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Abstract: Antioxidant properties of milk and milk products. Antioxidant compounds in milk:
vitamins: A, E carotenoids, zinc, selenium, enzyme systems, superoxide dismutase, catalase,
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Key words: Milk, antioxidant, vitamin A, E, zaedob protein, casein, cow, buffalo, goat, p-
lactoglobulin, a-lactalbumin, Aspartic acid, Threonine, Serine, Lutamic acid

INTRODUCTION

Milk and milk products are an integral part of human nutrition, they are proteins of high
biological value, calcium, essential fatty acids, amino acids, fats, water-soluble vitamins, and are
essential for a number of biochemical and physiological processes. is a carrier of a number of
bioactive compounds. functions. In recent years, foods containing natural antioxidants have become
popular all over the world, because antioxidants can neutralize and purify the free radicals that are
constantly produced in the biological body and their harmful effects. Uncontrolled activity of free
radicals can cause oxidative stress, which leads to the breakdown of vital biochemical compounds
such as lipids, proteins, DNA, which can lead to diabetes, accelerated aging, carcinogenesis and
cardiovascular diseases. The antioxidant capacity of milk and milk products is mainly due to sulfur-
containing amino acids, such as cysteine, phosphate, vitamins A, E, carotenoids, zinc, selenium,
enzyme systems, superoxide dismutase, catalase, glutathione peroxidase, milk oligosaccharides and
peptides. depends and is formed during fermentation and cheese ripening.
Dairy products make up about 25-30% of an average person's diet [1] (Figure 1). Milk and milk
products are nutritious food products containing many important nutrients such as oleic acid,
conjugated linoleic acid, omega-3 fatty acids, vitamins, minerals and biologically active compounds
such as antioxidants [2] . Antioxidants are chemicals capable of neutralizing and cleaning free
radicals that are constantly produced in the body [3]. Oxidation to generate energy is indispensable
for biological processes in living organisms. However, oxidative stress can seriously damage
biological systems. Reactive oxygen species are scientifically proven to be continuously produced in
the human body. Uncontrolled free radicals in the body can cause oxidative stress, which can lead to
atherosclerosis, diabetes, accelerated aging, cardiovascular disease, and breakdown of vital
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biochemical compounds [4]. Taking antioxidants in the form of antioxidant-rich food supplements
can protect the body from oxidative stress and damage [5]. Metabolic diseases are closely related to
lifestyle, and changes in lifestyle have a great impact on disease patterns, about 20-30 years ago,
infectious diseases were more common than non-infectious diseases, but now infectious diseases
non/metabolic diseases. on the upper side. In the current scenario, healthy/functional food should be
chosen to prevent or minimize non-communicable diseases such as diabetes, cancer and
cardiovascular diseases [6]. The demand for foods containing natural antioxidants is increasing
worldwide. Many foods and dairy products are fortified with natural antioxidants [7]. The
antioxidant capacity of milk and milk products is related to sulfur-containing amino acids cysteine,
vitamins A, E, carotenoids, enzyme systems, superoxide dismutase, catalase and glutathione
peroxidase [8]. Milk also contains significant amounts of equol, a polyphenolic metabolite of
daidzein, the antioxidant activity of which has been scientifically proven [9]. Superoxide radicals,
hydroxyl radicals and peroxide radicals can be inhibited by the antioxidant systems of milk [10]. The
human body has mechanisms for neutralizing and purifying reactive oxygen species. An important
line of defense against reactive oxygen species consists of enzymes such as glutathione peroxide,
catalase and superoxide dismutase, ubiquinol, and uric acid.[11] Lipid oxidation is a major cause of
chemical spoilage of food and dairy products, leading to undesirable changes in the nutritional value,
taste, and texture of food [12 ] . A review of the literature has shown that milk and milk products
have antioxidant capacity, but data on the antioxidant capacity of milk and milk products have not
been compiled before. This article briefly describes the antioxidant capacity of milk and milk
products.

Antioxidant properties of caseins

Caseins are the main protein of cow's and cattle’s milk and exist in the form of macromolecular
aggregates. Due to the difference in phosphate content, there are different casein fractions in milk,
for example, the phosphate content of o, p and k caseins is 10, 5 and 1 mol per casein mol, and
phosphate can provide antioxidant activity for casein micelles [13]. Milk proteins have shown
antioxidant activity to scavenge reactive oxygen species. Studies have shown that casein inhibited
lipid autoxidation catalyzed by lipoxygenase. Free amino acids cannot quench free radicals, and the
primary structure of casein molecules acts as a scavenger to scavenge free radicals [14]].
Phosphoserine residues bound to casein molecules and inorganic phosphate can bind non-heme iron
present in casein and serum. A previous study found that 72 and 21% of added non-heme iron in
skim milk was derived from o- and B-caseins, respectively, and that phosphoseryl-rich peptides of
casein phosphatides bind divalent metal and casein-derived peptides inhibit lipoxygenase. . activity [
15 ]. Casein-derived phosphopeptides have been shown to sequester iron in lipid and aqueous food
systems [16]]. Browning is a serious problem in many food products, and casein-based coatings are
used commercially to prevent oxidative browning of fruits and vegetables. The effectiveness of
calcium caseinate and whey powder in delaying enzymatic browning in sliced potatoes and apples
was investigated, and the results showed that the milk protein-based food coating effectively delayed
enzymatic browning. Whey protein powder showed better antioxidant activity than calcium
caseinate, and the differences in antioxidant activity of whey protein and caseinate were related to
the difference in amino acid profile [17]. The antioxidant activity of superoxide dismutase, catalase
and glutathione peroxidase, casein and some peptides has been well established [18].

Antioxidant properties of whey proteins
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In recent years, the use of whey in food and non-food products has been increasing worldwide.
Whey protein has a high biological value and approximately 30-35% of whey is still discarded [19].
In the food industry, whey proteins are used as emulsifying, gelling and thickening agents. The
antioxidant activity of whey protein has been scientifically proven, and whey antioxidants can
effectively inhibit lipid oxidation [20]. The antioxidant activity of whey protein is related to the
chelation of transition metals by lactoferrin and scavenging of free radicals by sulfur-containing
amino acids [21]. Whey proteins increase the level of glutathione peroxidase, which is one of the
most important water-soluble antioxidant systems [22]]. Whey proteins have antioxidant activity and
the addition of whey protein to soybean oil emulsion increased the oxidative stability [12].
Antioxidant properties of salmon oil emulsion increased as a function of whey protein addition [20].
Foods containing whey proteins have antioxidant activity. Lactoferrin and casein can inhibit the
production of lipid peroxidation, peroxide radicals, thiobarbituric acid reactive substances, oxygen
and iron oxide free radicals [23]. Casein fraction, whey protein composition and amino acid profile
of cow, buffalo, sheep and goat milk are presented in Tables 1, 2 and 3, respectively.

Table 1 Casein content of cow, buffalo, goat and sheep milk

From: Antioxidant properties of milk and milk products: a comprehensive review of existing

knowledge

Parameters Cow Buffalo Sheep Goat
TPC (g/L) 27.8 49.2 59.4 334

asS 1 - kazein (%) 37 90 33 99

as 2 - kazein (%) 7 13 14 8.52
b-kazein (%) 42 28 30 63
g-kazein (%) 6 22 9 18

k- kazein (%) 9 7 14 8

1. Total protein content of TPC
2. Source of data

3. Cow's milk: [ 104 ]

4. Buffalo milk: [ 105 ]

5. Sheep's milk: [ 104 ]

6. Goat's milk: [ 104 ]

Table 2. Composition of whey proteins in cow, buffalo, goat and sheep milk

From: Antioxidant properties of milk and milk products: a comprehensive review of existing
knowledge.
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Parameters Cow Buffalo milk = Sheep Goat milk
milk

Whey proteins (g/l) 6.46 6.46 10.76 6.14

b- lactoglobulin (%) 59.3 59.3 61.1 54.2

a- lactalbumin (%) 16.2 16.2 10.8 21.4
Immunoglobulins (%) 15.0 15.0 20.0 11.5
Sarum albumin/laktoferrin (%) | 9.5 9.5 8.1 12.8

1. Source of data

2. Cow's milk: [ 104 ]
3. Buffalo milk: [ 105 ]
4. Sheep's milk: [ 104 ]

5. Goat's milk: [ 105 ]

Table 3 Amino acid profile of cow, buffalo, sheep and goat milk

From: Antioxidant properties of milk and milk products: a comprehensive review of existing

knowledge
Amino acid Cow's milk Goat's milk Buffalo milk Sheep
(9/100 g) milk
Aspartik Kislota 7.8 7.4 7.13 6.5
Treonin 4.5 5.7 5.714 4.4
Cool 4.8 5.2 4.65 3.4
Lutamic acid 23.2 19.3 21.4 14.5
Proline 9.6 14.6 12.0 16.2
Sistine 0,6 0,6 0,586 0,9
Glycine 1.8 2.1 1.93 3.5
Alanine 3.0 3.6 3.03 2.4
Valin 4.8 5.7 6.760 6.4
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Amino acid Cow's milk Goat's milk Buffalo milk Sheep
(9/100 g) milk

Methionine 1.8 3.5 0,928 2.7
Isolicin 4.2 7.1 5.714 4.6
Leucine 8.7 8.2 9.792 9.9
Triosine 4.5 4.8 3.858 3.8
Phenylalanine 4.8 6.0 4.713 4.3
Histidine 3.0 5.0 2.73 6.7
Lysine 8.1 8.2 7.497 7.8

1. Amino acid has antioxidant activity in milk and milk products
2. Source of data

3. Cow's milk: [ 106 ]

4. Goat's milk: [ 107 ]

5. Buffalo milk: [ 108 ]

6. Sheep's milk: [ 107 ]

Abbreviations

DNA:

Deoxyribonucleic acid High performance liquid chromatography

DPPH: SOD:

2,2-Diphenyl-1-Picrylhydrazyl Superoxide dismutase

FRAP: TBA:

Iron-reducing antioxidant power Thiobarbituric acid

GSHPx: TPC:

Glutathione peroxidase Total protein content; GTE: green tea
catechins

HPLC:
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