337.2011.00163.x
https://doi.org/10.1111/1471-0307.12126
https://doi.org/10.1111/1471-0307.12126
https://doi.org/10.24925/turjaf.v8i1.158-164.2886
https://doi.org/10.24925/turjaf.v8i1.158-164.2886
https://doi.org/10.15199/65.2017.10.2
https://doi.org/10.15199/65.2017.10.2
https://doi.org/10.2478/aoas-2019-0069
https://doi.org/10.2478/aoas-2019-0069
https://doi.org/10.1111/1471-0307.12359
https://doi.org/10.1111/1471-0307.12359
https://doi.org/10.1016/j.foodcont.2014.01.045
https://doi.org/10.1016/j.foodcont.2014.01.045
https://doi.org/10.1016/j.idairyj.2018.01.005
https://asp.zut.edu.pl

Stobiecka, M., Krdl, J., Brodziak, A., Wajs, J. (2021). Characteristics of milk from different species of farm animals with special
emphasis on health-promoting ingredients. Acta Sci. Pol. Zootechnica, 20(3), 85-96. DOI: 10.21005/asp.2021.20.3.12

da Silva, TM.S., Piazentin, A.C.M., Mendon¢ca, C.M.N.,
Converti, A., Bogsan, C.S.B., Mora, D., de Souza, O.R.P.
(2020). Buffalo milk increases viability and resistance
of probiotic bacteria in dairy beverages under in vitro
simulated gastrointestinal conditions. J. Dairy Sci., 103,
7890-7897. DOI: 10.3168/jds.2019-18078.

Darewicz, M., Borawska, J., Minkiewicz, P., Iwaniak, A.,
Starowicz P. (2015). Biologicznie aktywne peptydy uwalni-
ane z biatek zywnosci [Biologically active peptides released
from food proteins]. ZYWNOSC. Nauka. Technologia.
Jakos¢, 3(100), 26—41[in Polish].

Derdak, R., Sakoui, S., Pop, O.L., Muresan, C.I., Vodnar, D.C.,
Addoum, B., Vulturar, R., Chis, A., Suharoschi, R.,
Soukri, A., El Khalfi, B. (2020). Insights on Health
and Food Applications of Equus asinus (Donkey) Milk
Bioactive Proteins and Peptides — An Overview. Foods, 9,
1-17. DOI: 10.3390/foods9091302.

Devle, H., Vetti, I., Naess-Andresen, C.F., Rukke, E.O.,
Vegarud, G., Ekeberg, D. (2012). A comparative study of
fatty acid profiles in ruminant and non-ruminant milk. Eur.
J. Lipid Sci. Technol., 114, 1036-1043. DOI: 10.1002/ejlt.
201100333.

El-Sayed, M., Awad, S. (2019). Milk bioactive peptides:
Antioxidant, Antimicrobial and antdiabetic activites. Adv.
Biochem., 7(1), 22-33. DOI: 10.11648/j.ab.20190701.15.

EU Regulation (2012). Commission Regulation (EU) No
432/2012 of 16 May 2012 establishing a list of permitted
health claims made on foods, other than those referring to
the reduction of disease risk and to children’s development
and health. Official Journal of the European Union, L 136/1.

Faccia, M., D’ Alessandro, A.G., Summer, A., Hailu Y. (2020).
Milk Products from Minor Dairy Species: A Review.
Animals, 10, 1-25. DOI: 10.3390/ani10081260.

FAO (2015). FAOSTAT: Statistics Division. Food and Agri-
culture Organization of the United Nations 2010.

FitzGerald, R.J., Cermeno, M., Khalesi, M., Kleekayai, T.,
Amigo-Benavent, M. (2020). Application of in silico ap-
proaches for the generation of milk protein-derived bioac-
tive peptides. J. Funct. Food, 64, 103636. DOIL: 10.1016/
j-jf£.2019.103636.

Garau, V., Manis, C., Scano, P, Caboni, P. (2021).
Compositional characteristics of Mediterranean buffalo
milk and whey. Dairy, 2, 469-488. DOI: 10.3390/dairy-
2030038.

Gastaldi, D.,Bertino, E., Monti, G., Baro C., Fabris, C.,
Lezo, A., Medana, C., Baiocchi, C., Mussap, M., Galva-
no, F., Conti, A. (2010). Donkey’s milk detailed lipid
composition. Frontiers in Bioscience, E2, 537-546. DOI:
10.2741/e112.

Giambra, I., Brandt, H., Erhardt, G. (2014). Milk pro-
tein variants are highly associated with milk per-
formance traits in East Friesian dairy and Lacaune
sheep. Small Rumin. Res. 121(2-3), 382-394. DOI:
10.1016/j.smallrumres.2014.09.001.

Gijsbers, L., Ding, E.L., Malik, V.S, de Goede, .,
Geleijnse, J.M., Soedamah-Muthu, S.S. (2016).
Consumption of dairy foods and diabetes incidence:
a dose-response meta-analysis of observational stud-
ies. Am. J. Clin. Nutr, 103(4), 1111-1124. DOL
10.3945/ajen. 115.123216.

www.asp.zut.edu.pl

Gonzélez-Martin, M.I., Palacious, V.V., Revilla, 1., Vivar-
Quintana, A.M., Hernandez-Hierro, J.M. (2017).
Discrimination between cheeses made from cow’s, ewe’s
and goat’s milk from unsaturated fatty acids and use of
the canonical biplot method. J. Food Compost. Anal., 56,
34-40. DOI: 10.1016/j.jfca.2016.12.005.

Gorska-Warsewicz, H., Rejman, K., Laskowski, W.,
Czeczotko, M. (2019). Milk and dairy products and their
nutritional contribution to the average polish diet. Nutrients,
11, 1771. DOIL: 10.3390/nu11081771.

Guha, S., Sharma, H., Deshwal G.Kr., Rao, P.S. (2021). A com-
prehensive review on bioactive peptides derived from milk
and milk products of minor dairy species. FPPN, 3(2), 1-21.
DOI: 10.1186/343014-020-00045-7.

Hanus, O., Samkov4, E., KriZzov4, L., Hasonov4, L., Kala, R.
(2018). Role of fatty acids in milk fat and the influence of
selected factors on their variability- A review. Molecules,
23, 1-32. DOI: 10.3390/molecules23071636.

Haque, E., Bhandari, B.R., Gidley, M.J., Deeth, H.C.,
Mgller, S.M., Whittaker, A.K. (2010). Protein conforma-
tional modifications and kinetics of water-protein interc-
tions in milk protein concentrate powder upon Aging: Effect
on solubility. J. Agric. Food Chem., 58(13), 7748-7755.
DOI: 10.1021/jf1007055.

Haug, A., Hostmark, A.T., Harstad, O.M. (2007). Bovine milk
in human nutrition-A review. Lipids Health Dis., 6, 25.
DOI: 10.1186/1476-511X-6-25.

Hazebrouck, S. (2016). Laits de chevre, d’4nesse et de
chamelle: une alternative en cas d;allergie au lait de vache?
Innovations Agronomiques, 52, 73—84 [in French].

Herndndez-Ledesma, B., Ramos, M., Recio, 1., Amigo, L.
(2006). Effect of B-lactoglobulin hydrolysis with ther-
molysin under denaturing temperatures on the relase od
bioactive peptides. J.Chromatogr. A., 1116, 31-37. DOI:
10.1016/j.chroma.2006.03.006.

Homayouni-Tabrizi, M., Asoodeh, A., Soltani, M. (2017).
Cytotoxic and antioxidant capacity of camel milk peptides:
Effects of isolated peptide on superoxide dismutase and
catalase gene expression. J. Food Drug Anal., 25, 567-575.
DOI: 10.1016/}.jfda.2016.10.014.

Islam, M.A., Alam, M.K., Islam, M.N., Khan, M.A.S.,
Ekeberg, D., Rukke, E.O., Vegarud, G.E. (2014). Principal
milk components in buffalo, Holstein Cross, Indigenous
cattle and Red Chittagong cattle from Bangladesh.
Asian-Australas J. Anim. Sci., 27(6), 886-897. DOI:
10.5713/ajas.2013.13586.

Kapadiya, D.B., Prajapati D.B., Jain, A.K., Mehta, B.M., Darji
V.B., Aparnathi, K.D. (2016). Comparison of Surti goat
milk with cow and buffalo milk for gross composition,
nitrogen distribution, and selected minerals content. Vet.
World. 9(7), 710-716. DOI: 10.14202/vetworld.2016.710-
716.

Khalifa, M.I., Zakaria, A.M. (2019). Physiochemical, sensory
characteristics and acceptability of a new set yogurt devel-
oped from camel and goat milk mixed with buffalo milk
Adv. Anim. Vet. Sci. 7(3), 172-177. DOI: 10.17582/jour-
nal.aavs/2019/7.3.172.177.

Khan, L.T., Nadeem, M., Imran, M., Ullah, R., Ajmal, M.,
Jaspal, M.H. (2019). Antioxidant properties of Milk and
dairy products: a comprehensive review of the current

93


https://doi.org/10.21005/asp.2021.20.3.12
https://doi.org/10.3168/jds.2019-18078
https://doi.org/10.3390/foods9091302
https://doi.org/10.1002/ejlt.201100333
https://doi.org/10.1002/ejlt.201100333
https://doi.org/10.11648/j.ab.20190701.15
https://doi.org/10.3390/ani10081260
https://doi.org/10.1016/j.jff.2019.103636
https://doi.org/10.1016/j.jff.2019.103636
https://doi.org/10.3390/dairy2030038
https://doi.org/10.3390/dairy2030038
https://doi.org/10.2741/e112
https://doi.org/10.2741/e112
https://doi.org/10.1016/j.smallrumres.2014.09.001
https://doi.org/10.1016/j.smallrumres.2014.09.001
https://doi.org/10.3945/ajcn.115.123216
https://doi.org/10.3945/ajcn.115.123216
https://doi.org/10.1016/j.jfca.2016.12.005
https://doi.org/10.3390/nu11081771
https://doi.org/10.1186/s43014-020-00045-7
https://doi.org/10.3390/molecules23071636
https://doi.org/10.1021/jf1007055
https://doi.org/10.1186/1476-511X-6-25
https://doi.org/10.1016/j.chroma.2006.03.006
https://doi.org/10.1016/j.chroma.2006.03.006
https://doi.org/10.1016/j.jfda.2016.10.014
https://doi.org/10.5713/ajas.2013.13586
https://doi.org/10.5713/ajas.2013.13586
https://doi.org/10.14202/vetworld.2016.710-716
https://doi.org/10.14202/vetworld.2016.710-716
https://doi.org/10.17582/journal.aavs/2019/7.3.172.177
https://doi.org/10.17582/journal.aavs/2019/7.3.172.177
https://asp.zut.edu.pl

Stobiecka, M., Krdl, J., Brodziak, A., Wajs, J. (2021). Characteristics of milk from different species of farm animals with special
emphasis on health-promoting ingredients. Acta Sci. Pol. Zootechnica, 20(3), 85-96. DOI: 10.21005/asp.2021.20.3.12

knowledge. Lipid. Heal. Disease., 18(41), 1-13. DOI:
10.1186/512944-019-0969-8.

Korhonen, H.J. (2009). Chapter 2: bioactive components in
bovine milk. In Y. W. Park (Ed.), Bioactive components
in milk and dairy products. lowa (USA): Wiley-Blackwell.,
15-42.

Krdl, J., Brodziak, A. (2012). Rola i znaczenie kwasoéw thuszc-
zowych mleka w profilaktyce choréb cywilizacyjnych [The
role and importance of milk fatty acids in the prevention of
civilization diseases]. Zyw. Cztow. Metabol., 39, 211-220
[in Polish].

Krdl, J., Brodziak, A. (2015). Biatka mleka o wtasciwosciach
antybakteryjnych [Milk proteins with antibacterial proper-
ties]. Probl. Hig. Epidem., 96(2), 399-405 [in Polish].

Krél, J., Brodziak, A., Litwinczuk, A. (2011). Podstawowy
sktad chemiczny i zawarto§¢ wybranych biatek ser-
watkowych w mleku kréw réznych ras i serwatce pod-
puszczkowej [Basic chemical composition and content
of selected whey proteins in milk of cows of various
breeds and rennet whey]. ZY WNOSC. Nauka. Technologia.
Jakos¢, 4(77), 74-83 [in Polish].

Kuczyniska, B., Natgcz-Tarwacka, T., Puppel K. (2013).
Bioaktywne sktadniki jako wyznacznik jakosci prozdrowot-
nej mleka [Bioactive ingredients as a determinant of health-
promoting quality of milk]. Med. Rodz. 1, 11-18 [in
Polish].

Mann, S., Shandilya, U.K., Sodhi, M., Kumar, P., Bharti, V.K.,
Verma, P., Sharma, A., Mohanty, A., Mukesh, M. (2016).
Determination of Antioxidant Capacity and Free Radical
Scavenging Activity of Milk from Native Cows (Bos
Indicus), Exotic Cows (Bos Taurus), and Riverine Buffaloes
(Bubalus Bubalis) Across Different Lactation Stages. Int. J.
Dairy. Sci. Process., 3(4), 66-70.

Marcone, S., Belton, O., Fitzgerald, D.J. (2017). Milk-derived
bioactive peptidesand their health promoting effects: a po-
tential role in atherosclerosis. Br. J. Clin. Pharmacol., 83(1),
152-162. DOI: 10.1111/bcp.13002.

Martinez-Augustin, O., Rivero-Gutiérrez, B., Mascaraque, C.,
Séanchez de Medina, F. (2014). Food derived bioactive pep-
tides and intestinal barrier function. Int. J. Mol. Sci., 15(12),
22857-22873. DOI: 10.3390/ijms151222857.

Mati, A., Senoussi-Ghezali, Ch., Zennia, S.S. A., Almi-
Sebban, D., El-Hatmi, H., Girardet, J.M. (2016).
Dromedary camel milk proteins, a source of peptides hav-
ing biological activities — A review. Inter. Dairy J., 73, 1-51.
DOI: 10.1016/j.idairyj.2016.12.001.

Medhammar, E., Wijesinha-Bettoni, R., Stadlmayr, B.,
Nilsson, E., Charrondiere, U.R., Burlingame, B. (2012).
Composition of milk from minor dairy animals and buffalo
breeds: a biodiversity perspective. J. Sci. Food Agric., 92,
445-474. DOI: 10.1002/jsfa.4690.

Mercha, I, Lakram, N., Kabbour, M.R., Bouksaim, M.,
Zkhiri, F., El Maadoudi, E.H. (2019). The Effects
of Argania spinosa by Products Supplementation on
Phenolic Compounds, Antioxidant Capacity and Mineral
Composition of Camel Milk. Adv. Anim. Vet. Sci., 7(8),
648-656. DOI: 10.17582/journal.aavs/2019/7.8.648.656.

Monti, G., Viola, S., Baro, C., Cresi, F., Tovo, P.A., Moro, G.,
Bertino, E. (2012). Tolerability of donkey’s milk in 92

94

highly-problematic cow’s milk allergic children. Journal of
Biological Regulators and Homeostatic Agents, 26, 75-82.

Numpaque, M., Sanli, T., Anli, E.A. (2019). Diversity of Milks
Other Than Cow, Sheep, Goat and Buffalo: In Terms of
Nutrition and Technological Use. Turk. JAF Sci. Tech.,
7(12), 2047-2053. DOIL  10.24925/turjaf.v7i12.2047-
2053.2623.

Park, Y.W., Nam, M.S. (2015). Bioactive peptides in milk
and dairy products: A review. Korean J. Food Sci.
Anim. Resour., 35(6), 831-840. DOI: 10.5851/kosfa.2015.
35.6.831.

Park, Y.W., Judrez, M., Ramos, M., Haenlein, G.EW. (2007).
Physico-chemical characteristics of goat and sheep milk.

Small Rumin. Res., 68(1-2), 88-113. DOI: 10.1016/
j-smallrumres.2006.09.013.
Pastuszka, R., Bartowska, J., Litwinczuk, Z. (2016).

Alergenno$¢ mleka réznych gatunkéw zwierzat w poréw-
naniu do kobiecego [Allergenicity of milk of various
animal species compared to that of human milk]. Post.
Hig. Med. Dosw., 6(70), 1451-1459 [in Polish]. DOI:
10.5604/17322693.1227842.

Piovesana, S., Capriotti, A.L., Cavaliere, C., La Barbera, G.,
Samperi, R., Chiozzi, R.Z., Lagana, A. (2015). Peptidome
characterization and bioactivity analysis of donkey milk. J.
Protemic., 119, 21-29. DOI: 10.1016/j.jprot.2015.01.020.

Polidori, P., Ariani, A., Vincenzetti, S. (2015). Use of don-
key milk in cases of Cow’s milk protein allergies. Int. J.
Child Health Nutr., 4(3), 174-179. DOI: 10.6000/1929-
4247.2015.04.03.6.

Potorti, A.G., Di Bella, G., Lo Turco, V., Rando, R.,
Dugo, G. (2013). Non-toxic and potentially toxic ele-
ments in Italian donkey milk by ICP-MS and multivariate
analysis. J. Food Compost. Anal., 31(1), 161-172. DOI:
10.1016/j.jfca.2013.05.006.

Rafig, S., Huma, N., Pasha, 1., Sameen, A., Mukhtar, O.,
Khan, M.I. (2016). Chemical composition, nitrogen frac-
tions and amino acids profile of milk from different animal
species. Asian-Australas J. Anim. Sci., 29(7), 1022-1028.
DOI: 10.5713/ajas.15.0452.

Rashad, M., Abeer, E., Hala, M., Mohamed, U. (2011).
Improvement of nutritional quality and antioxidant ac-
tivities of yeast fermented soybean curd residue. Afr. J.
Biotechnol. 10(28), 5504-5513.

Raynal-Ljutovac, K., Lagriffoul, G., Paccard, P., Guillet, L.,
Chilliard, Y. (2008). Composition of goat and sheep milk
products: An update. Small Rumin. Res., 79(1), 57-72.
DOI: 10.1016/j.smallrumres.2008.07.009.

Ren, D.X., Zou, C.X., Lin, B., Chen, Y.L., Liang, X.W., Li, J.X.
(2015). A comparison of milk protein, amino acid and
fatty acid profiles of river buffalo and their F1 and F2 hy-
brids with swamp buffalo in China. Pakistan J. Zool., 47,
1459-1465.

Saini, P, Mann, B., Kumar, R., Sharma, R., Singh, R.R.B.,
Chatterjee, A. (2014). Process optimization for preparation
of caseinophosphopeptides from Buffalo milk casein and
their characterization. J. Dairy Res., 81 (3), 364-371. DOI:
10.1017/S0022029914000296.

Selvaggi, M., laudadio, V., Dario, C., Tufarelli, V. (2014).
Investigating the genetic polymorphism of sheep milk pro-

www.asp.zut.edu.pl


https://doi.org/10.21005/asp.2021.20.3.12
https://doi.org/10.1186/s12944-019-0969-8
https://doi.org/10.1186/s12944-019-0969-8
https://doi.org/10.1111/bcp.13002
https://doi.org/10.3390/ijms151222857
https://doi.org/10.1016/j.idairyj.2016.12.001
https://doi.org/10.1002/jsfa.4690
https://doi.org/10.17582/journal.aavs/2019/7.8.648.656
https://doi.org/10.24925/turjaf.v7i12.2047-2053.2623
https://doi.org/10.24925/turjaf.v7i12.2047-2053.2623
https://doi.org/10.5851/kosfa.2015.35.6.831
https://doi.org/10.5851/kosfa.2015.35.6.831
https://doi.org/10.1016/j.smallrumres.2006.09.013
https://doi.org/10.1016/j.smallrumres.2006.09.013
https://doi.org/10.5604/17322693.1227842
https://doi.org/10.5604/17322693.1227842
https://doi.org/10.1016/j.jprot.2015.01.020
https://doi.org/10.6000/1929-4247.2015.04.03.6
https://doi.org/10.6000/1929-4247.2015.04.03.6
https://doi.org/10.1016/j.jfca.2013.05.006
https://doi.org/10.1016/j.jfca.2013.05.006
https://doi.org/10.5713/ajas.15.0452
https://doi.org/10.1016/j.smallrumres.2008.07.009
https://doi.org/10.1017/S0022029914000296
https://doi.org/10.1017/S0022029914000296
https://asp.zut.edu.pl

Stobiecka, M., Krdl, J., Brodziak, A., Wajs, J. (2021). Characteristics of milk from different species of farm animals with special
emphasis on health-promoting ingredients. Acta Sci. Pol. Zootechnica, 20(3), 85-96. DOI: 10.21005/asp.2021.20.3.12

teins: an useful tool for dairy production. J. Sci. Food
Agric., 94, 3090-3099. DOI: 10.1002/jsfa.6750.

Shanmugam, V.P,, Kapila, S., Kemgang-Sonfack, T., Kapila, R.
(2015). Antioxidative peptide derived from enzymatic di-
gestion of buffalo casein. Int. Dairy J., 42, 1-5. DOIL:
10.1016/j.idairyj.2014.11.001.

Sharma, C., Singh, C. (2014). Therapeutic value of camel milk
—areview. Adv. J. Pharm. Life Sci. Res., 2(3), 7-13.

Siemianowski, K., Szpendowski, J. (2014). Znaczenie twarogu
w zywieniu cztowieka [The importance of twarog in hu-
man nutrition], Probl. Hig. Epidemiol., 95(1), 115-119 [in
Polish].

Slac¢anac, V., Bozanié, R., Hardi, J., Szabd, J.R., Lucan, M.,
Krstanovic, V. (2010). Nutritional and therapeutic value of
fermented caprine milk. Int. J. Dairy Technol., 63, 171-189.
DOI: 10.1111/.1471-0307.2010.00575.x.

Soliman, T.N., Shehata, S.H. (2019). Characteristics of fer-
mented Camel’s Milk Fortofied with of awocado fruits.
Acta Sci. Pol. Technol. Aliment., 18(1), 53-63. DOI:
10.17306/J.AFS.0602.

Szczurek, W. (2008). Produkty przetwarzania serwatki i ich
zastosowanie w paszy dla kurczat brojler6w — aspekt zy-
wieniowy i fizjologiczny [Whey processing products and
their use in feed for broiler chickens — the nutritional and
physiological aspect]. Wiad. Zootech., 4, 41-52 [in Polish].

Szwajkowska, M., Wolanciuk, A., Barlowska, J., Krél, J.,
Litwinczuk, Z. (2011). Bovine milk proteins as the source
of bioactive peptides influencing the consumers’ immune
system — a review. Anim. Sci. Pap. Rep., 29(4), 269-280.

Tao, F., Ngadi, M. (2017). Applications of spectroscopic
techniques for fat and fatty acids analysis of dairy
foods. Curr. Opin. Food Sci.,, 17, 100-112. DOI:
10.1016/j.cofs.2017.11.004.

Temerbayeva, M., Rebezov, M., Okuskhanova, E., Zinina, O.,
Gorelik, O., Vagapova, O., Beginer, T., Gritsenko, S.,
Serikova, A., Yessimbekov, Z. (2018). Development of
Yoghurt from Combination of Goat and Cow Milk. ARRB,
23(6), 1-7. DOIL: 10.9734/ARRB/2018/38800.

Tenore, G.C., Ritieni, A., Campiglia, P, Stiuso, P., Di
Maro, S., Sommella, E., Pepe, G., D’Urso, E., Novellino, E.
(2015). Antioxidant peptides from "Mozzarella di Bufala
Campana DOP" after simulated gastrointestinal digestion:
In vitro intestinal protection, bioavailability, and anti-
haemolytic capacity. J. Funct. Foods, 15, 365-375. DOI:
10.1016/j.jf£.2015.03.048.

Teter, A., Bartowska, J., Krdl, J., Brodziak, A., Rutkowska, J.,
Litwidczuk, Z. (2020). Volatile compounds and amino
acid profile of short-ripened farmhouse cheese manufac-
tured from the milk of the White-Backed native cow

www.asp.zut.edu.pl

breed. LWT — Food Sci. Technol., 129, 109602. DOI:
10.1016/j.1wt.2020.109602.

Timén, M. L., Parra, V., Otte, J., Broncano, J. M., Petr6n, M.
J. (2014). Identification of radical scavenging peptides (< 3
kDa) from Burgos-type cheese. LWT — Food Sci. Technol.,
57, 359-365. DOI: 10.1016/j.1wt.2014.01.020.

Vanitcharoen, S., Tangsuphoom, N., Suthisansanee, U.,
Santivarangkana, Ch. (2018). Effect of protein hydrolysis
on physical properties and antioxidant activities of cow’s
milk. J. Food Sci. Agric. Tech., 4, 105-110.

Verruck, S., Dantas, A., Prudencio, E.S. (2019). Functionality
of the components from goat’s milk, recent advances for-
functional dairy products development and its implications
on human health. J. Functional. Food. 52, 243-257. DOI:
10.1016/j.j{f.2018.11.017.

Vianna, ES., da Cruz Canto, A.C.V., Costa-Limo, B.,
Salim, A.P., Balthazar, C.F,, Costa, M.P., Panzenhagen, P.,
Rachid, R., Franco, R.M., Conte-Junior, C.A., de Oliviera
Silva, A.C. (2019). Milk from different species on physic-
ochemical and microstructural yoghurt properties. Ciéncia
Rural, 49(6), 1-15. DOI: 10.1590/0103-8478cr20180522.

Vincenzetti, S., Pucciarelli, S., Polzonetti, V., Polidori, P.
(2017). Role of proteins and of some bioactive peptides
on the nutritional quality of donkey milk and their impact
on human health. Beverages, 3(3), 10. DOI: 10.3390/bever-
ages3030034.

Wang, T., Lee, H.G. (2015). Advances in research on cis-9,
trans-11 conjugated linoleic acid: a major functional con-
jugated linoleic acid isomer. Crit. Rev. Food Sci. Nutr., 55,
720-731. DOI: 10.1080/10408398.2012.674071.

Wijesinha-Bettoni, R., Burlingame, B. (2013). Milk and dairy
product composition. Food and Agriculture Organization of
the United Nations (FAO), 41-102.

Wszotek, M., Filipczak-Fiutak, M., Domagata, J. (2014). Sktad
1 wlasciwosci mleka oslego [Composition and properties of
donkey’s milk]. ZYWNOSC. Nauka. Technologia. Jakos¢,
1(92), 2940 [in Polish].

Yadav, A.K., Kumar, R., Priyadarshini L., Singh, J. (2015).
Composition and medicinal properties of camel milk:
a review. Asian J. Dairy Food Res. 34, 83-91. DOIL:
10.5958/0976-0563.2015.00018.4.

Yilmaz-Ersan, L., Ozcan, T., Akpinar-Bayizit, A., Sahin, S.
(2018). Comparison of antioxidant capacity of cow and
ewe milk kefirs. J. Dairy Sci., 101(5), 3788-3798. DOI:
10.3168/jds.2017-13871.

Zaborska, A., Krél, A., Brodziak, A. (2015). Witamina A —
funkcje i znaczenie dla czlowieka [Vitamin A — func-
tions and importance for man]. Przem. Spoz., 7, 36-38 [in
Polish]. DOI: 10.15199/65.2015.7.6.

95


https://doi.org/10.21005/asp.2021.20.3.12
https://doi.org/10.1002/jsfa.6750
https://doi.org/10.1016/j.idairyj.2014.11.001
https://doi.org/10.1016/j.idairyj.2014.11.001
https://doi.org/10.1111/j.1471-0307.2010.00575.x
https://doi.org/10.17306/J.AFS.0602
https://doi.org/10.17306/J.AFS.0602
https://doi.org/10.1016/j.cofs.2017.11.004
https://doi.org/10.1016/j.cofs.2017.11.004
https://doi.org/10.9734/ARRB/2018/38800
https://doi.org/10.1016/j.jff.2015.03.048
https://doi.org/10.1016/j.jff.2015.03.048
https://doi.org/10.1016/j.lwt.2020.109602
https://doi.org/10.1016/j.lwt.2020.109602
https://doi.org/10.1016/j.lwt.2014.01.020
https://doi.org/10.1016/j.jff.2018.11.017
https://doi.org/10.1016/j.jff.2018.11.017
https://doi.org/10.1590/0103-8478cr20180522
https://doi.org/10.3390/beverages3030034
https://doi.org/10.3390/beverages3030034
https://doi.org/10.1080/10408398.2012.674071
https://doi.org/10.5958/0976-0563.2015.00018.4
https://doi.org/10.5958/0976-0563.2015.00018.4
https://doi.org/10.3168/jds.2017-13871
https://doi.org/10.3168/jds.2017-13871
https://doi.org/10.15199/65.2015.7.6
https://asp.zut.edu.pl

Stobiecka, M., Krdl, J., Brodziak, A., Wajs, J. (2021). Characteristics of milk from different species of farm animals with special
emphasis on health-promoting ingredients. Acta Sci. Pol. Zootechnica, 20(3), 85-96. DOI: 10.21005/asp.2021.20.3.12

CHARAKTERYSTYKA MLEKA ROZNYCH GATUNKOW ZWIERZAT GOSPODARSKICH
ZE SZCZEGOLNYM UWZGLEDNIENIEM SKLADNIKOW PROZDROWOTNYCH

STRESZCZENIE

W dzisiejszych czasach konsumenci siggajac po produkty spozywcze zawracaja uwage nie tylko na warto$¢ odzyw-
cza i walory smakowe, ale rowniez na wlasciwosci prozdrowotne. Mleko pozyskiwane od réznych gatunkéw
zwierzat jest bogatym Zrédiem sktadnikéw prozdrowotnych, ktére wystgpuja zaréwno we frakcji thuszowej, biat-
kowej i wodnej. Wykazuja one wielokierunkowe oddzialywanie na organizm cztowieka, ograniczajac ryzyko wys-
tapienia wielu choréb cywilizacyjnych. Wykazano zréznicowanie migdzygatunkowe w zawartosci sktadnikéw bioak-
tywnych w mleku. W poréwnaniu do mleka krowiego, ktére stanowi kluczowe znaczenie w produkcji §wiatowej,
mleko owcze i ofle zawiera wigcej bialek serwatkowych, w tym f-Lg oraz kwaséw wielonienasyconych. Na
wyréznienie zastuguje réwniez mleko wielbtadzie, ze wzgledu na wysoka zawarto$¢ substancji antybakteryjnych,
tj. laktoferyny i lizozymu oraz witaminy C i E w poréwnaniu do pozostatych gatunkéw. Nalezy podkreslié, iz mleko
i produkty mleczne sa bogatym Zrédlem aminokwaséw egzogennych oraz sktadnikéw mineralnych (gléwnie wap-
nia), niezb¢dnych do funkcjonowania organizmu cztowieka. Z uwagi na obecnos$¢ substancji antyoksydacyjnych,
tj. p-Lg, laktoferyny, CLA oraz witaminy E i C, ktdre zaliczane sa do naturalnych przeciwutleniaczy.

Stowa kluczowe: mleko, wiasciwosci prozdrowotne, biatka, witaminy, aminokwasy, kwasy tluszczowe
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