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Abstract

This paper explores the antioxidant capacity of milk, probiotics, and postbiotics. Antioxidants are compounds that can protect
cells from damage caused by free radicals, which are unstable molecules that can cause oxidative stress. Milk is a rich source of
antioxidants, including vitamins A and E, and some evidence suggests that milk consumption may be associated with a reduced
risk of chronic diseases. Probiotics are live microorganisms that can confer health benefits when ingested, and some strains
have been shown to have antioxidant properties. Postbiotics are non-viable microorganisms or their metabolites, and recent
research has suggested that they may have antioxidant effects. This paper reviews the current evidence on the antioxidant
capacity of milk, probiotics, and postbiotics, and discusses the potential implications for human health. Overall, the findings
suggest that these three sources may have antioxidant effects, which could contribute to their health-promoting properties.
However, further research is needed to fully understand the mechanisms underlying these effects and to determine their

clinical relevance.
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Introduction

Several milk-derived peptides have been found to
possess antioxidant (AO) activity. The ability of peptides to
interact with radical species or to inhibit oxidative reactions
could lead to the development of novel food ingredients
relevantin health promotion and disease prevention [1]. Milk
and milk products included the good source of nutritional
components like valuable proteins, lipids, and lactose as well
as micro- and macronutrients. It is well known that the milk
nature is a complete food for the growth and development
of mammals. In recent years, there has been an increasing
interest of consumers in functional food, which not only
meets the primary function, but also has some benefits on
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human health [2]. Apart from of macro components such
as proteins, lipids, lactose, and micro- and macronutrients
in milk, there are variety of other components that occur
during milk processing or intestinal digestion (enzyme
hydrolysis) and are called bioactive components since they
provide various health benefits [3]. Milk is a highly consumed
product worldwide due to its nutrient content containing
valuable macro and micro-nutrients such as carbohydrates,
proteins, fat, minerals and some vitamins [4].

Nevertheless, this issue is controversial since there
are many milk components that promote health benefits
including oleic acid, conjugated linoleic acid, omega-3 fatty
acids, proteins, vitamins, minerals and bioactive compounds,
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and various milk proteins and their peptides have been
suggested to possess anti-cancer activity [5-7]. Milk-based
beverages contain several componentsinaddition to the basic
components with beneficial physiological functions, such as
peptides, oligosaccharides, enzymes, vitamins, and minerals.
These components can be used as functional ingredients
for the development of functional and nutraceutical food
products with certain health benefits [8].

Antioxidants in Food

In the food and pharmaceutical industries, antioxidants
are used to prevent deterioration, rancidity and discoloration
caused by oxidation during processing and storage [9].
Reactive oxygen species and free radicals can be produced
in food products by exogenous chemicals and endogenous
metabolic processes.

Natural antioxidants currently have taken significant
attention for their potential effects on health promotion and
disease prevention. The main action of antioxidants consists
of minimizing cellular damage exerted by free radicals [10].
Antioxidants locate in fruits and vegetables, specially vitamin
C, vitamin E, vitamin A, is as well as enzymes such as catalase,
glutathioneperoxidase,glutathionereductase,andsuperoxide
dismutase. studies have shown that Antioxidants are able to
prevent a number of diseases such as cancer, coronary heart
disease, delay ageing, boost the body’s immune system,
neurological disorders, and neurodegenerative diseases [8].
It is well known that lipid peroxidation occurring in food
products causes deteriorations in food quality (e.g. rancid
flavour, unacceptable taste and shortening of shelf life). In
addition, it has been recognized that oxidative stress plays a
vital role in a number of age specific diseases [11,12]. Radical
scavenging is the main mechanism by which antioxidants act
in foods. The radical scavenging assays primarily operate
by direct measurement of hydrogen donation or electron
transfer from the potential antioxidant to a free radical in
simple “lipid free” systems [12].

The oxidative processes in our body produce highly
reactive compounds called free radicals or these may also
enter our body from the environment [13].

Antioxidant Importance

It is well known that reactive species such as free
radicals or non-radical oxidants reactive oxygen, nitrogen,
and sulphur species (RSS), including the recently discovered
RSS, cause oxidative damage to lipids, proteins, and DNA
[14]. According to Cheeseman, et al. [15], free radicals
are typically electrically charged and have a tendency to
oxidise other substances in order to balance themselves out
[15]. The three main classes of oxidants that are produced
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within the body are reactive oxygen species (ROS), reactive
nitrogen species (RNS), and reactive sulphur species (RSS)
[16]. Free radicals like superoxide radicals (0,), hydroxyl
radicals (OH), and non-radical oxidants like hydrogen
peroxide (H,0,) and hypochlorous acid are the main
ROS players (HOCI). Nitric oxide (NO) and peroxynitrite
(ONOO) are major RNS in contrast to others. Nucleic acids,
sugars, lipids, and proteins are the primary targets of these
oxidants [16-18]. The alterations of organic biomolecules,
such as the polyunsaturated fatty acids in membrane lipids,
oxidation of proteins, DNA strand breakage, RNA oxidation,
mitochondrial depolarization, and apoptosis, resulting in the
harmful effects of these ROS and RNS free radicals, such as
0,, OH, H,0,, and ONOO [16].

Under normal circumstances, scavenging enzymes like
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), etc., or chemicals that block the activities
of oxidant-generating enzymes like xanthine oxidase, such
as polyphenols, are responsible for clearing reactive species
[19]. The major roles of antioxidants in human health are
reported to prevent the generation of oxidizing species or
diminish the effects of dangerous metabolic or xenobiotic
oxidants. So the body is prevented from acute or chronic
maladies and/or restoration of the cellular/tissue damage
[20].

Antioxidant Mechanism of Probiotic

Probiotic could exert antioxidant capacity by different
pathways. Probiotic would possess Antioxidant Enzymes
System and Antioxidant Metabolites. Superoxide and
Catalase comprise antioxidant enzymatic system of
probiotic. sod is one of best known enzyme produced by the
mitochondria possess antioxidant capacity that catalyses
the superoxide radical’s dismutation (or partitioning) into
common molecular oxygen (0,) and hydrogen peroxide
in alternating fashion (H,0,). However, SOD due to its
short circulatory half-life is suffering narrow-ranging
bioavailability in the therapeutic studies. Lactobacillus
fermentum strains E-3 and E-18 were able to express Mn-
SOD under oxidative stress condition. Catalase (CAT) by
breaking down hydrogen peroxide contributes to the
cellular defences against free radical production and delays
the Fenton reaction from producing hydroxyl radicals [21].
Although LAB are typically CAT-negative [22], de LeBlanc and
colleagues demonstrated that a CAT-producing Lactococcus
slactis could prevent 1, 2-dimethylhydrazine-induced colon
cancer in rats. In addition, CAT-producing Lactobacillus casei
BL23 strains created through genetic engineering were able
to stop or lessen the severity of intestinal diseases brought
on by ROS. Furthermore, probiotics are able to increase
effectually the activities of antioxidases and promote the
host’s antioxidant system. Studies in pigs demonstrated
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that dietary Lactobacillus fermentum supplementation
might improve hepatic CAT, muscle SOD, Cu and Zn-SOD, and
serum SOD and GPx compared to the control group. Wang
et al research’s also inferred that Bacillus amyloliquefaciens
SC06 rose CAT and GST gene expressions and the CAT
activity in intestinal porcine epithelial cells-1 (IPEC-1)
[23]. According to Amaretti and his collegues’ study, the
highest restriction of inolenic acid peroxidation (TAALA)
and ascorbate autoxidation (TAAAA), the TEAC are belonged
to the strains Bifidobacterium animalis subsp. lactis
DSMZ 23032, Lactobacillus acidophilus DSMZ 23033, and
Lactobacillus brevis DSMZ 23034 [24]. In addition, Feng and
his colleagues observed exopolysaccharide from Lactococcus
lactis Z-2 had antioxidant capacity on hepatopancreas
[25]. Intracellular cellular contents of probiotic including
tertbutyl, hydroperoxide, ferrous ions, and intracellular
polysaccharides could possess antioxidant properties [26].
The antioxidant capacity of intact cells of probiotic and
postbiotic has been related to cell wall components such as
cell surface polysaccharides and proteins, and amino acids
[27-29]. Based on investigation of Cuevas-Gonzile, et al.
[30]. The intracellular content of Lactobacillus fermentum
J10, Lactobacillus pentosus J27, and Lactobacillus paracasei
CRL431 had capacity to diminish the disturbance of the
antioxidant system and diminish cell damage in erythrocytes
exposed to acrylamide [30].

Metal ion chelation is another mechanism cause to
exert antioxidant activity of probiotic [31-33]. Lin and Yen
in 1999 declared firstly that LAB strains have The metal ion
(ferrous and cupric ions) chelating ability [34]. Researchers
discovered that Lactobacillus casei KCTC 3260 has a strong
antioxidant capacity By chelating Fe?* or Cu®, 43 In the same
way, tpostbiotic of Lactobacillus helveticus CD6 exhibited
higher Fe?** ion chelation [31]. the causes of metal ion
chelation in probiotic bacteria are not entirely understood,
however [35].

Antioxidant Properties of Milk

Milk antioxidants could exert possible health effects
by acting as defense compounds against oxidative stress in
the consumer, as well as prevent milk lipid oxidation and/
or maintain the oxidative stability of the product [36]. due
to its containing sulfur amino acids cysteine, vitamins A, E,
carotenoids, enzyme systems, superoxide dismutase, catalase
and glutathione peroxidase, milk has a magnetic antioxidant
capacity [37]. The major antioxidants in milk fat are
composed by conjugated linoleic acid (CLA), vitamins A and
E, B-carotene and coenzyme Q10. Other compounds also with
antioxidant properties include vitamin D3, phospholipids,
ether lipids and, possibly, 13-methyl-tetradecanoic acid
[38,39]. Dairy products showed antioxidant activity and
have been considered as important dietary components that
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contribute to the total intake of antioxidants. Milk proteins
(especially caseins) are the most important radical scavenger
compounds [40].

Some dairy products like milk, skim milk or whey and
some proteins from these products, such as lactoferrin,
a-lactalbumin, B-lactoglobulin, caseins or specific
endogenous milk enzymes, have been reported to possess
antioxidant properties [41,42]. It should be noted the role of
milk phospholipids in the antioxidative properties of milk is
related to acting synergistically with a-tocopherol [43].

The oxidation process lead to strong off-flavors and in
deterioration of the nutritional quality of milk. then, The
oxidative stability of milk and dairy products is the result
of a delicate balance between the anti- and pro-oxidative
processes in milk [44]. Probiotic milk is known as one of
the best foods functional food produced by the probiotic
bacteria [45]. Lactobacillus, Bifidobacterium, accharomyces,
Streptococcus, Enterococcus, Escherichia, and Bacillus are
comprised [46]. probiotic bacteria due to their ability to
produce lactic acid by fermentation, caused lactose to be
hydrolyzed by (-galactosidase enzyme to make galactose
and glucose monosaccharides, as a result, the pH of milk
dropped, and the growth condition is negatively changed
for microorganisms over the LAB. However, Numerous
studies admit that there are health advantages for which cell
viability is not necessary or in which the advantage is not at
all mediated by the microbial cell [47]. Then, postbiotics is
described as non-viable microbial cells, their metabolites
and cell fragments could possess health promoting effect
without any side-effect of probiotic [48]. LAB were shown to
have beneficial effects on maintaining and treating ulcerative
colitis (UC), metabolic diseases, The growth, immune system,
and oxidative status of sea bream, Pagrus major, were also
improved by Lactobacillus rhamnosus or/and Lactobacillus
lactis in fishes [49,50]. Bifidobacterium was effective in
boosting antitumor immunity [51] and treating women'’s
irritable bowel syndrome [52]. Due to their stability as
spore-forming bacteria and capacity to produce a wide range
of enzymes, including protease, amylase, and lipase, Bacillus
species are preferred in the feed industry [53]. Many studies
have indicated the antioxidant capacity of probiotics and
intracellular content of probiotics. According to the studies,
other forms of probiotic like a culture supernatant, intact
cells, and intracellular cell-free extracts are able to scavenge
hydroxyl radicals and superoxide anion in vitro and vivo
studies. Romero-Luna and her colleagues reported culture
supernatant of S. cerevisiae C41 and S. boulardii neutralized
freeradicals of ddph by 63.03% and 43.60% respectively [21].
Also Mangala Lakshmi Ragavan and Nilanjana Das indicated
L. starkeyi VIT-MNO, had highest antioxidant capacity (76%)
compared to K. lactis VIT-MNO, (68%), S. fibuligera VIT-MNO,
(55%), Y. lipolytica VIT-MNO, (16%) and B. custersianus VIT-
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MNO, (8%) in DPPH assay [22].

To defend cells from the damage that oxidative stress
causes, LAB strains can boost the activity of antioxidant
enzymes or modulate and relieve circulatory oxidative stress
[54]. Probiotic LAB has been shown to have antioxidant
properties both in vitro and in vivo, but the mechanism by
which they control oxidative stress tolerance is not fully
understood?7. In probiotic LAB, an aerobic environment may
encourage the production of toxic oxygen byproducts like
ROS, reactive nitrogen species (RNS), and reactive sulphur
species [24,55]. Lactic acid bacteria (LAB) were examined
to determine whether they could shield HT29 cells from
oxidative DNA damage. Lactic acid can be produced by these
bacteria, which are typically linked to dairy products, and is
a key by product of the fermentation of carbohydrates [56]. A
vital class of microorganisms employed in the food business
is the lactic acid bacteria. Oxidative stress was induced using
plumbago and hydrogen peroxide [55].

It should be noted that the bioaccessibility of antioxidants
is a very vital factor [57]. Studies indicate that probiotic
bacteria’s dead parts may have better bioaccessibility [58].
Based on the study, Lyophilized cells of Lactococcus lactis
subsp. cremoris absorbed about 10 (U mL?') dpph and heat
killed cell was reported 6(U mL™') dpph while intact cell were
shown just 1.30 (U mL) [59]. In addition, cell free extract of
Probionebacterium freudenreichii and Lactobacillus retueria
had the highest antioxidant capacity by (97.75 %) and (96.74
%) respectively [60]. Aside from developing a healthy gutand
promoting growth performance, a preliminary study from
this laboratory revealed that the postbiotics produced by L.
plantarum have high antioxidant activities [42]. Similarly,
bacterial cultures of L. Plantarum were reported to exhibit
high antioxidative activities [47,48].

Natural Antioxidants in Milk

Bioactive Peptides

Several studies have confirmed that peptides released
from milk protein hydrolysates have antioxidant activity
[61,62]. Bioactive peptides (BPs) have been defined as
specific protein remains that have a positive influence
on physiological and metabolic functions or condition
of the body and may have ultimate beneficial effects on
human health. BPs can be delivered to consumers in
conventional foods, dietary supplements, functional foods,
or medical foods [63]. These bioactive peptides possess very
important biological activities and functionalities, including
antimicrobial, antihypertensive, antioxidative, anticytotoxic,
immunomodulatory, opioid and mineral-carrying activities
[64,65]. Milk proteins are known as very important
sources of bioactive peptides [66]. The health benefits of
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these peptides are classified as cytomodulatory, mineral
binding, antimicrobial, immunomodulatory, blood-pressure
lowering (Angiotensin-converting enzyme ACE- inhibitory),
antithrombotic, antioxidant and opioopioid-like addition to
cholesterol-lowering and mineral absorption/bioavailability
enhancers [66,67]. Bioactive peptides have been classified as
specific fragments of protein that have a positive impact on
body functions or conditions and may ultimately influence
health [64,68]. The release of bioactive peptides from milk
proteins in the gastrointestinal tract results from the action
of digestive enzymes such as pepsin and pancreatic enzymes
(trypsin, chymotrypsin, carboxy- and aminopeptidases)
[69,70]. In most studies the primary classes of bioactive milk
peptides, based on their specific physiological functions:

e Antimicrobial Peptides.

ACE Inhibitors.

Antithrombotic Peptides.

Opioid Milk Peptides.

Immunomodulatory peptides.

Mineral binding peptides.

Antidiabetic peptides [71,72].

Recently, the bioactive peptides derived from milk has
reported to possess different functional properties such
as stimulation of immune system, digestion, absorption of
nutrients in body, prevention of obesity, and prevention of
development of metabolic disorders [73]. Bioactive peptides
can be derived from milk proteins, either casein or whey
proteins. Production of bioactive peptides offers ingredients
for a low-cost production and positive nutritional image
associated with fermented milk. Generally, bioactive
peptides can be produced by three main ways: 1: enzymatic
hydrolysis with digestive enzymes; 1; fermentation of
milk with proteolytic starter cultures; 3 proteolysis with
enzymes derived from microorganisms or plants. Also, some
studies suggest the combination of these three mentioned
models to be effective in generating functional bioactive
peptides [74,75]. Antioxidant activity of bioactive peptides
can be attributed to their radical scavenging, inhibition of
lipid peroxidation and metal ion chelation properties of
peptides. It also has been proposed that peptide structure
and its amino acid sequence can affect its antioxidative
properties [76]. Peptides derived from as-casein have free
radical scavenging activity and inhibit enzymatic and non-
enzymatic lipid peroxidation [42]. These dipeptides can
promote the synthesis of glutathione, which is an important
antioxidant for cellular protection and repair processes.
At present, proteins and peptides with biological activity
constitute one of the most important categories within the
functional food sector. Peptides with biological activity can
be generated from milk proteins [77,78]. Milk proteins have
shown antioxidant activity for the scavenging of reactive
oxygen species. Studies have shown that casein inhibited the
lipoxygenase-catalyzed lipid autoxidation. Free amino acids
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cannot quench the free radicals and for the scavenging of
free radicals, primary structure of casein molecules acts as
scavenger [79]. Moreover, the antioxidant activity of whey
protein hydrolysates depends on peptide molecular weight,
with low-molecular-weight peptides (0.1-2.8 kD) showing
the strongest in vitro radical scavenging activity [80].

Figure1l: Schematic review of major bioactive components
in milk.

Proteins

Caseins: CN’s have a relatively open or disordered structure
which makes them highly susceptible to proteolysis. The
proteins of milk are divided into caseins and whey proteins.
Caseinsinclude as1-casein, as2-casein, 3-casein, and k-casein
and make up 80% of the total protein content. The other
20% consists of whey proteins, including -lactoglobulin,
a-lac- talbumin, serum albumin and immunoglobulins. The
distinction between the two groups is based on solubility at
pH 4.6 [81]. Caseins are the major protein of bovine and ovine
milks present in the form of macro-molecular aggregates.
Due to the difference in phosphate content, various casein
fractions are present in milk, for example, phosphate
content of o, B and k caseins are 10, 5 and 1 mol per casein
mole and phosphate can provide antioxidant activity to the
casein micelles [82]. Proteins (casein fractions and whey
proteins) and peptides released by proteolytic enzymes have
antioxidant properties. Model studies conducted with the
involvement of prooxidants - ferric ions, ascorbic acids and
lipoxygenase - demonstrated that all casein fractions can
inhibit the autoxidation of arachidonic acid. Selected b-casein
sequences (169-176 and 33-48) inhibit the oxidation
of oleic acid in vitro [42]. The antioxidant properties of
caseins can be modulated by dephosphorylation of the
protein chain. Dephosphorylated casein and B-casein are
more hydrophobic, and they inhibit chemically induced
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peroxidation of linoleic acid more effectively than their
native forms. Higher hydrophobicity increases the scope of
interactions with linoleic acid. Casein scavenges free radicals
more effectively when the peroxidation of linoleic acid is
chemically induced (with 2,20-azobis (2-amidinopropane
dihydrochloride) than when oxidation is initiated
enzymatically [83]. Proteolysis affects casein’s ability to
inhibit lipid peroxidation. Regardless of concentration,
casein hydrolysates demonstrate antioxidant activity due to
a higher content of amino acids with antioxidant properties,
including histidine, proline, lysine and tyrosine. Free radicals
are deactivated by peptides containing hydrophobic amino
acids (proline, histidine, tyrosine and tryptophan) and
selected free amino acids (tyrosine and cysteine). A peptide
composed of six amino acids (Tyr-Phe-Tyr-Pro-Glu-Leu)
is particularly effective in eliminating peroxide radicals. Its
antioxidant activity is highly influenced by the C-terminus
[65,84]. Casein fragments containing valine (Val) or
leucine (Leu) in the N-terminus are also highly effective in
scavenging superoxide radicals. Peptide hydrophobicity was
not found to be correlated with inhibition of peroxidation,
which implies that it is not the sole cause of antioxidant
activity. It is believed that the antioxidant activity of
peptides is significantly enhanced by tyrosine (Tyr), a
strong proton donor [83]. Furthermore, Shazly, et al. [85]
who studied antioxidant peptides from buffalo and bovine
casein reported buffalo casein hydrolyzed (CBH) by pepsin
contrasted to bovine casein hydrolysates (CNH) contained
more hydrophobic amino. also, oxygen radical absorbance
capacity and Hydroxyl radical scavenging capacity for CBH
hydrolyzed by alcalase and CNH hydrolyzed by trypsin were
reported 81.16% and 84.55% and 2.45 and 2.23 mM BHA
respectively. Consequently, alcalase-CBH and trypsin-CNH
are offered in functional foods and pharmaceuticals as an
appropriate antioxidants [85]. In addition, it is reported
that a-casein added into liposomal suspension (1 g/L ) was
able to inhabit entirely a mixture of ferrous sulfate and
ascorbate, 50 and 500 m M final concentration, respectively
[82]. Li, et al. [86] who studied bio peptides hydrolyzed
from goat casein (GMC) by utilizing a combination of neutral
and alkaline proteases (GMCH) indicated that GMCH has a
higher inhibition effect on lipid peroxidation compared with
tertbutylhydroquinone and phytogermine. it should be noted
that the high antioxidant activity of GMCH is specifically
related to 5 novel oligopeptides( Val-Tyr-Pro-Phe, Phe-Gly-
Gly-Met-Ala-His, Phe-ProTyr-Cys-Ala-Pro, Tyr-Val-Pro-Glu-
Pro-Phe, and TyrPro-Pro-Tyr-Glu-Thr-Tyr) which were first
observed in GMCH. so, its observed due to the 5 oligopeptides
, GMCH antioxidant capacity compared with GMC increased
3.59 to 380 times [86]. Also, it’s reported LHSMK which is
The synthetic peptide from casein hydrolyzed by pepsin not
only has the antioxidant activity and free radical scavenging
ability exhibited a dose-dependent increase, but also could
regulate antioxidant enzymes activity in oxidative-damage

Copyright© Moghadam SK.


https://medwinpublishers.com/FSNT/

cells [87]. Bamdad, et al. [88] who produced bio peptides
driven casein by the combination of High Hydrostatic
Pressure with protease enzyme indicated that casein exposed
to flavourzyme and High Hydrostatic possessed the highest
antioxidant activity compared with atmospheric pressure-
enzymatic hydrolysis. In addition, Liquid chromatography
with tandem mass spectrometry presented the amino acid
sequences of biopeptides produced by flavourzyme and High
Hydrostatic are reported approximate 60 % proline, valine,
and leucine [88].

Whey: Whey has a globular structure and is composed of five
major fractions: B-lactoglobulin (f-LG), a-lactalbumin (a-
LA), bovine serum albumin, immunoglobulins and a number
of minor proteins such as lactoferrin and lactoperoxidase.
Each whey protein faction has different physicochemical
properties, which can be modified by enzymatic hydrolysis
[89]. Mann, et al. [90] investigated that WPC hydrolyzed
by using corolase peptidase compared with flavouzyme,
alcalase possessed greater radical scavenging activity [90].
One of the peptides, Trp-Tyr-Ser-Leu-Ala-Met-Ala-Ala-
Ser-Asp-Ile which is observed in the (-lactoglobulin A
to have more radical scavenging activity than BHA [91].
Preparation of antioxidant enzymatic hydrolysates from
alphalactalbumin and beta-actoglobulin. Furthermore,
Contreras del Ma, et al. [92] informed the sequence of
peptides from f-lactoglobulin fragment (92-100) and
B-lactoglobulin fragment hydrolyzed by flavourzyme were
VLVLDTDYK and IDALNEK that possessed antioxidant
capacity Production of Antioxidant hydrolysates from whey
protein hydrolysate with thermolysin [93]. In addition,
using ultrasound treatment led to increasing the antioxidant
capacity of whey protein, results revealed that ultrasound
treatment improved the proteolysis of B-lactoglobulin by
both pepsin and trypsin and enhanced the antioxidant
capacity of the protein and its proteolytic products [92]. It
is reported that the antioxidant capacity of whey protein is
related to the degree of hydrolysis, study showed protein
whey has higher Trolox equivalent antioxidant capacity
(TEAC) at %13 hydrolysis degree [94]. Lactoferrin (LF) is
an iron-binding glycoprotein of the transferrin family with
a high molecular weight (80 kDa). It is present in many
biological fluids and is widely distributed in colostrum and
milk [95]. Lactoferrin delivers a host of health benefits, and
it is the most valuable protein in the human diet. Lactoferrin
binds to iron and increases its bioavailability while blocking
its pro-oxidant action. Despite the above, the antioxidant
potential of lactoferrin decreases proportionally to the
degree of iron saturation. The lactoferrin content of milk
is estimated at 0.02-0.35 g/L and it is higher in colostrum
[96]. The biological activity of lactoferrin is determined
by various technological factors: parameters of the heat
treatment, the fat content and the degree of saturation of
iron [97,98]. Lactoferrin is not highly susceptible to digestive
enzymes, trypsin and chymotrypsin, and it maintains its
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biological properties when ingested with food [99]. It also
exerts immunostimulatory effects by preventing pathogen
colonization in the gastrointestinal tract and promotes the
growth of beneficial gut microbiota. Lactoferrin attenuates
the inflammatory response, increases the cytotoxicity
of natural Kkiller cells in vitro and inhibits the release of
oxygen radicals by leucocytes at sites of inflammation
[100]. Lactoferrin is synthesized by the epithelial cells of the
external mucous membranes, present also in some bodily
fluids, such as tears and saliva, although the highest levels
are detected in milk secretions [101]. Rachman, et al. [100]
showed that lactoferrin concentration varies with lactation
days i.e. on the 1st day of lactation it was observed that
lactoferrin was more than the following lactation days. Thus,
it can be seen that lactation period, age and other maternal
characteristics plays an important role in the lactoferrin
concentration. Lactoferrin concentration varies with breeds
too [102]. Lactoferrin is present in mammalian secretions
such as milk, tears, saliva, seminal fluids, vaginal fluids,
nasal mucosa, bronchial mucosa as well as in some white
blood cells and secondary granules of neutrophils [7,103].
The alteration of the activity of lactoferrin in milk could
have an impact on the shelf life of raw milk and also on the
development of neonates [104]. Lactoferrin is considered
to be an important host defense molecule and has a diverse
range of physiological activities such as antibacterial,
antiprotozoal, antifungal, antiviral, anticancer, antioxidant,
antiinflammatory and immunomodulatory [103,105].

Sacharides

Oligosacharides: Lactose is the main carbohydrate in
milk and accounts for 54% of the total non- fat milk solids
[106]. Lactose consists of one glucose unit and one galactose
unit, connected by a glycosidic linkage in B-config- uration,
described as B-D-galactopyranosyl-(1—4)-D-glucopyranose)
[107]. Lactose is synthesised by the proteins a-lactalbumin
and galactosyltransferase, which catalyses the reaction
whereby lactose is formed from glucose and uridine-
diphosphate-ga- lactose (UDP galactose) [108]. Galacto-
Oligosaccharides are mixture of substances produced from
lactose or lactulose composed of 3-8 molecules of galactose
and glucose. Glucose is present at the terminal position
and remaining saccharide and disaccharide comprised
of two galactose units [109]. GOSs are nondigestible in
nature and are established as prebiotic ingredient as they
enhance the growth and number of beneficial bacteria like
Bifidobacteria, Lactobacillus, etc. and decrease the growth
and number of harmful bacteria like Clostridia, Enterobacter,
etc in GIT. GOSs are beneficial to host because the role of
beneficial bacteria in gut health has already been proved.
It plays role in immune function indicated by remarkable
increase in phagocytosis, NK cell activity, production of
anti-inflammatory cytokine interleukin-10, significant
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reduction in the production of pro-inflammatory cytokines
and recovery of innate immune cells in the elderly persons
for the enhancement of gastrointestinal health and immune
function in elderly persons. Stable gut microflora also plays
an important role in metabolic as well as in overall health.
It has also been reported to offer anti- anxiety benefits. It is
also associated with colorectal cancer [110].

Enzymes

Superoxide Dismutase: SOD catalyzes the removal of
free 02— and safe~guards the cells against harmful effects
through the following reaction.
20,+2H - H,0,+0,

Catalase, GSHPX, or other reducing agents con-vert H202 to
H20, hydrogen peroxide formed from O,", and oxidases are
eliminated by catalases and peroxidases [110]. Cytosolic Cu/
Zn-SOD, mitochondrial Mn-SOD, and extracellular-SOD are
the major forms of SOD [111]. SOD can inhibit LPO. In cow
milk, SOD is exclusively present in skim milk fraction, with a
concentration of 0.15 mg/1-2.4 mg/l. Human milk has 2.0-2.3
times more concentration of SOD as compared to cow milk
[112].

Glutathione Peroxidase: GSHPx is a selenium encompassing
enzyme that provides protection against lipid peroxidation. It
catalysis the breakdown of H202 and organic hydroperoxides
(R-O0OH) by glutathione (yGlu.Cys.Gly) as per following
chemical reaction [113]:
ROOH+2GSH — ROH+GSSG+H,0

More than 90% of GSHPx exists in milk as extra cellular
enzyme and it is only enzyme which fixes selenium (about
30% ofthe total. Its concentration varies among the mammals
and concentration is in the order of human > caprine > bovine
[114]. Concentration of GSHPx in cow milk ranges from 12
to 30 U/mL and its activity is mainly dependent upon the
concentration of selenium. Antioxidant activity and selenium
content decreases with the progression of lactation [115].
Peroxidase: Peroxidases are frequently used in the studies of
metabolic reactions, enzymatic functions, protein structures
[116]. Prosthetic groups of peroxidase are protoheme and
be connected to the apoprotein loosely in contrast to many
hemoprote [117]. Lactoperoxidase (LPO; EC 1.11.1.7)
belongs to the peroxides family of enzymes and is secreted
from mammary, salivary, and other mucosal glands that
is acting as a natural antibacterial agent. It has the ability
to catalyze certain molecules, including the reduction of
hydrogen peroxide [118]. Lactoperoxidase is an enzyme
present in milk, whey, and colostrum. It has a molecular
weight of about 77,500 Da. Lactoperoxidase is involved in the
defense mechanism of the host against bacteria which makes
it biologically significant [119]. Lactoperoxidase is capable of
inhibit the growth of wide range of microorganisms through
an enzymatic reaction which involves H,0, and thiocyanate
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ions as cofactors. These cofactors along with lactoperoxidase
constitute the lactoperoxidase (LP) system. Antimicrobial
action of this LP system is based on the formation of
hypothiocyanite ions via enzyme activation. Hypothiocyanite
ions react with the bacterial membranes and also disrupt the
functioning of certain metabolic enzymes. In some countries,
H,0, addition is not permitted hence in situ development of
hydrogen peroxide is done via addition of glucose oxidase
which is permitted. The source of thiocyanate ion can be
either natural or added as sodium or potassium thiocyanate.
LP system prevents the growth of Gram-positive bacteria and
kills the Gram-negative bacteria [120]. The general formula
of the reaction catalyzed by peroxidases is shown below
[121].
ROOH+AH, - ROH+H,0+A

The H,0, formed during the metabolism having oxidizing
property must be quickly removed. The catalase and
peroxidase enzymes exhibiting antioxidant properties play
this role in cells [122]. Lactoperoxidase (LP) is a member
of the peroxidase family, a group of natural enzymes, widely
distributed in nature and found in plants and animals,
including humans. Its primary function is to catalyze the
oxidation of certain molecules, at the expense of hydrogen
peroxide, in order to generate reactive products with a wide
antimicrobial activity [119]. Milk contains some essential
antimicrobial factors such as lactoperoxidase, lysozyme,
immunoglobulin, and lactoferrin [123]. Lactoperoxidase
system (LPS) is a natural antibacterial system having
both bactericidal and bacteriostatic to a wide variety of
microorganisms primarily used to prevent undue bacterial
multiplication thereby mitigating milk spoilage and
associated financial loss [124,125]. The system has three
primary components named as LP, hydrogen peroxide
(H,0,), and thiocyanate (SCN). LP catalyzes H,0,-dependent
oxidation of thiocyanate (SCN-) to hypothiocyanite (OSCN-).
The latter ion is a potent antimicrobial agent against gram-
negative and gram-positive bacteria, fungi, and viruses
[126]. Moreover, it has, antiviral activity, degradation of
various carcinogens and protection of animal cells against
peroxidative effects [119]. The most commonly used method
to stop or retard the deterioration of milk from the farmer
to the industry is cooling [127]. However, in many parts of
the world, this is not possible for various reasons, such as
lack of available capital, lack of electricity, less developed
road systems, high operational costs, frequent break downs
of equipment, lack of spare parts and difficulties in repair
of equipment in rural areas [126]. Prevailing high ambient
temperatures often further complicate the problem of milk
collection in these areas [128]. This causes a considerable
loss of fresh milk qualities, and in many regions only a minor
part of the production reaches the dairy industry in an
acceptable condition for use as human food. In many regions
most of the evening milk is spoiled after storage over-night
[129].
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Catalase: Milk catalase is a heme protein, molecular weight
of catalase is 200 kDa, with isoelectric pH of 5.5, and it is
stable in a wide range of pH 5-10 and rapidly loses activity
when it is out of this pH range [114]. The most of catalyzes
contain heme, also catalase causes the dismutation of H,0,,
consequently, one is converted to O,, and the other two are
converted to two molecules of H,0 [130]. A polarographic
method showed that aver-age catalase activity in cow milk
was 1.95 U/ml [131]. Although, the concentration of catalase
in human milk is approximately 10 times greater than cow
milk [132]. Endogenous antioxidant enzymes - superoxide
dismutase, catalase, and glutathione antioxidant mechanisms
[133].

-
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Co-Enzymes: Milk fat contains small amounts of coenzyme
Q10. Coenzyme Q10 transports electrons in the electron
transport chain and participates in ATP synthesis, which
improves energy efficiency in cells and tissues. The heart
muscle is most sensitive to coenzyme Q10 deficiency.
Coenzyme Q10 is a highly active antioxidant, and its
reduced form (ubiquinol) protects cell membranes and
low Density Lipoprotein (LDLs) against peroxidation more
effectively than [B-tocopherol and b-carotene. Ubiquinol
prevents the initiation and progression of peroxidation of
lipid and phospholipid PUFAs in mitochondrial membranes.
By binding with proteins, coenzyme Q10 stabilises
mitochondrial membranes and ensures their optimal
liquidity [134]. Ubiquinol promotes the antioxidant effects
of vitamin E which inhibits lipid peroxidation in membranes
only at the propagation stage. Ubiquinol also participates in
the regeneration of the reduced form of vitamin E (reduces
the tocopheryl radical to tocopherol). Despite the above, the
antioxidant potential of coenzyme Q10 is not determined
by vitamin E. It is believed that direct antioxidant effects
on cells can be attributed to the reduced form of coenzyme
Q10, whereas indirect effects follow from the regeneration of
vitamin E [135,136].

Unfermented Product CoQ10(mg/g) Fermented Product CoQ10(mg/g)
Milk 3.5% Fat 1.3 Yogurt 0 % fat Up 0.1
Milk 3.5% Fat 0.7-1.2 Yogurt 1.5% fat 0.7-1.4

Uht Milk 3.5% Fat 1.7 Fermented milk 1.6% fat 0.5
Uht Milk 1.6% Fat 1.2 Fermented milk 3.2% fat 0.5-0.9
Uht Milk 0.5% Fat 0.5 Kefir 3.5% fat 0.9
Cream 35 % Fat 0.9 Kefir 1.6% fat 0.7
Cream 20-22 % Fat 0.5-0.9 Emmentaler cheese 1.3
Butter 7.1 Edam cheese 12

Table 1: Amounts of coenzyme Q10 in dairy products.

Milk fat contains small amounts of coenzyme Q10 as
represented in Table 1. Coenzyme Q10 transports electrons
in the electron transport chain and participates in ATP
synthesis, which improves energy efficiency in cells and
tissues [137]. Ubiquinol promotes the antioxidant effects of
vitamin E which inhibits lipid peroxidation in membranes
only at the propagation stage. Ubiquinol also participates in
the regeneration of the reduced form of vitamin E (reduces
the tocopheryl radical to tocopherol). Despite the above, the
antioxidant potential of coenzyme Q10 is not determined
by vitamin E. It is believed that direct antioxidant effects
in cells can be attributed to the reduced form of coenzyme
Q10, whereas indirect effects follow from the regeneration
of vitamin E [135,136]. Coenzyme Q10 is a highly strong
antioxidant, and its reduced form (ubiquinol) protects cell
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membranes. LDLs against peroxidation more effectively
than a-tocopherol and f-carotene. Ubiquinol prevents
the initiation and progression of peroxidation of lipid
and phospholipid polyunsaturated fatty acids (PUFAs)
in mitochondrial membranes. By binding with proteins,
coenzyme Q10 stabilises mitochondrial membranes and
ensures their optimal liquidity [134].

Co-factor: Manganese is a specific enzyme co-factor
involved in the synthesis of mucopolysaccharides, and a
non-specific co-factor for many other enzymes. There are
several known manganese metaloenzymes like arginase,
glutamine synthetase, phosphoenlopyruvate decarboxilase
and manganese superoxide dismutase [138].
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Enriched Milk with Postbiotic

Postbiotics, as previously stated, are the byproducts of
probiotic bacteria, such as metabolites including proteins,
fatty acids, peptides, bacteriocins, enzymes, organic acids,
and hydrogen peroxide, which have been shown to have
beneficial effects on human health. Enriching milk with
postbiotics can potentially enhance its nutritional value
and provide additional health benefits. To begin with,
postbiotics have been shown to have a positive impact on
gut health by promoting the growth of beneficial bacteria
and reducing inflammation in the gut, as well as, enhanced
immune. In addition, postbiotics may help improve
digestion and nutrient absorption, leading to better overall
digestive health in practically patient suffering from lactose
intolerance without change in sensory properties of milk
by enzyme lactase obtained from postbiotics. Furthermore,
antioxidant properties of postbiotics into milk may help
reduce cell stress and the risk of chronic diseases associated
with inflammation. To end, postbiotics may help improve
the bioavailability of certain nutrients in milk, making them
easier for the body to absorb and utilize, although it should
be studied profoundly [139,140]. Overall, enriching milk
with postbiotics can potentially provide an added layer of
health benefits, making it a more valuable and functional
food product.

Conclusion

In conclusion, the antioxidant capacity of milk, probiotics,
and postbiotics is an area of active research that has received
growing interest in recent years. Milk is a rich source of
antioxidants, including vitamins A and E, which have been
shown to have potential health benefits. Milk and dairy
products, which are basic foods for human development,
can be beneficial for the oxidative defence of consumers
by several mechanisms. Probiotics and postbiotics also
have the potential to confer health benefits, including
antioxidant effects, which could contribute to their overall
health-promoting properties. Postbiotics, as metabolites
or non-living forms of probiotics with many health effects
which have been used in recent years for various purposes,
including assessing their antimicrobial, anticancer, and
antioxidant activities. Excellent results have been reported
in this regard. Each postbiotics compound (proteins, fatty
acids, peptides, bacteriocins, enzymes, organic acids, and
hydrogen peroxide) has specific antioxidant mechanisms.
Postbiotics are achieved through the activity of probiotic
bacteria (fermentation) or are produced on a laboratory
scale. Previous research has shown that postbiotics
have clinical (safety), technological (sustainability) and
economical (low costs of production) advantages over
probiotics. In this regard possibility of producing of enriched
milk by postbiotics as a functional food. However the
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evidence on the antioxidant capacity of the combination of
milk with postbiotics is still limited and more research is
needed to fully understand the underlying mechanisms and
determine their clinical relevance. Additionally, the effects
of these sources on different populations and under various
conditions should be further explored.
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