
Food Sci Nutr. 2023;00:1–33.    | 1wileyonlinelibrary.com/journal/fsn3

1  |  INTRODUC TION

Due to rapid globalization and human activities, a number of emerg-
ing and reemerging viral diseases, such as pandemic influenza H1N1, 
highly pathogenic avian influenza H5N1, Zika virus, Ebola virus, chi-
kungunya virus, Lassa virus, Japanese encephalitis virus, Kyasanur 

forest disease virus, Nipah virus, coronavirus (CoV) diseases, that is, 
the Middle East respiratory syndrome- related CoV (MERS- CoV) and 
severe acute respiratory syndrome CoV (SARS- CoV), have happened 
in the past (Liu et al., 2016). Similar to this, in late December 2019, sud-
denly a number of severe infectious cases of pneumonia with flu- like 
symptoms were noticed in wet seafood market of Wuhan, China (Wu 
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Abstract
The global pandemic of COVID- 19 is considered one of the most catastrophic events 
on earth. During the pandemic, food ingredients may play crucial roles in prevent-
ing infectious diseases and sustaining people's general health and well- being. Animal 
milk acts as a super food since it has the capacity to minimize the occurrence of viral 
infections due to inherent antiviral properties of its ingredients. SARS- CoV- 2 virus 
infection can be prevented by immune- enhancing and antiviral properties of caseins, 
α- lactalbumin, β- lactoglobulin, mucin, lactoferrin, lysozyme, lactoperoxidase, oligo-
saccharides, glycosaminoglycans, and glycerol monolaurate. Some of the milk proteins 
(i.e., lactoferrin) may work synergistically with antiviral medications (e.g., remdesivir), 
and enhance the effectiveness of treatment in this disease. Cytokine storm during 
COVID- 19 can be managed by casein hydrolyzates, lactoferrin, lysozyme, and lactop-
eroxidase. Thrombus formation can be prevented by casoplatelins as these can inhibit 
human platelet aggregation. Milk vitamins (i.e., A, D, E, and B complexes) and miner-
als (i.e., Ca, P, Mg, Zn, and Se) can have significantly positive effects on boosting the 
immunity and health status of individuals. In addition, certain vitamins and minerals 
can also act as antioxidants, anti- inflammatory, and antivirals. Thus, the overall effect 
of milk might be a result of synergistic antiviral effects and host immunomodulator 
activities from multiple components. Due to multiple overlapping functions of milk in-
gredients, they can play vital and synergistic roles in prevention as well as supportive 
agents during principle therapy of COVID- 19.

K E Y W O R D S
animal milk, anti- inflammatory, antivirals, COVID- 19, immunomodulators, milk components

www.wileyonlinelibrary.com/journal/fsn3
mailto:
mailto:
https://orcid.org/0000-0002-7307-5068
http://creativecommons.org/licenses/by/4.0/
mailto:pssandhulpt@gmail.com
mailto:roberto.rauda@unab.edu.sv
http://crossmark.crossref.org/dialog/?doi=10.1002%2Ffsn3.3314&domain=pdf&date_stamp=2023-03-23


2  |    SINGH et al.

et al., 2020). Later on, World Health Organization (WHO) identified 
the disease as CoV disease 2019 (COVID- 19) caused by severe acute 
respiratory syndrome CoV- 2 (SARS- CoV- 2). Afterward, the disease 
spread very quickly as a pandemic on the entire planet due to its high 
virulence and infectivity. Moreover, the disease adversely affected 
public health, economy, and global biosafety system of various coun-
tries. As per the latest global situation report of WHO, there were 
652 million confirmed cases of COVID- 19, resulting in almost 6.66 
million fatalities worldwide as of December 23, 2022 (WHO, 2022a). 
Due to sudden surge of COVID- 19 cases in different countries, on 
December 21, 2022, Dr. Tedros Adhanom Ghebreyesus (WHO chief) 
warned all the countries regarding the unprecedented serious illness 
caused by omicron subvariant BF.7 of SARS- CoV- 2, and advised to 
follow COVID appropriate behavior along with necessary measures 
to overcome the impending outbreak (WHO, 2022b). Although the 
injectable vaccine has been made available in many countries as a 
preventive measure to manage the outbreak, there are certain con-
cerns about the safety and efficacy of vaccines as the pandemic is 
still ongoing. For therapeutic purpose, FDA has approved emergency 
use of certain antiviral drugs such as remdesivir, molnupiravir, and 
Paxlovid (combination of nirmatrelvir and ritonavir) for treatment of 
individuals who are more likely to get a serious COVID- 19 condition 
that could result in hospitalization and/or death (Joyce et al., 2022). 
However, there is a need of natural, economical, and orally bioavail-
able immunomodulators and antivirals that can be given in outpatient 
settings to reduce COVID- 19- related hospitalizations.

Foods and/or their ingredients have been reported to act as 
antivirals, immunomodulators, and anti- inflammatory agents due 
to their inherent neutraceutical properties. Among these foods is 
animal milk (AM) which is usually referred to as a distinctive lac-
teal secretion endowed with various bioactive ingredients includ-
ing proteins, lipids, oligosaccharides, vitamins and minerals. These 
ingredients have ability to influence a wide range of physiological 
functions including growth, development, and other neutraceutical 
roles required for the maintaining the general health of individuals 
(Gallo et al., 2022). In the present review, an attempt has been made 
to highlight the immunomodulatory, antiviral, anti- inflammatory, and 
other therapeutic properties of various AM ingredients in context of 
viral diseases with special emphasis on COVID- 19.

2  |  MILK PROTEINS

Milk proteins can be broadly classified into two categories, that is, 
caseins (CNs) and whey proteins (WPs). The concentration of some 
important CNs and WPs in AM and colostrum of different species 
are mentioned in Table 1.

2.1  |  Caseins

Caseins represent one of the most heterogenous classes of AM 
proteins, comprising three sub- forms— α, β, and κ. The respective 

percentages of α, β, and κ- CN in bovine milk are 45, 30, and 15%. Of 
all the forms, the most calcium- sensitive form is αS2. Among them, 
κ- CN (15% of all casein fractions in bovine milk) is a phosphogly-
coprotein, which is unique with three o- glycosylation sites (Singh 
et al., 2018). Moreover, the glycan structure of κ- CN changes with 
the transformation from colostrum to mature AM (Saito et al., 1981).

2.1.1  |  Immunomodulator properties

While cell- mediated immunity helps to eliminate the COVID- 19 
viral infection of cells, innate and humoral adaptive immunity fo-
cuses on preventing this infection from happening (Abdulamir & 
Hafidh, 2020). This is particularly important for weak, old, and co-
morbid patients. Various bioactive peptides derived from αS1- CN 
have been reported to stimulate both phagocytosis and antibody 
formation (Jolles et al., 1992; Meisel, 1997). For example, isracidin, 
a biologically active peptide generated from chymosin treatment 
of αS1- CN, possesses strong immunomodulating properties such 
as stimulation of lymphocytes proliferation, natural killer (NK) cell 
activity, and neutrophil locomotion (Elitsur & Luk, 1991; Migliore- 
Samour & Jolles, 1988). Isracidin is commonly found in fermented 
AM products like yogurt and cheese. β- CN is a calcium- sensitive 
phosphoprotein that makes up about 40% and one- third of the total 
CN and total protein content of bovine milk, respectively (Daniloski 
et al., 2021). According to a research study, bovine β- CN (1– 28) 
stimulated the proliferation of human B cells, monocytes, and T 
cells and activated the production of IgA from human B cell lines 
(Kawahara et al., 2004). This might be mediated through μ- receptors 
present on the cell membranes of lymphocytes. Bovine β- CN is also 
reported to exhibit selective impact on both native and adaptive 
immune responses in ruminants (Wong et al., 1996). Another study 
revealed that a bovine β- CN peptide “Pro- GIy- Pro- Ile- Pro- Asn” was 
immunologically analogous to human β- CN hexapeptide “Val- Glu- 
Pro- lle- Pro- Tyr” which had capability of stimulating phagocytosis in 
mice (Migliore- Samour & Jolles, 1988). Numerous opioid peptides 
known as “β- casomorphins (BCMs)” are produced as a result of the 
hydrolytic cleavage of CNs in the body. These BCM peptides (BCM- 
4, BCM- 5, BCM- 6, BCM- 7, BCM- 8, BCM- 9, BCM- 11, BCM- 13, and 
BCM- 21) as well as derivatives created by their further hydrolysis 
play a variety of physiological and neutraceutical roles by binding 
to opioid receptors found both in neuronal and nonneuronal tissues 
(Sobczak et al., 2014). They share the same N- terminal sequence 
and initial three amino acids in their structure “Tyr- Pro- Phe,” and 
promote antibody synthesis and phagocytosis (Fiat & Jollès, 1989; 
Jolles et al., 1981). On passing through epithelial lining of gut, they 
enhance the enzymatic action and expression of dipeptidyl pepti-
dase IV (DPP- 4, an enzyme produced by enterocytes), which in turn 
activates “Th2 immunological pathway” and nonspecific inflamma-
tory response (Daniloski et al., 2021). Moreover, diminished perfor-
mance of DPP- 4 is typically linked to a weakened immune system 
(Jarmołowska et al., 2019; Uematsu et al., 1996). Thus, BCMs me-
diate endorphin- like activity on the development of T lymphocyte 
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TA B L E  1  Concentration of various proteins in milk of different species.

Type of milk proteins Bovine Equine Caprine Ovine Camel

Caseins

αS1- casein (g/L) 10.4– 13 (CMM),
14.4– 18 (BMM)

2.5 (MM) 1.344 (MM) 3.149 (MM) 2.4– 10.3 (MM)

αS2- casein (g/L) 2.6– 3.4 (CMM),
2.2– 2.8 (BMM)

0.20 (MM) 4.608 (MM) 10.716 (MM) 0.3– 3.9 (MM)

Whey proteins

α- lactalbumin (g/L) 1– 3 (Col), 1.4 (MM) 2.37 (MM) 1.98 (MM) 1.16 (MM) 0.3– 2.9 (MM)

β- lactoglobulin (g/L) 6– 14 (Col), 3 (MM) 2.55 (MM) 5.61 (MM) 6.57 (MM) None

IgG (total) (g/L) 32– 212 (Col),
0.72 (MM)

0.39 (MM) 4.8– 75 (Col),
0.70 (MM)

6.2– 65.4 (Col),
0.55 (MM)

4.75– 132.5 (Col),
1.64 (MM)

Serum albumin (g/L) 1.3 (Col),
0.30 (MM)

0.37 (MM) 2.97 ± 2.46 (Col),
0.26– 0.30 (MM)

0.49– 0.55 (MM) 0.46 (MM)

Lactoferrin (mg/mL) 1.5– 5 (Col),
0.02– 0.75 (MM)

0.0061– 0.0621 
(Col),

0.58 (MM)

0.39 (Col),
0.06 (MM)

0.74 (Col),
0.12 (MM)

0.59– 5.10 (Col),
0.18– 2.48 (MM)

Lysozyme (mg/L) 0.3– 0.8 (Col),
0.1 (MM)

0.87 (MM) 0.25 (MM) 0.20 (MM) 0.15 (MM)

Lactoperoxidase activity 
(Units/mL)

1.4 (CMM),
0.9 (BMM)

Nil (MMM),
0.0048 ± 0.35 

(DSM)

1.55 (MM) 0.14– 2.38 (MM) 2.23 ± 0.01 (MM)

Abbreviations: BMM, buffalo mature milk; Col, colostrum; CMM, cow mature milk; DSM, donkey's skimmed milk; MM, mature milk; MMM, mare's 
mature milk.
Source: Balthazar et al. (2017); Benkerroum (2008); Brumini (2013); El- Agamy and Nawar (2000); El- Hatmi et al. (2007); Jahan et al. (2020); Kessler 
et al. (2019); Khan et al. (2019); Konuspayeva et al. (2007); Konuspayeva (2020); Li et al. (2019); Lonnerdal (2014); Marnila and Korhonen (2002); 
McGrath et al. (2016); Mohamed et al. (2020); Navarro et al. (2018); Olaniyan (2007); Prosser (2021); Quinn (2021); Rieland et al. (1998); Seifu 
et al. (2005); Singh et al. (2017); Vincenzetti et al. (2012); Wheeler et al. (2007).

TA B L E  2  Antiviral roles of caseins and their derivatives against some important pathogenic viruses of humans.

S No. Type of casein Name of virus In vitro mechanism of action References

1. Bovine CN (chemically 
modified)

HIV- 1 Preventing HIV- 1 infection by blocking the 
binding between the envelope glycoproteins 
of HIV- 1 (gp 120) and CD4 cell receptors

Neurath et al. (1995)

2. Bovine αS1- CN (sialylated) Influenza A virus Inhibition of virus attachment to cell surface 
receptors

Yu et al. (2018)

3. Bovine αS2- CN (3 HP) HIV- 1 The random coil of a negatively charged 
polypeptide could be the actual antiviral 
molecule

Berkhout 
et al. (1997)

4. Camel milk CN hydrolyzates Coxsackie virus B6 Blocking the virus entry into host cells by 
allowing entry of hydrophobic inhibitory 
molecules in the hydrophobic binding 
cavities of the viral surface

Abbes et al. (2021)

5. Goat milk CN HSV- 1 Inhibition of replication by interacting with viral 
envelope

Rubin et al. (2021)

6. Donkey milk CN Echovirus type 5 Inhibition of replication Brumini et al. (2013)

7. bGMP (κ- CN derivative) Human rotavirus Direct binding to virus particles via glycan 
residues

Inagaki et al. (2014)

8. bGMP (κ- CN derivative) Influenza virus A and B Preventing virus attachment to host cells and 
inhibition of hemagglutination activity

Kawasaki 
et al. (1993)

9. bGMP (κ- CN derivative) Epstein– Barr virus Preventing morphological changes in peripheral 
blood lymphocytes

Dosako et al. (1992)

Abbreviations: bGMP, bovine glycomacropeptide; CN, casein; HIV, human immunodeficiency virus; HSV, herpes simplex virus.
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function and cellular immunity via μ- receptors. Besides acting as a 
potent immunomodulator, BCM- 7 enhances the production of mucin 
which helps to defend the gut against enteric infections (Asledottir 
et al., 2019; Trompette et al., 2003). Caseinomacropeptide (CMP) 
is released into whey after chymosin digestion of κ- CN during the 
preparation of cheese. The remaining part of κ- CN gets precipitated 
into cheese curd and is known as para- κ- CN. The immunomodulat-
ing effects of both intact CMP as well its peptides depend upon the 
polypeptide portion of CMP and the presence of sialic acid (Li & 
Mine, 2004; Otani et al., 1995). According to Sutas et al. (1996), it has 
been reported that some κ- CN peptides (released after its hydrolytic 
cleavage by trypsin) stimulated the mitogen- induced proliferation of 
human lymphocytes. Similarly, bovine para- κ- CN (1– 105 regions) has 
been reported to stimulate antibody formation and phagocytic ac-
tivity of murine and human macrophages in vitro (Jolles et al., 1988; 
Jolles & Migliore- Samour, 1986). Another peptide Tyr- Gly (383– 389) 
derived from κ- CN enhanced cellular proliferation of human periph-
eral blood lymphocytes (HPBL) activated with concanavalin A in vivo 
(Kayser & Meisel, 1996; Meisel, 1997). Bovine glycomacropeptide 
(κ- CN derivative) also exhibits immunomodulatory (immunostimu-
lative and immunosuppressive) properties. It may cause sialic acid- 
dependent inhibition of murine lymphocyte (T and B) proliferation 
(Otani et al., 1995), as well as may encourage monocytes to upregu-
late the IL- 1 (interleukin- 1) receptor antagonist, an anti- inflammatory 
molecule (Monnai & Otani, 1997). These findings suggest that CNs 
may be used very well in fight against COVID- 19 but further studies 
are required.

2.1.2  |  Antiviral properties

Caseins and their fragments have been reported to exert antiviral 
activities against some pathogenic viruses in humans (Table 2). As 
reported in these in vitro studies, different complex mechanisms are 
responsible for their antiviral activity. Rubin et al. (2021) reported 
that antiviral potential of goat milk was greater than bovine milk. The 
authors reported antiviral activity of goat milk CN (GMC) against 
Coxsackievirus A9 and SARS- CoV- 2 pseudovirus. Intriguingly, GMC 
exhibited stronger antiviral impact when it was preincubated with 
the virus than when it was supplemented with a cell– virus blend. The 
effect of GMC on SARS- CoV- 2 pseudovirus was studied by comput-
ing fluorescence to assess if the virus enters the cell, and a greater 
than 75% suppression of viral entry was observed. This speculative 
process has to be investigated for COVID- 19 further in the in vitro 
experiments. Dash and Jaganmohan (2022) isolated a therapeu-
tic peptide “RYLGY” from cold plasma treated αS1- CN of cow milk, 
which may disrupt the attachment between RBD of the SARS- CoV- 2 
spike protein and ACE2 receptors of the cell membrane, prevent-
ing the virus from entering cells. An improved binding affinity and 
electrostatic interactions were reported between the peptide and 
ACE2- RBD complex as demonstrated by in silico docking studies. To 
fully comprehend the impact of casein peptides for efficient targets 
of COVID- 19, additional in vivo research is mandatory.

2.1.3  |  Antioxidant and anti- inflammatory  
properties

Oxidative stress and inflammation occur concomitantly and act 
as key players in many disease conditions including COVID- 19 
(Delgado- Roche & Mesta, 2020). So far a number of scientific 
studies have reported the antioxidant (free radical scavenging and 
metal chelating activities) and anti- inflammatory activities of CN- 
derived peptides (Altmann et al., 2016; Bamdad et al., 2017; Chen 
et al., 2022; Li, Cheng, et al., 2017; Mukhopadhya et al., 2015; Oh 
et al., 2017; Shi & Zhao, 2022; Yoo et al., 2021). Mao et al. (2011) 
prepared yak milk CN hydrolyzates with enzyme alcalase and ob-
served their significant free radical scavenging activities in terms 
of 2,2- diphenylpicrylhydrazyl, superoxide, and hydrogen peroxide 
(H2O2). They also documented decrease in the production of nitric 
oxide (NO), and other proinflammatory cytokines such as IL- 6, TNF- α 
(tumor necrosis factor- α), and IL- 1β in a concentration- dependent 
manner in lipopolysaccharide (LPS)- stimulated murine peritoneal 
macrophages. Another study documented the anti- inflammatory 
role of bovine milk sodium caseinate hydrolyzates in both in vitro 
and ex vivo colon models. The study proved reduction in concen-
trations of IL- 8 and other proinflammatory cytokines (IL1- α, IL1- β, 
IL- 8, TGF- β (transforming growth factor- β), and IL- 10) in in vitro and 
ex vivo systems, respectively (Mukhopadhya et al., 2014). Similarly, 
a bovine tryptic β- CN hydrolyzate showed anti- inflammatory effect 
by inhibiting NFκB (a proinflammatory transcription factor of several 
genes) in vitro (Malinowski et al., 2014). Various CN- derived pep-
tides, namely tripeptide— “LLY” (Sowmya et al., 2018), buffalo milk 
CN- derived hexapeptide— “YFYPQL” (Sowmya et al., 2019a), and 
decapeptide— “YQEPVLGPVR” (Sowmya et al., 2019b), displayed 
anti- inflammatory effect by reducing proliferation of murine spleno-
cytes, modulating the production of inflammatory cytokines (IFN- γ 
(interferon- γ), IL- 10, and TGF- β), and enhancing the phagocytosis of 
peritoneal macrophages under ex vivo conditions. However, their 
antioxidative properties were attributed to various factors, that is, 
protection against H2O2- induced oxidative cell death, reduction in 
generation of reactive oxygen species (ROS), and enhanced activi-
ties of antioxidative enzymes (catalase) by stimulating the NRF- 2 
(nuclear response factor- 2) stress signaling pathway under cellular 
(Caco- 2) assessment. Among these three peptides, tripeptide also 
showed potent antioxidative and anti- inflammatory effects in mice. 
As an anti- inflammatory molecule, a CN peptide “Gln- Glu- Pro- Val- 
Leu” was reported to regulate the production of NO and cytokines 
(IL- 4, IL- 10, IFN- γ, and TNF- α) under in vivo conditions (Jiehui 
et al., 2014). Thus, CNs may play important role both in the preven-
tion of oxidative stress and inflammation- related disorders such as 
COVID- 19.

2.1.4  |  Antithrombotic properties

In COVID- 19, thrombus formation can occur either during the dis-
ease or after COVID- 19 vaccination due to binding of fibrinogen 
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with platelet membranes, which in turn forms the effective link be-
tween the platelets and causes platelet aggregation (Iba et al., 2021; 
Waggiallah, 2021). According to a study, it has been reported that 
κ- CN macropeptides of bovine, ovine, and caprine origin exhibited 
in vitro antithrombotic properties due to inhibition of human plate-
let aggregation by casoplatelin (106– 116 regions of κ- CN) (Manso 
et al., 2002). This might be due to structural homology and molecular 
similarity of casoplatelin with the human fibrinogen γ- chain (400– 
411 fragment) which prevents binding between the latter and the 
platelet membrane (Ren et al., 2016). Furthermore, tryptic hydro-
lyzates derived from casoplatelin of different species have been 
shown to inhibit platelet aggregation in vitro (Leonil & Molle, 1991). 
Caseinoglycopeptide residues, that is, 106– 169, 106– 116, and 112– 
116 regions produced from cow κ- CN, showed both in vitro and in 
vivo antiplatelet aggregating activities (dit Sollier et al., 1996). The 
study also revealed significant antithrombotic activity of human, 
bovine, and ovine caseinoglycopeptides when demonstrated in a 
guinea pig model of arterial thrombosis caused by laser- induced in-
timal damage. Some studies have reported the presence of active 
fragments of κ- CN in the circulatory system of rats and humans 
(Chabance et al., 1998; Fosset et al., 2002). This indicates the evi-
dence for generation of these peptides after complete digestion 
of AM or yogurt, in addition to the inability of active sequences 
produced in vitro or in vivo to withstand subsequent digestion. 
Caseinoglycopeptide residues (106– 171) obtained from sheep κ- CN 
inhibited collagen and thrombin- induced platelet aggregation in a 
dose- dependent style (Qian et al., 1995). Three peptide residues 
(112– 116, 163– 171, and 165– 171 regions) fully prevented thrombin- 
induced platelet aggregation. Thus, CNs may act as good clinical can-
didates as antithrombotic agents during the treatment of COVID- 19.

2.2  |  Whey proteins

2.2.1  |  Immunomodulator properties

Various WPs such as whole WPs, lactoferrin (LF), lactoperoxidase 
(LPO), milk growth factors, IgGs, and/or their enzymatic fractions 
(trypsin/chymotrypsin) act as crucial players in immunomodulation 
(Cross & Gill, 2000). Compared to CNs, WPs have a significant excess 
of cysteine. For glutathione (GSH) production, which is essential for 
lymphocyte proliferation, dietary cysteine is thought to be a rate- 
limiting substrate (Phelan et al., 2020). Moreover, it was documented 
in a study that stimulation of host humoral immune response was 
linked with greater and longer- lasting release of splenic GSH during 
the antigen- driven clonal proliferation of the lymphocytes in mice 
receiving WPs as a part of the diet (Bounous et al., 1989). In vitro 
experiments proved that bovine milk proteins also have the capacity 
to boost neutrophil oxidative responses, primarily in heterologous 
species (Wong, Seow, et al., 1997).

Milk proteins such as whey protein concentrates (WPCs) are typ-
ically regarded as immunostimulatory agents, despite the fact that 
different whey protein isolates (WPIs) or their fractions have been 

found to have vastly disparate effects on immune function (Gill & 
Rutherfurd, 1998; Knowles & Gill, 2004). Microfiltered WPIs (100 μg/
mL) have been reported to significantly stimulate the proliferation of 
lymphocytes during in vitro studies (Mercier et al., 2004). On sup-
plementation of immunostimulatory WPC (10.5 g/100 g of diet for 
4 weeks) in milk powder- based diets of mice, there was significant 
enhancement in humoral immune response along with improvement 
in antibody responses to orally administered antigens (Rutherfurd- 
Markwick et al., 2005). On the other hand, ex vivo analysis of this 
study indicated enhancement of splenic lymphocytic proliferation 
along with phagocytic activity of leukocytes in blood and peritoneal 
cavity. According to an in vitro study, it was found that bovine LF 
(BLF) and bovine LPO (BLPO) fractions of whey had a substantial 
boosting effect on the formation of neutrophil superoxides, indicat-
ing that these milk protein fractions indeed contribute to the im-
munoenhancing features of whey (Wong, Liu, et al., 1997). Bounous 
et al. (1993) reported that feeding mice with an undenatured WPC 
for 4 weeks resulted in production of higher number of helper T cells 
and a higher proportion of helper to suppressor cells in mice than 
those fed with a diet- containing isocaloric CN. Thus, isolating and 
characterizing individual bioactive peptides from WPs is necessary 
for studying their immunobiological properties, and exploiting their 
use in viral affections including COVID- 19.

According to some reports, WPs, that is, α- lactalbumin (ALA), 
β- lactoglobulin (BLG), and bovine gamma globulin (BGG), act as 
immunostimulatory in murine spleen cells, and purified proteins 
dramatically increase IgM synthesis and cell proliferation (Wong 
et al., 1998). Two lactoimmunopeptides, that is, “Tyr- Gly (f50- 51, f18- 
19)” and “Tyr- Gly- Gly (f18- 20),” derived from the N- terminal of ALA 
have been reported to stimulate the proliferation and protein syn-
thesis of HPBL activated with concanavalin A in cell culture (Kayser 
& Meisel, 1996). BLG, in undenatured form, is the main and primary 
milk ingredient that improves immunological responses by modulat-
ing cell proliferation through the IgM receptors (Tai et al., 2016). The 
immunostimulatory role of BLG is also well documented, and it trig-
gers cellular activation in immune cells from both humans and mice 
(Bounous et al., 1989; Tai et al., 2016). Brix et al. (2003) observed 
that cells from spleen and mesenteric lymph nodes proliferated no-
ticeably when exposed to commercial preparations of BLG. In addi-
tion, these proteins elevated the intracellular GSH concentration in 
splenic cell cultures.

Lactoferrin is another valuable AM protein that specifically binds 
to human neutrophils and B lymphocytes (Iyer & Lonnerdal, 1993). 
However, there is an indication of presence of receptors for BLF on 
the plasma membranes of polymorphonuclear cells also (Maneva 
et al., 1994). Thus, BLF and/or its fractions may have immunoreg-
ulatory roles both at the levels of blood and intestinal mucosa. In 
general, administration of LF may protect from respiratory viral in-
fections by boosting the systemic immune response (enhancing NK 
cell activity and Th1 cytokine response) and preventing viral attach-
ment and replication inside the host cells (Wakabayashi et al., 2014). 
Both human LF and BLF may affect cells of the adaptive immune sys-
tem in addition to increasing the number of cytotoxic cells necessary 
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for the innate immune system, such as NK cells (Actor et al., 2009). 
LF promotes the differentiation of immature B cells into effective 
antigen- presenting cells (APCs) and stimulates the development of T 
cell precursors into competent helper cells (Sienkiewicz et al., 2022). 
Oral supplementation of BLF (up to 200 mg) has resulted in signifi-
cant enhancement in the count of cytotoxic, helper, and total T cells 
(Mulder et al., 2008). Another study confirmed the suppression of 
cold- associated symptoms (common cold, cough, sore throat, nasal 
congestion, watery eyes, sputum, headache, and fatigue) and gastro-
intestinal symptoms (anorexia, diarrhea, and stomach pain) by oral 
administration of BLF at the dose rate of 100– 1000 mg/day/individ-
ual (Egashira et al., 2007; Oda et al., 2012; Vitetta et al., 2013). Since 
these types of symptoms are commonly observed in COVID- 19 
(Czubak et al., 2021), hence LF, which is inexpensive, easily available 
and generally recognized as safe (GRAS) molecule, can be used as a 
nutritional adjunct for COVID- 19.

The above findings indicate that milk proteins may have a poten-
tial to promote immunological stimulation, and thus they could be 
used in various forms for prophylactic and therapeutic management 
of COVID- 19.

2.2.2  |  Antiviral properties

The antiviral roles of ALA and BLG (Table 3), mucins and glycopro-
tein fractions (Table 4), LF (Table 5), and LPO (Table 6) against some 
important pathogenic viral diseases of humans are well known. 

All these WPs may also act as antidotes to SARS- CoV- 2 (Gallo 
et al., 2022). Because of their strong antiviral characteristics against 
SARS- CoV- 2, WPs and peptides piqued researchers' curiosity the 
most. Human CoVs including SARS- CoV- 2 cause infection by binding 
to various host cell receptors, that is, furin, angiotensin- converting 
enzyme 2 (ACE2), and DPP- 4, and employ them to enter target cells 
(Johnson et al., 2020; Noh et al., 2021). Thus, corresponding recep-
tor inhibitors will not allow cleavage of S1/S2 domain of spike pro-
tein subunit of SARS- CoV- 2, and block the entry of virus into the 
host cells (Cheng et al., 2020). Moreover, for the treatment of CoV 
infections, viral 3Cpro (3C protease) or 3CLpro (3- chymotrypsin- like 
cysteine protease, also known as main protease, i.e., Mpro) is the 
most thoroughly studied therapeutic drug target because of its criti-
cal function in processing of viral polyproteins into mature proteins 
(Cannalire et al., 2020; Tan et al., 2023). During the COVID- 19 pan-
demic, several mutations were noticed in the binding regions of the 
spike protein receptors (SPRs) and Mpro genes of different SARS- 
CoV- 2 variants (Hu et al., 2022; Jukic et al., 2021; Sacco et al., 2022). 
Although Mpro and PLpro inhibitors may serve as effective tools 
against different SARS- CoV- 2 variants, emerging mutations raise 
serious concerns about their potential therapeutic resistance. The 
potential advantage of exploring AM as antivirals is that it might be 
active against multiple variants.

Whey proteins (LF, ALA, and mucin1) obtained from human 
breast milk showed strong antiviral roles against different SARS- 
CoV- 2 variants (α, β, γ, and κ), as these can inhibit viral infection 
at all stages of replication cycle, that is, attachment [by binding to 

TA B L E  3  Antiviral roles of whey proteins (α- lactalbumin and β- lactoglobulin) against some important pathogenic viruses of humans.

S. No Type of whey proteins Name of virus In vitro mechanism of action References

1. Bovine ALA and BLG 
(methylated)

PV- 1 and Coxsackie 
virus B6

Inhibition of virus entry, replication, 
transcription, and translation

Sitohy et al. (2008)

2. Bovine ALA and BLG 
(methylated)

HCV Interaction with viral genome and 
disrupting the virus's transcription or 
replication processes.

Chobert et al. (2007)

3. ALA (methylated) and BLG 
(methylated and ethylated)

HSV- 1 Blocking the virus entry into host cells and 
preventing interaction between the viral 
and cellular proteins

Sitohy et al. (2007)

4. ALA and BLG (chemically 
modified)

HSV- 1 Inhibiting virus multiplication Oevermann et al. (2003)

5. ALA and BLG (chemically 
modified)

Avian influenza A 
(H5N1)

Preventing interaction with viral nuclear 
proteins (PB1, PA, NP, PB2, PA, and NP) 
and disrupting the entire replication 
cycle

Taha et al. (2010)

6. Bovine BLG (methylated) Influenza virus A 
(H1N1)

Suppressing viral RNA replication Sitohy et al. (2010)

7. Bovine BLG Human rotavirus Inhibiting hemagglutination as well as virus 
binding to host cell receptors

Superti et al. (1997)

8. Bovine BLG 
(3- hydroxyphthaloyl)

HSV- 1, HSV- 2 Binding to virus particles Neurath et al. (1998)

9. Bovine BLG (chemically 
modified)

HPV- 6, HPV- 16, 
and HPV- 18

Inhibiting early stage of virus replication 
mainly entry process of virus

Lu et al. (2013)

Abbreviations: ALA, α- lactalbumin; BLG, β- lactoglobulin; HCV, human cytomegalovirus; HPV, human papillomavirus; HSV, herpes simplex virus; PV, 
poliovirus; RNA, ribonucleic acid.
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heparan sulfate proteoglycans (HSPG) receptors], entrance, and 
postentrance replication (Lai et al., 2021). Two peptides, that is, 
“Ala- Leu- Pro- Met- His- Ile- Arg” and “Ile- Pro- Ala- Val- Phe- Lys,” iso-
lated from BLG of goat milk, and were reported to block SARS- CoV- 2 
entrance into host cells by showing inhibitory effects on ACE2 and 
DPP- 4 receptors, as analyzed on the basis of docking scores in an 
in silico study (Cakir et al., 2021). Gambacorta et al. (2022) stud-
ied the anti- SARS- CoV- 2 potential of BLG- derived three peptides, 
which also possess strong ACE inhibitory properties. The molecu-
lar study proved certain interactions between these peptides and 
amino acid sequences of 3CLpro in terms of docking scores and 
binding free energy values. In silico studies have also documented 
the ability of these peptides to inhibit interaction between spike 
proteins of SARS- CoV- 2 and DPP- 4 receptors; however, these ob-
servations are yet to be confirmed in in vitro and in vivo studies. 
Behzadipour et al. (2021) also documented the antiviral role of milk 
peptides obtained by the proteolysis of bovine milk CNs and WPs. 
As per molecular docking analysis, a total of five peptides, that is, 
P1, P18 (BLG), P3 (β- CN), P17 (αS1- CN), and P20 (αS2- CN), exhibited 
SARS- CoV- 2 Mpro inhibitory activity in terms of strongest degree 
of interaction and binding affinity with the residues in its active- 
site cleft. Whey peptides (4– 13 residues) isolated from buffalo milk 
and colostrum have also been reported to show antiviral activity 
against SARS- CoV- 2 in various ways, that is, inhibiting replication 
transcription complex, virion assembly, and endosomal maturation 
in addition to blocking viral entrance by binding to spike S and ACE2 
(Pradeep et al., 2021). Recently Tufan et al. (2022) reported that ad-
ministration of WPC at the dose rate of 2 g/kg for 10 days reduced 
the oxidative lung injury caused by methotrexate and prevented 
lung furin activity and the binding of SARS- CoV- 2 spike protein to 
ACE2 receptors. Different whey- derived peptides, that is, “IPP,” 
“IIAE,” “LIVTQ,” and “LVYPFP,” may inhibit SARS- CoV- 2 entrance 
by suppressing ACE2 through precise molecular interactions with 
important ACE2 residues (Chamata et al., 2021). However, further 
in vitro and in vivo research is required to confirm the underlying 
mechanisms through which these peptides block ACE2.

Since 1987, the antiviral activity of milk LF is well- known due 
to its inherent ability to bind to both HSPG receptors of host cells 
and/or surface elements of viral particles. LF shows antiviral activity 
against a number of DNA and RNA viruses, including herpes simplex 
virus (HSV), respiratory syncytial virus (RSV), human immunodefi-
ciency virus (HIV), rotavirus (Table 5), and SARS- CoV- 2 (Elnagdy & 
AlKhazindar, 2020). This mysterious AM protein acts mainly in the 
initial stage of viral infections either by direct attachment to the 
virus particles or by preventing the virus internalization via blockage 
of host cell receptors (Van der Strate et al., 2001). Bovine milk LF 
(50% inhibitory concentration of 0.7 mM) was reported to inhibit in 
vitro cell entry of SARS pseudovirus (closely related to SARS- CoV- 2) 
by binding to HSPG receptors (Lang et al., 2011). However, molec-
ular modeling suggests that BLF can inhibit SARS- CoV- 2 either by 
directly binding to viral particles via their spike S glycoproteins or 
by suppressing the binding of spike protein to the ACE2 receptors 
(Campione et al., 2021; Hu et al., 2021). Overall, LF can act even in 
the nanomolar range in different cell models with various mecha-
nisms of action, including preventing viral infection and augmenting 
interferon responses. Fan et al. (2020) reported the in vitro antivi-
ral effect of WPs against two similar CoVs, that is, SARS- CoV- 2 and 
pangolin CoV, as both share approximately 92.2% amino acid simi-
larity in their spike proteins. They demonstrated that human breast 
milk showed highest antiviral efficacy against SARS- CoV- 2 and 
pangolin CoV than cow and goat milk. The study also proved that 
individually recombinant, BLF and human LF (at the concentration 
of 1 mg/mL) partially inhibited these viral infections, indicating the 
presence of some other antiviral ingredients in breast milk except LF. 
These milk proteins variably inhibited attachment, RNA- dependent 
RNA polymerase (RdRp) activity, and postentry replication stages 
of CoVs. WPI, WPC, BLF, and lactoferricin B (a proteolytic peptide 
generated from BLF) displayed in vitro anti- SARS- CoV- 2 activity 
(by inhibiting direct entry of virus) against different strains of CoVs 
originating from India, Brazil, United Kingdom, and South Africa 
(Wotring et al., 2022). The antiviral activity of BLF against human 
CoVs (HCoV- OC43, HCoV- 229E, HCoV- NL63, and SARS- CoV- 2) 

TA B L E  4  Antiviral roles of milk mucins and other glycoprotein fractions against some important pathogenic viruses of humans.

S No. Type of mucins/glycoproteins Name of virus In vitro mechanism of action References

1. High- Mr mucin- like glycoprotein 
fraction (cow milk)

Human rotavirus Inhibiting virus replication step Kanamaru et al. (1999)

2. bMUC1, CM3Q3 (MMWP) Human rotavirus Inhibition of virus infection 
particularly in intestinal cell lines

Bojsen et al. (2007)

3. bMUC1/MMWP Human rotavirus Intervention with infection process 
before as well as after virus– host 
cell attachment

Kvistgaard et al. (2004)

4. b/oMUC1 Rotavirus Inhibition of viral infection Parron et al. (2016)

5. b/oLad Rotavirus Inhibition of viral infection Parron et al. (2016)

6. bLad Human rotavirus Inhibition of viral infection Inagaki et al. (2010)

7. eLad- derived peptides Human rotavirus Inhibiting attachment of virus- to- cell 
surface

Civra et al. (2015)

Abbreviations: b/oLad, bovine/ovine lactoadherin; b/oMUC1, bovine/ovine mucin 1; bLad, bovine lactadherin; bMUC1, bovine mucin 1; eLad, equine 
lactoadherin; MMWP, macromolecular whey proteins.
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    |  9SINGH et al.

was found to be higher than human LF as demonstrated in cell 
culture studies (Hu et al., 2021). Some of the investigations docu-
mented that BLF not only exhibited synergism with remdesivir but 
also enhanced its effectiveness by around eight times in cell culture 
techniques (Hu et al., 2021; Mirabelli et al., 2021). According to an 
in vitro hypothesis, both LF and BLG have ability to inhibit cathepsin 
L, thereby suppressing the proteolysis process in viral infection, and 
thus decreasing the virus internalization (Madadlou, 2020). Hence, 
due to strong antiviral properties of LF, it may be used as an immu-
nity enhancer or as a drug in combination with traditional antivirals 
or both. Moreover, it will be preferable to all other management 
techniques due to its accessibility, environmental safety, and effec-
tiveness. Figure 1 demonstrates mechanism of actions of different 
milk proteins and peptides acting at various stages of SARS- CoV- 2 
life cycle.

Although the studies showing the antiviral potential of AM- 
originated lysozyme (LYS) and LPO against SARS- CoV- 2 are lacking, 
the efficacy of these two molecules (nonmilk origin) has been proved 
well at entry points (mouth, conjunctiva, and nasal cavity) of SARS- 
CoV- 2 virus. According to a speculative theory, LYS found in tears, 
has power to prevent SARS- CoV- 2 from entering the cornea and con-
junctiva (de Freitas Santoro et al., 2021). Similarly, LYS pretreatment 
in human corneal epithelial cells reduced the entry of SARS- CoV- 2 
into normal (in a dose- dependent manner) as well as inflammatory 
cells (Song et al., 2022). The enzyme LPO catalyzes the formation of 
hypothiocyanite (OSCNˉ) ions from the oxidation of thiocyanate in 

the presence of H2O2. The antiviral action of OSCN is attributed to 
interference with synthesis and assembly of viral proteins and nu-
cleic acids (Cegolon & Mastrangelo, 2020). An in vitro investigation 
demonstrated the time-  and dose- dependent viral killing action of 
OSCNˉ against SARS- CoV- 2, which was marginally increased by the 
concurrent existence of Lf (Cegolon et al., 2021).

2.2.3  |  Anti- inflammatory properties

The mortality in COVID- 19 is associated with “cytokine storm syn-
drome (CSS),” which is characterized by the robust and uncontrolled 
secretion of cytokines, tumor- necrosis factors, interleukins, interfer-
ons, chemokines, and several other mediators as a result of exag-
gerated immune response (Sinha et al., 2020). If uncontrolled, this 
hyperinflammatory phase results in death of patient due to develop-
ment of acute respiratory distress syndrome (ARDS) and multiorgan 
failure (Ragab et al., 2020). Thus, control of this phase by using im-
munosuppressants and anti- inflammatory agents is of utmost im-
portance in the later stages of disease.

Milk protein LF acts like a chameleon, as it can act both as an im-
munostimulant as well as immunosuppressant (Krissansen, 2007). A 
number of in vitro and in vivo studies documented that LF may sup-
press the release of proinflammatory cytokines (IL- 1, IL- 6, and TNF- 
α), as well as enhance the production of anti- inflammatory molecules 
(IL- 10) (Berlutti et al., 2006; Chea et al., 2018; Haversen et al., 2002; 

TA B L E  6  Antiviral roles of milk lactoperoxidase against some important pathogenic viruses of humans.

S No. Type of lactoperoxidase Name of virus In vitro mechanism of action References

1. BLPO PV- 1 and vaccinia 
virus

Decreasing infectiousness and cytopathic 
effect

Belding et al. (1970)

2. BLPO HIV- 1 Inhibiting viral replication and cytopathic 
effects on CEM and HUT 78 cell lines

Yamaguchi et al. (1993)

3. BLPO Human influenza 
virus A and B

Attachment of hypothiocyanite (OSCN−) 
ions with virus envelope and 
dramatically reducing the formation of 
plaques in MDCK (Madin– Darby canine 
kidney) cell lines

Sugita et al. (2018)

4. HLPO, BLPO, CMLPO HSV- 1 Inhibiting the growth of virus on vero cells El- Fakharany et al. (2017)

5. HLPO, BLPO, CMLPO Hepatitis C virus 
genotype 4

Preventing viral replication or 
neutralization in HepG2 cells by 
blocking the virus receptors on the cell 
surface

Redwan et al. (2015)

6. BLPO Influenza virus Virucidal activity against virus Shin et al. (2005)

7. BLPO HSV- 1, RSV, and 
Echovirus type 
11

Virucidal activity of hypothiocyanous acid/
hypothiocyanite ions in human gingival 
fibroblast cells

Mikola et al. (1995)

8. BLPO Adenovirus and 
RSV

Preventing the release of virus from cells 
by hypoiodous acid and inhibition of 
synthesis or assembly of viral nucleic 
acids and proteins

Fischer et al. (2011)

9. BLPO Vaccinia virus Inhibiting growth of virus particles Tanaka et al. (2012)

Abbreviations: BLPO, bovine lactoperoxidase; CMLPO, camel lactoperoxidase; HIV, human immunodeficiency virus; HLPO, human lactoperoxidase; 
HSV, herpes simplex virus; PV, poliovirus; RSV, respiratory syncytial virus.
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10  |    SINGH et al.

Hu et al., 2020; Kruzel et al., 2002; Valenti et al., 2017). A number of 
complex mechanisms are responsible for this activity of LF, namely 
reducing the generation of ROS due to its iron scavenging properties 
(Siqueiros- Cendon et al., 2014), inhibiting the sepsis development by 
preventing the formation of CD14- LPS complex and activation of 
Toll- like receptor- 4 signaling pathways (Yen et al., 2011), controlling 
the activity of cell signaling pathways via regulation of cell surface 
receptors and maintenance of general physiological homeostasis in 
the body (Actor et al., 2009), and capacity to alter the proportion of 
Th1 and Th2 cells subsets, which limits uncontrollably high inflam-
matory responses (Fischer et al., 2006). It is noteworthy that the im-
munological health of the host may play a major role in this range of 
LF actions. On treatment of mitogen- activated T cells with BLF, there 
was reduction in total cytokine secretion due to suppression of in-
tracellular signaling that occurred as a result of interaction between 
the mitogen and its receptor (Kobayashi et al., 2005). According to 
an in vivo study, BLF significantly reduced the secretion of proin-
flammatory cytokines (IL- 6 and TNF- α) from the splenocytes of jaun-
diced rats (Zimecki et al., 2003). The above observations indicate 
that LF may control CSS stage of severe COVID- 19, and may act as a 
clinical candidate for treatment purposes.

Lysozyme, which is present in significant amounts in breast 
milk, has been reported to inhibit neutrophil chemotaxis as well 
as production of hazardous oxygen molecules during phagocytosis 
(Goldman et al., 1990). Other anti- inflammatory properties of LYS 
include suppression of mitogen- induced lymphoblastogenesis and 
the autologous mixed lymphocyte reaction (at doses ranging from 
1 to 10 mg/mL) (Ogundele, 1998). Recombinant human LYS is an 

intriguing possibility for the treatment of pulmonary infections in-
cluding pneumonia (Griswold et al., 2014). According to a study, pre-
treatment of human corneal epithelial cell lines with LYS (10 mg/mL) 
resulted in significant reduction in the levels of proinflammatory cy-
tokines, that is, IL- 6, IL- 8, IL- 1β, TNF- α, and MCP- 1 (monocyte chemo 
attractant protein- 1), induced by spike proteins of SARS- CoV- 2 (Song 
et al., 2022). These functions of LYS may make it a suitable candidate 
for management of hyperinflammatory stage during COVID- 19, but 
it needs further investigation.

Lactoperoxidase, the second- most prevalent whey enzyme in 
bovine milk, possesses indispensable anti- inflammatory properties. 
LPO causes removal of free radicals, that is, H2O2 and NO from the 
inflammation site by catalyzing their conversion into antimicrobial 
hypothiocyanate anions using thiocyanate (Kussendrager & van 
Hooijdonk, 2000). Oral administration of BLPO in mice (62.5 mg/
body/d) having dextran sulfate sodium- induced colitis resulted in sig-
nificant suppression of inflammation, proinflammatory cytokine (IL- 
6), and intestinal crypt damage scores (Shin et al., 2008). This may be 
of significant use in therapeutic management of COVID- 19, as SARS- 
CoV- 2 may trigger ulcerative colitis in patients manifesting gastro-
intestinal symptoms (Aydin & Taşdemir, 2021; Mazza et al., 2020; 
Rosen et al., 2020). Shin et al. (2005) found that oral administration 
of BLF and BLPO decreased the infiltration of inflammatory cells, 
suppressed pneumonia, and drastically decreased lung consolida-
tion scores in BALB/c mice infected with the influenza virus strain. 
In addition, BLPO significantly reduced the level of serum proinflam-
matory cytokine (IL- 6) in mice than control on Day 6. Another study 
found that oral consumption of LF and LPO by persons who did not 

F I G U R E  1  Mechanism of actions of 
different milk proteins and peptides acting 
at various stages of SARS- CoV- 2 life cycle.
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    |  11SINGH et al.

regularly gargle or wear a face mask experienced symptoms of the 
common cold and fever less frequently and for a shorter period of 
time (Shin et al., 2018). All these results of clinical studies clearly 
indicated that LPO may also yield beneficial results in terms of anti- 
inflammatory agents during clinical management of COVID- 19.

3  |  MILK C ARBOHYDR ATES

3.1  |  Milk oligosaccharides (Milk glycans)

Milk oligosaccharides (MOs) possess several biological activities 
including selective enrichment of beneficial bacteria, inhibiting 
binding of undesirable or pathogenic bacteria to colonocytes, anti- 
inflammatory properties, glycome- modifying activity, development 
of brain and immune system, and growth- related characteristics of 
intestinal cells (Oliveira et al., 2015). The qualitative and quantitative 
composition of oligosaccharides in AM is variable due to many rea-
sons, namely type of analytical techniques, oligosaccharide extrac-
tion methods, genetic variations in animals, and stage of lactation 
(Barile et al., 2010; Tao et al., 2009). The concentrations of oligo-
saccharides in bovine, equine, caprine, ovine, and camel milks are 
0.03– 0.06, 0.0798– 0.2178, 0.25– 0.30, 0.02– 0.04, and 1.2 g/L, re-
spectively (Karav et al., 2018; Oliveira et al., 2015). According to dif-
ferent studies, approximately >200 human MOs (HMOs) (Albrecht 
et al., 2014), 40 bovine MOs (BMOs) (Tao et al., 2008), 43 equine MOs 
(EMOs) (Difilippo et al., 2015), 20 caprine MOs (CpMOs) (Martinez- 
Ferez et al., 2006), 29 porcine MOs (PMOs) (Tao et al., 2010), and 12 
camel MOs (CmMOs) (Alhaj et al., 2013) have been identified in milk 
obtained from human, bovine, caprine, porcine, and camel, respec-
tively. However, out of these nearly 10 BMOs and 9 CpMOs have 
structures that are similar to some HMOs, suggesting that they may 
have shared functionalities (Quinn, 2021).

3.1.1  |  Antiviral properties

There are a number of studies that document the promising antiviral 
nature of HMOs against many pathogenic viruses such as RSV and in-
fluenza virus (Duska- McEwen et al., 2014), rotavirus (Yu et al., 2014), 
norovirus (Koromyslova et al., 2017), and HIV- 1 (Hong et al., 2008) in 
humans. Nguyen et al. (2021) observed acidic HMOs at high relative 
abundances in CaR- ESI- MS screening, thereby raising the possibility 
that neonates may be protected against SARS- CoV- 2 by breastfeed-
ing. Moreover, according to an observational cohort study, it was 
confirmed that 72 neonates, who were receiving breastfeeding from 
SARS- CoV- 2- positive mothers, were all tested negative after 14 days 
of life (Salvatore et al., 2020).

In milk of all domestic animals, about 80%– 90% of the total 
oligosaccharides are sialylated, containing N- acetylneuraminic 
acid (Neu5Ac) and/or N- glycolylneuraminic acid (Neu5Gc) 
(Albrecht et al., 2014). Humans lack ability to synthesize Neu5Gc, 
which is appreciably produced in bovine milk (Padler- Karavani & 

Varki, 2011), and this structure is suggested to play a role in chronic 
inflammation- mediated diseases (Okerblom & Varki, 2017). Sialic 
acid residue, that is, Neu5Ac, is significantly more abundant than 
Neu5Gc in BMOs (Tao et al., 2008). Being highly sialylated, BMOs 
mainly target sialic acid- dependent pathogens. HCoVs generally 
rely on assistance of glycans for cell entry, for example, MERS- CoV 
binds sialylated glycans to facilitate host cell entry (Li, Hulswit, 
et al., 2017), HCoV- OC43 and HKU1 engage sialoglycans with 
9- O- acetylated sialic acid as key receptors (Tortorici et al., 2019), 
SARS- CoV- 1 and CoV- NL63 exploit acidic heparan sulfate (HS) 
polysaccharides (Milewska et al., 2014), and SARS- CoV- 2 also binds 
and enters host cells via glycans like heparan sulfate (HS) and si-
alic acid- containing glycolipids/glycoproteins (Hao et al., 2021). 
According to Errasfa (2021), MOs from camel's and donkey's milk, 
may bind to virus lectin glycoproteins in addition to their prebiotic 
role. Thus, MOs may exert an ideal decoy role against SARS- CoV- 2 
entry into the cells. Therefore, CmMOs and donkey's MOs may act 
as genuine tools against SARS- CoV- 2, but there is further need for 
investigation in clinical trials as purified components or as part of 
treatment using whole AM from these animals. From the above dis-
cussion and observations, it could be speculated that HMOs and 
animal MOs may act as antiviral molecules and offer some protec-
tion against SARS- CoV- 2, but it needs further research in this di-
rection before arriving at final conclusion.

3.2  |  Glycosaminoglycans

Glycosaminoglycans (GAGs), also known as mucopolysaccharides, 
are negatively charged, sulfated linear polysaccharide molecules 
such as heparin/heparan sulfate (HP/HS), hyaluronic acid (HA), 
chondroitin sulfate (CS), and dermatan sulfate (DS) present in AM. 
Compared to bovine milk, human milk contains more concentration 
of GAGs (approximately seven times), with DS making up 40% of all 
whole GAGs in bovine milk and HS/HP, CS, and other GAGs making 
up the remaining 30% and 21%, respectively (Coppa et al., 2013). 
The higher concentration of GAGs in human milk indicates their 
importance in first 2 weeks of infant life. Milk GAGs are produced 
inside mammary glands with a specific core protein linked with their 
long chains.

3.2.1  |  Antiviral properties

In context with COVID- 19 disease, milk GAGs may serve two im-
portant functions. Firstly, during digestion in small intestine, their 
associated core protein gets digested by proteolytic enzymes and 
remaining GAG chains reach the large intestine in intact form. Thus, 
microorganisms in the intestinal tract utilize these GAGs as prebi-
otics to facilitate growth (Newburg & He, 2015). This maintains 
healthy gut by preventing various enteric bacterial and viral infec-
tions. Secondly, although antiviral activities of commercially avail-
able GAGs have been reported for some of the viruses, for example, 
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12  |    SINGH et al.

commercial CS for dengue virus (Kato et al., 2010), human milk 
CS for HIV- 1 (Newburg et al., 1995), and commercial HP for HIV- 1 
(Baba et al., 1988), HSV (Laquerre et al., 1998), Zika virus (Ghezzi 
et al., 2017), and SARS- CoV (Vicenzi et al., 2004). The antiviral po-
tential of GAGs present in bovine milk needs to be fully character-
ized. Moreover, the presence of similar carbohydrate structures 
between different GAGs may explain their viral inhibitory activity 
against multiple viruses. Free HS has been reported to inhibit SARS- 
CoV- 2 infection of Vero cells (Kwon et al., 2020). Also, HS increases 
the affinity of SARS- CoV- 2 RBD for ACE2, indicative of HS acting 
as a more classical coreceptor (Clausen et al., 2020). According to 
Vicenzi et al. (2004), SARS- associated CoV infection was inhibited by 
50% upon incubation of Vero cells with heparin (100 μg/mL) 30 min 
before viral addition. This partial inhibition of SARS- CoV infection 
might be due to the interaction between positively charged amino 
acids (present on virus envelope) with negatively charged sulfate 
groups present on HS proteoglycans expressed on the surface of 
target cells. Thus, GAGs may show antiviral action against mem-
bers of Coronaviridae including SARS- CoV- 2, the causative agent of 
COVID- 19 pandemic. Further exploration and investigation regard-
ing the potential of GAGs to block this deadly virus could be interest-
ing in future research.

4  |  MILK FATS

4.1  |  Glycerol monolaurate

Glycerol monolaurate (GML) (2,3- dihydroxypropyl dodecanoate) is 
a fatty acid monoester that possesses broad antimicrobial (against 
bacteria, fungi, and enveloped viruses), anti- inflammatory, and im-
munoregulatory properties (Schlievert et al., 1992, 2019; Witcher 
et al., 1996). This molecule has been accorded GRAS status and is 
commonly used in cosmetics, as a homeopathic supplement, food 
preservative, and emulsifier (Zhang et al., 2016). The concentra-
tions of GML in bovine milk, whole pasteurized human milk, and 
infant formula are estimated as 0.15, 3, and 0 mg/mL, respectively 
(Schlievert et al., 2019).

4.1.1  |  Immunomodulator properties

As an immunostimulant, GML enhances the immune system by 
modulating immune system reactions, activating and attracting 
leukocytes to the site of infection along with limited ROS produc-
tion, thereby causing less tissue damage (Subroto & Indiarto, 2020). 
Human primary T cells are impacted by GML in terms of signaling 
and functional output (Zhang et al., 2016). In addition, it has been 
reported to reduce T cell receptor- induced production of proin-
flammatory cytokines including IL- 1 α, IL- 1β, IL- 2, IL- 6, IL- 8, IL- 10, 
MIP- 3α (macrophage inflammatory protein- 3α), TNF-  α, and IFN- γ (Li 
et al., 2009; Witcher et al., 1996). Thus, GML may also play potential 
role during CSS stage of COVID- 19.

4.1.2  |  Antiviral properties

Glycerol monolaurate has been shown to possess antiviral activity 
against a number of enveloped viruses, such as HIV- 1, HSV- 1, mea-
sles, cytomegalovirus, yellow fever virus, mumps virus, Zika virus, 
influenza, and CoVs (Subroto & Indiarto, 2020). However, it did not 
show any inhibitory effect on nonenveloped viruses indicating its 
association with direct viral envelope interference and modulatory 
changes in it, thereby preventing the binding of the virus to the host 
cell membrane, or inhibiting the RNA synthesis and viral matura-
tion (Welch et al., 2020). Electron microscopies of Hierholzer and 
Kabara (1982) revealed loss of virus infectivity due to generalized 
disintegration of envelope when influenza A and CoV were coincu-
bated with a GML mixture on primary rhesus monkey kidney (MK) 
cells, a human laryngeal epidermoid carcinoma cell line (HEp- 2), and 
a human embryonic lung diploid fibroblast cell strain (HELF). SARS- 
CoV- 2 also possesses characteristics similar to that of enveloped 
viruses including membrane and core of virus composed of phos-
pholipids and RNA genome, respectively. Additionally, SARS- CoV- 2 
principally targets the respiratory system, and its characteristics are 
closely related to the SARS virus which caused pandemic in 2003 
(Kang et al., 2020; Zhou et al., 2020). Thus, SARS- CoV- 2, being an 
enveloped virus, may also act as target for GML. The above discus-
sion provides evidence for further investigation into this class of 
compounds for the potential treatment of COVID- 19.

4.2  |  Polyunsaturated fatty acids

Among long- chain polyunsaturated fatty acids (LC- PUFAs), DHA 
(docosahexaenoic acid), and EPA (eicosapentaenoic acid) are pre-
dominant ones. Milk and milk products are considered not to contrib-
ute significantly to dietary intake of ω- 3 fatty acids (Van Valenberg 
et al., 2013). In general, milk from cows fed normal diets (forages 
and/or cereals) contains extremely low concentrations of EPA and 
DHA (less than 1 g/100 g of fatty acids) (Givens & Shingfield, 2006). 
However, the concentration of both DHA and EPA can be increased 
in milk by including some fish oil in the diet of the cow, with a typical 
efficiency of transfer of EPA and DHA from the diet into milk as 2.6% 
and 4.1%, respectively (Chilliard et al., 2000). Cattaneo et al. (2006) 
fed fish oil (1.1% of total mixed ration) to dairy goats and reported 
increase in DHA and EPA contents of milk from 0.07% (control) to 
0.51% and 0 (control) to 0.50% of total fatty acids, respectively. 
Similarly, feeding fish meals to dairy cows resulted in increase in 
DHA content of milk from 0.26 to 0.72% of total fatty acids (Wright 
et al., 2003). Hence, enrichment of AM and milk products is manda-
tory for getting their optimum health benefits.

4.2.1  |  Immunomodulator properties

Evidence suggests that among ω- 3 LC- PUFAs, both DHA and 
EPA have direct influence on the immunological response to viral 
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infections (Calder et al., 2020; Messina et al., 2020). Cells of immune 
system contain a high content of EPA and DHA in their membranes 
(Miles et al., 2021). In blood mononuclear cells (a mixture of lym-
phocytes and monocytes) of adults, DHA and EPA typically com-
prise 2%– 3% and 0.5%– 1%, respectively (Rees et al., 2006; Yaqoob 
et al., 2000). Within the immune cell membranes, these LC- PUFAs 
form signaling platforms known as lipid rafts and modulate intracel-
lular signaling, ultimately affecting transcription factor activation 
and gene expression (Calder, 2015). As a result of these effects, LC- 
PUFAs regulate the function of various immune cell types including 
neutrophils, monocytes, macrophages, dendritic cells, T cells, and B 
cells (Calder, 1998). As a result, ω- 3 fatty acids aid in the reduction 
of inflammation, which in turn supports a healthy immune system. 
For this, 250 mg/day of EPA and DHA must be consumed every day, 
which can be easily provided by inclusion of enriched AM and milk 
products in the diet (Calder et al., 2020).

4.2.2  |  Anti- inflammatory properties

A number of proinflammatory mediators can produce inflamma-
tion, which is a crucial part of the immune response. However, due 
to the activation of particular negative feedback systems, it ends 
fast toward the conclusion of the immunological response. The anti- 
inflammatory effects of EPA and DHA are mediated by intricate 
cascades of events including inhibition of leukocyte chemotaxis, re-
duction in adhesion molecule expression and leukocyte– endothelial 
adhesive interactions, disruption of lipid rafts, inhibition of activation 
of NF- κB (nuclear factor kappa B), activation of anti- inflammatory 
transcription factors, such as PPARγ (peroxisome proliferator- 
activated receptor gamma), and binding to the GPCR120 (G protein- 
coupled receptor 120) (Calder, 2012, 2013; Rogero & Calder, 2018). 
Furthermore, the enzymatic oxidation of EPA and DHA at the site 
of inflammation leads to the synthesis of specialized proresolving 
mediators (SPMs), such as resolvins, protectins, and maresins. These 
chemicals impede neutrophil transendothelial migration and the 
generation of cytokines (TNF- α and IL- 1β) and chemokines through 
the cyclooxygenase (COX) and lipoxygenase (LOX) pathways 
(Calder, 2013). Hence, multiple mechanisms come into play to co-
ordinate the reduction of inflammation and assist healing, especially 
in the respiratory tract. In addition, these SPMs have been dem-
onstrated in numerous studies using animal models for prevention 
and treatment of acute lung injury (ALI) and ARDS (Gao et al., 2017; 
Sekheri et al., 2020; Sham et al., 2018; Wang et al., 2018; Zhang 
et al., 2019). Several human trials have also shown health benefits 
of DHA and EPA in ARDS- affected patients. Moreover, according to 
a recently published Cochrane review, ARDS patients who received 
EPA and DHA supplements displayed a dramatic improvement in 
blood oxygenation along with significant decrease in organ failures, 
the need for ventilation, intensive care unit (ICU) stay, and mortality 
after 28 days (Dushianthan et al., 2019). All these functions of ω- 3 
fatty acids could be very useful in the context of COVID- 19, which is 
manifested by uncontrolled inflammation (CSS) linked with ALI and 

ARDS. Taken together, these findings suggest that EPA and DHA 
may aid in the recovery of SARS- CoV- 2 patients by reducing inflam-
mation and lung injury, possibly via conversion to SPMs.

4.2.3  |  Anticoagulation properties

Another complication that commonly exists in severe cases of 
COVID- 19 is known as coagulopathy. It seems to be associated with 
occurrence of venous and arterial thromboembolic disease and mim-
ics other systemic coagulopathies that are regularly seen in severe 
infections, most notably disseminated intravascular coagulation 
(DIC) (Levi & Iba, 2021). Although supplementation of DHA and EPA 
has been shown to reduce platelet aggregation and activation in 
healthy subjects, a higher recommended dose is required in some 
prothrombotic conditions (Adili et al., 2018). However, clinical ef-
ficacy of ω- 3 fatty acids as an antiplatelet therapy in the treatment 
of COVID- 19 still remains to be validated.

5  |  MILK VITAMINS

The vitamin concentration of AM varies among different animals, 
and it depends on various factors including species, breed, type of 
diet and feeding behavior, stage of lactation, health status of the 
udder, milk and fat yields, and genetic traits of animals. Buffalo milk 
is 10- fold richer in vitamin B6 and 2- fold richer in vitamin B3 and 
vitamin E, but markedly poorer in vitamins B2, B6, and B9 than cow 
milk (Medhammar et al., 2012). Similarly, ewe milk is rich in vitamins 
(especially vitamin A) than that of other ruminants (especially cows). 
It is also richer in vitamins B1, B2, B3, B5, B6, B12, folic acid, and vita-
min C than goat milk (Park et al., 2007). Levels of folate and Vitamin 
B12 in cow milk are five times higher than those in goat milk. Among 
different animal species, Dromedary milk is especially rich in vita-
min C and vitamin A, which is of special interest in human nutrition 
(Graulet, 2014). During COVID- 19, vitamins play only symptomatic 
and supportive roles along with the principle therapy.

5.1  |  Fat- soluble vitamins

5.1.1  |  Vitamin A

Vitamin A belongs to the family of retinyl esters, and acts as T cell ef-
fector, facilitating adaptive and innate immunity (Kumar et al., 2021). 
It plays crucial role in immunoregulation along with proliferation 
and differentiation of T- lymphocytes into regulatory T cells (Jovic 
et al., 2020). Retinoic acid (RA), a metabolite of vitamin A (retinol), 
has been implicated in the modulation of ARDS by influencing the 
production of IL1- β and IL- 1 receptor antagonist by alveolar mac-
rophages, and the subsequent pulmonary infiltration of neutrophils 
(Hashimoto et al., 1998). According to a stereological analysis, it 
has been observed that RA along with simvastatin improved the 
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injured pulmonary microenvironment and dynamics of lung tissues 
in the functional repair of respiratory tract (Yang et al., 2015). These 
findings suggest that vitamin A- dependent processes may play a 
role in oxidative damage and/or lung regeneration. According to 
Sarohan (2020), depletion of RA alters the immune system's shift to 
the NF- κB arm, which leads to an excessive release of cytokines, and 
thus creates CSS as observed in systemic inflammatory response 
syndrome (SIRS), ARDS, and COVID- 19. As per another scientific in-
vestigation, vitamin A present in cow milk may impact lymphocytes 
homing to the upper part of respiratory system by causing them to 
produce the tissue homing- linked markers α4β7 (Perdijk et al., 2018). 
Additionally, vitamin A was recommended as an alternative CoV 
therapy and a way to prevent lung infections (Zhang & Liu, 2020). 
Jee et al. (2013) documented that inadequate vitamin A intake by 
feedlot calves hampered their antibody response when injected with 
inactivated BCoV vaccine. As a result, vitamin A may assure a sup-
porting function in the treatment of COVID- 19 together with the 
creation of good antibody response in people vaccinated with CoV 
vaccine. Perusal of Table 7 revealed that one cup (244 g) of buffalo 
and goat milk can meet approximately 50% requirement of vitamin 
A for adult humans.

5.1.2  |  Vitamin D

Vitamin D helps in the absorption of calcium and phosphorus and 
maintains bone homeostasis. In addition, its metabolites strongly in-
fluence immunity via differentiation of monocytes to macrophages 
and increasing their killing capacity; modulating the production 
of inflammatory cytokines; and supporting antigen presentation 
(BourBour et al., 2020). Many immune cells (B cells, T cells, and 
antigen- presenting cells) possess vitamin D receptors that affect their 
function after ligand binding, and thus it has capability of acting in 
an autocrine manner in a local immunologic milieu (Aranow, 2011). 
Furthermore, its metabolites appear to control the synthesis of 
particular antimicrobial proteins for direct killing of pathogens, and 
as a result are probably helpful in lowering lung infections (Calder 
et al., 2020). Several studies demonstrated the role of vitamin D in 
reducing the risk of acute viral respiratory tract infections and pneu-
monia (Laplana et al., 2018; Teymoori- Rad et al., 2019). The possible 
mechanisms of action might be due to inhibition of viral replication or 
anti- inflammatory or immunomodulatory roles (Ali, 2020). The SARS- 
CoV- 2 target ACE2 has been revealed to be affected by vitamin D 
also. So, by activating ACE2, vitamin D may reduce ARDS and ALI 
brought on by SARS- CoV- 2 (Xiao et al., 2021). Ilie et al. (2020) dis-
covered an adverse relationship between vitamin D status with mor-
bidity and mortality of COVID- 19 in some countries including Italy, 
Turkey, Spain, Ireland, Slovakia, Norway, Germany, Estonia, Hungary, 
Portugal, Finland, United Kingdom, France, Iceland, Sweden, 
Denmark, Belgium, Switzerland, and the Czech Republic. Studies have 
shown that vitamin D decreases the overexpression of proinflamma-
tory cytokines (TNF- α, IL- 1α, IL- 1β, and IFN- γ), boosts the expres-
sion of anti- inflammatory cytokines (Hughes & Norton, 2009), and 

releases defensins and cathelicidins that stop viral replication (Grant 
et al., 2020), potentially speeding up the recovery of patients with 
viral infections, particularly COVID- 19 (Balla et al., 2020). Therefore, 
vitamin D could be a promising option for the treatment of this novel 
CoV due to its antimicrobial and antioxidative effects and helping 
the immune system against lung infection and airway inflamma-
tion. Although one cup of sheep milk provides comparatively higher 
amount of vitamin D than the other species' milk, it contributes only 
about 9% of requirement for adult humans (Table 7).

5.1.3  |  Vitamin E

Vitamin E is a fat- soluble antioxidant that scavenges free radicals, 
ROS, and reactive nitrogen species (RNS) by donating hydrogen ions 
from its chromanol ring (Gulcin, 2020). Thus, it decreases oxida-
tive stress, which is mainly responsible for causing ARDS including 
COVID- 19 (Chernyak et al., 2020). Deficiency of vitamin E leads to 
ferroptosis, which in turn is accounted for one of the central death 
mechanisms in COVID- 19 patients due to multiple damages to the 
heart, liver, lungs, kidneys, gut, and nervous system (Ashrafizadeh 
et al., 2019). Consumption of vitamin E at high dose (500 mg/kg) may 
prevent ferroptosis in COVID- 19 patients by inhibiting lipoxyge-
nase and peroxyl radicals (Tavakol & Seifalian, 2022). Vitamin E also 
causes immune stimulation in animal and human models via three 
pathways— (1) reducing the production of NO, and thereby PGE2 
along with suppression of cyclooxygenase- 2, (2) modulating the Th1/
Th2 balance, and (3) initiation of T cell signals (Lee & Han, 2018). The 
vitamin E concentration in bovine milk is approximately 0.312 mg/g 
(Arora et al., 2022), and human requirement is about 12– 15 mg/day/
person (Insel et al., 2004). The consumption of one cup of either cow 
or goat milk will provide only 2% of the total need for vitamin E for 
adult humans (Table 7).

5.1.4  |  Vitamin K

Vitamin K is a fat- soluble vitamin that is normally required for post-
translational chemical modification in a small group of proteins 
with calcium- binding properties. These are vitamin K- dependent 
proteins, also known as Gla proteins or coagulation proteins. These 
proteins are synthesized in the liver and comprise factors II, VII, IX, 
and X, which have hemostatic role, and proteins C and S, which have 
an anticoagulant role. Thus, vitamin K plays important roles in co-
agulation and possibly also in lung diseases (Dofferhoff et al., 2021). 
Vitamin K possesses a key role in the pathology of COVID- 19, and 
its deficiency is associated with CSS, thrombotic complications, 
multiple organ damage, and high mortality (Ali et al., 2021). It has 
been documented that deficiency of vitamin K during the early 
phase of COVID- 19 infection may contribute to the activation of the 
Th2 storm with increased production of IL- 6 (Anastasi et al., 2020). 
Vitamin K exerts its anti- inflammatory action via reduction of pros-
taglandin E2 (PGE- 2), COX- 2, and IL- 6 (Suleiman et al., 2013). Thus, 
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reduced vitamin K status acts as a potentially modifiable prognostic 
risk factor in COVID- 19. Although we cannot get sufficient amounts 
of vitamin K from AM (Table 7), it may be advantageous when con-
sidered in conjunction with the effects of other AM constituents 
that boost the immune system and play protective role.

5.2  |  Water- soluble vitamins

5.2.1  |  Vitamins B

Eight different vitamins, including B1, B2, B3, B5, B6, B7, B9, and 
B12, make up the vitamin B complex. Their concentration in AM 
varies, and they are crucial to cell metabolism. While working on 
macrophages, vitamin B1 may have an anti- inflammatory impact 
and reduce NF- κB activation induced by oxidative stress (Spinas 
et al., 2015). It significantly contributes to the eradication of 
SARS- CoV- 2 by fostering humoral and cell- mediated immunity in 
COVID- 19 patients (Shakoor et al., 2021). A score- matched inves-
tigation was carried out in 738 critically ill COVID- 19 patients, and 
it was observed that patients who received thiamine as an adjunc-
tive therapy were less likely to have thrombosis during ICU stay by 
81% along with significantly lower in- hospital mortality by 51% (Al 
Sulaiman et al., 2021). Thiamine has also been reported to act as 
attenuator of Th17- mediated IL- 17 proinflammatory response (CSS) 
and subsequent neurological symptoms observed in COVID- 19 pa-
tients (Vatsalya et al., 2020). According to a study, it has been docu-
mented that riboflavin and UV light have ability to reduce the titer 
of SARS- CoV- 2 to the limit of detection in human plasma and whole 
blood (Ragan et al., 2020). This could provide broad- spectrum safety 
for use of pathogen- reduced blood products in critically ill patients 
with COVID- 19. Vitamin B3 has been found to decrease IL- 6, IL- 1β, 
and TNF- α in stimulated alveolar macrophages (Kumar et al., 2021). 
Moreover, in COVID- 19 patients, IL- 6 targeting could reduce inflam-
mation (Liu, Li, et al., 2020). Deficiency of vitamin B6 is linked with 
lower immune function and higher susceptibility to viral infections 
(Rail & Meydani, 1993). Vitamin B6 may exert a protective effect in 
ameliorating the severity of COVID- 19 and its complications (hyper-
tension, cardiovascular disease, and diabetes) by suppressing inflam-
mation (CSS), inflammasomes, oxidative stress, and carbonyl stress, 
regulation of Ca2+ influx, elevation of carnosine (a cardioprotec-
tor), and immune function improvement (Kumrungsee et al., 2020). 
According to another study, vitamin B9 (folic acid) may help to pre-
vent or alleviate respiratory involvement in early stages via inhibi-
tion of furin activity in COVID- 19 patients (Sheybani et al., 2020). 
The SARS- CoV- 2 protein M- pro's crystal structure was used in a mo-
lecular docking study to evaluate therapeutic compounds that could 
be used to treat COVID- 19. In order to forecast the binding, docking 
scores, lipophilic and hydrogen- bonding interactions, and ligand pro-
ficiency parameters were used, and it was observed that vitamin B12 
and nicotinamide occupied fourth and sixth positions, respectively 
(Kandeel & Al- Nazawi, 2020). Research shows that vitamin B12 pos-
sesses strong affinity for binding to SARS- CoV- 2 protease (Kandeel 
& Al- Nazawi, 2020). Furthermore, deficiency of vitamin B12 causes 

symptoms (i.e., increased oxidative stress, homocysteine concen-
tration, thrombocytopenia, increased lactate dehydrogenase, low 
reticulocyte count, DIC, vasoconstriction, and renal and pulmonary 
vasculopathies) similar to that of COVID- 19 (dos Santos, 2020). 
Thus, vitamin B12 may serve as an attenuator to COVID- 19 symp-
toms. Among different animal species, sheep milk is rich in vitamin 
B complex and just one cup of it provides about 83% of vitamin B2, 
72% of vitamin B12, 18% of vitamin B1, 15% of vitamin B6, and 7% of 
vitamin B3 requirements needed for adult humans (Table 7).

5.2.2  |  Vitamin C

Vitamin C possesses antiviral characteristics that include alleviat-
ing endothelial dysfunction, boosting and regulating the production 
of IFN- α and cytokines, decreasing inflammation, and reestablish-
ing mitochondrial function (Carr & Maggini, 2017). According to re-
ports, vitamin C administration lowers the incidence of sepsis and 
ARDS as well as other upper respiratory tract infections (Kashiouris 
et al., 2020). A study in adult patients revealed that two doses of 
vitamin C reduced the length of pneumonia in a dose- dependent 
manner (Baladia et al., 2020). Another problem associated with 
COVID- 19 is managing a number of patients at the same time in 
ICUs. According to a meta- analysis of 12 studies including 1766 ICU 
patients, vitamin C shortens patients' stays there by 8% (Hemila & 
Chalker, 2019). In cow milk, the approximate concentration of vita-
min C is 5.98 mg/L (Foroutan et al., 2019), but humans require about 
30– 45 mg/day/person (WHO, 2004). One cup of sheep milk pro-
vides just 23% of vitamin C requirement for adult humans (Table 7).

From the above discussion, it is clear that although the concen-
tration of vitamins in AM is low, these can be used as adjuvants in 
addition to COVID- 19's principle therapy.

6  |  MILK MINER AL S

Milk is a rich source of minerals including macro (Ca, P, K, Na, and 
Mg) and micro (Zn, Cu, Se, and I) minerals. However, their concentra-
tion varies considerably (Table 7) and depends on various factors, 
namely species, breed, diet, individual animal, stage of lactation, 
and status of udder health (Park & Chukwu, 1988). Among different 
AMs, overall sheep and goat milk possess comparatively higher Ca, 
P, Mg, Zn, Se, and I and less Na than cow milk (Table 7). The minerals 
which could play important roles in prevention and/or treatment of 
COVID- 19 are briefly discussed below.

6.1  |  Macrominerals

6.1.1  |  Calcium

Calcium plays important role in normal respiratory functioning, en-
ergy generation, immunity strength, nerve conduction, blood coag-
ulation, regulating heart rate, secretion of hormones, enzymes, and 
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contraction of muscles (Bailey et al., 2011). Many scientists have 
reported a relatively high prevalence of hypocalcemia in COVID- 19 
patients (di Filippo et al., 2022). In North America, it was reported 
that 60% of SARS patients were suffering from hypocalcemia at the 
time of hospital admission, and about 70% suffered during hospi-
talization (Booth et al., 2003). Hypocalcemia and low calcium lev-
els are strongly correlated with a more pronounced inflammatory 
response in COVID- 19 patients (di Filippo et al., 2022). Different 
studies reported that there was a strong negative correlation be-
tween calcium levels and C- reactive protein (CRP), procalcitonin 
(PCT), IL- 6, and D- dimer, but positive correlation with lymphocyte 
count (Liu, Han, et al., 2020; Sun et al., 2020; Tomic et al., 2021). 
Sun et al. (2020) observed worst clinical findings (multiple organ 
dysfunction syndrome, septic shock and mortality) in patients with 
low- serum calcium levels (especially ≤2.0 mmol/L) suffering from 
COVID- 19. Also according to a case– cohort research study, serum 
Ca was proved to be inversely associated with the risk of ischemic 
stroke (Dibaba et al., 2019). Thus, correcting calcium imbalance by 
taking a daily calcium supplement can avoid organ injury in the early 
stage of patients suffering from mild/moderate COVID- 19, but it 
needs further clinical research. Among domestic AM, one cup of 
commonly available cow and buffalo milk can meet approximately 
30% of calcium requirement for adult humans (Table 7). However, 
same quantity of sheep milk can meet nearly 50% requirement of 
calcium for adult males.

6.1.2  |  Phosphorus

Phosphorus is involved in making proteins required for growth and 
maintenance, and repair of cells and tissues (Vance, 2011). It has 
been demonstrated that the immune function of old- age patients 
with severe pneumonia and/or hypophosphatemia is significantly 
lower than that of their healthy counterparts, and the patients with 
hypophosphatemia tend to show a state of immunosuppression 
(Xuekai et al., 2019). Hypophosphatemia is a condition, commonly 
seen in ICU patients suffering from metabolic or respiratory alka-
losis, diabetic ketoacidosis, and alcoholism (Koumakis et al., 2021). 
According to a study, the incidence of hypophosphatemia in criti-
cally ill patients can be as high as 44.8% (Zazzo et al., 1995). Thus, 
serum P levels could serve as a reference index to determine the 
success of treatment in patients with acute exacerbations of chronic 
obstructive pulmonary disease (Zhao et al., 2016). Since hypophos-
phatemia is positively correlated with COVID- 19 severity, it is clini-
cally important to increase the monitoring of serum phosphorus 
levels in COVID- 19 patients who are severely or critically ill so as 
to promptly cure hypophosphatemia in order to raise the rate of 
prognosis (Xue et al., 2020). However, more detailed scientific in-
vestigation is required to demonstrate the advantage of reinstating 
hypophosphatemia in patients suffering from COVID- 19. As evident 
from Table 7, consumption of just one cup of AM can meet up to 50% 
requirement of P for adult humans.

6.1.3  |  Magnesium

Mg plays important role in human body. In addition to its physiologi-
cal roles (normal metabolism, transport of potassium ion or calcium 
ion, etc.), it acts as anti- inflammatory (Turner et al., 2017), anti- 
oxidative (Guzel et al., 2018), anti- spasmodic (Yen & Thwaites, 2019), 
vasodilatory (Wang et al., 2019), and neuroprotective (Jameson & 
Bernstein, 2019). Thus, Mg plays vital role in maintenance of normal 
human health by regulating reproductive, cardiovascular, digestive, 
nervous, and respiratory systems. Mg possesses a strong relation-
ship with both specific and nonspecific immune responses and defi-
ciency of the same may cause impaired cellular and humoral immune 
functions (Laires & Monteiro, 2008). Low levels of Mg activate in-
flammation by sensitizing sentinel cells to the noxious agent, priming 
phagocytes, and promoting a cascade of vascular and cellular events 
that characterize the process (Castiglioni et al., 2017). Experimental 
evidence shows that Mg deficiency may cause activation of leuko-
cytes and macrophages, the release of proinflammatory molecules 
such as IL- 1, IL- 6, TNF- α, vascular cell adhesion molecule- 1, plasmi-
nogen activator inhibitor- 1, and excessive production of free radicals 
(Nielsen, 2018). Thus, subclinical Mg deficiency exacerbates virus- 
induced inflammation along with uncontrolled release of proinflam-
matory cytokines, resulting in CSS. Keeping the above facts in mind, 
it can be said that supplementation of adequate Mg in diet may play 
important roles in fight against COVID- 19 by supporting the immune 
system, suppressing the release of some proteins (NF- κB, IL- 6, CRP, 
etc.), regulating renal potassium loss, and activating and enhancing 
the functionality of vitamin D (Wallace, 2020). Table 7 shows that 
commonly available cow and buffalo milk can meet only 10%– 13% 
of human requirements of Mg, which could be beneficial along with 
synergistic effects of other milk ingredients. However, one cup of 
sheep milk can meet up to 20% of Mg requirement for adults.

6.1.4  |  Sodium

Sodium plays important role in the maintenance of normal cellular 
homeostasis in addition to the regulation of fluid and electrolyte bal-
ance. Studies in rats indicated that high dietary sodium intake results 
in downregulation of the ACE2 expression in kidney tissue (Berger 
et al., 2015; Cao et al., 2017). According to a report, hyponatremia 
was much common (50%) among hospitalized COVID- 19 patients in 
the United States (Aggarwal et al., 2020). Also, it was observed that 
lower levels of serum sodium concentration resulted in higher IL- 6 
production along with a more severe outcome of COVID- 19 disease 
(Berni et al., 2020). Thus, sodium shows a considerable impact on 
the therapeutic outcomes of patients with COVID- 19. Hence, it is 
proposed to monitor sodium intake level of patients during severe 
COVID- 19 infections and low sodium intake must be corrected in 
early stages (Post et al., 2020). However, further clinical research is 
required to be conducted in this direction since a potential conflict 
regarding sodium intake in patients with hypertension, diabetes, and 
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kidney disease exists. Commonly available cow milk (one cup) can 
meet about 11% requirement of sodium for adults (Table 7). Thus, 
positive effects of sodium along with other ingredients can be ob-
served by consumption of AM.

6.1.5  |  Potassium

Hypokalemia (low level of potassium) may increase the risk of ARDS 
and acute cardiac damage, which are thought to be the most frequent 
complications of COVID- 19. According to a study, hypokalemia was 
seen in 41% of non- ICU admitted patients suffering from severe in-
fection of COVID- 19 (Alfano, Ferrari, et al., 2021). Hypokalemia has 
been mentioned as a potential manifestation of COVID- 19, probably 
due to the interaction of SARS- CoV- 2 with the renin– angiotensin– 
aldosterone system (Alfano, Guaraldi, et al., 2021). However, the 
etiological mechanisms responsible for the development of hypoka-
lemia in COVID- 19 need to be documented convincingly. The higher 
prevalence of hypokalemia is associated with the requirement for 
invasive mechanical ventilation among COVID- 19 patients (Moreno- 
Perez et al., 2020). Hence, it appears to be a sensitive biomarker for 
the progression of severity of COVID- 19. Consumption of one cup of 
cow milk can meet 11% requirement of K recommended for adults 
(Table 7).

6.2  |  Microminerals

6.2.1  |  Zinc

Zinc is the second most abundant trace metal in the human body, 
and plays critical roles in immune homeostasis, inflammation, and 
antiviral immunity (Pal et al., 2021). It is essential for the functioning 
and proliferation of neutrophils, macrophages, T and B lymphocytes, 
and NK cells (Rahman & Idid, 2021). In addition, it also impairs the 
replication of SARS- CoV through alteration of RdRp activity by di-
rectly affecting the template binding (Te Velthuis et al., 2010). Zinc 
also suppresses the anti- inflammatory activity by reducing the secre-
tion of proinflammatory cytokines such as IL- 6, and monocyte signal 
transduction, thus protecting from severe lung injury due to CSS in 
COVID- 19 patients (Mayor- Ibarguren & Robles- Marhuenda, 2020). It 
exhibits antioxidant role by inhibiting the production of ROS, such as 
superoxide anion, H2O2, and radical hydroxyl as well as RNS includ-
ing peroxynitrite (Hadwan et al., 2014; Ogawa et al., 2011). In anti-
oxidant proteins, Zn ion is associated with its binding to thiol groups, 
thus protecting them from oxidation (Olechnowicz et al., 2018). 
According to WHO (2003), about one- third of total world's popula-
tion is affected by zinc deficiency, which is responsible for 16% of 
all deep respiratory infections worldwide. This gives a strong indica-
tion of association of zinc deficiency with the risk of infection and 
severe progression of COVID- 19, and suggests potential benefits of 
zinc supplementation. In nutshell, zinc improves mucociliary clear-
ance, strengthens the integrity of the epithelium, enhances antiviral 

immunity, reduces viral replication and hyper- inflammation, sup-
ports antioxidative effects, and thus reduces lung damage (Wessels 
et al., 2020). This may have potential benefits for old- age patients 
suffering from COVID- 19 along with comorbidities. From all these 
facts, it seems that zinc supplementation may be useful for the pre-
vention and treatment of COVID- 19. Among the milk of different 
species, maximum requirement (33– 46%) can be met with one cup 
of sheep or goat milk (Table 7). Therefore, positive effects of zinc 
on the immune system and disease resistance can be seen with the 
consumption of domestic AM.

6.2.2  |  Selenium

Selenium is an essential trace element required for the function-
ing of all organisms. The very first evidence of a link between Se 
status and susceptibility of humans to a viral infection came from 
the investigation of cardiomyopathy (Keshan disease) among the 
population in Heilongjiang province in China (Loscalzo, 2014). In ad-
dition to supporting T cell- dependent antibody synthesis, selenium 
also ensures that T cell maturation and functions are maintained 
properly (Bae & Kim, 2020). It also enhances the activities of CD4+ 
T cells, NK cells, and B cells thereby boosting the immune system 
(Chowdhury, 2020). Thus, deficiency of selenium may weaken the 
immune defense against COVID- 19 and cause progression to severe 
disease, as described by a study in South Korea (Im et al., 2020). In 
selenium- deficient people, immune cells synthesize less selenopro-
teins, thereby increasing the risk of being infected by SARS- CoV- 2 
with adverse outcomes (Khatiwada & Subedi, 2021). Also, according 
to Moghaddam et al. (2020), selenium deficiency was associated with 
higher mortality rate in COVID- 19 patients. This was further con-
firmed, when in a clinical trial, parenteral administration of selenium 
reduced illness severity and incidence of hospital- acquired pneumo-
nia in ICU patients suffering from SIRS (Manzanares et al., 2011).

Selenium and selenoproteins inhibit NF- κB and decrease viral 
replication (Hiffler & Rakotoambinina, 2020). Additionally, it has a 
significant impact on reducing the ROS generated in response to di-
verse viral infections (Tomo et al., 2021). Formation of blood clots 
acts as leading cause of death in patients with COVID- 19. Selenium 
may play positive role by reducing their formation via decreasing 
the ratio of thromboxane A2 to prostacyclin I2 as demonstrated 
in rats (Haberland et al., 2001). At physiological levels, selenium 
also inhibits activation of the NF- κB transcription factor resulting 
in decreased production of inflammatory cytokines such as IL- 6 
as observed in cell line studies, animal models, and human studies 
(Maehira et al., 2003). Thus, selenium may act as antiviral, antioxi-
dative, anticoagulant, and immunomodulator in COVID- 19 patients.

From the above findings, it seems that selenium possesses a rel-
evant role in COVID convalescence and supports the discussion on 
adjuvant Se supplementation in severely diseased and Se- deficient 
patients. Although consumption of one cup of AM just fulfills 9%– 
12% of daily requirement for adult humans (Table 7), it is important 
when viewed along with synergistic effects of other components.
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6.2.3  |  Iodine

Iodine, an essential element, is crucial for controlling thyroid gland 
activity and the production of thyroid hormones, which in turn 
control critical metabolic, brain developmental, and growth pro-
cesses (Grau et al., 2015). In addition, iodine also acts as an anti-
oxidant, anti- inflammatory, antiproliferative, and differentiation 
agent (Boretti & Banik, 2022). Milk and milk products are impor-
tant sources of iodine (Van der Reijden et al., 2017). Iodine is also 
present in breast milk as potassium iodide or sodium iodide, and in 
infant formulas (Pearce et al., 2004). However, the concentration 
of iodine in AM is highly variable and depends on various factors, 
such as quantity and type of iodine in feed intake, antinutritional 
factors, milk yield, milk processing (skimming and heat treatment), 
and farm management practices including animal keeping, and teat 
dipping operations (Miklas et al., 2021). Iodine supplementation 
may augment mucosal antiviral defense. According to a study, it 
has been demonstrated that iodide when added with LPO enzyme 
exhibited robust antiviral activity in cultured cells against adenovi-
rus (nonenveloped, dsDNA) and RSV (enveloped, −ve sense ssRNA) 
(Fischer et al., 2011). Since the mechanism is effective against two 
different types of viruses, it is most likely to be effective against 
SARS- CoV- 2 (enveloped, +ve sense ssRNA) virus also. According 
to Derscheid et al. (2014), iodine supplementation reduced sever-
ity of RSV infection in 3- week- old lambs. Moreover, iodine treat-
ment also reduced lung damage and pulmonary expression of RSV 
antigen in lambs affected with RSV disease. According to an in vitro 
study, iodide has also been reported to possess immunomodula-
tory effects on HPBL, suggesting that optimally iodide- saturated 
cells could enhance the immune system and improve clearance 
of infections (Bilal et al., 2017). Iodide also effectively scavenges 
ROS in human blood cells (Kupper et al., 2008). An in vitro study 
has shown that iodide has significantly enhanced IgG synthesis by 
HPBL (Weetman et al., 1983). Iodine as a dietary supplement may 

limit the side effects (inflammatory processes and toxin removal) of 
COVID- 19 vaccination, but this area further needs research (Boretti 
& Banik, 2022). Among AM, one cup of cow and goat milk can meet 
about 3% and 36% of daily requirements for adult humans, respec-
tively (Table 7). Thus, when dairy cows are properly supplemented 
with mineral premixes and licks, favorable benefits of iodine on the 
immune system can be shown through milk consumption.

6.2.4  |  Copper

Copper, a necessary micromineral for all species, plays an active role 
in immunological functions, free- radical protection, and respiration 
(Fooladi et al., 2020). It helps in the functioning of T helper cells, 
B cells, neutrophils, NK cells, and macrophages in order to kill in-
fectious microbes, and enhances cell- mediated immunity and pro-
duction of specific antibodies (Raha et al., 2020). Moreover, copper 
regulates the level of IL- 2 which is critical in T helper cell prolifera-
tion, the balance between Th1 and Th2 cells, and NK cell cytotoxicity 
which is also important in management of immune dysregulation in 
critically ill COVID- 19 patients (Hopkins & Failla, 1997). Cu may also 
suppress the production of inflammatory cytokines, chemokines, 
and adhesion molecules by downregulating the expression of NF- κB, 
which is generally activated by virus- induced ROS (Rani et al., 2021). 
This could be highly useful during CSS phase of COVID- 19. As an 
antioxidative molecule, it may stimulate stress- signaling pathways 
including antiapoptotic phosphoinositide- 3- kinase/Akt cascade 
and may stabilize proteins, so as to make them less prone to oxida-
tion (Klotz et al., 2003). Copper is also required for enzymes such 
as CuZn- superoxide dismutase which catalyzes the dismutation 
of superoxide to oxygen and H2O2. These peroxides are then sub-
sequently reduced by the selenoenzyme GSH peroxidase (GPx), 
thereby protecting mammalian cells against oxidative damage (Uriu- 
Adams & Keen, 2005).

F I G U R E  2  Therapeutics properties 
of animal milk components against 
pathogenic viruses such as COVID- 19.
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As an antiviral molecule, it may inactivate RNA viruses by de-
stroying their viral genomes and/or blocking the activity of papain- 
like protease- 2, a protein that SARS- CoV- 1 requires for replication 
(Raha et al., 2020). During the process of apoptosis, copper is also 
involved in the formation of autophagic vacuoles, thereby contrib-
uting to the cell's antiviral defense (Fooladi et al., 2020). Based on 
the above facts, it seems that enrichment of plasma copper levels 
will boost both innate and adaptive immunity in people. Moreover, 
owing to its potent antiviral activities, Cu may also act as a preven-
tive and therapeutic regime against COVID- 19. Among the domestic 
AM, camel milk contains maximum concentration of copper (Table 7). 
However, one cup of commonly available cow milk can only meet 
12% of daily human requirement for adults. Although drinking milk 
alone does not provide adequate amounts of copper to significantly 
boost the immune system, looking at the positive effects of these 
metabolites as a package, and the role and contribution of each in 
achieving the ultimate goal can be significant.

7  |  CONCLUSION

A substantial global decline in human well- being and health mainte-
nance as well as a significant negative effect on healthcare delivery 
systems have been brought about by the COVID- 19 pandemic. Milk 
and/or its ingredients may show additive or synergistic effects with 
each other or some drugs. Some ingredients (e.g., lactoferrin) may 
provide direct antiviral effects against COVID- 19. Other ingredients 
may help indirectly either during hyperinflammation (lactoferrin, ca-
seins, lysozyme, and lactoperoxidase) or during coagulopathy disor-
ders (e.g., caseins). Also, success of this type of strategy and tactics 
can amplify research and explore the intrinsic genetic well- being 
potential that food and its contents bring. Given the intricacy of the 
condition and the current dearth of new pharmaceutical treatments, 
these findings may be incorporated into policies or suggestions for 
managing COVID- 19 as complementary methods to enhance pa-
tients' rehabilitation, and therefore amplify the odds against virus 
and other pathogens, by taking advantage of the qualities within 
food. These preventative and therapeutic properties of animal milk 
components are depicted in Figure 2.

ACKNOWLEDG MENTS
The authors express their deep gratitude to Ms. Tania González 
for her assistance with designing the flow chart used as graphical 
abstract.

FUNDING INFORMATION
The authors reported there is no funding associated with the work 
featured in this article.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that they have no financial conflict of interest 
or personal relationships that influence the work described in this 
paper.

DATA AVAIL ABILIT Y S TATEMENT
Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

E THIC AL APPROVAL
This study involved no human or animal subjects.

ORCID
Roberto Hernandez- Rauda  https://orcid.
org/0000-0002-7307-5068 

R E FE R E N C E S
Abbes, F. B., Belhattab, R., Seghier, M., & Anes- Boulahbal, D. L. (2021). In 

vitro antioxidant and antiviral activity of camel milk casein hydroly-
sates. Journal of Applied Biological Sciences, 15(1), 101– 112.

Abdulamir, A. S., & Hafidh, R. R. (2020). The possible immunological 
pathways for the variable immunopathogenesis of COVID- 19 infec-
tions among healthy adults, elderly and children. Electron Journal 
of General Medicine, 17(4), em202. https://doi.org/10.29333/ 
ejgm/7850

Actor, J., Hwang, S. A., & Kruzel, M. (2009). Lactoferrin as a natural 
immune modulator. Current Pharmaceutical Design, 15(17), 1956– 
1973. https://doi.org/10.2174/13816 12097 88453202

Adili, R., Hawley, M., & Holinstat, M. (2018). Regulation of platelet func-
tion and thrombosis by omega- 3 and omega- 6 polyunsaturated 
fatty acids. Prostaglandins and Other Lipid Mediators, 139, 10– 18. 
https://doi.org/10.1016/j.prost gland ins.2018.09.005

Aggarwal, S., Garcia- Telles, N., Aggarwal, G., Lavie, C., Lippi, G., & Henry, 
B. M. (2020). Clinical features, laboratory characteristics, and 
outcomes of patients hospitalized with coronavirus disease 2019 
(COVID- 19): Early report from the United States. Diagnosis, 7(2), 
91– 96. https://doi.org/10.1515/dx- 2020- 0046

Al Sulaiman, K., Aljuhani, O., Al Dossari, M., Alshahrani, A., Alharbi, A., 
Algarni, R., Al Jeraisy, M., Al Harbi, S., Al Katheri, A., Al Eidan, F., Al 
Bekairy, A. M., Al Qahtani, N., Al Muqrin, M., Vishwakarma, R., & 
Al Ghamdi, G. (2021). Evaluation of thiamine as adjunctive therapy 
in COVID-  19 critically ill patients: a two- center propensity score 
matched study. Critical Care, 25(1), 1– 8. https://doi.org/10.1186/
s13054-021-03648-9

Albrecht, S., Lane, J. A., Marino, K., Al Busadah, K. A., Carrington, S. D., 
Hickey, R. M., & Rudd, P. M. (2014). A comparative study of free oligo-
saccharides in the milk of domestic animals. British Journal of Nutrition, 
111(7), 1313– 1328. https://doi.org/10.1017/S0007 11451 3003772

Alfano, G., Ferrari, A., Fontana, F., Perrone, R., Mori, G., Ascione, E., 
Magistroni, R., Venturi, G., Pederzoli, S., Margiotta, G., Romeo, M., 
Piccinini, F., Franceschi, G., Volpi, S., Faltoni, M., Ciusa, G., Bacca, 
E., Tutone, M., Raimondi, A., … Guaraldi, G. (2021). Hypokalemia in 
patients with COVID- 19. Clinical and Experimental Nephrology, 25(4), 
401– 409. https://doi.org/10.1007/s10157-020-01996-4

Alfano, G., Guaraldi, G., Fontana, F., Ferrari, A., Magistroni, R., Mussini, 
C., & Cappelli, G. (2021). The role of the renin- angiotensin sys-
tem in severe acute respiratory syndrome- CoV- 2 infection. Blood 
Purification, 50(2), 263– 267. https://doi.org/10.1159/00050 7914

Alhaj, O. A., Taufik, E., Handa, Y., Fukuda, K., Saito, T., & Urashima, T. 
(2013). Chemical characterisation of oligosaccharides in commer-
cially pasteurised dromedary camel (Camelus dromedarius) milk. 
International Dairy Journal, 28(2), 70– 75. https://doi.org/10.1016/j.
idair yj.2012.08.008

Ali, A. M., Kunugi, H., Abdelmageed, H. A., Mandour, A. S., Ahmed, M. 
E., Ahmad, S., & Hendawy, A. O. (2021). Vitamin K in COVID- 19— 
Potential anti- covid- 19 properties of fermented milk fortified with bee 
honey as a natural source of vitamin K and probiotics. Fermentation, 
7(4), 202. https://doi.org/10.3390/ferme ntati on704 0202

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7307-5068
https://orcid.org/0000-0002-7307-5068
https://orcid.org/0000-0002-7307-5068
https://doi.org/10.29333/ejgm/7850
https://doi.org/10.29333/ejgm/7850
https://doi.org/10.2174/138161209788453202
https://doi.org/10.1016/j.prostglandins.2018.09.005
https://doi.org/10.1515/dx-2020-0046
https://doi.org/10.1186/s13054-021-03648-9
https://doi.org/10.1186/s13054-021-03648-9
https://doi.org/10.1017/S0007114513003772
https://doi.org/10.1007/s10157-020-01996-4
https://doi.org/10.1159/000507914
https://doi.org/10.1016/j.idairyj.2012.08.008
https://doi.org/10.1016/j.idairyj.2012.08.008
https://doi.org/10.3390/fermentation7040202


    |  21SINGH et al.

Ali, N. (2020). Role of vitamin D in preventing of COVID- 19 infection, 
progression and severity. Journal of Infection and Public Health, 
13(10), 1373– 1380. https://doi.org/10.1016/j.jiph.2020.06.021

Altmann, K., Wutkowski, A., Klempt, M., Clawin- Rädecker, I., Meisel, 
H., & Lorenzen, P. C. (2016). Generation and identification of 
anti- inflammatory peptides from bovine β- casein using enzyme 
preparations from cod and hog. Journal of the Science of Food and 
Agriculture, 96(3), 868– 877. https://doi.org/10.1002/jsfa.7159

Ammendolia, M. G., Agamennone, M., Pietrantoni, A., Lannutti, F., 
Siciliano, R. A., De Giulio, B., Amici, C., & Superti, F. (2012). Bovine 
lactoferrin- derived peptides as novel broad- spectrum inhibitors of 
influenza virus. Pathogens and Global Health, 106(1), 12– 19. https://
doi.org/10.1179/20477 73212Y.00000 00004

Ammendolia, M. G., Pietrantoni, A., Tinari, A., Valenti, P., & Superti, F. 
(2007). Bovine lactoferrin inhibits echovirus endocytic pathway by 
interacting with viral structural polypeptides. Antiviral Research, 
73(3), 151– 160. https://doi.org/10.1016/j.antiv iral.2006.09.002

Anastasi, E., Ialongo, C., Labriola, R., Ferraguti, G., Lucarelli, M., 
& Angeloni, A. (2020). Vitamin K deficiency and COVID- 19. 
Scandinavian Journal of Clinical and Laboratory Investigation, 80(7), 
525– 527. https://doi.org/10.1080/00365 513.2020.1805122

Aranow, C. (2011). Vitamin D and the immune system. Journal of 
Investigative Medicine, 59(6), 881– 886. https://doi.org/10.2310/
JIM.0b013 e3182 1b8755

Arora, S., Sindhu, J. S., & Khetra, Y. (2022). Buffalo Milk. In P. L. H. 
McSweeney & J. P. McNamara (Eds.), Encyclopedia of dairy sciences 
(pp. 784– 796). Elsevier Academic Press. https://doi.org/10.1016/
B978- 0- 12- 81876 6- 1.00125 - 2

Ashrafizadeh, M., Mohammadinejad, R., Tavakol, S., Ahmadi, Z., 
Roomiani, S., & Katebi, M. (2019). Autophagy, anoikis, ferroptosis, 
necroptosis, and endoplasmic reticulum stress: Potential applica-
tions in melanoma therapy. Journal of Cellular Physiology, 234(11), 
19471– 19479. https://doi.org/10.1002/jcp.28740

Asledottir, T., Picariello, G., Mamone, G., Ferranti, P., Røseth, A., Devold, 
T. G., & Vegarud, G. E. (2019). Degradation of β- casomorphin- 7 
through in vitro gastrointestinal and jejunal brush border mem-
brane digestion. Journal of Dairy Science, 102(10), 8622– 8629. 
https://doi.org/10.3168/jds.2019- 16771

Aydin, M. F., & Taşdemir, H. (2021). Ulcerative colitis in a COVID- 19 pa-
tient: A case report. Turkish Journal of Gastroenterology, 32(6), 543– 
547. https://doi.org/10.5152/tjg.2021.20851

Baba, M., Pauwels, R., Balzarini, J., Arnout, J., Desmyter, J., & De Clercq, 
E. (1988). Mechanism of inhibitory effect of dextran sulfate and 
heparin on replication of human immunodeficiency virus in vitro. 
Proceedings of the National Academy of Sciences of the United 
States of America, 85(16), 6132– 6136. https://doi.org/10.1073/
pnas.85.16.6132

Bae, M., & Kim, H. (2020). The role of vitamin C, vitamin D, and sele-
nium in immune system against COVID- 19. Molecules, 25(22), 5346. 
https://doi.org/10.3390/molec ules2 5225346

Bailey, R. L., Gahche, J. J., Lentino, C. V., Dwyer, J. T., Engel, J. S., Thomas, 
P. R., Betz, J. M., Sempos, C. T., & Picciano, M. F. (2011). Dietary 
supplement use in the United States, 2003– 2006. The Journal of 
Nutrition, 141(2), 261– 266. https://doi.org/10.3945/jn.110.133025

Baladia, E., Pizarro, A. B., & Rada, G. (2020). Vitamin C for the treat-
ment of COVID- 19: A living systematic review. MedRxiv https://
doi.org/10.1101/2020.04.28.20083360

Balla, M., Merugu, G. P., Konala, V. M., Sangani, V., Kondakindi, H., Pokal, 
M., Gayam, V., Adapa, S., Naramala, S., & Malayala, S. V. (2020). Back 
to basics: Review on vitamin D and respiratory viral infections in-
cluding COVID- 19. Journal of Community Hospital Internal Medicine 
Perspectives, 10(6), 529– 536. https://doi.org/10.1080/20009 
666.2020.1811074

Balthazar, C. F., Pimentel, T. C., Ferrão, L. L., Almada, C. N., Santillo, A., 
Albenzio, M., Mollakhalili, N., Mortazavian, A. M., Nascimento, 
J. S., Silva, M. C., Freitas, M. Q., Sant'Ana, A. S., Granato, D., & 

Cruz, A. G. (2017). Sheep milk: Physicochemical characteristics 
and relevance for functional food development. Comprehensive 
Reviews in Food Science and Food Safety, 16(2), 247– 262. https://doi.
org/10.1111/1541- 4337.12250

Bamdad, F., Shin, S. H., Suh, J. W., Nimalaratne, C., & Sunwoo, H. (2017). 
Anti- inflammatory and antioxidant properties of casein hydroly-
sate produced using high hydrostatic pressure combined with pro-
teolytic enzymes. Molecules, 22(4), 609. https://doi.org/10.3390/
molec ules2 2040609

Barile, D., Marotta, M., Chu, C., Mehra, R., Grimm, R., Lebrilla, C. B., 
& German, J. B. (2010). Neutral and acidic oligosaccharides in 
Holstein- Friesian colostrum during the first 3 days of lactation mea-
sured by high performance liquid chromatography on a microfluidic 
chip and time- of- flight mass spectrometry. Journal of Dairy Science, 
93(9), 3940– 3949. https://doi.org/10.3168/jds.2010- 3156

Behzadipour, Y., Gholampour, M., Pirhadi, S., Seradj, H., Khoshneviszadeh, 
M., & Hemmati, S. (2021). Viral 3CLpro as a target for antiviral inter-
vention using milk- derived bioactive peptides. International Journal 
of Peptide Research and Therapeutics, 27(4), 2703– 2716. https://doi.
org/10.1007/s1098 9- 021- 10284 - y

Belding, M. E., Klebanoff, S. J., & Ray, C. G. (1970). Peroxidase- mediated 
virucidal systems. Science, 167(3915), 195– 196. https://doi.
org/10.1126/scien ce.167.3915.195

Benkerroum, N. (2008). Antimicrobial activity of lysozyme with spe-
cial relevance to milk. African Journal of Biotechnology, 7(25), 
4856– 4867.

Berger, R. C. M., Vassallo, P. F., Crajoinas, R. D. O., Oliveira, M. L., 
Martins, F. L., Nogueira, B. V., Motta- Santos, D., Araujo, I. B., 
Forechi, L., Girardi, A. C. C., Santos, R. A. S., & Mill, J. G. (2015). 
Renal effects and underlying molecular mechanisms of long- 
term salt content diets in spontaneously hypertensive rats. 
PLoS One, 10(10), e0141288. https://doi.org/10.1371/journ 
al.pone.0141288

Berkhout, B., Derksen, G. C. H., Back, N. K. T., Klaver, B., De Kruif, C. G., 
& Visser, S. (1997). Structural and functional analysis of negatively 
charged milk proteins with anti- HIV activity. AIDS Research and 
Human Retroviruses, 13(13), 1101– 1107. https://doi.org/10.1089/
aid.1997.13.1101

Berkhout, B., van Wamel, J. L., Beljaars, L., Meijer, D. K., Visser, S., & 
Floris, R. (2002). Characterization of the anti- HIV effects of native 
lactoferrin and other milk proteins and protein- derived peptides. 
Antiviral Research, 55(2), 341– 355. https://doi.org/10.1016/S0166 
- 3542(02)00069 - 4

Berlutti, F., Schippa, S., Morea, C., Sarli, S., Perfetto, B., Donnarumma, G., 
& Valenti, P. (2006). Lactoferrin downregulates pro- inflammatory 
cytokines upexpressed in intestinal epithelial cells infected with in-
vasive or noninvasive Escherichia coli strains. Biochemistry and Cell 
Biology, 84(3), 351– 357. https://doi.org/10.1139/o06- 039

Berni, A., Malandrino, D., Parenti, G., Maggi, M., Poggesi, L., & Peri, A. 
(2020). Hyponatremia, IL- 6, and SARS- CoV- 2 (COVID- 19) infection: 
May all fit together? Journal of Endocrinological Investigation, 43(8), 
1137– 1139. https://doi.org/10.1007/s4061 8- 020- 01301 - w

Bilal, M. Y., Dambaeva, S., Kwak- Kim, J., Gilman- Sachs, A., & Beaman, 
K. D. (2017). A role for iodide and thyroglobulin in modulating the 
function of human immune cells. Frontiers in Immunology, 8, 1573. 
https://doi.org/10.3389/fimmu.2017.01573

Bojsen, A., Buesa, J., Montava, R., Kvistgaard, A. S., Kongsbak, M. B., 
Petersen, T. E., Heegard, C. W., & Rasmussen, J. T. (2007). Inhibitory 
activities of bovine macromolecular whey proteins on rotavirus in-
fections in vitro and in vivo. Journal of Dairy Science, 90(1), 66– 74. 
https://doi.org/10.3168/jds.S0022 - 0302(07)72609 - 7

Booth, C. M., Matukas, L. M., Tomlinson, G. A., Rachlis, A. R., Rose, D. B., 
Dwosh, H. A., Walmsley, S. L., Mazzulli, T., Avendano, M., Derkach, 
P., Ephtimios, I. E., Kitai, I., Mederski, B. D., Shadowitz, S. B., Gold, 
W. L., Hawryluck, L. A., Rea, E., Chenkin, J. S., Cescon, D. W., … 
Detsky, A. S. (2003). Clinical features and short- term outcomes of 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.jiph.2020.06.021
https://doi.org/10.1002/jsfa.7159
https://doi.org/10.1179/2047773212Y.0000000004
https://doi.org/10.1179/2047773212Y.0000000004
https://doi.org/10.1016/j.antiviral.2006.09.002
https://doi.org/10.1080/00365513.2020.1805122
https://doi.org/10.2310/JIM.0b013e31821b8755
https://doi.org/10.2310/JIM.0b013e31821b8755
https://doi.org/10.1016/B978-0-12-818766-1.00125-2
https://doi.org/10.1016/B978-0-12-818766-1.00125-2
https://doi.org/10.1002/jcp.28740
https://doi.org/10.3168/jds.2019-16771
https://doi.org/10.5152/tjg.2021.20851
https://doi.org/10.1073/pnas.85.16.6132
https://doi.org/10.1073/pnas.85.16.6132
https://doi.org/10.3390/molecules25225346
https://doi.org/10.3945/jn.110.133025
https://doi.org/10.1101/2020.04.28.20083360
https://doi.org/10.1101/2020.04.28.20083360
https://doi.org/10.1080/20009666.2020.1811074
https://doi.org/10.1080/20009666.2020.1811074
https://doi.org/10.1111/1541-4337.12250
https://doi.org/10.1111/1541-4337.12250
https://doi.org/10.3390/molecules22040609
https://doi.org/10.3390/molecules22040609
https://doi.org/10.3168/jds.2010-3156
https://doi.org/10.1007/s10989-021-10284-y
https://doi.org/10.1007/s10989-021-10284-y
https://doi.org/10.1126/science.167.3915.195
https://doi.org/10.1126/science.167.3915.195
https://doi.org/10.1371/journal.pone.0141288
https://doi.org/10.1371/journal.pone.0141288
https://doi.org/10.1089/aid.1997.13.1101
https://doi.org/10.1089/aid.1997.13.1101
https://doi.org/10.1016/S0166-3542(02)00069-4
https://doi.org/10.1016/S0166-3542(02)00069-4
https://doi.org/10.1139/o06-039
https://doi.org/10.1007/s40618-020-01301-w
https://doi.org/10.3389/fimmu.2017.01573
https://doi.org/10.3168/jds.S0022-0302(07)72609-7


22  |    SINGH et al.

144 patients with SARS in the greater Toronto area. JAMA, 289(21), 
2801– 2809. https://doi.org/10.1001/jama.289.21.JOC30885

Boretti, A., & Banik, B. K. (2022). Potential effects of iodine supple-
mentation on inflammatory processes and toxin removal following 
COVID- 19 vaccination. Biological Trace Element Research, 200(9), 
3941– 3944. https://doi.org/10.1007/s1201 1- 021- 02996 - 5

Bounous, G., Baruchel, S., Falutz, J., & Gold, P. (1993). Whey proteins 
as a food supplement in HIV- seropositive individuals. Clinical and 
Investigative Medicine, 16(3), 204– 209.

Bounous, G., Batist, G., & Gold, P. (1989). Immunoenhancing property 
of dietary whey protein in mice: Role of glutathione. Clinical and 
Investigative Medicine, 12(3), 154– 161.

BourBour, F., Mirzaei Dahka, S., Gholamalizadeh, M., Akbari, M. E., 
Shadnoush, M., Haghighi, M., Taghvaye- Masoumi, H., Ashoori, 
N., & Doaei, S. (2020). Nutrients in prevention, treatment, and 
management of viral infections; special focus on coronavirus. 
Archives of Physiology and Biochemistry, 1- 10, 16– 25. https://doi.
org/10.1080/13813 455.2020.1791188

Brix, S., Bovetto, L., Fritsché, R., Barkholt, V., & Frøkiaer, H. (2003). 
Immunostimulatory potential of β- lactoglobulin preparations: 
Effects caused by endotoxin contamination. The Journal of 
Allergy and Clinical Immunology, 112(6), 1216– 1222. https://doi.
org/10.1016/j.jaci.2003.08.047

Brumini, D. (2013). Investigation on donkey milk protein fractions: in 
vitro antimicrobial, antiviral and anti- proliferative activities and ca-
sein separation by cation exchange chromatography. PhD thesis, 
The University of Catania, Italy.

Brumini, D., Furlund, C. B., Comi, I., Devold, T. G., Marletta, D., Vegarud, 
G. E., & Jonassen, C. M. (2013). Antiviral activity of donkey milk 
protein fractions on echovirus type 5. International Dairy Journal, 
28(2), 109– 111. https://doi.org/10.1016/j.idair yj.2012.08.010

Cakir, B., Okuyan, B., Şener, G., & Tunali- Akbay, T. (2021). Investigation of 
beta- lactoglobulin derived bioactive peptides against SARS- CoV- 2 
(COVID- 19): In silico analysis. European Journal of Pharmacology, 
891, 173781. https://doi.org/10.1016/j.ejphar.2020.173781

Calder, P. C. (1998). Dietary fatty acids and the immune system. 
Nutrition Reviews, 56(1), S70– S83. https://doi.org/10.1111/
j.1753- 4887.1998.tb016 48.x

Calder, P. C. (2012). Mechanisms of action of (n- 3) fatty acids. The 
Journal of Nutrition, 142(3), 592S– 599S. https://doi.org/10.3945/
jn.111.155259

Calder, P. C. (2013). Long chain fatty acids and gene expression in in-
flammation and immunity. Current Opinion in Clinical Nutrition 
and Metabolic Care, 16(4), 425– 433. https://doi.org/10.1097/
MCO.0b013 e3283 620616

Calder, P. C. (2015). Functional roles of fatty acids and their effects on 
human health. Journal of Parenteral and Enteral Nutrition, 39(1S), 
18S– 32S. https://doi.org/10.1177/01486 07115 595980

Calder, P. C., Carr, A. C., Gombart, A. F., & Eggersdorfer, M. (2020). 
Optimal nutritional status for a well- functioning immune system 
is an important factor to protect against viral infections. Nutrients, 
12(4), 1181. https://doi.org/10.3390/nu120 41181

Campione, E., Lanna, C., Cosio, T., Rosa, L., Conte, M. P., Iacovelli, F., 
Romeo, A., Falconi, M., Vecchio, C. D., Franchin, E., Lia, M. S., 
Minieri, M., Chiaramonte, C., Ciotti, M., Nuccetelli, M., Terrinoni, 
A., Iannuzzi, I., Coppeda, L., Magrini, A., … Bianchi, L. (2021). 
Lactoferrin against SARS- CoV- 2: In vitro and in silico evidences. 
Frontiers in Pharmacology, 12, 666600. https://doi.org/10.3389/
fphar.2021.666600

Cannalire, R., Cerchia, C., Beccari, A. R., Di Leva, F. S., & Summa, V. (2020). 
Targeting SARS- CoV- 2 proteases and polymerase for COVID- 19 
treatment: State of the art and future opportunities. Journal of 
Medicinal Chemistry, 65(4), 2716– 2746. https://doi.org/10.1021/
acs.jmedc hem.0c01140

Cao, G., Della Penna, S. L., Kouyoumdzian, N. M., Choi, M. R., 
Gorzalczany, S., Fernández, B. E., Toblli, J. E., & Roson, M. I. (2017). 

Immunohistochemical expression of intrarenal renin angioten-
sin system components in response to tempol in rats fed a high 
salt diet. World Journal of Nephrology, 6(1), 29– 40. https://doi.
org/10.5527/wjn.v6.i1.29

Carr, A. C., & Maggini, S. (2017). Vitamin C and immune function. 
Nutrients, 9(11), 1211. https://doi.org/10.3390/nu911 1211

Carvalho, C. A., Casseb, S. M., Gonçalves, R. B., Silva, E. V., Gomes, A. M., 
& Vasconcelos, P. F. (2017). Bcovine lactoferrin activity against chi-
kungunya and Zika viruses. Journal of General Virology, 98(7), 1749– 
1754. https://doi.org/10.1099/jgv.0.000849

Castiglioni, S., Cazzaniga, A., Locatelli, L., & Maier, J. A. (2017). Burning 
magnesium, a sparkle in acute inflammation: Gleams from exper-
imental models. Magnesium Research, 30(1), 8– 15. https://doi.
org/10.1684/mrh.2017.0418

Cattaneo, D., Dell'Orto, V., Varisco, G., Agazzi, A., & Savoini, G. (2006). 
Enrichment in n- 3 fatty acids of goat's colostrum and milk by ma-
ternal fish oil supplementation. Small Ruminant Research, 64(1– 2), 
22– 29. https://doi.org/10.1016/j.small rumres.2005.03.013

Cegolon, L., & Mastrangelo, G. (2020). Hypothiocyanite for the preven-
tion and control of COVID- 19. Available at: SSRN: https://ssrn.
com/abstr act=3579762 (Accessed 1 January 2023) https://doi.
org/10.2139/ssrn.3579762

Cegolon, L., Mirandola, M., Salaris, C., Salvati, M. V., Mastrangelo, G., 
& Salata, C. (2021). Hypothiocyanite and hypothiocyanite/lac-
toferrin mixture exhibit virucidal activity in vitro against SARS- 
CoV- 2. Pathogens, 10(2), 233. https://doi.org/10.3390/patho gens1 
0020233

Chabance, B., Marteau, P., Rambaud, J. C., Migliore- Samour, D., Boynard, 
M., Perrotin, P., Guillet, R., Jolles, P., & Fiat, A. M. (1998). Casein 
peptide release and passage to the blood in humans during di-
gestion of milk or yogurt. Biochimie, 80(2), 155– 165. https://doi.
org/10.1016/S0300 - 9084(98)80022 - 9

Chamata, Y., Jackson, K. G., Watson, K. A., & Jauregi, P. (2021). 
Whey- derived peptides at the heart of the COVID- 19 pandemic. 
International Journal of Molecular Sciences, 22(21), 11662. https://
doi.org/10.3390/ijms2 22111662

Chea, C., Miyauchi, M., Inubushi, T., Febriyanti Ayuningtyas, N., 
Subarnbhesaj, A., Nguyen, P. T., Shrestha, M., Haing, S., Ohta, K., 
& Takata, T. (2018). Molecular mechanism of inhibitory effects 
of bovine lactoferrin on the growth of oral squamous cell carci-
noma. PLoS One, 13(1), e0191683. https://doi.org/10.1371/journ 
al.pone.0191683

Chen, J. M., Fan, Y. C., Lin, J. W., Chen, Y. Y., Hsu, W. L., & Chiou, S. S. 
(2017). Bovine lactoferrin inhibits dengue virus infectivity by inter-
acting with heparan sulfate, low- density lipoprotein receptor, and 
DC- SIGN. International Journal of Molecular Sciences, 18(9), 1957. 
https://doi.org/10.3390/ijms1 8091957

Chen, N., Wang, L., Zhang, Q., Zhao, X. H., & Shi, J. (2022). Casein 
oligochitosan- glycation by transglutaminase enhances the 
anti- inflammatory potential of casein hydrolysates to the 
lipopolysaccharide- stimulated IEC- 6 cells. Nutrients, 14(3), 686. 
https://doi.org/10.3390/nu140 30686

Cheng, Y. W., Chao, T. L., Li, C. L., Chiu, M. F., Kao, H. C., Wang, S. H., 
Pang, Y. H., Lin, C. H., Tsai, Y. M., Lee, W. H., Tao, M. H., Ho, T. C., 
Wu, P. Y., Jang, L. T., Chen, P. J., Chang, S. Y., & Yeh, S. H. (2020). 
Furin inhibitors block SARS- CoV- 2 spike protein cleavage to sup-
press virus production and cytopathic effects. Cell Reports, 33(2), 
e108254. https://doi.org/10.1016/j.celrep.2020.108254

Chernyak, B. V., Popova, E. N., Prikhodko, A. S., Grebenchikov, O. A., 
Zinovkina, L. A., & Zinovkin, R. A. (2020). COVID- 19 and oxida-
tive stress. Biochemistry (Moscow), 85(12), 1543– 1553. https://doi.
org/10.1134/S0006 29792 0120068

Chien, Y. J., Chen, W. J., Hsu, W. L., & Chiou, S. S. (2008). Bovine lac-
toferrin inhibits Japanese encephalitis virus by binding to heparan 
sulfate and receptor for low density lipoprotein. Virology, 379(1), 
143– 151. https://doi.org/10.1016/j.virol.2008.06.017

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1001/jama.289.21.JOC30885
https://doi.org/10.1007/s12011-021-02996-5
https://doi.org/10.1080/13813455.2020.1791188
https://doi.org/10.1080/13813455.2020.1791188
https://doi.org/10.1016/j.jaci.2003.08.047
https://doi.org/10.1016/j.jaci.2003.08.047
https://doi.org/10.1016/j.idairyj.2012.08.010
https://doi.org/10.1016/j.ejphar.2020.173781
https://doi.org/10.1111/j.1753-4887.1998.tb01648.x
https://doi.org/10.1111/j.1753-4887.1998.tb01648.x
https://doi.org/10.3945/jn.111.155259
https://doi.org/10.3945/jn.111.155259
https://doi.org/10.1097/MCO.0b013e3283620616
https://doi.org/10.1097/MCO.0b013e3283620616
https://doi.org/10.1177/0148607115595980
https://doi.org/10.3390/nu12041181
https://doi.org/10.3389/fphar.2021.666600
https://doi.org/10.3389/fphar.2021.666600
https://doi.org/10.1021/acs.jmedchem.0c01140
https://doi.org/10.1021/acs.jmedchem.0c01140
https://doi.org/10.5527/wjn.v6.i1.29
https://doi.org/10.5527/wjn.v6.i1.29
https://doi.org/10.3390/nu9111211
https://doi.org/10.1099/jgv.0.000849
https://doi.org/10.1684/mrh.2017.0418
https://doi.org/10.1684/mrh.2017.0418
https://doi.org/10.1016/j.smallrumres.2005.03.013
https://ssrn.com/abstract=3579762
https://ssrn.com/abstract=3579762
https://doi.org/10.2139/ssrn.3579762
https://doi.org/10.2139/ssrn.3579762
https://doi.org/10.3390/pathogens10020233
https://doi.org/10.3390/pathogens10020233
https://doi.org/10.1016/S0300-9084(98)80022-9
https://doi.org/10.1016/S0300-9084(98)80022-9
https://doi.org/10.3390/ijms222111662
https://doi.org/10.3390/ijms222111662
https://doi.org/10.1371/journal.pone.0191683
https://doi.org/10.1371/journal.pone.0191683
https://doi.org/10.3390/ijms18091957
https://doi.org/10.3390/nu14030686
https://doi.org/10.1016/j.celrep.2020.108254
https://doi.org/10.1134/S0006297920120068
https://doi.org/10.1134/S0006297920120068
https://doi.org/10.1016/j.virol.2008.06.017


    |  23SINGH et al.

Chilliard, Y., Ferlay, A., Mansbridge, R. M., & Doreau, M. (2000). Ruminant 
milk fat plasticity: Nutritional control of saturated, polyunsaturated, 
trans and conjugated fatty acids. Annales de Zootechnie, 49(3), 181– 
205. https://doi.org/10.1051/animr es:2000117

Chobert, J. M., Sitohy, M., Billaudel, S., Dalgalarrondo, M., & Haertlé, T. 
(2007). Anticytomegaloviral activity of esterified milk proteins and 
L- polylysines. Journal of Molecular Microbiology and Biotechnology, 
13(4), 255– 258. https://doi.org/10.1159/00010 4755

Chowdhury, A. I. (2020). Role and effects of micronutrients supple-
mentation in immune system and SARS- Cov- 2 (COVID- 19). Asian 
Journal of Immunology, 4(2), 47– 55.

Civra, A., Giuffrida, M. G., Donalisio, M., Napolitano, L., Takada, Y., 
Coulson, B. S., Conti, A., & Lembo, D. (2015). Identification of 
equine lactadherin- derived peptides that inhibit rotavirus infection 
via integrin receptor competition. Journal of Biological Chemistry, 
290(19), 12403– 12414. https://doi.org/10.1074/jbc.M114.620500

Clausen, T. M., Sandoval, D. R., Spliid, C. B., Pihl, J., Perrett, H. R., Painter, 
C. D., Narayanan, A., Majowicz, S. A., Kwong, E. M., McVicar, R. 
N., Thacker, B. E., Glass, C. A., Yang, Z., Torres, J. L., Golden, G. J., 
Bartels, P. L., Porell, R. N., Garretson, A. F., Laubach, L., … Esko, J. 
D. (2020). SARS- CoV- 2 infection depends on cellular heparan sul-
fate and ACE2. Cell, 183(4), 1043– 1057. https://doi.org/10.1016/j.
cell.2020.09.033

Coppa, G. V., Gabrielli, O., Bertino, E., Zampini, L., Galeazzi, T., Padella, 
L., Santoro, L., Marchesiello, R. L., Galeotti, F., Maccari, F., Volpi, N. 
(2013). Human milk glycosaminoglycans: The state of the art and 
future perspectives. Italian Journal of Pediatrics, 39(1), 1– 4. https://
doi.org/10.1186/1824- 7288- 39- 2

Cross, M. L., & Gill, H. S. (2000). Immunomodulatory properties of 
milk. The British Journal of Nutrition, 84(S1), 81– 89. https://doi.
org/10.1017/S0007 11450 0002294

Czubak, J., Stolarczyk, K., Orzeł, A., Frączek, M., & Zatoński, T. (2021). 
Comparison of the clinical differences between COVID- 19, SARS, 
influenza, and the common cold: A systematic literature review. 
Advances in Clinical and Experimental Medicine, 30(1), 109– 114. 
https://doi.org/10.17219/ acem/129573

Daniloski, D., McCarthy, N. A., & Vasiljevic, T. (2021). Bovine β- 
Casomorphins: Friends or foes? A comprehensive assessment 
of evidence from in vitro and ex vivo studies. Trends in Food 
Science & Technology, 116, 681– 700. https://doi.org/10.1016/j.
tifs.2021.08.003

Dash, S., & Jaganmohan, R. (2022). Quality of cold plasma treated casein 
peptide targeting SARS- CoV- 2: An in- silico approach. Research 
Square.

de Carvalho, C. A. M., da Rocha Matos, A., Caetano, B. C., de Sousa 
Junior, I. P., da Costa Campos, S. P., Geraldino, B. R., Barros, C. A., 
de Almeida, M. A. P., Rocha, V. P., da Silva, A. M. V., Melgaco, J. G., 
da Costa Neves, P. C., da Costa Barros, T. A., Ano Bom, A. P. D., 
Siqueira, M. M., Missailidis, S., & Gonçalves, R. B. (2020). In vitro 
inhibition of SARS- CoV- 2 infection by bovine lactoferrin. BioRxiv 
https://doi.org/10.1101/2020.05.13.093781

de Freitas Santoro, D., De Sousa, L. B., Câmara, N. O., De Freitas, D., & De 
Oliveira, L. A. (2021). SARS- COV- 2 and ocular surface: From phys-
iology to pathology, a route to understand transmission and dis-
ease. Frontiers in Physiology, 12, 612319. https://doi.org/10.3389/
fphys.2021.612319

Delgado- Roche, L., & Mesta, F. (2020). Oxidative stress as key player 
in severe acute respiratory syndrome coronavirus (SARS- CoV) in-
fection. Archives of Medical Research, 51(5), 384– 387. https://doi.
org/10.1016/j.arcmed.2020.04.019

Derscheid, R. J., van Geelen, A., Berkebile, A. R., Gallup, J. M., Hostetter, 
S. J., Banfi, B., McCray, P. B., Jr., & Ackermann, M. R. (2014). 
Increased concentration of iodide in airway secretions is associated 
with reduced respiratory syncytial virus disease severity. American 
Journal of Respiratory Cell and Molecular Biology, 50(2), 389– 397. 
https://doi.org/10.1165/rcmb.2012- 0529OC

di Filippo, L., Doga, M., Frara, S., & Giustina, A. (2022). Hypocalcemia in 
COVID- 19: Prevalence, clinical significance and therapeutic impli-
cations. Reviews in Endocrine and Metabolic Disorders, 23(2), 299– 
308. https://doi.org/10.1007/s1115 4- 021- 09655 - z

Dibaba, D. T., Xun, P., Fly, A. D., Bidulescu, A., Tsinovoi, C. L., Judd, S. 
E., McClure, L. A., Cushman, M., Unverzagt, F. W., & He, K. (2019). 
Calcium intake and serum calcium level in relation to the risk of 
ischemic stroke: Findings from the REGARDS study. Journal of 
Stroke, 21(3), 312– 323. https://doi.org/10.5853/jos.2019.00542

Difilippo, E., Willems, H. A. M., Vendrig, J. C., Fink- Gremmels, J., Gruppen, 
H., & Schols, H. A. (2015). Comparison of milk oligosaccharides pat-
tern in colostrum of different horse breeds. Journal of Agricultural 
and Food Chemistry, 63(19), 4805– 4814. https://doi.org/10.1021/
acs.jafc.5b01127

dit Sollier, C. B., Drouet, L., Pignaud, G., Chevallier, C., Caen, J., Fiat, A. 
M., Izquierdo, C., & Jolles, P. (1996). Effect of κ- casein split pep-
tides on platelet aggregation and on thrombus formation in the 
Guinea- pig. Thrombosis Research, 81(4), 427– 437. https://doi.
org/10.1016/0049- 3848(96)00015 - 1

Dofferhoff, A. S., Piscaer, I., Schurgers, L. J., Visser, M. P., van den 
Ouweland, J. M. W., de Jong, P. A., Gosens, R., Hackeng, T. M., 
van Daal, H., Lux, P., Cecile, M., Karssemeijer, E. G. A., Vermeer, 
C., Wouters, E. F. M., Kistemaker, L. E. M., Loes, E. M., Walk, J., 
& Janssen, R. (2021). Reduced vitamin K status as a potentially 
modifiable risk factor of severe coronavirus disease 2019. Clinical 
Infectious Diseases, 73(11), e4039– e4046. https://doi.org/10.1093/
cid/ciaa1258

dos Santos, L. M. J. (2020). Can vitamin B12 be an adjuvant to COVID- 19 
treatment? GSC Biological & Pharmaceutical Sciences, 11(3), 1– 5. 
https://doi.org/10.30574/ gscbps.2020.11.3.0155

Dosako, S., Kusano, H., Deya, E., & Idota, T. (1992). Infection protectant. 
US Patent 5,147,853, filed October 26, 1990, and issued September 
15, 1992.

Dushianthan, A., Cusack, R., Burgess, V. A., Grocott, M. P., & Calder, P. 
C. (2019). Immunonutrition for acute respiratory distress syndrome 
(ARDS) in adults. Cochrane Database of Systematic Reviews, 1, 
CD012041. https://doi.org/10.1002/14651 858.CD012 041.pub2

Duska- McEwen, G., Senft, A. P., Ruetschilling, T. L., Barrett, E. G., & 
Buck, R. H. (2014). Human milk oligosaccharides enhance innate 
immunity to respiratory syncytial virus and influenza in vitro. Food 
and Nutrition Sciences, 5(14), 1387– 1398. https://doi.org/10.4236/
fns.2014.514151

Egashira, M., Takayanagi, T., Moriuchi, M., & Moriuchi, H. (2007). Does 
daily intake of bovine lactoferrin- containing products amelio-
rate rotaviral gastroenteritis? Acta Paediatrica, 96(8), 1242– 1244. 
https://doi.org/10.1111/j.1651- 2227.2007.00393.x

El- Agamy, E. I., & Nawar, M. (2000). Nutritive and immunological values 
of camel milk: A comparative study with milk of other species. In 
Proceedings of the 2nd international camelid conference: Agroecons. 
Camelid farm, Almaty, Kazakhstan, September 8- 12.

El- Fakharany, E. M., Sánchez, L., Al- Mehdar, H. A., & Redwan, 
E. M. (2013). Effectiveness of human, camel, bovine and 
sheep lactoferrin on the hepatitis C virus cellular infectivity: 
Comparison study. Virology Journal, 10(1), 1– 10. https://doi.
org/10.1186/1743- 422X- 10- 199

El- Fakharany, E. M., Uversky, V. N., & Redwan, E. M. (2017). Comparative 
analysis of the antiviral activity of camel, bovine, and human lactop-
eroxidases against herpes simplex virus type 1. Applied Biochemistry 
and Biotechnology, 182(1), 294– 310. https://doi.org/10.1007/s1201 
0- 016- 2327- x

El- Hatmi, H., Girardet, J. M., Gaillard, J. L., Yahyaoui, M. H., & Attia, H. 
(2007). Characterisation of whey proteins of camel (Camelus drom-
edarius) milk and colostrum. Small Ruminant Research, 70(2– 3), 267– 
271. https://doi.org/10.1016/j.small rumres.2006.04.001

Elitsur, Y., & Luk, G. D. (1991). Beta- casomorphin (BCM) and human 
colonic lamina propria lymphocyte proliferation. Clinical and 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1051/animres:2000117
https://doi.org/10.1159/000104755
https://doi.org/10.1074/jbc.M114.620500
https://doi.org/10.1016/j.cell.2020.09.033
https://doi.org/10.1016/j.cell.2020.09.033
https://doi.org/10.1186/1824-7288-39-2
https://doi.org/10.1186/1824-7288-39-2
https://doi.org/10.1017/S0007114500002294
https://doi.org/10.1017/S0007114500002294
https://doi.org/10.17219/acem/129573
https://doi.org/10.1016/j.tifs.2021.08.003
https://doi.org/10.1016/j.tifs.2021.08.003
https://doi.org/10.1101/2020.05.13.093781
https://doi.org/10.3389/fphys.2021.612319
https://doi.org/10.3389/fphys.2021.612319
https://doi.org/10.1016/j.arcmed.2020.04.019
https://doi.org/10.1016/j.arcmed.2020.04.019
https://doi.org/10.1165/rcmb.2012-0529OC
https://doi.org/10.1007/s11154-021-09655-z
https://doi.org/10.5853/jos.2019.00542
https://doi.org/10.1021/acs.jafc.5b01127
https://doi.org/10.1021/acs.jafc.5b01127
https://doi.org/10.1016/0049-3848(96)00015-1
https://doi.org/10.1016/0049-3848(96)00015-1
https://doi.org/10.1093/cid/ciaa1258
https://doi.org/10.1093/cid/ciaa1258
https://doi.org/10.30574/gscbps.2020.11.3.0155
https://doi.org/10.1002/14651858.CD012041.pub2
https://doi.org/10.4236/fns.2014.514151
https://doi.org/10.4236/fns.2014.514151
https://doi.org/10.1111/j.1651-2227.2007.00393.x
https://doi.org/10.1186/1743-422X-10-199
https://doi.org/10.1186/1743-422X-10-199
https://doi.org/10.1007/s12010-016-2327-x
https://doi.org/10.1007/s12010-016-2327-x
https://doi.org/10.1016/j.smallrumres.2006.04.001


24  |    SINGH et al.

Experimental Immunology, 85(3), 493– 497. https://doi.org/10.1111/
j.1365- 2249.1991.tb057 55.x

Elnagdy, S., & AlKhazindar, M. (2020). The potential of antimicrobial pep-
tides as an antiviral therapy against COVID- 19. ACS Pharmacology 
and Translational Science, 3(4), 780– 782. https://doi.org/10.1021/
acspt sci.0c00059

Errasfa, M. (2021). Milk oligosaccharides and lectins as candidates for 
clinical trials against COVID- 19. Current Nutrition and Food Science, 
17(3), 246– 248. https://doi.org/10.2174/15734 01316 99920 
08191 25355

Fan, H., Hong, B., Luo, Y., Peng, Q., Wang, L., Jin, X., Chen, Y., Hu, Y., Shi, 
Y., Li, T., Zhuang, H., Zhou, Y. H., Tong, Y., & Xiang, K. (2020). The 
effect of whey protein on viral infection and replication of SARS- 
CoV- 2 and pangolin coronavirus in vitro. Signal Transduction and 
Targeted Therapy, 5(1), 1– 3. https://doi.org/10.1038/s4139 2- 020- 
00408 - z

Fiat, A. M., & Jollès, P. (1989). Caseins of various origins and biologically 
active casein peptides and oligosaccharides: Structural and phys-
iological aspects. Molecular and Cellular Biochemistry, 87(1), 5– 30. 
https://doi.org/10.1007/BF004 21079

Fischer, A. J., Lennemann, N. J., Krishnamurthy, S., Pócza, P., Durairaj, 
L., Launspach, J. L., Rhein, B. A., Wohlford- Lenane, C., Lorentzen, 
D., Banfi, B., & McCray, P. B., Jr. (2011). Enhancement of respira-
tory mucosal antiviral defenses by the oxidation of iodide. American 
Journal of Respiratory Cell and Molecular Biology, 45(4), 874– 881. 
https://doi.org/10.1165/rcmb.2010- 0329OC

Fischer, R., Debbabi, H., Dubarry, M., Boyaka, P., & Tomé, D. (2006). 
Regulation of physiological and pathological Th1 and Th2 re-
sponses by lactoferrin. Biochemistry and Cell Biology, 84(3), 303– 
311. https://doi.org/10.1139/o06- 058

Fooladi, S., Matin, S., & Mahmoodpoor, A. (2020). Copper as a po-
tential adjunct therapy for critically ill COVID- 19 patients. 
Clinical Nutrition ESPEN, 40, 90– 91. https://doi.org/10.1016/j.
clnesp.2020.09.022

Foroutan, A., Guo, A. C., Vazquez- Fresno, R., Lipfert, M., Zhang, L., 
Zheng, J., Badran, H., Budinski, Z., Mandal, R., Ametaj, B. N., & 
Wishart, D. S. (2019). Chemical composition of commercial cow's 
milk. Journal of Agricultural and Food Chemistry, 67(17), 4897– 4914. 
https://doi.org/10.1021/acs.jafc.9b00204

Fosset, S., Fromentin, G., Gietzen, D. W., Dubarry, M., Huneau, J. F., 
Antoine, J. M., Lang, V., Mathieu- Casseron, F., & Tomé, D. (2002). 
Peptide fragments released from Phe- caseinomacropeptide in vivo 
in the rat. Peptides, 23(10), 1773– 1781. https://doi.org/10.1016/
S0196 - 9781(02)00134 - 1

Gallo, V., Giansanti, F., Arienzo, A., & Antonini, G. (2022). Antiviral prop-
erties of whey proteins and their activity against SARS- CoV- 2 
infection. Journal of Functional Foods, 89, 104932. https://doi.
org/10.1016/j.jff.2022.104932

Gambacorta, N., Caputo, L., Quintieri, L., Monaci, L., Ciriaco, F., & 
Nicolotti, O. (2022). Rational discovery of antiviral whey protein- 
derived small peptides targeting the SARS- CoV- 2 main protease. 
Biomedicine, 10(5), 1067. https://doi.org/10.3390/biome dicin 
es100 51067

Gao, Y., Zhang, H., Luo, L., Lin, J., Li, D., Zheng, S., Huang, H., Yan, S., 
Yang, J., Hao, Y., Li, H., Smith, F. G., & Jin, S. (2017). Resolvin D1 
improves the resolution of inflammation via activating NF- κB p50/
p50– mediated cyclooxygenase- 2 expression in acute respiratory 
distress syndrome. The Journal of Immunology, 199(6), 2043– 2054. 
https://doi.org/10.4049/jimmu nol.1700315

Ghezzi, S., Cooper, L., Rubio, A., Pagani, I., Capobianchi, M. R., Ippolito, 
G., Pelletier, J., Meneghetti, M. C. Z., Lima, M. A., Skidmore, M. A., 
Broccoli, V., Yates, E. A., & Vicenzi, E. (2017). Heparin prevents 
Zika virus induced- cytopathic effects in human neural progenitor 
cells. Antiviral Research, 140, 13– 17. https://doi.org/10.1016/j.antiv 
iral.2016.12.023

Gill, H. S., & Rutherfurd, K. J. (1998). Immunomodulatory properties 
of bovine milk. Bulletin of the International Dairy Federation, 336, 
31– 35.

Givens, D. I., & Shingfield, K. J. (2006). Optimising dairy milk fatty acid 
composition. In C. Williams & J. Buttriss (Eds.), Improving the fat 
content of foods (pp. 252– 280). Woodhead Publishing Limited Press. 
https://doi.org/10.1533/97818 45691 073.2.252

Goldman, A. S., Goldblum, R. M., & Hanson, L. A. (1990). Anti- inflammatory 
systems in human milk. In A. Bendich, M. Phillips, & R. P. Tengerdy 
(Eds.), Antioxidant Nutrients and Immune Functions (pp. 69– 76). 
Springer Press. https://doi.org/10.1007/978- 1- 4613- 0553- 8

Grant, W. B., Lahore, H., McDonnell, S. L., Baggerly, C. A., French, C. 
B., Aliano, J. L., & Bhattoa, H. P. (2020). Evidence that vitamin D 
supplementation could reduce risk of infuenza and COVID- 19 in-
fections and deaths. Nutrients, 12(4), 988. https://doi.org/10.3390/
nu120 40988

Grau, G., Aguayo, A., Vela, A., Aniel- Quiroga, A., Espada, M., Miranda, G., 
Martinez- Indart, L., Martul, P., Castano, L., & Rica, I. (2015). Normal 
intellectual development in children born from women with hy-
pothyroxinemia during their pregnancy. Journal of Trace Elements 
in Medicine and Biology, 31, 18– 24. https://doi.org/10.1016/j.
jtemb.2015.02.004

Graulet, B. (2014). Ruminant milk: A source of vitamins in human nu-
trition. Animal Frontiers, 4(2), 24– 30. https://doi.org/10.2527/
af.2014- 0011

Griswold, K. E., Bement, J. L., Teneback, C. C., Scanlon, T. C., Wargo, 
M. J., & Leclair, L. W. (2014). Bioengineered lysozyme in combi-
nation therapies for Pseudomonas aeruginosa lung infections. 
Bioengineered, 5(2), 143– 147. https://doi.org/10.4161/bioe.28335

Gulcin, I. (2020). Antioxidants and antioxidant methods: An updated 
overview. Archives of Toxicology, 94(3), 651– 715. https://doi.
org/10.1007/s0020 4- 020- 02689 - 3

Guzel, A., Dogan, E., Turkcu, G., Kuyumcu, M., Kaplan, I., Çelik, F., & 
Yildirim, Z. B. (2018). Dexmedetomidine and magnesium sul-
fate: A good combination treatment for acute lung injury? 
Journal of Investigative Surgery, 32(4), 331– 342. https://doi.
org/10.1080/08941 939.2017.1422575

Haberland, A., Neubert, K., Kruse, I., Behne, D., & Schimke, I. (2001). 
Consequences of long- term selenium- deficient diet on the pros-
tacyclin and thromboxane release from rat aorta. Biological 
Trace Element Research, 81(1), 71– 78. https://doi.org/10.1385/
BTER:81:1:71

Hadwan, M. H., Almashhedy, L. A., & Alsalman, A. R. S. (2014). Study of 
the effects of oral zinc supplementation on peroxynitrite levels, ar-
ginase activity and NO synthase activity in seminal plasma of Iraqi 
asthenospermic patients. Reproductive Biology and Endocrinology, 
12(1), 1– 8. https://doi.org/10.1186/1477- 7827- 12- 1

Hao, W., Ma, B., Li, Z., Wang, X., Gao, X., Li, Y., Qin, B., Shang, S., Cui, S., & 
Tan, Z. (2021). Binding of the SARS- CoV- 2 spike protein to glycans. 
Science Bulletin, 66(12), 1205– 1214. https://doi.org/10.1016/j.
scib.2021.01.010

Hara, K., Ikeda, M., Saito, S., Matsumoto, S., Numata, K., Kato, N., Tanaka, 
K., & Sekihara, H. (2002). Lactoferrin inhibits hepatitis B virus in-
fection in cultured human hepatocytes. Hepatology Research, 24(3), 
228– 235. https://doi.org/10.1016/S1386 - 6346(02)00088 - 8

Hashimoto, S., Hayashi, S., Yoshida, S., Kujime, K., Maruoka, S., 
Matsumoto, K., Gon, Y., Koura, T., & Horie, T. (1998). Retinoic acid 
differentially regulates interleukin- 1beta and interleukin- 1 receptor 
antagonist production by human alveolar macrophages. Leukemia 
Research, 22(11), 1057– 1061. https://doi.org/10.1016/s0145 
- 2126(98)00119 - 2

Haversen, L., Ohlsson, B. G., Hahn- Zoric, M., Hanson, L. A., & Mattsby- 
Baltzer, I. (2002). Lactoferrin down- regulates the LPS- induced cyto-
kine production in monocytic cells via NF- κB. Cellular Immunology, 
220(2), 83– 95. https://doi.org/10.1016/S0008 - 8749(03)00006 - 6

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/j.1365-2249.1991.tb05755.x
https://doi.org/10.1111/j.1365-2249.1991.tb05755.x
https://doi.org/10.1021/acsptsci.0c00059
https://doi.org/10.1021/acsptsci.0c00059
https://doi.org/10.2174/1573401316999200819125355
https://doi.org/10.2174/1573401316999200819125355
https://doi.org/10.1038/s41392-020-00408-z
https://doi.org/10.1038/s41392-020-00408-z
https://doi.org/10.1007/BF00421079
https://doi.org/10.1165/rcmb.2010-0329OC
https://doi.org/10.1139/o06-058
https://doi.org/10.1016/j.clnesp.2020.09.022
https://doi.org/10.1016/j.clnesp.2020.09.022
https://doi.org/10.1021/acs.jafc.9b00204
https://doi.org/10.1016/S0196-9781(02)00134-1
https://doi.org/10.1016/S0196-9781(02)00134-1
https://doi.org/10.1016/j.jff.2022.104932
https://doi.org/10.1016/j.jff.2022.104932
https://doi.org/10.3390/biomedicines10051067
https://doi.org/10.3390/biomedicines10051067
https://doi.org/10.4049/jimmunol.1700315
https://doi.org/10.1016/j.antiviral.2016.12.023
https://doi.org/10.1016/j.antiviral.2016.12.023
https://doi.org/10.1533/9781845691073.2.252
https://doi.org/10.1007/978-1-4613-0553-8
https://doi.org/10.3390/nu12040988
https://doi.org/10.3390/nu12040988
https://doi.org/10.1016/j.jtemb.2015.02.004
https://doi.org/10.1016/j.jtemb.2015.02.004
https://doi.org/10.2527/af.2014-0011
https://doi.org/10.2527/af.2014-0011
https://doi.org/10.4161/bioe.28335
https://doi.org/10.1007/s00204-020-02689-3
https://doi.org/10.1007/s00204-020-02689-3
https://doi.org/10.1080/08941939.2017.1422575
https://doi.org/10.1080/08941939.2017.1422575
https://doi.org/10.1385/BTER:81:1:71
https://doi.org/10.1385/BTER:81:1:71
https://doi.org/10.1186/1477-7827-12-1
https://doi.org/10.1016/j.scib.2021.01.010
https://doi.org/10.1016/j.scib.2021.01.010
https://doi.org/10.1016/S1386-6346(02)00088-8
https://doi.org/10.1016/s0145-2126(98)00119-2
https://doi.org/10.1016/s0145-2126(98)00119-2
https://doi.org/10.1016/S0008-8749(03)00006-6


    |  25SINGH et al.

Hemila, H., & Chalker, E. (2019). Vitamin C can shorten the length of 
stay in the ICU: A meta- analysis. Nutrients, 11(4), 708. https://doi.
org/10.3390/nu110 40708

Hierholzer, J. C., & Kabara, J. J. (1982). In vitro effects of monolaurin 
compounds on enveloped RNA and DNA viruses 1. Journal of 
Food Safety, 4(1), 1– 12. https://doi.org/10.1111/j.1745- 4565.1982.
tb004 29.x

Hiffler, L., & Rakotoambinina, B. (2020). Selenium and RNA virus in-
teractions: Potential implications for SARS- CoV- 2 infection 
(COVID- 19). Frontiers in Nutrition, 7, 164. https://doi.org/10.3389/
fnut.2020.00164

Hong, P., Ninonuevo, M. R., Lee, B., Lebrilla, C., & Bode, L. (2008). Human 
milk oligosaccharides reduce HIV- 1- gp120 binding to dendritic cell- 
specific ICAM3- grabbing non- integrin (DC- SIGN). British Journal of 
Nutrition, 101(4), 482– 486. https://doi.org/10.1017/S0007 11450 
8025804

Hopkins, R. G., & Failla, M. L. (1997). Copper deficiency reduces inter-
leukin- 2 (IL- 2) production and IL- 2 mRNA in human T- lymphocytes. 
The Journal of Nutrition, 127(2), 257– 262. https://doi.org/10.1093/
jn/127.2.257

Hu, P., Zhao, F., Wang, J., & Zhu, W. (2020). Lactoferrin attenuates 
lipopolysaccharide- stimulated inflammatory responses and bar-
rier impairment through the modulation of NF- κB/MAPK/Nrf2 
pathways in IPEC- J2 cells. Food and Function, 11(10), 8516– 8526. 
https://doi.org/10.1039/D0FO0 1570A

Hu, Y., Lewandowski, E. M., Tan, H., Zhang, X., Morgan, R. T., Zhang, 
X., Jacobs, L. M. C., Butler, S. G., Gongora, M. V., Choy, J., Deng, 
X., Chen, Y., & Wang, J. (2022). Naturally occurring mutations of 
SARS- CoV- 2 main protease confer drug resistance to nirmatrelvir. 
BioRxiv, 06 https://doi.org/10.1101/2022.06.28.497978

Hu, Y., Meng, X., Zhang, F., Xiang, Y., & Wang, J. (2021). The in vitro an-
tiviral activity of lactoferrin against common human coronaviruses 
and SARS- CoV- 2 is mediated by targeting the heparan sulfate co- 
receptor. Emerging Microbes and Infections, 10(1), 317– 330. https://
doi.org/10.1080/22221 751.2021.1888660

Hughes, D. A., & Norton, R. (2009). Vitamin D and respiratory health. 
Clinical and Experimental Immunology, 158(1), 20– 25. https://doi.
org/10.1111/j.1365- 2249.2009.04001.x

Iba, T., Levy, J. H., Connors, J. M., Warkentin, T. E., Thachil, J., & Levi, M. 
(2021). Managing thrombosis and cardiovascular complications of 
COVID- 19: Answering the questions in COVID- 19- associated coag-
ulopathy. Expert Review of Respiratory Medicine, 15(8), 1003– 1011. 
https://doi.org/10.1080/17476 348.2021.1899815

Ilie, P. C., Stefanescu, S., & Smith, L. (2020). The role of vitamin D in the 
prevention of coronavirus disease 2019 infection and mortality. 
Aging Clinical and Experimental Research, 32(7), 1195– 1198. https://
doi.org/10.1007/s4052 0- 020- 01570 - 8

Im, J. H., Je, Y. S., Baek, J., Chung, M. H., Kwon, H. Y., & Lee, J. S. (2020). 
Nutritional status of patients with COVID- 19. International Journal 
of Infectious Diseases, 100, 390– 393. https://doi.org/10.1016/j.
ijid.2020.08.018

Inagaki, M., Muranishi, H., Yamada, K., Kakehi, K., Uchida, K., Suzuki, T., 
Yabe, T., Nakagomi, T., Nakagomi, O., & Kanamaru, Y. (2014). Bovine 
κ- casein inhibits human rotavirus (HRV) infection via direct bind-
ing of glycans to HRV. Journal of Dairy Science, 97(5), 2653– 2661. 
https://doi.org/10.3168/jds.2013- 7792

Inagaki, M., Nagai, S., Yabe, T., Nagaoka, S., Minamoto, N., Takahashi, T., 
Matsuda, T., Nakagomi, O., Nakagomi, T., Ebina, T., & Kanamaru, 
Y. (2010). The bovine lactophorin C- terminal fragment and PAS6/7 
were both potent in the inhibition of human rotavirus replication in 
cultured epithelial cells and the prevention of experimental gastro-
enteritis. Bioscience, Biotechnology, and Biochemistry, 74(7), 1386– 
1390. https://doi.org/10.1271/bbb.100060

Insel, P., Turner, R. E., & Ross, D. (2004). Nutrition (2nd ed.). American 
Dietetic Association, Jones and Bartlett.

Iyer, S., & Lonnerdal, B. (1993). Lactoferrin, lactoferrin receptors and iron 
metabolism. European Journal of Clinical Nutrition, 47, 232– 241.

Jahan, M., Francis, N., & Wang, B. (2020). Milk lactoferrin concentra-
tion of primiparous and multiparous sows during lactation. Journal 
of Dairy Science, 103(8), 7521– 7530. https://doi.org/10.3168/
jds.2020- 18148

Jameson, R. A., & Bernstein, H. B. (2019). Magnesium sulfate and novel 
therapies to promote neuroprotection. Clinics in Perinatology, 46(2), 
187– 201. https://doi.org/10.1016/j.clp.2019.02.008

Jarmołowska, B., Bukało, M., Fiedorowicz, E., Cieślińska, A., Kordulewska, 
N. K., Moszyńska, M., Swiatecki, A., & Kostyra, E. (2019). Role of 
milk- derived opioid peptides and proline dipeptidyl peptidase- 4 
in autism spectrum disorders. Nutrients, 11(1), 87. https://doi.
org/10.3390/nu110 10087

Jee, J., Hoet, A. E., Azevedo, M. P., Vlasova, A. N., Loerch, S. C., 
Pickworth, C. L., Hanson, J., & Saif, L. J. (2013). Effects of dietary 
vitamin A content on antibody responses of feedlot calves inocu-
lated intramuscularly with an inactivated bovine coronavirus vac-
cine. American Journal of Veterinary Research, 74(10), 1353– 1362. 
https://doi.org/10.2460/ajvr.74.10.1353

Jiehui, Z., Liuliu, M., Haihong, X., Yang, G., Yingkai, J., Lun, Z., Xi An Li, 
D., Dongsheng, Z., & Shaohui, Z. (2014). Immunomodulating effects 
of casein- derived peptides QEPVL and QEPV on lymphocytes in 
vitro and in vivo. Food and Function, 5(9), 2061– 2069. https://doi.
org/10.1039/C3FO6 0657K

Johnson, B. A., Xie, X., Kalveram, B., Lokugamage, K. G., Muruato, A., 
Zou, J., Zhang, X. V., Juelich, T., Smith, J. K., Zhang, L., Bopp, N., 
Schinderwolf, C., Vu, M., Vanderheiden, A., Swetnam, D., Plante, J. 
A., Aguilar, P., Plante, K. S., Lee, B., … Menachery, V. D. (2020). Furin 
cleavage site is key to SARS- CoV- 2 pathogenesis. BioRxiv. https://
doi.org/10.1101/2020.08.26.268854

Jolles, P., Fiat, A. M., Migliore- Samour, D., Drouet, L., & Caen, J. (1992). 
Peptides from milk proteins implicated in antithrombosis and im-
munomodulation. In B. Renner & G. Sawatzki (Eds.), New perspec-
tives in infant nutrition (pp. 160– 172). Thieme Medical Publications.

Jolles, P., & Migliore- Samour, D. (1986). Preparation of immunological 
agents by treating lipid- free bovine casein with proteolytic enzyme 
and fractionating the product. Patent assignee: RhonePoulenc 
Sante. WPI Acc No, 86- 037423/06, United States Patent 4 851 
509, European Patent 170 550.

Jolles, P., Migore- Samour, D., & Parker, F. (1988). Immuno stimulant sub-
stances derived from bovine casein and compositions containing 
the same. Patent assignee: Rhone- Poulenc Sante. United States 
Patent 4 777 243.

Jolles, P., Parker, F., Floc'h, F., Migliore, D., Alliel, P., Zerial, A., & Werner, 
G. H. (1981). Immunostimulating substances from human casein. 
Journal of Immunopharmacology, 3(3– 4), 363– 370. https://doi.
org/10.3109/08923 97810 9031067

Jovic, T. H., Ali, S. R., Ibrahim, N., Jessop, Z. M., Tarassoli, S. P., Dobbs, 
T. D., Holford, P., Thornton, C. A., & Whitaker, I. S. (2020). Could 
vitamins help in the fight against COVID- 19? Nutrients, 12(9), 2550. 
https://doi.org/10.3390/nu120 92550

Joyce, R. P., Hu, V. W., & Wang, J. (2022). The history, mechanism, and 
perspectives of nirmatrelvir (PF- 07321332): An orally bioavail-
able main protease inhibitor used in combination with ritonavir 
to reduce COVID- 19- related hospitalizations. Medicinal Chemistry 
Research, 31(10), 1637– 1646. https://doi.org/10.1007/s0004 4- 
022- 02951 - 6

Jukic, M., Skrlj, B., Tomsic, G., Plesko, S., Podlipnik, C., & Bren, U. (2021). 
Prioritisation of compounds for 3CLpro inhibitor development 
on SARS- CoV- 2 variants. Molecules, 26(10), 3003. https://doi.
org/10.3390/molec ules2 6103003

Kanamaru, Y., Etoh, M., Song, X. G., Mikogami, T., Hayasawa, H., Ebina, T., 
& Minamoto, N. (1999). A high- Mr glycoprotein fraction from cow's 
milk potent in inhibiting replication of human rotavirus in vitro. 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3390/nu11040708
https://doi.org/10.3390/nu11040708
https://doi.org/10.1111/j.1745-4565.1982.tb00429.x
https://doi.org/10.1111/j.1745-4565.1982.tb00429.x
https://doi.org/10.3389/fnut.2020.00164
https://doi.org/10.3389/fnut.2020.00164
https://doi.org/10.1017/S0007114508025804
https://doi.org/10.1017/S0007114508025804
https://doi.org/10.1093/jn/127.2.257
https://doi.org/10.1093/jn/127.2.257
https://doi.org/10.1039/D0FO01570A
https://doi.org/10.1101/2022.06.28.497978
https://doi.org/10.1080/22221751.2021.1888660
https://doi.org/10.1080/22221751.2021.1888660
https://doi.org/10.1111/j.1365-2249.2009.04001.x
https://doi.org/10.1111/j.1365-2249.2009.04001.x
https://doi.org/10.1080/17476348.2021.1899815
https://doi.org/10.1007/s40520-020-01570-8
https://doi.org/10.1007/s40520-020-01570-8
https://doi.org/10.1016/j.ijid.2020.08.018
https://doi.org/10.1016/j.ijid.2020.08.018
https://doi.org/10.3168/jds.2013-7792
https://doi.org/10.1271/bbb.100060
https://doi.org/10.3168/jds.2020-18148
https://doi.org/10.3168/jds.2020-18148
https://doi.org/10.1016/j.clp.2019.02.008
https://doi.org/10.3390/nu11010087
https://doi.org/10.3390/nu11010087
https://doi.org/10.2460/ajvr.74.10.1353
https://doi.org/10.1039/C3FO60657K
https://doi.org/10.1039/C3FO60657K
https://doi.org/10.1101/2020.08.26.268854
https://doi.org/10.1101/2020.08.26.268854
https://doi.org/10.3109/08923978109031067
https://doi.org/10.3109/08923978109031067
https://doi.org/10.3390/nu12092550
https://doi.org/10.1007/s00044-022-02951-6
https://doi.org/10.1007/s00044-022-02951-6
https://doi.org/10.3390/molecules26103003
https://doi.org/10.3390/molecules26103003


26  |    SINGH et al.

Bioscience, Biotechnology, and Biochemistry, 63(1), 246– 249. https://
doi.org/10.1271/bbb.63.246

Kandeel, M., & Al- Nazawi, M. (2020). Virtual screening and repurpos-
ing of FDA approved drugs against COVID- 19 main protease. Life 
Sciences, 251, 117627. https://doi.org/10.1016/j.lfs.2020.117627

Kang, S., Peng, W., Zhu, Y., Lu, S., Zhou, M., Lin, W., Wu, W., Huang, S., 
Jiang, L., Luo, X., & Deng, M. (2020). Recent progress in under-
standing 2019 novel coronavirus (SARS- CoV- 2) associated with 
human respiratory disease: Detection, mechanisms and treatment. 
International Journal of Antimicrobial Agents, 55(5), 105950. https://
doi.org/10.1016/j.ijant imicag.2020.105950

Karav, S., Salcedo, J., Frese, S. A., & Barile, D. (2018). Thoroughbred 
mare's milk exhibits a unique and diverse free oligosaccha-
ride profile. FEBS Open Bio, 8(8), 1219– 1229. https://doi.
org/10.1002/2211- 5463.12460

Kashiouris, M. G., L'Heureux, M., Cable, C. A., Fisher, B. J., Leichtle, S. W., 
& Fowler, A. A. (2020). The emerging role of vitamin C as a treat-
ment for sepsis. Nutrients, 12(2), 292. https://doi.org/10.3390/
nu120 20292

Kato, D., Era, S., Watanabe, I., Arihara, M., Sugiura, N., Kimata, K., Suzuki, 
Y., Morita, K., Hidari, K. I. P. J., & Suzuki, T. (2010). Antiviral activity 
of chondroitin sulphate E targeting dengue virus envelope protein. 
Antiviral Research, 88(2), 236– 243. https://doi.org/10.1016/j.antiv 
iral.2010.09.002

Kawahara, T., Katayama, D., & Otani, H. (2004). Effect of β- casein (1- 28) 
on proliferative responses and secretory functions of human immu-
nocompetent cell lines. Bioscience, Biotechnology, and Biochemistry, 
68(10), 2091– 2095. https://doi.org/10.1271/bbb.68.2091

Kawasaki, Y., Isoda, H., Shinmoto, H., Tanimoto, M., Dosako, S. I., Idota, 
T., & Nakajima, I. (1993). Inhibition by κ- casein glycomacropeptide 
and lactoferrin of influenza virus hemagglutination. Bioscience, 
Biotechnology, and Biochemistry, 57(7), 1214– 1215. https://doi.
org/10.1271/bbb.57.1214

Kayser, H., & Meisel, H. (1996). Stimulation of human peripheral 
blood lymphocytes by bioactive peptides derived from bo-
vine milk proteins. FEBS Letters, 383(1– 2), 18– 20. https://doi.
org/10.1016/0014- 5793(96)00207 - 4

Kessler, E. C., Bruckmaier, R. M., & Gross, J. J. (2019). Immunoglobulin 
G content and colostrum composition of different goat and sheep 
breeds in Switzerland and Germany. Journal of Dairy Science, 102(6), 
5542– 5549. https://doi.org/10.3168/jds.2018- 16235

Khan, I. T., Nadeem, M., Imran, M., Ullah, R., Ajmal, M., & Jaspal, M. H. 
(2019). Antioxidant properties of Milk and dairy products: A com-
prehensive review of the current knowledge. Lipids in Health and 
Disease, 18(1), 1– 13. https://doi.org/10.1186/s1294 4- 019- 0969- 8

Khatiwada, S., & Subedi, A. (2021). A mechanistic link between selenium 
and coronavirus disease 2019 (COVID- 19). Current Nutrition Reports, 
10(2), 125– 136. https://doi.org/10.1007/s1366 8- 021- 00354 - 4

Klotz, L. O., Kröncke, K. D., Buchczyk, D. P., & Sies, H. (2003). Role of 
copper, zinc, selenium and tellurium in the cellular defense against 
oxidative and nitrosative stress. The Journal of Nutrition, 133(5), 
1448S– 1451S. https://doi.org/10.1093/jn/133.5.1448S

Knowles, G., & Gill, H. S. (2004). Immune modulation by dairy ingredi-
ents: Potential for improving health. In C. Shortt & J. O'Brien (Eds.), 
Handbook of functional dairy products (pp. 125– 153). CRC Press.

Kobayashi, S., Sato, R., Inanami, O., Yamamori, T., Yamato, O., Maede, Y., 
Sato, J., Kuwabara, M., & Naito, Y. (2005). Reduction of concanav-
alin A- induced expression of interferon- γ by bovine lactoferrin in 
feline peripheral blood mononuclear cells. Veterinary Immunology 
and Immunopathology, 105(1– 2), 75– 84. https://doi.org/10.1016/j.
vetimm.2004.12.016

Konuspayeva, G., Faye, B., Loiseau, G., & Levieux, D. (2007). Lactoferrin 
and immunoglobulin contents in camel's milk (Camelus bactrianus, 
Camelus dromedarius, and hybrids) from Kazakhstan. Journal of 
Dairy Science, 90(1), 38– 46. https://doi.org/10.3168/jds.S0022 
- 0302(07)72606 - 1

Konuspayeva, G. S. (2020). Camel milk composition and nutritional value. 
In O. A. Alhaj, B. Faye, & R. P. Agrawal (Eds.), Handbook of research 
on health and environmental benefits of camel products (pp. 15– 40). 
IGI Global Publisher.

Koromyslova, A., Tripathi, S., Morozov, V., Schroten, H., & Hansman, G. S. 
(2017). Human norovirus inhibition by a human milk oligosaccharide. 
Virology, 508, 81– 89. https://doi.org/10.1016/j.virol.2017.04.032

Koumakis, E., Cormier, C., Roux, C., & Briot, K. (2021). The causes of hypo- 
and hyperphosphatemia in humans. Calcified Tissue International, 
108(1), 41– 73. https://doi.org/10.1007/s0022 3- 020- 00664 - 9

Krissansen, G. W. (2007). Emerging health properties of whey pro-
teins and their clinical implications. Journal of the American College 
of Nutrition, 26(6), 713S– 723S. https://doi.org/10.1080/07315 
724.2007.10719652

Kruzel, M. L., Harari, Y., Mailman, D., Actor, J. K., & Zimecki, M. (2002). 
Differential effects of prophylactic, concurrent and therapeutic 
lactoferrin treatment on LPS- induced inflammatory responses in 
mice. Clinical and Experimental Immunology, 130(1), 25– 31. https://
doi.org/10.1046/j.1365- 2249.2002.01956.x

Kumar, P., Kumar, M., Bedi, O., Gupta, M., Kumar, S., Jaiswal, G., Rahi, 
V., Yedke, N. G., Bijalwan, A., Sharma, S., & Jamwal, S. (2021). 
Role of vitamins and minerals as immunity boosters in COVID- 19. 
Inflammopharmacology, 29(4), 1001– 1016. https://doi.org/10.1007/
s1078 7- 021- 00826 - 7

Kumrungsee, T., Zhang, P., Chartkul, M., Yanaka, N., & Kato, N. (2020). 
Potential role of vitamin B6 in ameliorating the severity of 
COVID- 19 and its complications. Frontiers in Nutrition, 7, 562051. 
https://doi.org/10.3389/fnut.2020.562051

Kupper, F. C., Carpenter, L. J., McFiggans, G. B., Palmer, C. J., Waite, T. 
J., Boneberg, E. M., Woitsch, S., Weiller, M., Abela, R., Grolimund, 
D., Potin, P., Butler, A., Luther, G. W., Kroneck, P. M. H., Meyer- 
Klaucke, W., & Feiters, M. C. (2008). Iodide accumulation provides 
kelp with an inorganic antioxidant impacting atmospheric chemis-
try. Proceedings of the National Academy of Sciences, 105(19), 6954– 
6958. https://doi.org/10.1073/pnas.07099 59105

Kussendrager, K. D., & van Hooijdonk, A. C. (2000). Lactoperoxidase: 
Physico- chemical properties, occurrence, mechanism of action and 
applications. British Journal of Nutrition, 84(S1), 19– 25. https://doi.
org/10.1017/S0007 11450 0002208

Kvistgaard, A. S., Pallesen, L. T., Arias, C. F., Lopez, S., Petersen, T. E., 
Heegaard, C. W., & Rasmussen, J. T. (2004). Inhibitory effects of 
human and bovine milk constituents on rotavirus infections. Journal 
of Dairy Science, 87(12), 4088– 4096. https://doi.org/10.3168/jds.
S0022 - 0302(04)73551 - 1

Kwon, P. S., Oh, H., Kwon, S. J., Jin, W., Zhang, F., Fraser, K., Hong, J. 
J., Linhardt, R. J., & Dordick, J. S. (2020). Sulfated polysaccharides 
effectively inhibit SARS- CoV- 2 in vitro. Cell Discovery, 6(1), 1– 4. 
https://doi.org/10.1038/s4142 1- 020- 00192 - 8

Lai, X., Yu, Y., Xian, W., Ye, F., Ju, X., Luo, Y., Dong, H., Zhou, Y., Tan, W., 
Zhuang, H., Li, T., Liu, X., Ding, Q., & Xiang, K. (2021). Inhibition of 
SAR S- CoV- 2 infection and replication by lactoferrin, MUC1 and 
α- lactalbumin identified in human breastmilk. BioRxiv. https://doi.
org/10.1101/2021.10.29.466402

Laires, M. J., & Monteiro, C. (2008). Exercise, magnesium and im-
mune function. Magnesium Research, 21(2), 92– 96. https://doi.
org/10.1684/mrh.2008.0136

Lang, J., Yang, N., Deng, J., Liu, K., Yang, P., Zhang, G., & Jiang, C. (2011). 
Inhibition of SARS pseudovirus cell entry by lactoferrin binding to 
heparan sulfate proteoglycans. PLoS One, 6(8), e23710. https://doi.
org/10.1371/journ al.pone.0023710

Laplana, M., Royo, J. L., & Fibla, J. (2018). Vitamin D receptor polymor-
phisms and risk of enveloped virus infection: A meta- analysis. Gene, 
678, 384– 394. https://doi.org/10.1016/j.gene.2018.08.017

Laquerre, S., Argnani, R., Anderson, D. B., Zucchini, S., Manservigi, R., 
& Glorioso, J. C. (1998). Heparan sulfate proteoglycan binding by 
herpes simplex virus type 1 glycoproteins B and C, which differ 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1271/bbb.63.246
https://doi.org/10.1271/bbb.63.246
https://doi.org/10.1016/j.lfs.2020.117627
https://doi.org/10.1016/j.ijantimicag.2020.105950
https://doi.org/10.1016/j.ijantimicag.2020.105950
https://doi.org/10.1002/2211-5463.12460
https://doi.org/10.1002/2211-5463.12460
https://doi.org/10.3390/nu12020292
https://doi.org/10.3390/nu12020292
https://doi.org/10.1016/j.antiviral.2010.09.002
https://doi.org/10.1016/j.antiviral.2010.09.002
https://doi.org/10.1271/bbb.68.2091
https://doi.org/10.1271/bbb.57.1214
https://doi.org/10.1271/bbb.57.1214
https://doi.org/10.1016/0014-5793(96)00207-4
https://doi.org/10.1016/0014-5793(96)00207-4
https://doi.org/10.3168/jds.2018-16235
https://doi.org/10.1186/s12944-019-0969-8
https://doi.org/10.1007/s13668-021-00354-4
https://doi.org/10.1093/jn/133.5.1448S
https://doi.org/10.1016/j.vetimm.2004.12.016
https://doi.org/10.1016/j.vetimm.2004.12.016
https://doi.org/10.3168/jds.S0022-0302(07)72606-1
https://doi.org/10.3168/jds.S0022-0302(07)72606-1
https://doi.org/10.1016/j.virol.2017.04.032
https://doi.org/10.1007/s00223-020-00664-9
https://doi.org/10.1080/07315724.2007.10719652
https://doi.org/10.1080/07315724.2007.10719652
https://doi.org/10.1046/j.1365-2249.2002.01956.x
https://doi.org/10.1046/j.1365-2249.2002.01956.x
https://doi.org/10.1007/s10787-021-00826-7
https://doi.org/10.1007/s10787-021-00826-7
https://doi.org/10.3389/fnut.2020.562051
https://doi.org/10.1073/pnas.0709959105
https://doi.org/10.1017/S0007114500002208
https://doi.org/10.1017/S0007114500002208
https://doi.org/10.3168/jds.S0022-0302(04)73551-1
https://doi.org/10.3168/jds.S0022-0302(04)73551-1
https://doi.org/10.1038/s41421-020-00192-8
https://doi.org/10.1101/2021.10.29.466402
https://doi.org/10.1101/2021.10.29.466402
https://doi.org/10.1684/mrh.2008.0136
https://doi.org/10.1684/mrh.2008.0136
https://doi.org/10.1371/journal.pone.0023710
https://doi.org/10.1371/journal.pone.0023710
https://doi.org/10.1016/j.gene.2018.08.017


    |  27SINGH et al.

in their contributions to virus attachment, penetration, and cell- 
to- cell spread. Journal of Virology, 72(7), 6119– 6130. https://doi.
org/10.1128/JVI.72.7.6119- 6130.1998

Lee, G. Y., & Han, S. N. (2018). The role of vitamin E in immunity. Nutrients, 
10(11), 1614. https://doi.org/10.3390/nu101 11614

Leonil, J., & Molle, D. (1991). A method for determination of macropep-
tide by cation- exchange fast protein liquid chromatography and its 
use for following the action of chymosin in milk. Journal of Dairy 
Research, 58(3), 321– 328. https://doi.org/10.1017/S0022 02990 
0029897

Levi, M., & Iba, T. (2021). COVID- 19 coagulopathy: Is it disseminated 
intravascular coagulation? Internal and Emergency Medicine, 16(2), 
309– 312. https://doi.org/10.1007/s1173 9- 020- 02601 - y

Li, E. W., & Mine, Y. (2004). Immunoenhancing effects of bovine glyco-
macropeptide and its derivatives on the proliferative response and 
phagocytic activities of human macrophage like cells, U937. Journal 
of Agricultural and Food Science, 52(9), 2704– 2708. https://doi.
org/10.1021/jf035 5102

Li, Q., Estes, J. D., Schlievert, P. M., Duan, L., Brosnahan, A. J., Southern, 
P. J., Reilly, C. S., Peterson, M. L., Schultz- Darken, N., Brunner, K. G., 
Nephew, K. R., Pambuccian, S., Lifson, J. D., Carlis, J. V., & Haase, 
A. T. (2009). Glycerol monolaurate prevents mucosal SIV transmis-
sion. Nature, 458(7241), 1034– 1038. https://doi.org/10.1038/natur 
e07831

Li, T., Cheng, X., Du, M., Chen, B., & Mao, X. (2017). Upregulation of 
heme oxygenase- 1 mediates the anti- inflammatory activity of ca-
sein glycomacropeptide (GMP) hydrolysates in LPS- stimulated 
macrophages. Food and Function, 8(7), 2475– 2484. https://doi.
org/10.1039/C7FO0 0481H

Li, W., Hulswit, R. J. G., Widjaja, I., Raj, V. S., McBride, R., Peng, W., 
Widagdo, W., Tortorici, M. A., van Dieren, B., Lang, Y., van 
Lent, J. W. M., Paulson, J. C., de Haan, C. A. M., De Groot, R. J., 
van Kuppeveld, F. J. M., Haagmans, B. L., & Bosch, B. J. (2017). 
Identification of sialic acid- binding function for the Middle East re-
spiratory syndrome coronavirus spike glycoprotein. Proceedings of 
the National Academy of Sciences, 114(40), E8508– E8517. https://
doi.org/10.1073/pnas.17125 92114

Li, X., Li, Z., Xu, E., Chen, L., Feng, H., Chen, L., Deng, L., & Guo, D. 
(2019). Determination of lactoferrin in camel milk by ultrahigh- 
performance liquid chromatography- tandem mass spectrome-
try using an isotope- labeled winged peptide as internal standard. 
Molecules, 24(22), 4199. https://doi.org/10.3390/molec ules2 
4224199

Lin, T. Y., Chu, C., & Chiu, C. H. (2002). Lactoferrin inhibits enterovirus 
71 infection of human embryonal rhabdomyosarcoma cells in vitro. 
The Journal of Infectious Diseases, 186(8), 1161– 1164. https://doi.
org/10.1086/343809

Liu, B., Li, M., Zhou, Z., Guan, X., & Xiang, Y. (2020). Can we use inter-
leukin- 6 (IL- 6) blockade for coronavirus disease 2019 (COVID- 19)- 
induced cytokine release syndrome (CRS)? Journal of Autoimmunity, 
111, 102452. https://doi.org/10.1016/j.jaut.2020.102452

Liu, J., Dai, S., Wang, M., Hu, Z., Wang, H., & Deng, F. (2016). Virus like 
particle- based vaccines against emerging infectious disease vi-
ruses. Virologica Sinica, 31(4), 279– 287. https://doi.org/10.1007/
s1225 0- 016- 3756- y

Liu, J., Han, P., Wu, J., Gong, J., & Tian, D. (2020). Prevalence and pre-
dictive value of hypocalcemia in severe COVID- 19 patients. 
Journal of Infection and Public Health, 13(9), 1224– 1228. https://doi.
org/10.1016/j.jiph.2020.05.029

Lonnerdal, B. (2014). Infant formula and infant nutrition: Bioactive pro-
teins of human milk and implications for composition of infant for-
mulas. The American Journal of Clinical Nutrition, 99(3), 712S– 717S. 
https://doi.org/10.3945/ajcn.113.071993

Loscalzo, J. (2014). Keshan disease, selenium deficiency, and the sele-
noproteome. New England Journal of Medicine, 370(18), 1756– 1760. 
https://doi.org/10.1056/NEJMc ibr14 02199

Lu, L., Yang, X., Li, Y., & Jiang, S. (2013). Chemically modified bovine beta- 
lactoglobulin inhibits human papillomavirus infection. Microbes 
and Infection, 15(6– 7), 506– 510. https://doi.org/10.1016/j.
micinf.2013.03.003

Madadlou, A. (2020). Food proteins are a potential resource for min-
ing cathepsin L inhibitory drugs to combat SARS- CoV- 2. European 
Journal of Pharmacology, 885, 173499. https://doi.org/10.1016/j.
ejphar.2020.173499

Maehira, F., Miyagi, I., & Eguchi, Y. (2003). Selenium regulates tran-
scription factor NF- κB activation during the acute phase reaction. 
Clinica Chimica Acta, 334(1– 2), 163– 171. https://doi.org/10.1016/
S0009 - 8981(03)00223 - 7

Malinowski, J., Klempt, M., Clawin- Rädecker, I., Lorenzen, P. C., & Meisel, 
H. (2014). Identification of a NFκB inhibitory peptide from tryptic 
β- casein hydrolysate. Food Chemistry, 165, 129– 133. https://doi.
org/10.1016/j.foodc hem.2014.05.075

Maneva, A. I., Taleva, B. M., Manev, V. V., & Sirakov, L. M. (1994). 
Bovine lactoferrin binds to plasma membrane receptors on 
human polymorphonuclear leucocytes. Medical Science Research, 
22, 863– 866.

Manso, M. A., Escudero, C., Alijo, M., & Lopez- Fandino, R. (2002). 
Platelet aggregation inhibitory activity of bovine, ovine, and 
caprine κ- casein macropeptides and their tryptic hydroly-
sates. Journal of Food Protection, 65(12), 1992– 1996. https://doi.
org/10.4315/0362- 028X- 65.12.1992

Manzanares, W., Biestro, A., Torre, M. H., Galusso, F., Facchin, G., & 
Hardy, G. (2011). High- dose selenium reduces ventilator- associated 
pneumonia and illness severity in critically ill patients with systemic 
inflammation. Intensive Care Medicine, 37(7), 1120– 1127. https://
doi.org/10.1007/s0013 4- 011- 2212- 6

Mao, X. Y., Cheng, X., Wang, X., & Wu, S. J. (2011). Free- radical- 
scavenging and anti- inflammatory effect of yak milk casein before 
and after enzymatic hydrolysis. Food Chemistry, 126(2), 484– 490. 
https://doi.org/10.1016/j.foodc hem.2010.11.025

Marchetti, M., Ammendolia, M. G., & Superti, F. (2009). 
Glycosaminoglycans are not indispensable for the anti- herpes sim-
plex virus type 2 activity of lactoferrin. Biochimie, 91(1), 155– 159. 
https://doi.org/10.1016/j.biochi.2008.04.015

Marchetti, M., Superti, F., Ammendolia, M. G., Rossi, P., Valenti, P., & 
Seganti, L. (1999). Inhibition of poliovirus type 1 infection by iron- , 
manganese- and zinc- saturated lactoferrin. Medical Microbiology 
and Immunology, 187(4), 199– 204. https://doi.org/10.1007/s0043 
00050093

Marnila, P., & Korhonen, H. (2002). Immunoglobulins. In H. Roginski, 
J. W. Fuquay, & P. F. Fox (Eds.), Encyclopedia of dairy sciences (pp. 
1950– 1956). Elsevier Academic Press.

Martinez- Ferez, A., Rudloff, S., Guadix, A., Henkel, C. A., Pohlentz, G., 
Boza, J. J., Guadix, E. M., & Kunz, C. (2006). Goats' milk as a natural 
source of lactose- derived oligosaccharides: Isolation by membrane 
technology. International Dairy Journal, 16(2), 173– 181. https://doi.
org/10.1016/j.idair yj.2005.02.003

Mayor- Ibarguren, A., & Robles- Marhuenda, A. (2020). A hypothesis for 
the possible role of zinc in the immunological pathways related to 
COVID- 19 infection. Frontiers in Immunology, 11, 1736. https://doi.
org/10.3389/fimmu.2020.01736

Mazza, S., Sorce, A., Peyvandi, F., Vecchi, M., & Caprioli, F. (2020). A 
fatal case of COVID- 19 pneumonia occurring in a patient with 
severe acute ulcerative colitis. Gut, 69(6), 1148– 1149. https://doi.
org/10.1136/gutjn l- 2020- 321183

McGrath, B. A., Fox, P. F., McSweeney, P. L., & Kelly, A. L. (2016). 
Composition and properties of bovine colostrum: A review. Dairy 
Science and Technology, 96(2), 133– 158. https://doi.org/10.1007/
s1359 4- 015- 0258- x

Medhammar, E., Wijesinha- Bettoni, R., Stadlmayr, B., Nilsson, E., 
Charrondiere, U. R., & Burlingame, B. (2012). Composition of 
milk from minor dairy animals and buffalo breeds: A biodiversity 

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1128/JVI.72.7.6119-6130.1998
https://doi.org/10.1128/JVI.72.7.6119-6130.1998
https://doi.org/10.3390/nu10111614
https://doi.org/10.1017/S0022029900029897
https://doi.org/10.1017/S0022029900029897
https://doi.org/10.1007/s11739-020-02601-y
https://doi.org/10.1021/jf0355102
https://doi.org/10.1021/jf0355102
https://doi.org/10.1038/nature07831
https://doi.org/10.1038/nature07831
https://doi.org/10.1039/C7FO00481H
https://doi.org/10.1039/C7FO00481H
https://doi.org/10.1073/pnas.1712592114
https://doi.org/10.1073/pnas.1712592114
https://doi.org/10.3390/molecules24224199
https://doi.org/10.3390/molecules24224199
https://doi.org/10.1086/343809
https://doi.org/10.1086/343809
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1007/s12250-016-3756-y
https://doi.org/10.1007/s12250-016-3756-y
https://doi.org/10.1016/j.jiph.2020.05.029
https://doi.org/10.1016/j.jiph.2020.05.029
https://doi.org/10.3945/ajcn.113.071993
https://doi.org/10.1056/NEJMcibr1402199
https://doi.org/10.1016/j.micinf.2013.03.003
https://doi.org/10.1016/j.micinf.2013.03.003
https://doi.org/10.1016/j.ejphar.2020.173499
https://doi.org/10.1016/j.ejphar.2020.173499
https://doi.org/10.1016/S0009-8981(03)00223-7
https://doi.org/10.1016/S0009-8981(03)00223-7
https://doi.org/10.1016/j.foodchem.2014.05.075
https://doi.org/10.1016/j.foodchem.2014.05.075
https://doi.org/10.4315/0362-028X-65.12.1992
https://doi.org/10.4315/0362-028X-65.12.1992
https://doi.org/10.1007/s00134-011-2212-6
https://doi.org/10.1007/s00134-011-2212-6
https://doi.org/10.1016/j.foodchem.2010.11.025
https://doi.org/10.1016/j.biochi.2008.04.015
https://doi.org/10.1007/s004300050093
https://doi.org/10.1007/s004300050093
https://doi.org/10.1016/j.idairyj.2005.02.003
https://doi.org/10.1016/j.idairyj.2005.02.003
https://doi.org/10.3389/fimmu.2020.01736
https://doi.org/10.3389/fimmu.2020.01736
https://doi.org/10.1136/gutjnl-2020-321183
https://doi.org/10.1136/gutjnl-2020-321183
https://doi.org/10.1007/s13594-015-0258-x
https://doi.org/10.1007/s13594-015-0258-x


28  |    SINGH et al.

perspective. Journal of the Science of Food and Agriculture, 92(3), 
445– 474. https://doi.org/10.1002/jsfa.4690

Meisel, H. (1997). Biochemical properties of regula-
tory peptides derived from mil proteins. Peptide 
Science, 43(2), 119– 128. https://doi.org/10.1002/
(SICI)1097- 0282(1997)43:2<119::AID- BIP4>3.0.CO;2- Y

Mercier, A., Gauthier, S. F., & Fliss, I. (2004). Immunomodulating ef-
fects of whey proteins and their enzymatic digests. International 
Dairy Journal, 14(3), 175– 183. https://doi.org/10.1016/j.idair 
yj.2003.08.003

Messina, G., Polito, R., Monda, V., Cipolloni, L., Di Nunno, N., Di Mizio, G., 
Murabito, P., Carotenuto, M., Messina, A., Pisanelli, D., Valenzano, 
A., Cibelli, G., Scarinci, A., Monda, M., & Sessa, F. (2020). Functional 
role of dietary intervention to improve the outcome of COVID- 19: 
A hypothesis of work. International Journal of Molecular Sciences, 
21(9), 3104. https://doi.org/10.3390/ijms2 1093104

Migliore- Samour, D., & Jolles, P. (1988). Casein, a prohormone with an 
immunomodulating role for the newborn? Experientia, 44(3), 188– 
193. https://doi.org/10.1007/BF019 41703

Miklas, S., Tancin, V., Toman, R., & Travnicek, J. (2021). Iodine concentra-
tion in milk and human nutrition: A review. Czech Journal of Animal 
Science, 66(6), 189– 199. doi:10.17221/167/2020- CJAS

Mikola, H., Waris, M., & Tenovuo, J. (1995). Inhibition of herpes simplex 
virus type 1, respiratory syncytial virus and echovirus type 11 by 
peroxidase- generated hypothiocyanite. Antiviral Research, 26(2), 
161– 171. https://doi.org/10.1016/0166- 3542(94)00073 - H

Miles, E. A., Childs, C. E., & Calder, P. C. (2021). Long- chain polyunsat-
urated fatty acids (LCPUFAs) and the developing immune system: 
A narrative review. Nutrients, 13(1), 247. https://doi.org/10.3390/
nu130 10247

Milewska, A., Zarebski, M., Nowak, P., Stozek, K., Potempa, J., & Pyrc, K. 
(2014). Human coronavirus NL63 utilizes heparan sulfate proteo-
glycans for attachment to target cells. Journal of Virology, 88(22), 
13221– 13230. https://doi.org/10.1128/JVI.02078 - 14

Mirabelli, C., Wotring, J. W., Zhang, C. J., McCarty, S. M., Fursmidt, R., 
Pretto, C. D., Qiao, Y., Zhang, Y., Frum, T., Kadambi, N. S., Amin, A. T., 
O’Meara, T. R., Spence, J. R., Huang, J., Alsandratos, K. D., Kotton, 
D. N., Handelman, S. K., Wobus, C. E., Weatherwax, K. J., … Sexton, 
J. Z. (2021). Morphological cell profiling of SARS- CoV- 2 infection 
identifies drug repurposing candidates for COVID- 19. Proceedings 
of the National Academy of Sciences, 118(36), e2105815118. https://
doi.org/10.1073/pnas.21058 15118

Moghaddam, A., Heller, R. A., Sun, Q., Seelig, J., Cherkezov, A., Seibert, 
L., Hackler, J., Seemann, P., Diegmann, J., Pilz, M., Bachmann, M., 
Minich, W. B., & Schomburg, L. (2020). Selenium deficiency is as-
sociated with mortality risk from COVID- 19. Nutrients, 12(7), 2098. 
https://doi.org/10.3390/nu120 72098

Mohamed, H., Johansson, M., Lundh, A., Nagy, P., & Kamal- Eldin, A. 
(2020). Caseins and α- lactalbumin content of camel milk (Camelus 
dromedarius) determined by capillary electrophoresis. Journal of 
Dairy Science, 103(12), 11094– 11099. https://doi.org/10.3168/
jds.2020- 19122

Monnai, M., & Otani, H. (1997). Effect of bovine kappa- 
caseinoglycopeptide on secretion of interleukin- 1 family cytokines 
by P388D1 cells, a line derived from mouse monocyte/macro-
phage. Milchwissenschaft, 52, 192– 196.

Moreno- Perez, O., Leon- Ramirez, J. M., Fuertes- Kenneally, L., Perdiguero, 
M., Andres, M., Garcia- Navarro, M., Ruiz- Torregrosa, P., Boix, V., Gil, 
J., & Merino, E. (2020). Hypokalemia as a sensitive biomarker of 
disease severity and the requirement for invasive mechanical ven-
tilation requirement in COVID- 19 pneumonia: A case series of 306 
Mediterranean patients. International Journal of Infectious Diseases, 
100, 449– 454. https://doi.org/10.1016/j.ijid.2020.09.033

Mukhopadhya, A., Noronha, N., Bahar, B., Ryan, M. T., Murray, B. 
A., Kelly, P. M., O'Loughlin, I. B., O'Doherty, J. V., & Sweeney, T. 
(2014). Anti- inflammatory effects of a casein hydrolysate and its 

peptide- enriched fractions on TNFα- challenged Caco- 2 cells and 
LPS- challenged porcine colonic explants. Food Science and Nutrition, 
2(6), 712– 723. https://doi.org/10.1002/fsn3.153

Mukhopadhya, A., Noronha, N., Bahar, B., Ryan, M. T., Murray, B. A., 
Kelly, P. M., O'Loughlin, I. B., O'Doherty, J. V., & Sweeney, T. (2015). 
The anti- inflammatory potential of a moderately hydrolysed casein 
and its 5 kDa fraction in in vitro and ex vivo models of the gas-
trointestinal tract. Food and Function, 6(2), 612– 621. https://doi.
org/10.1039/C4FO0 0689E

Mulder, A. M., Connellan, P. A., Oliver, C. J., Morris, C. A., & Stevenson, 
L. M. (2008). Bovine lactoferrin supplementation supports immune 
and antioxidant status in healthy human males. Nutrition Research, 
28(9), 583– 589. https://doi.org/10.1016/j.nutres.2008.05.007

Murphy, M. E., Kariwa, H., Mizutani, T., Yoshimatsu, K., Arikawa, J., & 
Takashima, I. (2000). In vitro antiviral activity of lactoferrin and 
ribavirin upon hantavirus. Archives of Virology, 145(8), 1571– 1582. 
https://doi.org/10.1007/s0070 50070077

Navarro, F., Galan- Malo, P., Perez, M. D., Abecia, J. A., Mata, L., Calvo, 
M., & Sanchez, L. (2018). Lactoferrin and IgG levels in ovine milk 
throughout lactation: Correlation with milk quality parameters. 
Small Ruminant Research, 168, 12– 18. https://doi.org/10.1016/j.
small rumres.2018.09.002

Neurath, A. R., Debnath, A. K., Strick, N., Li, Y. Y., Lin, K., & Jiang, S. (1995). 
Blocking of CD4 cell receptors for the human immunodeficiency 
virus type 1 (HIV- 1) by chemically modified bovine milk proteins: 
Potential for AIDS prophylaxis. Journal of Molecular Recognition, 
8(5), 304– 316. https://doi.org/10.1002/jmr.30008 0504

Neurath, A. R., Strick, N., & Li, Y. Y. (1998). 3- Hydroxyphthaloyl 
β- lactoglobulin. III. Antiviral activity against herpesviruses. 
Antiviral Chemistry and Chemotherapy, 9(2), 177– 184. https://doi.
org/10.1177/09563 20298 00900209

Newburg, D. S., & He, Y. (2015). Neonatal gut microbiota and human 
milk glycans cooperate to attenuate infection and inflammation. 
Clinical Obstetrics and Gynaecology, 58(4), 814– 826. https://doi.
org/10.1097/GRF.00000 00000 000156

Newburg, D. S., Linhardt, R. J., Ampofo, S. A., & Yolken, R. H. (1995). 
Human milk glycosaminoglycans inhibit HIV glycoprotein gp120 
binding to its host cell CD4 receptor. The Journal of Nutrition, 125(3), 
419– 424. https://doi.org/10.1093/jn/125.3.419

Nguyen, L., McCord, K. A., Bui, D. T., Bouwman, K. M., Kitova, E. 
N., Kumawat, D., Daskhan, G. C., Tomris, I., Han, L., Chopra, 
P., Yang, T. J., Willows, S. D., Mason, A. L., Lowary, T. L., 
West, L. J., Danny Hsu, S. T., Tompkins, S. M., Boons, G. J., 
de Vries, R. P., … Klassen, J. S. (2021). Sialic acid- dependent 
binding and viral entry of SARS- CoV- 2. BioRxiv https://doi.
org/10.1101/2021.03.08.434228

Nielsen, F. H. (2018). Magnesium deficiency and increased inflammation: 
Current perspectives. Journal of Inflammation Research, 11, 25– 34. 
https://doi.org/10.2147/JIR.S136742

Noh, Y., Oh, I. S., Jeong, H. E., Filion, K. B., Yu, O. H. Y., & Shin, J. Y. (2021). 
Association between DPP- 4 inhibitors and COVID- 19– related out-
comes among patients with type 2 diabetes. Diabetes Care, 44(4), 
e64– e66. https://doi.org/10.2337/dc20- 1824

Oda, H., Kolawole, A. O., Mirabelli, C., Wakabayashi, H., Tanaka, M., 
Yamauchi, K., Abe, F., & Wobus, C. E. (2021). Antiviral effects of bo-
vine lactoferrin on human norovirus. Biochemistry and Cell Biology, 
99(1), 166– 172. https://doi.org/10.1139/bcb- 2020- 0035

Oda, H., Nakano, M., Wakabayashi, H., Yamauchi, K., Toida, T., Iwatsuki, 
K., & Matsumoto, T. (2012). Questionnaire survey on the sub-
jective effects of a lactoferrin supplement. Japanese Journal of 
Complementary and Alternative Medicine, 9, 121– 128. https://doi.
org/10.1625/jcam.9.121

Oevermann, A., Engels, M., Thomas, U., & Pellegrini, A. (2003). The anti-
viral activity of naturally occurring proteins and their peptide frag-
ments after chemical modification. Antiviral Research, 59(1), 23– 33. 
https://doi.org/10.1016/S0166 - 3542(03)00010 - X

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/jsfa.4690
https://doi.org/10.1002/(SICI)1097-0282(1997)43:2%3C119::AID-BIP4%3E3.0.CO;2-Y
https://doi.org/10.1002/(SICI)1097-0282(1997)43:2%3C119::AID-BIP4%3E3.0.CO;2-Y
https://doi.org/10.1016/j.idairyj.2003.08.003
https://doi.org/10.1016/j.idairyj.2003.08.003
https://doi.org/10.3390/ijms21093104
https://doi.org/10.1007/BF01941703
https://doi.org//10.17221/167/2020-CJAS
https://doi.org/10.1016/0166-3542(94)00073-H
https://doi.org/10.3390/nu13010247
https://doi.org/10.3390/nu13010247
https://doi.org/10.1128/JVI.02078-14
https://doi.org/10.1073/pnas.2105815118
https://doi.org/10.1073/pnas.2105815118
https://doi.org/10.3390/nu12072098
https://doi.org/10.3168/jds.2020-19122
https://doi.org/10.3168/jds.2020-19122
https://doi.org/10.1016/j.ijid.2020.09.033
https://doi.org/10.1002/fsn3.153
https://doi.org/10.1039/C4FO00689E
https://doi.org/10.1039/C4FO00689E
https://doi.org/10.1016/j.nutres.2008.05.007
https://doi.org/10.1007/s007050070077
https://doi.org/10.1016/j.smallrumres.2018.09.002
https://doi.org/10.1016/j.smallrumres.2018.09.002
https://doi.org/10.1002/jmr.300080504
https://doi.org/10.1177/095632029800900209
https://doi.org/10.1177/095632029800900209
https://doi.org/10.1097/GRF.0000000000000156
https://doi.org/10.1097/GRF.0000000000000156
https://doi.org/10.1093/jn/125.3.419
https://doi.org/10.1101/2021.03.08.434228
https://doi.org/10.1101/2021.03.08.434228
https://doi.org/10.2147/JIR.S136742
https://doi.org/10.2337/dc20-1824
https://doi.org/10.1139/bcb-2020-0035
https://doi.org/10.1625/jcam.9.121
https://doi.org/10.1625/jcam.9.121
https://doi.org/10.1016/S0166-3542(03)00010-X


    |  29SINGH et al.

Ogawa, D., Asanuma, M., Miyazaki, I., Tachibana, H., Wada, J., Sogawa, 
N., Sugaya, T., Kitamura, S., Maeshima, Y., Shikata, K., & Makino, H. 
(2011). High glucose increases metallothionein expression in renal 
proximal tubular epithelial cells. Experimental Diabetes Research, 
2011, 534872. https://doi.org/10.1155/2011/534872

Ogundele, M. O. (1998). A novel anti- inflammatory activity of lyso-
zyme: Modulation of serum complement activation. Mediators of 
Inflammation, 7(5), 363– 365. https://doi.org/10.1080/09629 35989 
0893

Oh, N. S., Joung, J. Y., Lee, J. Y., Kim, Y., & Kim, S. H. (2017). Enhancement 
of antioxidative and intestinal anti- inflammatory activities of gly-
cated milk casein after fermentation with lactobacillus rhamnosus 
4B15. Journal of Agricultural and Food Chemistry, 65(23), 4744– 
4754. https://doi.org/10.1021/acs.jafc.7b01339

Okerblom, J., & Varki, A. (2017). Biochemical, cellular, physiological, and 
pathological consequences of human loss of N- Glycolylneuraminic 
acid. Chembiochem, 18(13), 1155– 1171. https://doi.org/10.1002/
cbic.20170 0077

Olaniyan, B. A. (2007). Determination of caprine serum albumin in 
milk using bromocresol green dye. M.Sc thesis, McGill University, 
Macdonald Campus Montreal, Quebec, Canada.

Olechnowicz, J., Tinkov, A., Skalny, A., & Suliburska, J. (2018). Zinc sta-
tus is associated with inflammation, oxidative stress, lipid, and glu-
cose metabolism. The Journal of Physiological Sciences, 68(1), 19– 31. 
https://doi.org/10.1007/s1257 6- 017- 0571- 7

Oliveira, D. L., Wilbey, R. A., Grandison, A. S., & Roseiro, L. B. (2015). Milk 
oligosaccharides: A review. International Journal of Dairy Technology, 
68(3), 305– 321. https://doi.org/10.1111/1471- 0307.12209

Otani, H., Monnai, M., Kawasaki, Y., Kawakami, H., & Tanimoto, M. 
(1995). Inhibition of mitogen- induced proliferative responses of 
lymphocytes by bovine κ- caseinoglycopeptides having different 
carbohydrate chains. Journal of Dairy Research, 62(2), 349– 357. 
https://doi.org/10.1017/S0022 02990 0031046

Padler- Karavani, V., & Varki, A. (2011). Potential impact of the 
non- human sialic acid N- glycolylneuraminic acid on trans-
plant rejection risk. Xenotransplantation, 18(1), 1– 5. https://doi.
org/10.1111/j.1399- 3089.2011.00622.x

Pal, A., Squitti, R., Picozza, M., Pawar, A., Rongioletti, M., Dutta, A. K., 
Sahoo, S., Goswami, K., Sharma, P., & Prasad, R. (2021). Zinc and 
COVID- 19: Basis of current clinical trials. Biological Trace Element 
Research, 199(8), 2882– 2892. https://doi.org/10.1007/s1201 1- 
020- 02437 - 9

Park, Y. W., & Chukwu, H. I. (1988). Macro- mineral concentra-
tions in milk of two goat breeds at different stages of lac-
tation. Small Ruminant Research, 1(2), 157– 166. https://doi.
org/10.1016/0921- 4488(88)90032 - 6

Park, Y. W., Juarez, M., Ramos, M., & Haenlein, G. F. W. (2007). Physico- 
chemical characteristics of goat and sheep milk. Small Ruminant 
Research, 68(1– 2), 88– 113. https://doi.org/10.1016/j.small 
rumres.2006.09.013

Parron, J. A., Ripolles, D., Perez, M. D., Calvo, M., Rasmussen, J. T., & 
Sanchez, L. (2016). Effect of heat treatment on antirotaviral activity 
of bovine and ovine whey. International Dairy Journal, 60, 78– 85. 
https://doi.org/10.1016/j.idair yj.2016.02.030

Patino, E. M., Pochon, D. O., Faisal, E. L., Cedres, J. F., Mendez, F. I., 
Stefani, C. G., & Crudeli, G. (2007). Influence of breed, year sea-
son and lactation stage on the buffalo milk mineral content. 
Italian Journal of Animal Science, 6(sup2), 1046– 1049. https://doi.
org/10.4081/ijas.2007.s2.1046

Pearce, E. N., Pino, S., He, X., Bazrafshan, H. R., Lee, S. L., & Braverman, 
L. E. (2004). Sources of dietary iodine: Bread, cows' milk, and in-
fant formula in the Boston area. The Journal of Clinical Endocrinology 
and Metabolism, 89(7), 3421– 3424. https://doi.org/10.1210/
jc.2003- 032002

Perdijk, O., Van Splunter, M., Savelkoul, H. F., Brugman, S., & Van 
Neerven, R. J. (2018). Cow's milk and immune function in the 

respiratory tract: Potential mechanisms. Frontiers in Immunology, 9, 
143. https://doi.org/10.3389/fimmu.2018.00143

Phelan, A. L., Katz, R., & Gostin, L. O. (2020). The novel coronavirus orig-
inating in Wuhan, China: Challenges for global health governance. 
JAMA, 323(8), 709– 710. https://doi.org/10.1001/jama.2020.1097

Pietrantoni, A., Di Biase, A. M., Tinari, A., Marchetti, M., Valenti, P., 
Seganti, L., & Superti, F. (2003). Bovine lactoferrin inhibits ade-
novirus infection by interacting with viral structural polypeptides. 
Antimicrobial Agents and Chemotherapy, 47(8), 2688– 2691. https://
doi.org/10.1128/AAC.47.8.2688- 2691.2003

Pietrantoni, A., Dofrelli, E., Tinari, A., Ammendolia, M. G., Puzelli, S., 
Fabiani, C., Donatelli, I., & Superti, F. (2010). Bovine lactofer-
rin inhibits influenza A virus induced programmed cell death in 
vitro. Biometals, 23(3), 465– 475. https://doi.org/10.1007/s1053 
4- 010- 9323- 3

Pietrantoni, A., Fortuna, C., Remoli, M. E., Ciufolini, M. G., & Superti, 
F. (2015). Bovine lactoferrin inhibits Toscana virus infection by 
binding to heparan sulphate. Viruses, 7(2), 480– 495. https://doi.
org/10.3390/v702048

Post, A., Dullaart, R. P., & Bakker, S. J. (2020). Is low sodium intake a 
risk factor for severe and fatal COVID- 19 infection? European 
Journal of Internal Medicine, 75, 109. https://doi.org/10.1016/j.
ejim.2020.04.003

Pradeep, H., Najma, U., & Aparna, H. S. (2021). Milk peptides as novel 
multi- targeted therapeutic candidates for SARS- CoV- 2. The 
Protein Journal, 40, 310– 327. https://doi.org/10.1007/s1093 0- 
021- 09983 - 8

Prosser, C. G. (2021). Compositional and functional characteristics of 
goat milk and relevance as a base for infant formula. Journal of Food 
Science, 86(2), 257– 265. https://doi.org/10.1111/1750- 3841.15574

Qian, Z. Y., Jolles, P., Migliore- Samour, D., Schoentgen, F., & Fiat, A. 
M. (1995). Sheep κ- casein peptides inhibit platelet aggregation. 
Biochimica et Biophysica Acta (BBA) -  General Subjects, 1244(2– 3), 
411– 417. https://doi.org/10.1016/0304- 4165(95)00047 - F

Quinn, E. M. (2021). Mining milk for factors which modulate host- 
microbial interactions in vitro. PhD dissertation, National University 
of Ireland- Galway.

Ragab, D., Salah Eldin, H., Taeimah, M., Khattab, R., & Salem, R. (2020). 
The COVID- 19 cytokine storm; what we know so far. Frontiers in 
Immunology, 11, 1446. https://doi.org/10.3389/fimmu.2020.01446

Ragan, I., Hartson, L., Pidcoke, H., Bowen, R., & Goodrich, R. (2020). 
Pathogen reduction of SARS- CoV- 2 virus in plasma and whole 
blood using riboflavin and UV light. PLoS One, 15(5), e0233947. 
https://doi.org/10.1371/journ al.pone.0233947

Raha, S., Mallick, R., Basak, S., & Duttaroy, A. K. (2020). Is copper ben-
eficial for COVID- 19 patients? Medical Hypotheses, 142, 109814. 
https://doi.org/10.1016/j.mehy.2020.109814

Rahman, M. T., & Idid, S. Z. (2021). Can Zn be a critical element in 
COVID- 19 treatment? Biological Trace Element Research, 199(2), 
550– 558. https://doi.org/10.1007/s1201 1- 020- 02194 - 9

Rail, L. C., & Meydani, S. N. (1993). Vitamin B6 and immune compe-
tence. Nutrition Reviews, 51(8), 217– 225. https://doi.org/10.1111/
j.1753- 4887.1993.tb031 09.x

Rani, I., Goyal, A., Bhatnagar, M., Manhas, S., Goel, P., Pal, A., & Prasad, 
R. (2021). Potential molecular mechanisms of zinc- and copper- 
mediated antiviral activity on COVID- 19. Nutrition Research, 92, 
109– 128. https://doi.org/10.1016/j.nutres.2021.05.008

Redwan, E. M., Almehdar, H. A., EL- Fakharany, E. M., Baig, A. W. K., & 
Uversky, V. N. (2015). Potential antiviral activities of camel, bovine, 
and human lactoperoxidases against hepatitis C virus genotype 
4. RSC Advances, 5(74), 60441– 60452. https://doi.org/10.1039/
C5RA1 1768B

Redwan, E. R. M., & Tabll, A. (2007). Camel lactoferrin markedly inhibits 
hepatitis C virus genotype 4 infection of human peripheral blood 
leukocytes. Journal of Immunoassay and Immunochemistry, 28(3), 
267– 277. https://doi.org/10.1080/15321 81070 1454839

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1155/2011/534872
https://doi.org/10.1080/09629359890893
https://doi.org/10.1080/09629359890893
https://doi.org/10.1021/acs.jafc.7b01339
https://doi.org/10.1002/cbic.201700077
https://doi.org/10.1002/cbic.201700077
https://doi.org/10.1007/s12576-017-0571-7
https://doi.org/10.1111/1471-0307.12209
https://doi.org/10.1017/S0022029900031046
https://doi.org/10.1111/j.1399-3089.2011.00622.x
https://doi.org/10.1111/j.1399-3089.2011.00622.x
https://doi.org/10.1007/s12011-020-02437-9
https://doi.org/10.1007/s12011-020-02437-9
https://doi.org/10.1016/0921-4488(88)90032-6
https://doi.org/10.1016/0921-4488(88)90032-6
https://doi.org/10.1016/j.smallrumres.2006.09.013
https://doi.org/10.1016/j.smallrumres.2006.09.013
https://doi.org/10.1016/j.idairyj.2016.02.030
https://doi.org/10.4081/ijas.2007.s2.1046
https://doi.org/10.4081/ijas.2007.s2.1046
https://doi.org/10.1210/jc.2003-032002
https://doi.org/10.1210/jc.2003-032002
https://doi.org/10.3389/fimmu.2018.00143
https://doi.org/10.1001/jama.2020.1097
https://doi.org/10.1128/AAC.47.8.2688-2691.2003
https://doi.org/10.1128/AAC.47.8.2688-2691.2003
https://doi.org/10.1007/s10534-010-9323-3
https://doi.org/10.1007/s10534-010-9323-3
https://doi.org/10.3390/v702048
https://doi.org/10.3390/v702048
https://doi.org/10.1016/j.ejim.2020.04.003
https://doi.org/10.1016/j.ejim.2020.04.003
https://doi.org/10.1007/s10930-021-09983-8
https://doi.org/10.1007/s10930-021-09983-8
https://doi.org/10.1111/1750-3841.15574
https://doi.org/10.1016/0304-4165(95)00047-F
https://doi.org/10.3389/fimmu.2020.01446
https://doi.org/10.1371/journal.pone.0233947
https://doi.org/10.1016/j.mehy.2020.109814
https://doi.org/10.1007/s12011-020-02194-9
https://doi.org/10.1111/j.1753-4887.1993.tb03109.x
https://doi.org/10.1111/j.1753-4887.1993.tb03109.x
https://doi.org/10.1016/j.nutres.2021.05.008
https://doi.org/10.1039/C5RA11768B
https://doi.org/10.1039/C5RA11768B
https://doi.org/10.1080/15321810701454839


30  |    SINGH et al.

Rees, D., Miles, E. A., Banerjee, T., Wells, S. J., Roynette, C. E., Wahle, K. 
W., & Calder, P. C. (2006). Dose- related effects of eicosapentaenoic 
acid on innate immune function in healthy humans: A comparison 
of young and older men. The American Journal of Clinical Nutrition, 
83(2), 331– 342. https://doi.org/10.1093/ajcn/83.2.331

Ren, Y., Yang, Y., Wu, W., Zhang, M., Wu, H., & Li, X. (2016). Identification 
and characterization of novel anticoagulant peptide with throm-
bolytic effect and nutrient oligopeptides with high branched chain 
amino acid from Whitmania pigra protein. Amino Acids, 48(11), 
2657– 2670. https://doi.org/10.1007/s0072 6- 016- 2299- 8

Rieland, E., Hatzipanagiotou, A., Jahnecke, S., & Enbergs, H. (1998). 
Activities of the enzymes LDH, gamma- GT, GOT, GPT and lacto-
peroxidase in the milk of breeding mares during the course of lac-
tation. Berliner Und Munchener Tierarztliche Wochenschrift, 111(3), 
81– 89.

Rogero, M. M., & Calder, P. C. (2018). Obesity, inflammation, toll- like 
receptor 4 and fatty acids. Nutrients, 10(4), 432. https://doi.
org/10.3390/nu100 40432

Rosen, M. H., Axelrad, J., Hudesman, D., Rubin, D. T., & Chang, S. (2020). 
Management of acute severe ulcerative colitis in a pregnant woman 
with COVID- 19 infection: A case report and review of the litera-
ture. Inflammatory Bowel Diseases, 26(7), 971– 973. https://doi.
org/10.1093/ibd/izaa109

Rubin, M., Modai, S., Rayman, S., Kaplan, K. M., Mendelson, E., & 
Lichtenberg, D. (2021). Antiviral properties of goat milk. Clinical 
Nutrition Open Science, 37, 1– 11. https://doi.org/10.1016/j.
nutos.2021.03.002

Rutherfurd- Markwick, K. J., Johnson, D., Cross, M. L., & Gill, H. S. 
(2005). Modified milk powder supplemented with immunostim-
ulating whey protein concentrate (IMUCARE) enhances immune 
function in mice. Nutrition Research, 25(2), 197– 208. https://doi.
org/10.1016/j.nutres.2004.12.004

Sacco, M. D., Hu, Y., Gongora, M. V., Meilleur, F., Kemp, M. T., Zhang, 
X., Wang, J., & Chen, Y. (2022). The P132H mutation in the main 
protease of omicron SARS- CoV- 2 decreases thermal stability with-
out compromising catalysis or small- molecule drug inhibition. Cell 
Research, 32(5), 498– 500. https://doi.org/10.1038/s4142 2- 022- 
00640 - y

Saito, T., Itoh, T., Adachi, S., Suzuki, T., & Usui, T. (1981). The chemical struc-
ture of neutral and acidic sugar chains obtained from bovine colos-
trum κ- casein. Biochimica et Biophysica Acta (BBA) -  General Subjects, 
678(2), 257– 267. https://doi.org/10.1016/0304- 4165(81)90215 - 4

Salaris, C., Scarpa, M., Elli, M., Bertolini, A., Guglielmetti, S., Pregliasco, F., 
Blandizzi, C., Brun, P., & Castagliuolo, I. (2021). Protective effects of 
lactoferrin against SARS- CoV- 2 infection in vitro. Nutrients, 13(2), 
328. https://doi.org/10.3390/nu130 20328

Salvatore, C. M., Han, J. Y., Acker, K. P., Tiwari, P., Jin, J., Brandler, M., 
Cangemi, C., Gordon, L., Parow, A., DiPace, J., & DeLaMora, P. 
(2020). Neonatal management and outcomes during the COVID- 19 
pandemic: An observation cohort study. The Lancet Child and 
Adolescent Health, 4(10), 721– 727. https://doi.org/10.1016/S2352 
- 4642(20)30235 - 2

Sarohan, A. R. (2020). COVID- 19: Endogenous retinoic acid theory and 
retinoic acid depletion syndrome. Medical Hypotheses, 144, 110250. 
https://doi.org/10.1016/j.mehy.2020.110250

Sawaya, W. N., Khalil, J. K., Al- Shalhat, A., & Al- Mohammad, H. (1984). 
Chemical composition and nutritional quality of camel milk. 
Journal of Food Science, 49(3), 744– 747. https://doi.org/10.1111/
j.1365- 2621.1984.tb132 00.x

Schlievert, P. M., Deringer, J. R., Kim, M. H., Projan, S. J., & Novick, R. 
P. (1992). Effect of glycerol monolaurate on bacterial growth and 
toxin production. Antimicrobial Agents and Chemotherapy, 36(3), 
626– 631. https://doi.org/10.1128/AAC.36.3.626

Schlievert, P. M., Kilgore, S. H., Seo, K. S., & Leung, D. Y. (2019). Glycerol 
monolaurate contributes to the antimicrobial and anti- inflammatory 

activity of human milk. Scientific Reports, 9(1), 1– 9. https://doi.
org/10.1038/s4159 8- 019- 51130 - y

Seifu, E., Buys, E. M., & Donkin, E. F. (2005). Significance of lactoper-
oxidase system in the dairy industry and its potential applications: 
A review. Trends in Food Science and Technology, 16(4), 137– 154. 
https://doi.org/10.1016/j.tifs.2004.11.002

Sekheri, M., El Kebir, D., Edner, N., & Filep, J. G. (2020). 15- epi- LXA4 and 
17- epi- RvD1 restore TLR9- mediated impaired neutrophil phagocy-
tosis and accelerate resolution of lung inflammation. Proceedings of 
the National Academy of Sciences, 117(14), 7971– 7980. https://doi.
org/10.1073/pnas.19201 93117

Shakoor, H., Feehan, J., Mikkelsen, K., Al Dhaheri, A. S., Ali, H. I., Platat, 
C., Ismail, L. C., Stojanovska, L., & Apostolopoulos, V. (2021). Be 
well: A potential role for vitamin B in COVID- 19. Maturitas, 144, 
108– 111. https://doi.org/10.1016/j.matur itas.2020.08.007

Sham, H. P., Walker, K. H., Abdulnour, R. E. E., Krishnamoorthy, N., 
Douda, D. N., Norris, P. C., Barkas, I., Benito- Figueroa, S., Colby, J. 
K., Serhan, C. N., & Levy, B. D. (2018). 15- epi- Lipoxin A4, Resolvin 
D2, and Resolvin D3 induce NF- κB regulators in bacterial pneu-
monia. The Journal of Immunology, 200(8), 2757– 2766. https://doi.
org/10.4049/jimmu nol.1602090

Sheybani, Z., Dokoohaki, M. H., Negahdaripour, M., Dehdashti, M., 
Zolghadr, H., Moghadami, M., Masoompour, S. M., & Zolghadr, 
A. R. (2020). The role of folic acid in the management of respira-
tory disease caused by COVID- 19. ChemRxiv, 1– 15. https://doi.
org/10.26434/ chemr xiv.12034 980.v1

Shi, Y. J., & Zhao, X. H. (2022). Impact of the plastein reaction of ca-
sein hydrolysates in the presence of exogenous amino acids on 
their anti- inflammatory effect in the lipopolysaccharide- stimulated 
macrophages. Food, 11(2), 196. https://doi.org/10.3390/foods 
11020196

Shin, K., Horigome, A., Yamauchi, K., Takase, M., Yaeshima, T., & Iwatsuki, 
K. (2008). Effects of orally administered bovine lactoperoxidase 
on dextran sulfate sodium- induced colitis in mice. Bioscience, 
Biotechnology, and Biochemistry, 72(7), 1932– 1935. https://doi.
org/10.1271/bbb.70636

Shin, K., Wakabayashi, H., Sugita, C., Yoshida, H., Sato, K., Sonoda, T., 
Yamauchi, K., Abe, F., & Kurokawa, M. (2018). Effects of orally 
administered lactoferrin and lactoperoxidase on symptoms of the 
common cold. International Journal of Health Sciences, 12(5), 44– 50.

Shin, K., Wakabayashi, H., Yamauchi, K., Teraguchi, S., Tamura, Y., 
Kurokawa, M., & Shiraki, K. (2005). Effects of orally administered 
bovine lactoferrin and lactoperoxidase on influenza virus infection 
in mice. Journal of Medical Microbiology, 54(8), 717– 723. https://doi.
org/10.1099/jmm.0.46018 - 0

Sienkiewicz, M., Jaskiewicz, A., Tarasiuk, A., & Fichna, J. (2022). 
Lactoferrin: An overview of its main functions, immunomodula-
tory and antimicrobial role, and clinical significance. Critical Reviews 
in Food Science and Nutrition, 62(22), 6016– 6033. https://doi.
org/10.1080/10408 398.2021.1895063

Singh, P., Singh, T. P., & Gandhi, N. (2018). Prevention of lipid oxidation in 
muscle foods by milk proteins and peptides: A review. Food Reviews 
International, 34(3), 226– 247. https://doi.org/10.1080/87559 
129.2016.1261297

Singh, R., Mal, G., Kumar, D., Patil, N. V., & Pathak, K. M. L. (2017). Camel 
milk: an important natural adjuvant. Agricultural Research, 6(4), 327– 
340. https://doi.org/10.1007/s4000 3- 017- 0284- 4

Sinha, P., Matthay, M. A., & Calfee, C. S. (2020). Is a “cytokine storm” 
relevant to COVID- 19? JAMA Internal Medicine, 180(9), 1152– 1154. 
https://doi.org/10.1001/jamai ntern med.2020.3313

Siqueiros- Cendon, T., Arévalo- Gallegos, S., Iglesias- Figueroa, B. F., 
García- Montoya, I. A., Salazar- Martínez, J., & Rascón- Cruz, 
Q. (2014). Immunomodulatory effects of lactoferrin. Acta 
Pharmacologica Sinica, 35(5), 557– 566. https://doi.org/10.1038/
aps.2013.200

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1093/ajcn/83.2.331
https://doi.org/10.1007/s00726-016-2299-8
https://doi.org/10.3390/nu10040432
https://doi.org/10.3390/nu10040432
https://doi.org/10.1093/ibd/izaa109
https://doi.org/10.1093/ibd/izaa109
https://doi.org/10.1016/j.nutos.2021.03.002
https://doi.org/10.1016/j.nutos.2021.03.002
https://doi.org/10.1016/j.nutres.2004.12.004
https://doi.org/10.1016/j.nutres.2004.12.004
https://doi.org/10.1038/s41422-022-00640-y
https://doi.org/10.1038/s41422-022-00640-y
https://doi.org/10.1016/0304-4165(81)90215-4
https://doi.org/10.3390/nu13020328
https://doi.org/10.1016/S2352-4642(20)30235-2
https://doi.org/10.1016/S2352-4642(20)30235-2
https://doi.org/10.1016/j.mehy.2020.110250
https://doi.org/10.1111/j.1365-2621.1984.tb13200.x
https://doi.org/10.1111/j.1365-2621.1984.tb13200.x
https://doi.org/10.1128/AAC.36.3.626
https://doi.org/10.1038/s41598-019-51130-y
https://doi.org/10.1038/s41598-019-51130-y
https://doi.org/10.1016/j.tifs.2004.11.002
https://doi.org/10.1073/pnas.1920193117
https://doi.org/10.1073/pnas.1920193117
https://doi.org/10.1016/j.maturitas.2020.08.007
https://doi.org/10.4049/jimmunol.1602090
https://doi.org/10.4049/jimmunol.1602090
https://doi.org/10.26434/chemrxiv.12034980.v1
https://doi.org/10.26434/chemrxiv.12034980.v1
https://doi.org/10.3390/foods11020196
https://doi.org/10.3390/foods11020196
https://doi.org/10.1271/bbb.70636
https://doi.org/10.1271/bbb.70636
https://doi.org/10.1099/jmm.0.46018-0
https://doi.org/10.1099/jmm.0.46018-0
https://doi.org/10.1080/10408398.2021.1895063
https://doi.org/10.1080/10408398.2021.1895063
https://doi.org/10.1080/87559129.2016.1261297
https://doi.org/10.1080/87559129.2016.1261297
https://doi.org/10.1007/s40003-017-0284-4
https://doi.org/10.1001/jamainternmed.2020.3313
https://doi.org/10.1038/aps.2013.200
https://doi.org/10.1038/aps.2013.200


    |  31SINGH et al.

Sitohy, M., Besse, B., Billaudel, S., Haertlé, T., & Chobert, J. M. (2010). 
Antiviral action of methylated β- lactoglobulin on the human influ-
enza virus a subtype H3N2. Probiotics and Antimicrobial Proteins, 
2(2), 104– 111. https://doi.org/10.1007/s1260 2- 010- 9036- 5

Sitohy, M., Billaudel, S., Haertlé, T., & Chobert, J. M. (2007). Antiviral 
activity of esterified α- lactalbumin and β- lactoglobulin against her-
pes simplex virus type 1. Comparison with the effect of acyclovir 
and L- polylysines. Journal of Agricultural and Food Chemistry, 55(25), 
10214– 10220. https://doi.org/10.1021/jf072 4421

Sitohy, M., Dalgalarrondo, M., Nowoczin, M., Besse, B., Billaudel, S., 
Haertlé, T., & Chobert, J. M. (2008). The effect of bovine whey pro-
teins on the ability of poliovirus and Coxsackie virus to infect vero 
cell cultures. International Dairy Journal, 18(6), 658– 668. https://
doi.org/10.1016/j.idair yj.2007.11.023

Sobczak, M., Salaga, M., Storr, M. A., & Fichna, J. (2014). Physiology, 
signaling, and pharmacology of opioid receptors and their ligands 
in the gastrointestinal tract: Current concepts and future per-
spectives. Journal of Gastroenterology, 49(1), 24– 45. https://doi.
org/10.1007/s0053 5- 013- 0753- x

Song, Y., Zhang, H., Zhu, Y., Zhao, X., Lei, Y., Zhou, W., Yu, J., Dong, X., 
Wang, X., Du, M., & Yan, H. (2022). Lysozyme protects against severe 
acute respiratory syndrome coronavirus 2 infection and inflamma-
tion in human corneal epithelial cells. Investigative Ophthalmology 
and Visual Science, 63(6), 1– 9. https://doi.org/10.1167/iovs.63.6.16

Sowmya, K., Bhat, M. I., Bajaj, R., Kapila, S., & Kapila, R. (2019a). 
Antioxidative and anti- inflammatory potential with trans- 
epithelial transport of a buffalo casein- derived hexapeptide 
(YFYPQL). Food Bioscience, 28, 151– 163. https://doi.org/10.1016/j.
fbio.2019.02.003

Sowmya, K., Bhat, M. I., Bajaj, R. K., Kapila, S., & Kapila, R. (2019b). Buffalo 
milk casein derived decapeptide (YQEPVLGPVR) having bifunc-
tional anti- inflammatory and antioxidative features under cellular 
milieu. International Journal of Peptide Research and Therapeutics, 
25(2), 623– 633. https://doi.org/10.1007/s1098 9- 018- 9708- 7

Sowmya, K., Mala, D., Bhat, M. I., Kumar, N., ajaj, R. K., Kapila, S., & 
Kapila, R. (2018). Bio- accessible milk casein derived tripeptide 
(LLY) mediates overlapping anti- inflammatory and anti- oxidative 
effects under cellular (Caco- 2) and in vivo milieu. The Journal of 
Nutritional Biochemistry, 62, 167– 180. https://doi.org/10.1016/j.
jnutb io.2018.09.002

Spinas, E., Saggini, A., Kritas, S. K., Cerulli, G., Caraffa, A., Antinolfi, P., 
Pantalone, A., Frydas, A., Tei, M., Speziali, A., Saggini, R., Pandolfi, 
F., & Conti, P. (2015). Crosstalk between vitamin B and immu-
nity. Journal of Biological Regulators and Homeostatic Agents, 29(2), 
283– 288.

Subroto, E., & Indiarto, R. (2020). Bioactive monolaurin as an antimicro-
bial and its potential to improve the immune system and against 
COVID- 19: A review. Food Research, 4(6), 2355– 2365. https://doi.
org/10.26656/ fr.2017.4(6).324

Sugita, C., Shin, K., Wakabayashi, H., Tsuhako, R., Yoshida, H., Watanabe, 
W., & Kurokawa, M. (2018). Antiviral activity of hypothiocyanite 
produced by lactoperoxidase against influenza A and B viruses and 
mode of its antiviral action. Acta Virologica, 62(4), 401– 408. https://
doi.org/10.4149/av_2018_408

Suleiman, L., Négrier, C., & Boukerche, H. (2013). Protein S: A multifunc-
tional anticoagulant vitamin K- dependent protein at the crossroads 
of coagulation, inflammation, angiogenesis, and cancer. Critical 
Reviews in Oncology/Hematology, 88(3), 637– 654. https://doi.
org/10.1016/j.critr evonc.2013.07.004

Sun, J. K., Zhang, W. H., Zou, L., Liu, Y., Li, J. J., Kan, X. H., Dai, L., Shi, Q. 
K., Yuan, S. T., Yu, W. K., Xu, H. Y., Gu, W., & Qi, J. W. (2020). Serum 
calcium as a biomarker of clinical severity and prognosis in patients 
with coronavirus disease 2019. Aging (Albany NY), 12(12), 11287– 
11295. https://doi.org/10.18632/ aging.103526

Superti, F., Ammendolia, M. G., Valenti, P., & Seganti, L. (1997). 
Antirotaviral activity of milk proteins: Lactoferrin prevents rotavirus 

infection in the enterocyte- like cell line HT- 29. Medical Microbiology 
and Immunology, 186(2), 83– 91. https://doi.org/10.1007/s0043 
00050049

Sutas, Y., Soppi, E., Korhonen, H., Syväoja, E. L., Saxelin, M., Rokka, T., & 
Isolauri, E. (1996). Suppression of lymphocyte proliferation in vitro 
by bovine caseins hydrolyzed with lactobacillus casei GG– derived 
enzymes. The Journal of Allergy and Clinical Immunology, 98(1), 216– 
224. https://doi.org/10.1016/S0091 - 6749(96)70245 - 2

Taha, S. H., Mehrez, M. A., Sitohy, M. Z., Abou Dawood, A. G. I., Hamid, 
A. E., Mahmoud, M., & Kilany, W. H. (2010). Effectiveness of es-
terified whey proteins fractions against Egyptian lethal avian 
influenza A (H5N1). Virology Journal, 7(1), 1– 4. https://doi.
org/10.1186/1743- 422X- 7- 330

Tai, C. S., Chen, Y. Y., & Chen, W. L. (2016). β- Lactoglobulin in-
fluences human immunity and promotes cell proliferation. 
BioMed Research International, 2016, 7123587. https://doi.
org/10.1155/2016/7123587

Tan, B., Joyce, R., Tan, H., Hu, Y., & Wang, J. (2023). SARS- CoV- 2 main 
protease drug design, assay development, and drug resistance 
studies. Accounts of Chemical Research, 56, 157– 168. https://doi.
org/10.1021/acs.accou nts.2c00735

Tanaka, K., Ikeda, M., Nozaki, A., Kato, N., Tsuda, H., Saito, S., & Sekihara, 
H. (1999). Lactoferrin inhibits hepatitis C virus viremia in pa-
tients with chronic hepatitis C: A pilot study. Japanese Journal 
of Cancer Research, 90(4), 367– 371. https://doi.org/10.1111/
j.1349- 7006.1999.tb007 56.x

Tanaka, T., Xuan, X., Fujisaki, K., & Shimazaki, K. I. (2012). Expression and 
characterization of bovine milk antimicrobial proteins lactoperoxi-
dase and lactoferrin by vaccinia virus. In P. K. Roy (Ed.), Insight and 
control of infectious disease in global scenario (pp. 249– 260). Intech 
Open. https://doi.org/10.5772/32575

Tao, N., DePeters, E. J., Freeman, S., German, J. B., Grimm, R., & Lebrilla, 
C. B. (2008). Bovine milk glycome. Journal of Dairy Science, 91(10), 
3768– 3778. https://doi.org/10.3168/jds.2008- 1305

Tao, N., DePeters, E. J., German, J. B., Grimm, R., & Lebrilla, C. B. 
(2009). Variations in bovine milk oligosaccharides during early 
and middle lactation stages analyzed by high- performance 
liquid chromatography- chip/mass spectrometry. Journal of 
Dairy Science, 92(7), 2991– 3001. https://doi.org/10.3168/
jds.2008- 1642

Tao, N., Ochonicky, K. L., German, J. B., Donovan, S. M., & Lebrilla, C. B. 
(2010). Structural determination and daily variations of porcine milk 
oligosaccharides. Journal of Agricultural and Food Chemistry, 58(8), 
4653– 4659. https://doi.org/10.1021/jf100 398u

Tavakol, S., & Seifalian, A. M. (2022). Vitamin E at a high dose as an anti- 
ferroptosis drug and not just a supplement for COVID- 19 treat-
ment. Biotechnology and Applied Biochemistry, 69(3), 1058– 1060. 
https://doi.org/10.1002/bab.2176

Te Velthuis, A. J., van den Worm, S. H., Sims, A. C., Baric, R. S., Snijder, E. 
J., & van Hemert, M. J. (2010). Zn2+ inhibits coronavirus and arteri-
virus RNA polymerase activity in vitro and zinc ionophores block 
the replication of these viruses in cell culture. PLoS Pathogens, 6(11), 
e1001176. https://doi.org/10.1371/journ al.ppat.1001176

Teymoori- Rad, M., Shokri, F., Salimi, V., & Marashi, S. M. (2019). The in-
terplay between vitamin D and viral infections. Reviews in Medical 
Virology, 29(2), e2032. https://doi.org/10.1002/rmv.2032

Tomic, S., Dokic, J., Stevanovic, D., Ilic, N., Gruden- Movsesijan, A., Dinic, 
M., Radojevic, D., Bekic, M., Mitrovic, N., Tomasevic, R., Mikic, D., 
Stojanovic, D., & Colic, M. (2021). Reduced expression of autoph-
agy markers and expansion of myeloid- derived suppressor cells 
correlate with poor T cell response in severe COVID- 19 patients. 
Frontiers in Immunology, 12, 614599. https://doi.org/10.3389/
fimmu.2021.614599

Tomo, S., Saikiran, G., Banerjee, M., & Paul, S. (2021). Selenium to sele-
noproteins –  Role in COVID- 19. EXCLI Journal, 20, 781– 791. https://
doi.org/10.17179/ excli 2021- 3530

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s12602-010-9036-5
https://doi.org/10.1021/jf0724421
https://doi.org/10.1016/j.idairyj.2007.11.023
https://doi.org/10.1016/j.idairyj.2007.11.023
https://doi.org/10.1007/s00535-013-0753-x
https://doi.org/10.1007/s00535-013-0753-x
https://doi.org/10.1167/iovs.63.6.16
https://doi.org/10.1016/j.fbio.2019.02.003
https://doi.org/10.1016/j.fbio.2019.02.003
https://doi.org/10.1007/s10989-018-9708-7
https://doi.org/10.1016/j.jnutbio.2018.09.002
https://doi.org/10.1016/j.jnutbio.2018.09.002
https://doi.org/10.26656/fr.2017.4(6).324
https://doi.org/10.26656/fr.2017.4(6).324
https://doi.org/10.4149/av_2018_408
https://doi.org/10.4149/av_2018_408
https://doi.org/10.1016/j.critrevonc.2013.07.004
https://doi.org/10.1016/j.critrevonc.2013.07.004
https://doi.org/10.18632/aging.103526
https://doi.org/10.1007/s004300050049
https://doi.org/10.1007/s004300050049
https://doi.org/10.1016/S0091-6749(96)70245-2
https://doi.org/10.1186/1743-422X-7-330
https://doi.org/10.1186/1743-422X-7-330
https://doi.org/10.1155/2016/7123587
https://doi.org/10.1155/2016/7123587
https://doi.org/10.1021/acs.accounts.2c00735
https://doi.org/10.1021/acs.accounts.2c00735
https://doi.org/10.1111/j.1349-7006.1999.tb00756.x
https://doi.org/10.1111/j.1349-7006.1999.tb00756.x
https://doi.org/10.5772/32575
https://doi.org/10.3168/jds.2008-1305
https://doi.org/10.3168/jds.2008-1642
https://doi.org/10.3168/jds.2008-1642
https://doi.org/10.1021/jf100398u
https://doi.org/10.1002/bab.2176
https://doi.org/10.1371/journal.ppat.1001176
https://doi.org/10.1002/rmv.2032
https://doi.org/10.3389/fimmu.2021.614599
https://doi.org/10.3389/fimmu.2021.614599
https://doi.org/10.17179/excli2021-3530
https://doi.org/10.17179/excli2021-3530


32  |    SINGH et al.

Tortorici, M. A., Walls, A. C., Lang, Y., Wang, C., Li, Z., Koerhuis, D., 
Boons, G. J., Bosch, B. J., Rey, F. A., de Groot, R. J., & Veesler, D. 
(2019). Structural basis for human coronavirus attachment to sialic 
acid receptors. Nature Structural and Molecular Biology, 26(6), 481– 
489. https://doi.org/10.1038/s4159 4- 019- 0233- y

Trompette, A., Claustre, J., Caillon, F., Jourdan, G., Chayvialle, J. A., & 
Plaisancie, P. (2003). Milk bioactive peptides and β- casomorphins 
induce mucus release in rat jejunum. The Journal of Nutrition, 
133(11), 3499– 3503. https://doi.org/10.1093/jn/133.11.3499

Tufan, E., Sivas, G. G., Gurel- Gokmen, B., Yılmaz- Karaoğlu, S., Ercan, D., 
Ozbeyli, D., Sener, G., & Tunali- Akbay, T. (2022). Inhibitory effect 
of whey protein concentrate on SARS- CoV- 2- targeted furin activ-
ity and spike protein- ACE2 binding in methotrexate- induced lung 
damage. Journal of Food Biochemistry, 46(6), e14039. https://doi.
org/10.1111/jfbc.14039

Turner, D. L., Ford, W. R., Kidd, E. J., Broadley, K. J., & Powell, C. (2017). 
Effects of nebulised magnesium sulphate on inflammation and func-
tion of the Guinea- pig airway. European Journal of Pharmacology, 
801, 79– 85. https://doi.org/10.1016/j.ejphar.2017.03.004

Uematsu, T., Urade, M., Yarnaoka, M., & Yoshioka, W. (1996). 
Reduced expression of dipeptidyl peptidase (DPP) IV in periph-
eral blood T lymphocytes of oral cancer patients. Journal of Oral 
Pathology and Medicine, 25(9), 507– 512. https://doi.org/10.1111/
j.1600- 0714.1996.tb003 06.x

Uriu- Adams, J. Y., & Keen, C. L. (2005). Copper, oxidative stress, and 
human health. Molecular Aspects of Medicine, 26(4– 5), 268– 298. 
https://doi.org/10.1016/j.mam.2005.07.015

Valenti, P., Frioni, A., Rossi, A., Ranucci, S., De Fino, I., Cutone, A., Rosa, 
L., Bragonzi, A., & Berlutti, F. (2017). Aerosolized bovine lactofer-
rin reduces neutrophils and pro- inflammatory cytokines in mouse 
models of Pseudomonas aeruginosa lung infections. Biochemistry and 
Cell Biology, 95(1), 41– 47. https://doi.org/10.1139/bcb- 2016- 0050

Van der Reijden, O. L., Zimmermann, M. B., & Galetti, V. (2017). Iodine in 
dairy milk: Sources, concentrations and importance to human health. 
Best Practice and Research Clinical Endocrinology and Metabolism, 
31(4), 385– 395. https://doi.org/10.1016/j.beem.2017.10.004

Van der Strate, B. W. A., Beljaars, L., Molema, G., Harmsen, M. C., & Meijer, 
D. K. F. (2001). Antiviral activities of lactoferrin. Antiviral Research, 
52(3), 225– 239. https://doi.org/10.1016/S0166 - 3542(01)00195 - 4

Van Valenberg, H. J. F., Hettinga, K. A., Dijkstra, J., Bovenhuis, H., & 
Feskens, E. J. M. (2013). Concentrations of n- 3 and n- 6 fatty acids 
in Dutch bovine milk fat and their contribution to human dietary 
intake. Journal of Dairy Science, 96(7), 4173– 4181. https://doi.
org/10.3168/jds.2012- 6300

Vance, C. P. (2011). Phosphorus as a critical macronutrient. In M. J. 
Hawkesford & P. Barraclough (Eds.), The molecular and physiolog-
ical basis of nutrient use efficiency in crops (pp. 229– 264). Wiley- 
Blackwell. https://doi.org/10.1002/97804 70960707

Vatsalya, V., Li, F., Frimodig, J., Gala, K. S., Srivastava, S., Kong, M., 
Ramchandani, V. A., Feng, W., Zhang, X., & McClain, C. J. (2020). 
Therapeutic prospects for Th- 17 cell immune storm syndrome and 
neurological symptoms in COVID- 19: Thiamine efficacy and safety, 
in- vitro evidence and pharmacokinetic profile. medRxiv https://doi.
org/10.1101/2020.08.23.20177501

Vicenzi, E., Canducci, F., Pinna, D., Mancini, N., Carletti, S., Lazzarin, 
A., Bordignon, C., Poli, G., & Clementi, M. (2004). Coronaviridae 
and SARS- associated coronavirus strain HSR1. Emerging Infectious 
Diseases, 10(3), 413– 418. https://doi.org/10.3201/eid10 03.030683

Vincenzetti, S., Amici, A., Pucciarelli, S., Vita, A., Micozzi, D., Carpi, F. 
M., Polzonetti, V., Natalini, P., & Polidori, P. (2012). A proteomic 
study on donkey milk. Biochemistry and Analytical Biochemistry, 1(2), 
1000109. https://doi.org/10.4172/2161- 1009.1000109

Vitetta, L., Coulson, S., Beck, S. L., Gramotnev, H., Du, S., & Lewis, S. 
(2013). The clinical efficacy of a bovine lactoferrin/whey pro-
tein Ig- rich fraction (lf/IgF) for the common cold: A double blind 

randomized study. Complementary Therapies in Medicine, 21(3), 
164– 171. https://doi.org/10.1016/j.ctim.2012.12.006

Waggiallah, H. A. (2021). Thrombosis formation after COVID- 19 vacci-
nation immunological aspects. Saudi Journal of Biological Sciences, 
29(2), 1073– 1078. https://doi.org/10.1016/j.sjbs.2021.09.065

Wakabayashi, H., Oda, H., Yamauchi, K., & Abe, F. (2014). Lactoferrin 
for prevention of common viral infections. Journal of Infection 
and Chemotherapy, 20(11), 666– 671. https://doi.org/10.1016/j.
jiac.2014.08.003

Wallace, T. C. (2020). Combating COVID- 19 and building immune re-
silience: A potential role for magnesium nutrition? Journal of 
the American College of Nutrition, 39(8), 685– 693. https://doi.
org/10.1080/07315 724.2020.1785971

Wang, Q., Yan, S. F., Hao, Y., & Jin, S. W. (2018). Specialized pro- resolving 
mediators regulate alveolar fluid clearance during acute respira-
tory distress syndrome. Chinese Medical Journal, 131(08), 982– 989. 
https://doi.org/10.4103/0366- 6999.229890

Wang, Y., Zhang, X., Han, Y., Yan, F., & Wu, R. (2019). Efficacy of com-
bined medication of nifedipine and magnesium sulfate on gesta-
tional hypertension and the effect on PAPP- A, VEGF, NO, Hcy and 
vWF. Saudi Journal of Biological Sciences, 26(8), 2043– 2047. https://
doi.org/10.1016/j.sjbs.2019.08.012

Weetman, A. P., McGregor, A. M., Campbell, H., Lazarus, J. H., 
Ibbertson, H. K., & Hall, R. (1983). Iodide enhances IgG synthe-
sis by human peripheral blood lymphocytes in vitro. European 
Journal of Endocrinology, 103(2), 210– 215. https://doi.org/10.1530/
acta.0.1030210

Welch, J. L., Xiang, J., Okeoma, C. M., Schlievert, P. M., & Stapleton, J. 
T. (2020). Glycerol monolaurate, an analogue to a factor secreted 
by lactobacillus, is virucidal against enveloped viruses, including 
HIV- 1. MBio, 11(3), e00686– e00620. https://doi.org/10.1128/
mBio.00686 - 20

Wessels, I., Rolles, B., & Rink, L. (2020). The potential impact of zinc sup-
plementation on COVID- 19 pathogenesis. Frontiers in Immunology, 
11, 1712. https://doi.org/10.3389/fimmu.2020.01712

Wheeler, T. T., Hodgkinson, A. J., Prosser, C. G., & Davis, S. R. (2007). 
Immune components of colostrum and milk -  a historical perspec-
tive. Journal of Mammary Gland Biology and Neoplasia, 12(4), 237– 
247. https://doi.org/10.1007/s1091 1- 007- 9051- 7

WHO. (2003). The world health report 2002. Midwifery, 19, 72– 73.
WHO. (2004). Vitamin and mineral requirements in human nutrition 

report of a joint FAO/WHO expert consultation. (2nd edition), 
Bangkok, Thailand, 21– 30 September 1998.

WHO. (2012). Guidelines: potassium intake for adults and children. 
Retrieved from http://www.who.int

WHO. (2022a). World Health Organization (WHO): Coronavirus disease 
(COVID- 2019). Global Situation Report. WHO Accessed December 
09, 2022.

WHO. (2022b). World Health Organization (WHO): Virtual Press 
Conference, 21 December 2022. Retrieved from https://www.
who.int/publi catio ns/m/item/virtu al- press - confe rence - on- globa 
l- healt h- issue s- trans cript - - - 21- decem ber- 2022

Witcher, K. J., Novick, R. P., & Schlievert, P. M. (1996). Modulation 
of immune cell proliferation by glycerol monolaurate. Clinical 
and Diagnostic Laboratory Immunology, 3(1), 10– 13. https://doi.
org/10.1128/cdli.3.1.10- 13.1996

Wong, C. W., Liu, A. H., Regester, G. O., Francis, G. L., & Watson, D. L. 
(1997). Influence of whey and purified whey proteins on neutro-
phil functions in sheep. Journal of Dairy Research, 64(2), 281– 288. 
https://doi.org/10.1017/S0022 02999 6002051

Wong, C. W., Seow, H. F., Husband, A. J., Regester, G. O., & Watson, 
D. L. (1997). Effects of purified bovine whey factors on cellu-
lar immune functions in ruminants. Veterinary Immunology and 
Immunopathology, 56(1– 2), 85– 96. https://doi.org/10.1016/S0165 
- 2427(96)05732 - 7

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1038/s41594-019-0233-y
https://doi.org/10.1093/jn/133.11.3499
https://doi.org/10.1111/jfbc.14039
https://doi.org/10.1111/jfbc.14039
https://doi.org/10.1016/j.ejphar.2017.03.004
https://doi.org/10.1111/j.1600-0714.1996.tb00306.x
https://doi.org/10.1111/j.1600-0714.1996.tb00306.x
https://doi.org/10.1016/j.mam.2005.07.015
https://doi.org/10.1139/bcb-2016-0050
https://doi.org/10.1016/j.beem.2017.10.004
https://doi.org/10.1016/S0166-3542(01)00195-4
https://doi.org/10.3168/jds.2012-6300
https://doi.org/10.3168/jds.2012-6300
https://doi.org/10.1002/9780470960707
https://doi.org/10.1101/2020.08.23.20177501
https://doi.org/10.1101/2020.08.23.20177501
https://doi.org/10.3201/eid1003.030683
https://doi.org/10.4172/2161-1009.1000109
https://doi.org/10.1016/j.ctim.2012.12.006
https://doi.org/10.1016/j.sjbs.2021.09.065
https://doi.org/10.1016/j.jiac.2014.08.003
https://doi.org/10.1016/j.jiac.2014.08.003
https://doi.org/10.1080/07315724.2020.1785971
https://doi.org/10.1080/07315724.2020.1785971
https://doi.org/10.4103/0366-6999.229890
https://doi.org/10.1016/j.sjbs.2019.08.012
https://doi.org/10.1016/j.sjbs.2019.08.012
https://doi.org/10.1530/acta.0.1030210
https://doi.org/10.1530/acta.0.1030210
https://doi.org/10.1128/mBio.00686-20
https://doi.org/10.1128/mBio.00686-20
https://doi.org/10.3389/fimmu.2020.01712
https://doi.org/10.1007/s10911-007-9051-7
http://www.who.int
https://www.who.int/publications/m/item/virtual-press-conference-on-global-health-issues-transcript---21-december-2022
https://www.who.int/publications/m/item/virtual-press-conference-on-global-health-issues-transcript---21-december-2022
https://www.who.int/publications/m/item/virtual-press-conference-on-global-health-issues-transcript---21-december-2022
https://doi.org/10.1128/cdli.3.1.10-13.1996
https://doi.org/10.1128/cdli.3.1.10-13.1996
https://doi.org/10.1017/S0022029996002051
https://doi.org/10.1016/S0165-2427(96)05732-7
https://doi.org/10.1016/S0165-2427(96)05732-7


    |  33SINGH et al.

Wong, C. W., Seow, H. F., Liu, A. H., Husband, A. J., Smithers, G. W., & 
Watson, D. L. (1996). Modulation of immune responses by bovine 
β- casein. Immunology and Cell Biology, 74(4), 323– 329. https://doi.
org/10.1038/icb.1996.58

Wong, K. F., Middleton, N., Montgomery, M., Dey, M., & Carr, R. I. (1998). 
Immunostimulation of murine spleen cells by materials associated 
with bovine milk protein fractions. Journal of Dairy Science, 81(7), 
1825– 1832. https://doi.org/10.3168/jds.S0022 - 0302(98)75752 - 2

Wotring, J. W., Fursmidt, R., Ward, L., & Sexton, J. Z. (2022). Evaluating 
the in vitro efficacy of bovine lactoferrin products against SARS- 
CoV- 2 variants of concern. Journal of Dairy Science, 105(4), 2791– 
2802. https://doi.org/10.3168/jds.2021- 21247

Wright, T. C., Holub, B. J., Hill, A. R., & McBride, B. W. (2003). Effect 
of combinations of fish meal and feather meal on milk fatty acid 
content and nitrogen utilization in dairy cows. Journal of Dairy 
Science, 86(3), 861– 869. https://doi.org/10.3168/jds.S0022 
- 0302(03)73669 - 8

Wu, Y. C., Chen, C. S., & Chan, Y. J. (2020). The outbreak of COVID- 19: An 
overview. Journal of the Chinese Medical Association, 83(3), 217– 220. 
https://doi.org/10.1097/JCMA.00000 00000 000270

Xiao, D., Li, X., Su, X., Mu, D., & Qu, Y. (2021). Could SARS- CoV- 2- induced 
lung injury be attenuated by vitamin D? International Journal of 
Infectious Diseases, 102, 196– 202. https://doi.org/10.1016/j.
ijid.2020.10.059

Xue, X., Ma, J., Zhao, Y., Zhao, A., Liu, X., Guo, W., Yan, F., Wang, Z., 
Guo, Y., & Fan, M. (2020). Correlation between hypophosphatemia 
and the severity of corona virus disease 2019 patients. MedRxiv 
https://doi.org/10.1101/2020.03.27.20040816

Xuekai, L., Chen, L., & Qin, X. (2019). Observation of relationship between 
serum phosphorus and immunological state of severe pneumonia in 
elderly patient [J]. Journal of Medical Research, 48(4), 116– 119.

Yamaguchi, Y., Semmel, M., Stanislawski, L., Strosberg, A. D., & 
Stanislawski, M. (1993). Virucidal effects of glucose oxidase and 
peroxidase or their protein conjugates on human immunodefi-
ciency virus type 1. Antimicrobial Agents and Chemotherapy, 37(1), 
26– 31. https://doi.org/10.1128/AAC.37.1.26

Yamamoto, H., Ura, Y., Tanemura, M., Koyama, A., Takano, S., Uematsu, 
J., Kawano, M., Tsurudome, M., O'Brien, M., & Komada, H. (2010). 
Inhibitory effect of bovine lactoferrin on human parainfluenza virus 
type 2 infection. Journal of Health Science, 56(5), 613– 617. https://
doi.org/10.1248/jhs.56.613

Yang, C., Yang, X., Du, J., Wang, H., Li, H., Zeng, L., Gu, W., & Jiang, J. 
(2015). Retinoic acid promotes the endogenous repair of lung stem/
progenitor cells in combined with simvastatin after acute lung in-
jury: A stereological analysis. Respiratory Research, 16, 140. https://
doi.org/10.1186/s1293 1- 015- 0300- 9

Yaqoob, P., Pala, H. S., Cortina- Borja, M., Newsholme, E. A., & Calder, 
P. C. (2000). Encapsulated fish oil enriched in alpha- tocopherol 
alters plasma phospholipid and mononuclear cell fatty acid 
compositions but not mononuclear cell functions. European 
Journal of Clinical Investigation, 30(3), 260– 274. https://doi.
org/10.1046/j.1365- 2362.2000.00623.x

Yen, C. C., Shen, C. J., Hsu, W. H., Chang, Y. H., Lin, H. T., Chen, H. L., 
& Chen, C. M. (2011). Lactoferrin: An iron- binding antimicrobial 
protein against Escherichia coli infection. Biometals, 24(4), 585– 594. 
https://doi.org/10.1007/s1053 4- 011- 9423- 8

Yen, L. M., & Thwaites, C. L. (2019). Tetanus. Lancet, 393, 1657– 1668. 
https://doi.org/10.1016/S0140 - 6736(18)33131 - 3

Yoo, J. S., Cho, Y. A., Yoon, H. S., & Kim, C. H. (2021). Calcium solubi-
lization ability and anti- inflammatory effects of hydrolyzed ca-
sein. Food Science of Animal Resources, 41(4), 687– 700. https://doi.
org/10.5851/kosfa.2021.e29

Yu, H., Zhong, Y., Zhang, Z., Liu, X., Zhang, K., Zhang, F., Zhang, J., Shu, 
J., Ding, L., Chen, W., Du, H., Zhang, C., Wang, X., & Li, Z. (2018). 
Characterization of proteins with Siaα2- 3/6Gal- linked glycans from 
bovine milk and role of their glycans against influenza A virus. Food 
and Function, 9(10), 5198– 5208. https://doi.org/10.1039/C8FO0 
0950C

Yu, Y., Lasanajak, Y., Song, X., Hu, L., Ramani, S., Mickum, M. L., Ashline, 
D. J., Prasad, B. V. V., Estes, M. K., Reinhold, V. N., Cummings, R. D., 
& Smith, D. F. (2014). Human milk contains novel glycans that are 
potential decoy receptors for neonatal rotaviruses. Molecular and 
Cellular Proteomics, 13(11), 2944– 2960. https://doi.org/10.1074/
mcp.M114.039875

Yugis, A. R., Saputra, A., Noviana, R., Iskandriati, D., Pamungkas, J., & 
Suparto, I. H. (2015). Comparison of methods for the purification 
of goat lactoferrin and antiviral activity to human papillomavirus. 
American Journal of Microbiological Research, 3(5), 171– 175. https://
doi.org/10.12691/ ajmr- 3- 5- 4

Zazzo, J. F., Troche, G., Ruel, P., & Maintenant, J. (1995). High incidence 
of hypophosphatemia in surgical intensive care patients: Efficacy 
of phosphorus therapy on myocardial function. Intensive Care 
Medicine, 21(10), 826– 831. https://doi.org/10.1007/BF017 00966

Zhang, H. W., Wang, Q., Mei, H. X., Zheng, S. X., Ali, A. M., Wu, Q. X., 
Ye, Y., Xu, H. R., Xiang, S. Y., & Jin, S. W. (2019). RvD1 ameliorates 
LPS- induced acute lung injury via the suppression of neutrophil 
infiltration by reducing CXCL2 expression and release from resi-
dent alveolar macrophages. International Immunopharmacology, 76, 
105877. https://doi.org/10.1016/j.intimp.2019.105877

Zhang, L., & Liu, Y. (2020). Potential interventions for novel coronavi-
rus in China: A systematic review. Journal of Medical Virology, 92(5), 
479– 490. https://doi.org/10.1002/jmv.25707

Zhang, M. S., Sandouk, A., & Houtman, J. C. (2016). Glycerol monolau-
rate (GML) inhibits human T cell signaling and function by dis-
rupting lipid dynamics. Scientific Reports, 6(1), 1– 13. https://doi.
org/10.1038/srep3 0225

Zhao, Y., Li, Z., Shi, Y., Cao, G., Meng, F., Zhu, W., & Yang, G. E. (2016). 
Effect of hypophosphatemia on the withdrawal of mechanical ven-
tilation in patients with acute exacerbations of chronic obstructive 
pulmonary disease. Biomedical Reports, 4(4), 413– 416. https://doi.
org/10.3892/br.2016.605

Zhou, P., Yang, X. L., Wang, X. G., Hu, B., Zhang, L., Zhang, W., Si, H. R., 
Zhu, Y., Li, B., Huang, C. L., Chen, H. D., Chen, J., Luo, Y., Guo, H., 
Jiang, R. D., Liu, M. Q., Chen, Y., Shen, X. R., Wang, X., … Shi, Z. L. 
(2020). A pneumonia outbreak associated with a new coronavirus 
of probable bat origin. Nature, 579(7798), 270– 273. https://doi.
org/10.1038/s41586-020-2012-7

Zimecki, M., Dawiskiba, J., Zawirska, B., Krawczyk, Z., & Kruzel, M. 
(2003). Bovine lactoferrin decreases histopathological changes 
in the liver and regulates cytokine production by splenocytes of 
obstructive jaundiced rats. Inflammation Research, 52(7), 305– 310. 
https://doi.org/10.1007/s0001 1- 003- 1178- 4

How to cite this article: Singh, P., Hernandez- Rauda, R., & 
Peña- Rodas, O. (2023). Preventative and therapeutic 
potential of animal milk components against COVID- 19: A 
comprehensive review. Food Science & Nutrition, 00, 1–33. 
https://doi.org/10.1002/fsn3.3314

 20487177, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.3314 by U

niversidad D
r. A

ndres B
ello, W

iley O
nline L

ibrary on [29/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1038/icb.1996.58
https://doi.org/10.1038/icb.1996.58
https://doi.org/10.3168/jds.S0022-0302(98)75752-2
https://doi.org/10.3168/jds.2021-21247
https://doi.org/10.3168/jds.S0022-0302(03)73669-8
https://doi.org/10.3168/jds.S0022-0302(03)73669-8
https://doi.org/10.1097/JCMA.0000000000000270
https://doi.org/10.1016/j.ijid.2020.10.059
https://doi.org/10.1016/j.ijid.2020.10.059
https://doi.org/10.1101/2020.03.27.20040816
https://doi.org/10.1128/AAC.37.1.26
https://doi.org/10.1248/jhs.56.613
https://doi.org/10.1248/jhs.56.613
https://doi.org/10.1186/s12931-015-0300-9
https://doi.org/10.1186/s12931-015-0300-9
https://doi.org/10.1046/j.1365-2362.2000.00623.x
https://doi.org/10.1046/j.1365-2362.2000.00623.x
https://doi.org/10.1007/s10534-011-9423-8
https://doi.org/10.1016/S0140-6736(18)33131-3
https://doi.org/10.5851/kosfa.2021.e29
https://doi.org/10.5851/kosfa.2021.e29
https://doi.org/10.1039/C8FO00950C
https://doi.org/10.1039/C8FO00950C
https://doi.org/10.1074/mcp.M114.039875
https://doi.org/10.1074/mcp.M114.039875
https://doi.org/10.12691/ajmr-3-5-4
https://doi.org/10.12691/ajmr-3-5-4
https://doi.org/10.1007/BF01700966
https://doi.org/10.1016/j.intimp.2019.105877
https://doi.org/10.1002/jmv.25707
https://doi.org/10.1038/srep30225
https://doi.org/10.1038/srep30225
https://doi.org/10.3892/br.2016.605
https://doi.org/10.3892/br.2016.605
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1007/s00011-003-1178-4
https://doi.org/10.1002/fsn3.3314

	Preventative and therapeutic potential of animal milk components against COVID-­19: A comprehensive review
	Abstract
	1|INTRODUCTION
	2|MILK PROTEINS
	2.1|Caseins
	2.1.1|Immunomodulator properties
	2.1.2|Antiviral properties
	2.1.3|Antioxidant and anti-­inflammatory properties
	2.1.4|Antithrombotic properties

	2.2|Whey proteins
	2.2.1|Immunomodulator properties
	2.2.2|Antiviral properties
	2.2.3|Anti-­inflammatory properties


	3|MILK CARBOHYDRATES
	3.1|Milk oligosaccharides (Milk glycans)
	3.1.1|Antiviral properties

	3.2|Glycosaminoglycans
	3.2.1|Antiviral properties


	4|MILK FATS
	4.1|Glycerol monolaurate
	4.1.1|Immunomodulator properties
	4.1.2|Antiviral properties

	4.2|Polyunsaturated fatty acids
	4.2.1|Immunomodulator properties
	4.2.2|Anti-­inflammatory properties
	4.2.3|Anticoagulation properties


	5|MILK VITAMINS
	5.1|Fat-­soluble vitamins
	5.1.1|Vitamin A
	5.1.2|Vitamin D
	5.1.3|Vitamin E
	5.1.4|Vitamin K

	5.2|Water-­soluble vitamins
	5.2.1|Vitamins B
	5.2.2|Vitamin C


	6|MILK MINERALS
	6.1|Macrominerals
	6.1.1|Calcium
	6.1.2|Phosphorus
	6.1.3|Magnesium
	6.1.4|Sodium
	6.1.5|Potassium

	6.2|Microminerals
	6.2.1|Zinc
	6.2.2|Selenium
	6.2.3|Iodine
	6.2.4|Copper


	7|CONCLUSION
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL
	REFERENCES


