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Abstract

The COVID-19 pandemic, which causes severe respiratory tract infections in humans, has become a global health concern
and is spreading rapidly. At present, the most important issue associated with COVID-19 is the immune system and the fac-
tors that affect it. It is well known that cow’s milk is highly rich in micronutrients that increase and strengthen the immune
system. Research shows that the administration of these nutrients is very effective in fighting COVID-19, and a deficiency
in any of them can be a weakness in the fight against the virus. On the other hand, cow’s milk is accessible to the whole
population, and drinking colostrum, raw, and micro-filtered milk from cows vaccinated against SARS-CoV-2 could provide
individuals with short-term protection against the SARS-CoV-2 infection until vaccines become commercially available.
This review aimed to discuss the effects of milk vitamins, minerals, and bioactive peptides on general health in humans to
combat viral diseases, especially COVID-19, and to what extent cow’s milk consumption plays a role in providing these
metabolites. Cow’s milk contains many bioactive compounds that include vitamins, minerals, biogenic amines, nucleotides,
oligosaccharides, organic acids, and immunoglobulins. Humans can meet a significant portion of their requirements for vita-
mins and minerals through the consumption of cow’s milk. Recent studies have shown that micronutrients such as vitamins
D, E, B, C, and A as well as minerals Zn, Cu, Mg, I, and Se and bioactive peptides, each can have positive and significant
effects on strengthening the immune system and general health in humans.

Keywords COVID-19 - Cow milk - Immune system - Mineral - Vitamin

Introduction

The COVID-19 pandemic has infected and resulted in the
death of about 253 and 5.11 million people worldwide,
respectively (up to November 14, 2021), and is spreading
rapidly. At present, the most important issue associated
with COVID-19 is the immune system and the factors
that affect it. Therefore, strengthening the immune system
in various ways including proper nutrition is a priority.
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Recently, several studies have examined the effects of
heavy metals and their other forms, including nanoparti-
cles, quantum dots, and salts [1] as well as trace elements
and electrolytes [2] in patients with COVID-19 and each
in turn reported the beneficial effects of these micronu-
trients on SARS-CoV-2 and its disease, COVID-19. But,
the effects of a food such as a cow’s milk, which is both
widely available and rich in many micronutrients, have
been less studied. It has been well established that, vita-
mins, minerals, and bioactive peptides play an important
role in the immune system. Vitamins and minerals are
essential components of coenzymes and cofactors, which
play an essential role in metabolic reactions. Therefore,
disorder or deficiency in the availability of one of these
nutrients can lead to metabolic disorders and the subse-
quent consequence of which is a weakness in the immune
system. So, vitamins and minerals should always be pre-
sent in the body in the required amount. The function of
bioactive peptides has also been proven to strengthen the
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immune system and, according to reports, cow’s milk
contains significant amounts of bioactive peptides [3].
Cow’s milk is also rich in vitamins including vitamins
D, E, C, B, and A [4], and minerals including Zn, Cu,
Mg, I, and Se [4, 5]. Research shows that each of these
nutrients is very effective in fighting COVID-19, and a
deficiency in any of them can be a weakness in the fight
against the virus. For example, vitamin D has been recog-
nized as a potential strategy for the prevention or treatment
of COVID-19 [6]. Recently, several studies have shown
a potential link between vitamin D deficiency and sus-
ceptibility to various diseases, including systemic infec-
tions [7, 8]. Using vitamin D supplement has been shown
to reduce viral respiratory infections, especially in peo-
ple with vitamin D deficiency [9]. Vitamin D increases
innate immunity by increasing the secretion of antiviral
peptides [10, 11]. Therefore, its deficiency may suppress
immune function, which increases the risk of COVID-
19 and mortality [6]. Vitamin C also has an antioxidant
effect due to its ability to donate electrons and thus protect
molecules against oxidative damage. In addition, vitamin
C plays an essential role in the function and regulation
of the immune system [12]. It also activates the caspase-
dependent cascade, which causes programmed apoptosis
and necrosis [13]. Other effects of vitamin C in regulating
inflammation include modulating the nuclear transcrip-
tion factor kappa B (NFxB) and reducing the production
of inflammatory cytokines [14]. Therefore, its deficiency
may weaken the immune system and increase the risk of
COVID-19. According to studies, vitamin E increased
and strengthened the immune system in human and ani-
mal models through several mechanisms [15]. Vitamin E
affects the immune system through protein kinase C (PKC)
and modulates it. PKC inhibition has been shown to affect
the proliferation of monocytes, macrophages, neutrophils,
and smooth muscle cells, and reduce the production of
superoxide free radicals in neutrophils and macrophages
[16]. Thus, vitamin E plays an important role in the normal
functioning of the immune system and a sufficient amount
of it is needed in the body to fight COVID-19. B vitamins
also play an essential role in the proper functioning of the
cell, energy metabolism, and the proper functioning of the
immune system [17]. Vitamin B deficiency can signifi-
cantly impair the function of cells and the immune system
and lead to the inflammation caused by hyperhomocyst-
einemia [18]. Therefore, vitamin B can be used as a non-
pharmacological supplement to treat COVID-19. Vitamin
A is also known as an anti-inflammatory vitamin because
of its vital role in boosting immune function. Vitamin A is
involved in the development of the immune system, has a
regulatory role in cellular immune regulation and humoral
immune processes, and its use has been shown to have a
therapeutic effect in the treatment of various infectious

diseases [19]. Therefore, vitamin A can also be an effec-
tive factor in combating COVID-19.

Minerals, as mentioned, also play an important role in
the proper functioning of the immune system and the fight
against COVID-19. In vitro studies have shown that Zinc
(Zn) induces Interferon-alpha (IFN-a) and gamma (IFN-y)
production and can enhance the antiviral function of the
former [20]. Zn-induced changes in capillary epithelium
may inhibit transcapillary motility of plasma proteins and
reduce local edema, inflammation, and mucosal secretion
[21]. Finally, Zn can protect or stabilize the cell membrane
that is involved in inhibiting the virus from entering the
cell [22]. According to one study, copper (Cu) exposure to
human coronavirus 229E destroyed the viral genomes and
irreversibly affected the morphology of the virus [23]. Cu
ions can damage viral genomic DNA by binding and cross-
linking between and within genome strands [24]. Therefore,
Cu can also be introduced as an effective element in combat-
ing COVID-19. Magnesium (Mg) has a known “calcium-
channel blocking” effect. This mineral can inhibit calcium
(Ca*?) influx in immunocompetent cells, which limits
nuclear factor jB (NF-jB) activation, cytokine production,
and resulting systemic inflammation [25, 26]. Iodine (I) is
an essential trace element for humans and animals and its
deficiency can affect basal metabolism and immune system
function [27, 28]. Studies have also shown the unique prop-
erties of iodine germicide [29]. People with I deficiency, in
large numbers around the world, suffer from physical ill-
nesses and weakened immune systems [30]. Therefore, these
people are highly susceptible to COVID-19. According to
studies, selenium (Se) has also been introduced as a positive
modulator of the immune system [31], which can be consid-
ered an important element in the fight against COVID-19.

The main purpose of this study was to investigate the
effects of vitamins, minerals, and bioactive peptides on gen-
eral health in humans to combat viral diseases, especially
COVID-19, and to what extent cow’s milk consumption
plays a role in providing these metabolites.

Method

The bibliographic search was performed on Scopus, Pub-
Med, and Google scholar databases in May 2021. Search
keywords including “Mineral,” “Zinc” or “Zn,” “Copper”
or “Cu,” “Magnesium” or “Mg,” “Iodine” or “I,” “Sele-
nium” or “Se,” “Vitamin D,” “Vitamin C” or “Ascorbic
acid,” “Vitamin E” or “Tocopherol,” “Vitamin B1” or
“Thiamine,” “Vitamin B2” or “Riboflavin,” “Vitamin B3”
or “Niacin,” “Vitamin B5” or “Pantothenic acid,” “Vitamin
B6” or “Pyridoxine,” “Vitamin B7” or “Biotin,” “Vitamin
B9” or “Folic acid,” “Vitamin B12” or “Cobalamin,” “Vita-
min A” or “Retinoic acid,” “Bioactive peptide,” “Cow milk,”
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“Immune system” and “coronavirus 2019” or “COVID-19”
or “SARSCoV-2"in all fields. Any languages or date restric-
tions were not applied. Identified studies were screened by
title, abstract, and full text. Then, according to the screening
performed among the selected articles, those that did not
meet the criteria for use in the study were removed. The
remaining articles were entered into the database and col-
lected using Endnote software. Secondary screening (based
on title, abstract, and full-text review) was performed to
accurately match the selected articles in relation to the sub-
ject under study and finally, usable articles in this study were
selected. During the article writing process, a new update of
each database was screened to consider any newly published
article suitable to include in the review process.

The Content of Vitamins and Minerals
in Cow’s Milk and Requirements in Humans

In terms of macronutrients, cow’s milk is generally com-
posed of water (85-87%), fat (3.8-5.5%), protein (2.9-3.5%)
and carbohydrates (5%). But in terms of micronutrients, it
contains many bioactive compounds that include vitamins,
minerals, biogenic amines, nucleotides, oligosaccharides,
organic acids, and immunoglobulins [32]. Humans can
meet a significant portion of their requirements for vitamins
and minerals through the consumption of cow’s milk. The
amount of these metabolites in raw cow’s milk (with 3%
fat) as well as the recommended daily intake is shown in
Tables 1 and 2.

The Effect of Vitamins Against COVID-19
Vitamin D

Vitamin D is a steroid hormone that is produced endog-
enously by the effects of ultraviolet light on the skin or
is available from outside food sources or supplements.
Recently, a meta-analysis was performed on the effective-
ness of vitamin D supplementation in preventing acute
respiratory infections (ARIs). Based on the results of 25
randomized controlled trials (RCTs) in which complete
data of approximately 11,000 individual patients were
available, subgroup analysis showed that this advantage
is seen in individuals who receive repeated doses (e.g.,
daily) of vitamin D receive (and not in those receiving
bolus doses). And the greatest effect is when vitamin D
is given to people who are deficient in vitamin D [9].
Another study found that vitamin D stimulates innate
immunity and modulates acquired immunity [35], which
may be a reason for the meta-analysis results. Vitamin D
deficiency is common and is more in people with darker
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skin, obesity, old age, or less exposure to the sun [36,
37]. Therefore, people who are at risk for vitamin D defi-
ciency, especially during the COVID-19 epidemic, should
take vitamin D supplements to maintain optimal blood
circulation (75-125 nmol/L) [38]. Recent studies suggest
that there is a similar association between raw cow’s milk
intake and respiratory infections. According to a study,
vitamin D in cow’s milk can affect the homing of lym-
phocytes to the upper respiratory tract by expression of
the tissue homing-associated markers CCR9 or CCR10 on
lymphocytes in humans [39]. In relation to nursing infants,
cow’s milk contains similar concentrations of vitamin D3
and 1,25 (OH) vitamin D5 (the active form of vitamin D)
compared to breast milk and can cause the same desired
effect [40]. In addition, recent reports, which specifically
discuss COVID-19, have shown that vitamin D increases
anti-inflammatory cytokines [41] inhibits the accumula-
tion of proinflammatory cytokines and induces defensins
and cathelicidins prevents the replication of viruses [6],
thereby potentially reducing the recovery time of patients
with viral infections, particularly COVID-19 [42]. There-
fore, vitamin D in cow’s milk can be introduced as an
important metabolite against respiratory diseases. Finally,
given that COVID-19 directly targets the immune and
respiratory systems, it seems that taking vitamin D sup-
plements, especially in those with vitamin D deficiency,
can be an effective step against COVID-19. According to
the results of the analysis of compounds, cow’s milk con-
tains a significant amount of vitamin D (0.0167 mg/L) and
according to the needs of vitamin D in humans (Table 1),
consumption of 2 glasses of milk per day (about 350 mL)
can meet all the needs of all age groups.

Vitamin C

Vitamin C (ascorbic acid) is a water-soluble vitamin that
plays an important role as an antioxidant and as a correla-
tion factor of various biosynthetic pathways in the immune
system. It is an essential nutrient that cannot be synthe-
sized by the human body [43]. Vitamin C has numerous
positive effects on the immune system [14, 44]. In a meta-
analysis of 29 controlled trials with 11,306 participants,
it was shown that regular intake of about 1 g of vitamin
C per day did not prevent upper respiratory tract infec-
tion (URTI). However, the same experiments showed that
vitamin C shortened and reduced URTIs (reducing the
duration of infection by 8% in adults and 14% in children)
during the course of vitamin C administration [45]. Based
on the above results, and given that COVID-19 is often
much more severe than normal URT]Is, and while COVID-
19 is highly prevalent, a regular increase in daily vitamin
C intake may be justifiable. Experimental results show
that serum and leukocyte levels of vitamin C decrease in
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Table 1 The amount of different vitamins in raw cow’s milk (with 3% fat) and human requirements
Vitamins Amount in cow’s milk Human requirements (mg/day) [33] % of requirements*
(with 3% fat) (mg/L) [4]
1-9 years 10-18 years* 19-65 years® 1-9 years 10-18 years® 19-65 years®
D 0.0167 0.005 0.005 0.005-0.01 100 100 100-50
B, 0.47+0.026 0.5-0.9 1.1/1.2 1.1/1.2 32-18 15/13.5 15/13.5
B, 2.37+0.037 0.5-0.9 1.0/1.3 1.1/1.3 165-92 82/63 75/63
B, 1.391+£0.02 6-12 16 14/16 84 3 3.5/3
Bs 4.384+0.21 2-4 5 5 76-38 30 30
B¢ 0.304+£0.016 0.5-1.0 1.2/1.3 1.3-1.6 21-10.5 9/8 8-6.5
B, 0.021 0.008-0.02 0.025 0.03 91-35 29 23
By 0.039 0.15-0.3 0.4 0.4 8.54 3 3
B, 0.005+£0.0001 0.0009-0.0018 0.0024 0.0024 194-97 73 73
E 0.387+£0.086 12-15 12-15 12-15 1.1-0.9 1.1-0.9 1.1-0.9
C 5.98+£0.052 30-35 40 45 7-6 5 4.5
A 0.156 £0.002 0.2-0.25 0.33-0.4 0.27/0.3 27-22 16.5-13.5 20/18

*According to its amount in raw milk with 3% fat and based on consuming 1.5 cups of milk (350 mL) per day

2The first number is for females/the second number is for males

the acute phase of infection [46, 47]. Therefore, this defi-
ciency must be compensated for the proper functioning of
the immune system. According to the observations, one of
the most important problems related to COVID-19 is the
relatively large number of patients who need treatment with
an intensive care unit (ICU). In this regard, a meta-analysis
of 12 experiments with 1766 patients in the ICU showed
that vitamin C reduces the length of stay of patients in the
ICU by 8% [48]. Numerous results from various studies
introduce vitamin C as a powerful antioxidant and are said
to have a modulating effect on the immune system [49, 50].
Vitamin C protects molecules from oxidative damage due
to its ability to donate electrons, thereby exerting its anti-
oxidant effect. The antioxidant properties and scavenging
ability of vitamin C have made it a protector of neutrophils
and phagocytes against damage caused by oxidative bursts.
Vitamin C also activates the caspase-dependent cascade,
which increases apoptosis is programmed and inhibits
necrosis [13, 51]. Other positive effects of vitamin C in

regulating inflammation include modulating the NFxB and
reducing the production of inflammatory cytokines [14].
According to the results mentioned of vitamin C in con-
nection with the immune system, it seems that the supply
of it to the extent necessary to combat the adverse effects
of COVID-19 is inevitable. One of the dietary sources of
vitamin C is cow’s milk. According to reports, the amount
of vitamin C in cow’s milk is very low [4, 52] and accord-
ing to its requirements in humans, as mentioned in Table 1
(30 to 45 mg per day/person), cannot be expected to get
enough vitamin C for every person by consuming cow’s
milk. So, although cow’s milk does not meet all of human
vitamin C needs, it can be beneficial when viewed in con-
junction with the effects of other components of cow’s milk
that strengthens the immune system. In any case, based on
the results, cow’s milk contains 5.98 mg/L of vitamin C,
and according to the needs listed in Table 1, consuming
350 mL of milk per day can meet only about 5-7% of the
needs of different age groups.

Table 2 The amount of different minerals in raw cow’s milk (with 3% fat) and human requirements

Minerals Amount in cow’s milk Human requirements (mg/day) [33] % of requirements*

(with 3% fat) (mg/L) [4]

1-9 years 10-18 years® 19-65 years® 1-9 years 10-18 years? 19-65 years?

Zn 4.511+£0.392 2.76-3.72 8.33/6.12 3.24/4.68 57-42 19/25.5 48.5/33.5
Cu 0.082 +0.006 0.4-0.7 0.8-1 1.2 7-4 3.5-3 2.5
Mg 105.11£11.49 60-100 220/230 220/260 61-36.5 16.5/16 16.5/14
1[34] 0.284 +0.055 0.09-0.12 0.15 0.15 110-83 66 66
Se 0.028 +£0.002 0.017-0.021 0.026/0.032 0.026/0.034 57.5-46.5 37.5/30.5 37.5/29

*According to its amount in raw milk with 3% fat and based on consuming 1.5 cups of milk (350 mL) per day

4The first number is for females/the second number is for males
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Vitamin E

Vitamin E is a fat-soluble compound, which consists of eight
isoforms, four tocopherols (-, B-, y, and 8-tocopherols),
and four tocotrienols (a-, B-, y-, and &-tocotrienols), and it
is a lipid component of biological membranes. The various
isoforms in the human body are not interchangeable, and of
these, only a-tocopherol meets the human needs for vitamin
E. Vitamin E has a powerful antioxidant role and is able to
neutralize free radicals and reactive oxygen species (ROS)
by donating hydrogen ions from its chromanol ring. If ROS
is released, it leads to lipid peroxidation in the cell mem-
brane, which in turn increases permeability and destroys
cell membrane integrity. Oxidative stress is one of the driv-
ing pathological mechanisms that underpins the biology of
acute respiratory distress syndrome (ARDS) as a result of
COVID-19. According to the findings, vitamin E increases
the immune response in animal and human models through
the following three mechanisms: (1) decreased production
of nitrogen oxide resulting in prostaglandin E2 downregula-
tion and inhibition of cyclooxygenase-2, (2) initiation of T
lymphocyte signals, and (3) modulation of the Th1/Th2 bal-
ance [15]. Another immune-modulating effect of vitamin E
occurs through protein kinase C (PKC). Inhibiting PKC has
been shown to affect the proliferation of monocytes, mac-
rophages, neutrophils, and smooth muscle cells, and reduce
superoxide free radical production in neutrophils and mac-
rophages [16]. The term immunosenescence refers to the
gradual decline of the immune system with age. Vitamin
E has been illustrated to enhance T lymphocyte-mediated
immune function in response to mitogens and IL-2 but also
neutrophil and natural killer function, the decline of which
is seen with increasing age [53, 54]. Therefore, considering
the said effects of vitamin E in strengthening the immune
system, it can be used as an effective agent against COVID-
19. According to studies on the composition of milk, cow’s
milk contains very low amounts of vitamin E (0.387 mg/L)
relative to human needs. Therefore, considering the human
need for vitamin E, consuming 350 mL of milk per day can
provide only about 1% of the needs of all age groups. There-
fore, despite the positive effects of vitamin E on strengthen-
ing the immune system, cow’s milk cannot be a good sup-
plier of this desired effect, but from a synergistic perspective
of milk compounds, in order to improve immune function,
although small, can be effective.

Vitamin B

B vitamins are a group of water-soluble vitamins (B, B,, B,
Bs, By, B, By, and B,), each of which can play an essen-
tial role in cell metabolism. According to the analysis per-
formed, cow’s milk contains all the B vitamins, of which
Bs, B;, and B, have the highest concentrations, respectively
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[4]. Dietary supplements that contain all eight B vitamins
are called B-complex. Reports show that B-complex sup-
plements may regulate cytokine/chemokine generation and
mediate interaction with immune cells involved in inflamma-
tion and pathophysiological pathways [55]. Vitamin B, (thi-
amine), like other B-complex vitamins, acts as a coenzyme
in phosphorylated forms and is involved in the metabolism
of fats, glucose, as well as protein, and consequently plays a
key role in energy production in the body. Its deficiency in
the nervous system may impair the ability to synthesize fatty
acid and cholesterol, necessary for membrane function. With
particular attention to inflammation, vitamin B1 deficiency
in the brain causes overexpression of proinflammatory medi-
ators such as IL-1, IL-6, COX-2, and TNF-«, which in turn
causes the death of neuronal cells in the central nervous sys-
tem (CNS), damage, and neuroinflammation that eventually
leads to Wernicke’s encephalopathy and irreversible demen-
tia of Korsakoff’s syndrome [56]. The previous results show
that thiamine can improve the function of the immune sys-
tem in the body and is also able to reduce disorders caused
by neurodegenerative [17]. Thiamine deficiency can lead to
a number of disorders in the body, including effects on the
functioning of the cardiovascular system, increased neuro-
inflammation, and inflammation, which ultimately leads to
improper antibody responses [17]. Because antibodies, and
most importantly T cells, are required to kill COVID-19,
thiamine deficiency can potentially lead to weak antibody
responses, resulting in more severe symptoms. Vitamin B,
(riboflavin) has immunomodulatory effects, and deficiency
upregulates proinflammatory gene expression [55]. Accord-
ing to the reported results, riboflavin and UV light were
effective against the MERS-CoV virus, and this result indi-
cates that riboflavin can also have beneficial effects against
SARS-CoV-2 [57]. Riboflavin in combination with UV light
causes irreversible damage to nucleic acids (such as DNA
and RNA) and thus prevents the proliferation of microbial
pathogens. Niacin, an amide of B, reduces TNF-a, IL-6,
and IL-1p in stimulated alveolar macrophages and inhibits
NFkB activation [58]. The results of new studies show that
special attention to IL-6 can lead to the control of inflam-
matory storms in patients with COVID-19 [59]. Niacin is an
essential substance in the synthesis of NAD and NADP, both
of which are vital during chronic systemic inflammation
[60]. According to Janet et al. in 2012, niacin has substantial
anti-inflammatory effects in human monocytes [61]. Consid-
ering the protective role and strengthening of lung immunity
by niacin, it can be used as adjunctive therapy for COVID-19
patients [62, 63]. Pantothenic acid (Bs) also has a number
of anti-inflammatory functions and improves mental health
[17]. Pyridoxal 5'-phosphate (PLP) is an active form of By
(pyridoxine) and a major factor in various inflammatory
pathways, and its deficiency leads to immune system dis-
orders. A recent study suggested that PLP supplementation
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reduced the adverse effects and symptoms of COVID-19
by regulating immune responses, reducing proinflammatory
cytokines, maintaining endothelial integrity, and prevent-
ing excessive coagulation [64]. Therefore, it may be that
PLP can help reduce cytokine storms and inflammation suf-
fered by some COVID-19 patients. Vitamin B, (biotin) also
affects the expression of proinflammatory cytokines and is
considered a vitamin that regulates the immune system [65].
One study suggested that folic acid (Bg) could be useful for
the management of COVID-19-related respiratory disease in
its early stages [66]. Vitamin B9 has been shown to have a
potential binding affinity to the SARS-CoV-2 protease [67].
Therefore, the use of folic acid can be considered a use-
ful treatment for the management and control of COVID-
19 [68]. It has been shown that B,, (cobalamin) deficiency
can lead to disorders of the respiratory system, gastrointes-
tinal tract, and central nervous system [69]. Like vitamin
By, vitamin B, has been shown to have a potential binding
affinity to the SARS-CoV-2 protease [70]. A recent study
also showed that methylcobalamin supplements have the
potential to reduce the harm and symptoms associated with
COVID-19 [71]. Based on composition analysis, in terms
of supply of B vitamins to humans by cow’s milk, vitamins
B, and B, had the highest share and vitamins B; and B,
had the lowest share and the rest were in the middle of them
(Table 1). However, at a glance, we can say that cow’s milk
is relatively successful in providing B vitamins for humans,
and it seems that consuming 350 mL of it per day can show
the positive effects of B vitamins on the immune system.

Vitamin A

Vitamin A is in the category of fat-soluble vitamins and its
presence in the body is essential for the normal function-
ing of vision, growth and development, and the protection
of epithelial tissue and mucosal integrity [19]. Vitamin A
plays an important role in modulating the immune system
[19]. According to the results, vitamin A not only prolifer-
ates T lymphocytes (by increasing IL-2) but also enhances
their differentiation, especially in regulatory T cells. Reports
indicate that vitamin A has been used as a supplement to
improve antibody response when used in vaccines such as
tetanus, diphtheria, measles, influenza, rabies, and malaria
in infants [72, 73]. According to the results of an experi-
ment, vitamin A and D supplements increased humoral
immunity in pediatric patients after influenza vaccination
[74]. The results of a study show that vitamin A supplemen-
tation improves pulmonary function test results in patients
with chronic obstructive pulmonary disease (COPD) [75].
Retinol deficiency has been shown to cause squamous meta-
plasia, the first barrier to respiratory defense, the epithelium
[76]. It has been demonstrated that vitamin A has antioxidant
properties and plays an essential role in the development of

bronchopulmonary dysplasia and neonatal respiratory dis-
tress syndrome [77, 78]. Recently, a report evaluated the role
of retinoic acid in patients with COVID-19. According to
the results of this study, retinoic acid depletion can change
the position of the immune system to the NFkB arm, which
in turn leads to excessive release of cytokines, and thus by
creating a cytokine storm, conditions provided for the occur-
rence of inflammatory diseases, especially COVID-19 and
ARDS [79]. According to a study, vitamin A in cow’s milk
also can affect the homing of lymphocytes to the upper res-
piratory tract by expression of the tissue homing-associated
marker o4p7 on lymphocytes in humans [39]. A study in the
USA and Canada found that vitamin A in cow’s milk plays
a key role in cell differentiation and immunity [80]. Finally,
vitamin A may play an important role in the fight against
viral diseases, including COVID-19, by having pulmonary,
immunomodulatory, and antimicrobial roles [81]. According
to the report in Table 1, cow’s milk contains 0.156 mg/L of
vitamin A. Given the amount of vitamin A needed in humans,
consuming 350 mL of cow’s milk per day can meet 20-27%
of the needs of different age groups. This percentage of vita-
min A supply through milk consumption can be considered
and also convince us that the positive and significant effects
of vitamin A on immune function can be observed through
the consumption of cow’s milk (Fig. 1).

The Effect of Minerals Against COVID-19
Zinc

Zinc (Zn) is a mineral required in several processes in the
cell and has several direct and indirect antiviral effects that
are realized through various mechanisms. Zn supplementa-
tion enhances antiviral, intrinsic, and humoral immunity,
and restores the function of immune cells or improves the
function of normal immune cells, especially in immuno-
compromised or elderly patients [82]. Specifically, Zn** was
shown to inhibit polyprotein processing in cells infected with
human rhinovirus and coxsackievirus B3 [83]. The immune
response led by interferons (IFN) and cytotoxic T lympho-
cytes is invariably required to clear viral infections [82].
Adequate Zn is essential for the proper functioning and
proliferation of neutrophils, macrophages, T and B lympho-
cytes, and NK cells, and can also control the production of
cytokines by immune cells. Other effects of Zn include its
protective role against the harmful effects of ROS, which
are mainly produced during inflammatory processes [84].
According to the findings, Zn deficiency reduces the produc-
tion of antibodies, affects the function of the innate immune
system, reduces the production of cytokines by monocytes,
and also causes chemotaxis and oxidative explosion of neu-
trophil granulocytes [20]. Zn can suppress the inflammatory
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Fig. 1 Important effects of vitamins on strengthening the immune system and resistance to pathogens

response by affecting the secretion of proinflammatory
cytokines and monocyte signal transduction, as well as
interfering with the binding of leukocyte function-associated
antigen-1 to ICAM-1 [85]. It has been suggested that Zn
may have a protective role on cell membranes or stabilized
it, thereby preventing the virus from entering the cell [22].
According to a recent study, the effects of Zn may be syner-
gistic if used concomitantly with standard antiviral therapy
[86]. The results of a study show that Zn effectively inhib-
its the RNA-synthesizing activity of nidoviruses (including
SARS-CoV) in vitro, which is realized through alteration of
RNA-dependent RNA polymerase (RdRp) activity during
the elongation phase of RNA synthesis, probably by directly
affecting template binding [87]. Finally, this suggests that
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Zn supplementation may be useful for the prevention and
treatment of COVID-19. Based on the results of the analy-
sis of compounds, cow’s milk contains a significant amount
of zinc (511.4 mg/L) and according to the need for zinc in
humans, consumption of 350 mL of cow’s milk per day can
meet about 19-57% of the needs of different ages groups
(Table 2). Therefore, it seems that the positive effects of Zn
on the immune system and disease resistance can be seen
significantly with the consumption of cow’s milk.

Copper

Copper (Cu) is an essential trace element for humans
[88]. Cu is required for the normal functioning of critical
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immune cells such as B cells, helper T cells, neutrophils,
macrophages, and natural killer (NK) cells [89]. Dietary
Cu is absorbed in the small intestine and quickly enters the
bloodstream. The antimicrobial properties of Cu have been
well established, and according to the results of in vitro stud-
ies, coronaviruses exposed to copper do not survive for a
long time [90, 91]. Copper plays an essential role in respira-
tion, immune function, and free radical defense [92]. When
oxidative stress occurs, enzymes that contain copper in their
structure perform important functions such as O, transport,
metabolism, and the production of signaling molecules.
Enzymes such as CuZn-superoxide dismutase, which play a
major role in defending against oxidative stress, contain cop-
per in their structure [93]. According to a report, the corona-
virus (SARS-CoV-2), responsible for the current epidemic
of COVID-19, is highly sensitive to copper levels [90]. Cop-
per exposure to human coronavirus 229E destroyed the viral
genomes and irreversibly affected virus morphology, includ-
ing disintegration of envelope and dispersal of surface spikes
[23]. Therefore, due to its strong antiviral activity, copper
may also act as a prevention and treatment regimen against
COVID-19 [89]. As can be seen from Table 2, relative to
human requirements, cow’s milk contains a small amount
of copper (0.082 mg/L). Therefore, consuming 350 mL of
cow’s milk per day can provide only 2 to 7% of the copper
needed in all age groups. Accordingly, it is not possible to
observe the significant beneficial effects of only copper on
the immune system through milk consumption. But with
an overview and look at these metabolites as a package, the
role and contribution of each in achieving the ultimate goal
can be significant.

Magnesium

Magnesium (Mg) as an enzymatic activator is essential for
various physiological functions such as cell cycle, metabolic
regulation, muscle contraction, and vasomotor tone [94]. Mg
plays a role in shaping innate and adaptive immune systems
[95]. Two unique characteristics observed in patients with
COVID-19 are specifically related to magnesium nutrition
and warrant further investigation, including (1) cytokine
storm, which represents an increase in IL-6 and C-reactive
protein and (2) hypokalemia [96]. A wealth of evidence sug-
gests that magnesium supplementation prevents or treats a
variety of disorders or diseases related to the respiratory
system, nervous system, gastrointestinal tract, and cancer
[94]. A low Mg status activates inflammation, by sensitiz-
ing sentinel cells to the noxious agent, priming phagocytes,
and participating in the orchestration of the vascular and
cellular events that characterize the process [97]. Evidence
has been provided that Mg concentration in acutely inflamed
tissues is reduced through the activation of the IL-33/ST2
axis [98]. Based on the results, it is hypothesized that

subclinical magnesium deficiency exacerbates viral inflam-
mation. It therefore causes uncontrolled secretion of high
levels of proinflammatory cytokines, and the end result is
a storm of cytokines, which can be fatal [99]. In support of
our findings, some studies have also suggested that trace
elements such as magnesium, vitamins, and other nutrients
play an important and complementary role in supporting the
immune system and fighting COVID-19 [31, 100]. Finally,
based on the reports and the role of magnesium in improving
the function of the immune system and reducing inflamma-
tion, it can be said that one of the most important factors in
combating COVID-19 is the optimal level of magnesium
in the body. Figures related to magnesium in Table 2 show
that cow’s milk contains a significant amount of magne-
sium (105.11 mg/L) and according to its needs in humans,
consumption of 350 mL of cow’s milk per day can provide
14-61% of the needs of different age groups. Therefore,
it can be said that the beneficial effects of magnesium on
the immune system and general health can be significantly
observed through milk consumption, especially in children.

lodine

Iodine (I) is an essential trace element for humans and ani-
mals and its deficiency can affect basal metabolism and
immune system function [27, 28]. People with I deficiency,
in large numbers around the world, suffer from physi-
cal illnesses and weakened immune systems [30]. Iodine
deficiency is considered by the World Health Organization
(WHO) and the United Nations Children’s Fund as one of
the most important nutritional factors that have a decisive
impact on the health status of the population, especially chil-
dren at all stages of their development [101]. Disruption of
the acute phase response to infections as well as the func-
tion of cytokines is a consequence of the suppression of the
immune system, which in turn negatively affects the natu-
ral history of inflammatory diseases [102]. The results of a
study show that iodine treatment in newborn lambs with a
respiratory syncytial virus (RSV) results in less lung damage
and less pulmonary expression of RSV antigen. lodine sup-
plementation in 3-week-old lambs also reduced the severity
of RSV infection, according to the results [103]. Accord-
ing to a report in 2015, iodine is an effective and useful
germicide and it has beneficial effects against a variety of
microorganisms such as viruses [104]. In addition, according
to other reports, Tasco-Forage, an extract of the iodine-rich
brown seaweed Ascophyllum nodosum, increased antioxidant
activity and further strengthened the immune system in pas-
ture animals [105, 106].

The results of an in vitro study showed that iodine use
could increase the synthesis of immunoglobulin-G in human
lymphocytes [107]. Another study showed that iodide
has an immunomodulatory effect on human peripheral
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blood immune cells. According to the report, providing
the required level of iodine induces stronger cytokine and
chemokine responses, strengthens the immune system, and
helps clear infections [108]. Pathophysiological research
also shows that iodine can support the innate immune sys-
tem in fighting bacterial and viral infections [103]. Accord-
ing to reports, Japanese people consume more iodine than
other countries, and according to statistics, a much lower
percentage of COVID-19 virus prevalence and deaths in this
country than in other countries, according to high population
density is observed in this country [109, 110]. Therefore,
due to the fact that iodine has very limited side effects and
rapid absorption and is also reported to be an effective ele-
ment in strengthening the immune system, it can be used as a
low-cost and available golden solution to optimal prevention
and treatment of COVID-19.

Iodine needs are met through the consumption of iodine-
containing foods. In the past, the side effects of iodine defi-
ciency (goiter, mental retardation, and weakened immune
system) were provided by the consumption of iodized salt
[111]. But, the effects of excessive salt consumption led
researchers to find an alternative. Currently, most devel-
oped countries use dairy products as the main source of
iodine needed by the body [112]. A study in 2011 showed
that the mammary gland of dairy cow act as a bio-regulator
for iodine excretion [28]. Therefore, significant amounts of
iodine consumed by cattle enter milk and can be used as a
source of iodine in humans. According to recent research,
consuming 250 mL (1.5 glasses) of raw milk per day can
meet 29 to 30% of the iodine needs of adults [34, 113].
According to the results of this review, cow’s milk con-
tains high and significant amounts of iodine (0.284 mg/L)
(Table 2), and based on the amount of needs in humans,
consumption of 350 mL of cow’s milk per day can provide
66—100% of the needs of different age groups. Therefore, it
can be said that the mentioned positive effects of iodine on
the immune system can be significantly observed through
milk consumption.

Selenium

Selenium (Se) as a trace and essential element is especially
important for a balanced and effective immune response and
ultimately human health. Using a combined transcriptomics
and proteomics approach to analyze gene and protein expres-
sion in rectal biopsies of healthy individuals, sub-optimal Se
status was found to be associated with inhibition of NFkB,
IL-1p, IL-6, and TNF-a signaling and downregulation of
immune and inflammatory response pathways [114]. The
results of a study showed that serum selenium levels in sur-
viving patients with COVID-19 were significantly higher
than in patients who died with COVID-19 [115]. Meas-
urement of cytokines in combination with the genomic
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approach in mice showed that usage of Se deficiency diet
increased the activity of IFN-y and IL-6 pathways and also
increased IL-6 levels [116]. In one study, the use of dietary
supplements containing selenium (200 pg/day for 8 weeks)
increased the cytotoxicity of CD8™ T cells by increasing the
number of cells in the human peripheral blood lymphocyte
population [117]. Based on the results of the same study,
selenium supplementation also increased the lytic activity of
NK cells from human peripheral blood lymphocytes. There-
fore, selenium supplementation may increase the function of
cytotoxic cells affecting COVID-19 [117]. A study shows
that the situation Se with the result of illness COVID-19
has been associated [118] and, therefore, recommended that
the Se is an important factor that should be considered in
determining the outcome of infection with SARS-CoV2 be
considered (especially in populations where Se consumption
is low). According to the results of one experiment, serum
levels of antibodies such as immunoglobulin M (IgM), IgG1,
IgG2a, IgG2b, and IgG3 were lower in selenoprotein defi-
cient mice than in control mice [119]. Selenium deficiency
increased the ratio of thromboxane A2 to prostacyclin I2 in
rats [120], inducing vasoconstriction and blood coagulation
[121]. The results of studies show that blood coagulation
disorders leading to the formation of micro-clots are a sig-
nificant cause of death in patients with COVID-19 [122,
123]. Therefore, according to the findings, selenium defi-
ciency may be a risk factor for COVID-19 mortality. As you
can see in Table 2, cow’s milk contains significant amounts
of selenium (0.028 mg/L) relative to human needs. Based
on this, consuming 350 mL of cow’s milk per day provides
about 29-57% of the needs of different age groups. Finally,
it can be said that the positive and significant effects of sele-
nium on the immune system also can be observed through
the consumption of cow’s milk (Fig. 2).

Bioactive Peptides in Cow’s Milk and Immune
System

Cow’s milk is considered an excellent source of proteins
with high biological value, which is characterized by its
well-balanced amino acid profile and extremely high digest-
ibility [124]. Apart from their obvious nutritive value, milk
proteins and products of their degradation (peptides) exert a
wide range of biological functions [125, 126]. Milk proteins
fall into three categories: caseins, whey proteins, and milk fat
globule membrane (MFGM) proteins [127]. Caseins, mainly
as-casein (asl and as2), p-casein, and k-casein, represent
about 78% of the proteins in bovine milk [128]. Whey proteins
such as p-lactoglobulin, a-lactalbumin, lactoferrin, immuno-
globulins, serum albumin, glycomacropeptides, enzymes,
and growth factors represent another 18% [129] while pro-
teins from the MFGM represent less than 4% (Table 3) [130].
Immunomodulatory milk peptides affect both the immune
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Fig.2 Important effects of minerals on strengthening the immune system and resistance to pathogens

system and cell proliferation responses. -Casokinins inhibit
angiotensin-converting enzymes (ACE) that are responsible
for inactivating bradykinin, a hormone with immune-enhanc-
ing effects [131]. Therefore, this series of events indirectly
leads to an overall immuno-stimulatory response in the body.
It has been shown that lactoferricin B, obtained by hydroly-
sis of lactoferrin with pepsin, may promote the phagocytic
activity of human neutrophils via dual mechanisms that may
involve direct binding to the neutrophil and opsonin-like activ-
ity [132]. Bioactive peptides are inactive within the native
protein in cow’s milk and are activated by (1) proteases pre-
sent in milk, (2) digestive enzymes and enzymes produced
by the gut microbiota, and (3) enzymes secreted by microor-
ganisms (i.e., starter cultures) and/or purified enzymes added

to the milk during milk processing [133]. Bioactive peptides
from milk are commonly used in the formulation of functional
foods, nutraceuticals, and natural medicines because of their
many health benefits [134]. For example, small peptides, cor-
responding to the N-terminal end of bovine a-LA (dipeptide)
and k-CN (tripeptide), significantly increased the prolifera-
tion of human peripheral blood lymphocytes [135]. According
to the report, milk bioactive peptides such as f-caseokines,
B-casomorphine, and lactoferrin B are able to stimulate the
immune response in the body [131]. These bioactive pep-
tides regulate autoimmune inflammatory processes in the
body and are useful in protecting the body against infections
caused by bacteria, viruses, and parasites [136]. For exam-
ple, casein-derived peptides have been reported to stimulate
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Table 3 Fractions of milk protein (g/L) of cow’s milk [3]

Protein Cow

Total casein

as1-Casein 8-10.7
as2-Casein 2.8-34
B-Casein 8.6-9.3
k-Casein 2.3-3.3
y-Casein 0.8
Casein micelle (nm) 150-182
Total whey proteins
B-Lactoglobulin 3.2-33
a-Lactalbumin 1.2-1.3
Serum albumin 0.3-0.4
Proteose peptone 0.8-1.2
Lactoferrin 0.02-0.5
Lysozyme (70-600) x 107°

the proliferation of human lymphocytes and the phagocytic
activity of macrophages [137]. Lactoferrin also inhibits granu-
lopoiesis and upregulates the activity of natural killer cells
[138]. Controlled studies in infants have shown that milk
compounds such as milk fat globule membrane, lactoferrin,
and IgG colostrum reduce respiratory infections in them [39].
Valine—proline—proline (VPP) is a milk-derived bioactive pep-
tide that reduces the attachment of monocytes to inflamed
endothelium as well as inflammation and prevents primary
arteriosclerosis [139]. Recently, a study was conducted on
the effect of bioactive peptides on COVID-19; the results of
this study show that bioactive peptides with unique amino
acid sequences can mitigate such targets including type II
transmembrane serine proteases (TMPRSS?2) inhibition, furin
cleavage, and renin—angiotensin—aldosterone system (RAAS)
members [140]. According to the findings of this study, based
on structure—function analysis, multiple bioactive peptides
present potency to neutralize the virus. In this study, bioactive
peptides were also introduced as an effective factor against
SARS-CoV-2 infection due to their potential activity [140].
Finally, based on the results reported from various studies, it
can be said that cow’s milk contains significant amounts of
bioactive peptides that can be very beneficial for the proper
functioning of the immune system. Since strengthening the
immune system against the COVID-19 is the first and most
important issue, so the use of cow’s milk, which contains bio-
active peptides, can provide beneficial effects in this regard.

Conclusion
The results of the review in this study show that micronutrients

such as vitamins D, E, B, C, and A as well as minerals Zn, Cu,
Mg, I, and Se and bioactive peptides, each can have positive
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and significant effects on strengthening the immune system
and general health in humans. Among the nutrients mentioned,
vitamins Bs, B¢, By, E, and C as well as Cu provided a very
small percentage of human needs through the consumption of
cow’s milk. But, the rest of the metabolites provided by the
consumption of cow’s milk provided a high and significant
percentage of the needs. Finally, with a comprehensive look at
all the components of milk and considering it as a complex, it
can be claimed that consuming 350 mL of milk per day/person
(but not in people with lactose intolerance) can have significant
effects on strengthening the immune system and fighting viral
disease, especially COVID-19.
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