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Abstract

Whey proteins in bovine milk are a mixture of globular proteins manufactured
from whey which is a byproduct of cheese industry. Whey protein is categorized
to contain plethora of healthy components due to wide range of pH, promising
nutritional profile with cost effective and diverse functionality. Reportedly there
are three categories of whey protein, whey protein concentrate (WPC) (29-89%);
whey protein isolate (WPI) 90% and whey protein hydrolysate (WPH) on the
basis of proteins present in them. Whey proteins is composed of p-lactoglobulin
(45-57%), immunoglobulins (10-15%) a-lactalbumin (15-25%), glicomacropeptide
(10-15%), lactoperoxidase (<1%) and lactoferrin nearly (1%). Whey protein plays
an important role and is validated to confer anti-inflammatory and immunos-
timulatory roles related to all metabolic syndromes. According to molecular point
of view whey proteins decrease inflammatory cytokines (IL-1a, IL-1p, IL-10 and
TNF- a); inhibits ACE and NF-«B expression; promotes Fas signaling and caspase-3
expression; elevates GLP-1, PYY, CCK, G1P and leptin; chelate and binds Fe*’, Mn*?
and Zn*, In this chapter we will discuss significant biological role of whey proteins
related to inflammatory health issues.
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1. Introduction

The protein system in bovine milk is made up of two main protein families: casein
(insoluble) and whey proteins (soluble). Casein is the major portion 80% of total
protein content weight by weight (w/w) and is easy to separate from non-fat milk
through isoelectric precipitation (by adding acid or producing it in situ) or rennet-
driven coagulation, and the leftover is whey. Whey proteins consists of spherical
molecules as well as amino acids either acidic/basic or hydrophilic/hydrophobic in
composition of their polypeptide chains that are evenly distributed to form a helical
shape [1]. Profiling of whey protein including it chemical and physiological properties
like B-lactoglobulin (B-LG), a-lactalbumin (a-LA), immunoglobulins (IG), bovine
serum albumin (BSA), bovine lactoferrin (BLF), and lactoperoxidase (LP) along with
other constituents are all contained in whey proteins [2]. Whey protein concentrations
varies depending on its type (acidic or sweet), milk source (bovine, caprine, or ovine),
phase of the year, the kind of feedstuff, lactation phase, and productivity.
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2. Components and types of whey proteins

Acid whey, which has a pH of 5.1 or less, is made by acidifying milk directly, as
is used in the production of cottage cheese. After rennet-coagulation, sweet whey
with a pH of 5.6 or higher is produced, as it is used in most cheese-making processes
around the world [3]. Whey protein (protein not precipitated by acid or rennet)
accounts for about 0.6 to 0.7 percent of total milk content and accounts for about
20% of overall milk proteins. Whey proteins are high in nutrients that are beneficial
to wellbeing of humans. a-lactalbumin, p-lactoglobulin, lactoferin, lactoperoxidase,
immunoglobulins, and glycomacropetide are among the proteins present in it [4].
Percentage of each component of whey protein is mentioned in Table 1.

The development of processing techniques, particularly those based on
selectively permeable membranes, has allowed a range of whey protein constitu-
ents to emerge as common food additives in the last two decades. The membrane
based processing techniques results in ultrafiltration (UF) to concentrate proteins
and diafiltration (DF) to eliminate most lactose, minerals and low molecular
weight components and hence producing versatile whey products with distinct
qualitative and quantitative profiles of proteins, minerals, lipids, sugars and whey

Sr. No Component of whey Amount specie Reference
1. f-Lactoglobulin 3.2 (mg/L milk) Bovine, buffalo,caprine [5, 6]
and equine

2. Lysozyme 0.0004 (mg/L milk) Camel and bovine [7, 8]

3. a-Lactalbumin 1.2 (mg/L milk) Camel,bovine and human [9]

4, Lactoperoxidase 0.03 (mg/L milk) Camel and bovine [10]

5. Glycomacropeptide 1.2 (mg/L milk) Camel and bovine [11]

6. Immunoglobulin M 0.04 (mg/L milk) Camel, bovine and human [8,12]

7. Immunoglobulin G 0.7 (mg/L milk) Camel, bovine and human

8. Immunoglobulin A 0.04 (mg/L milk) Camel, bovine and human

9. Lactoferrin 0.06 (mg/L milk) Camel, bovine and human [9,13]
Table 1.

Approximate concentration of proteins in whey in different species.

Types of whey
Proteins

Whey protein Whey protein Whey protein
concentrate - WPC isolate — WPIs hydrolysate - WPH

Figure 1.
Types of whey proteins; this classification is based on protein processing and refining [18, 19].
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protein concentrate (WPC). There are WPC that produce 35, 50, 65 and 80%
(w/w) protein, subject to their concentration. When the protein content reaches
90% (w/w), a whey protein isolate (WPI) is made, that is a high-grade and pure
protein concentrate. When added to foods, each of these compounds function as
carriers for the stimulation of a variety of biological characters. When whey is
heated, a-LA denatures quickly, allowing the fraction to be divided by precipita-
tion [14]. Whey protein hydrolysate (WPH) is the “predigested” type of whey
protein since it has already passed through partial hydrolysis, which is needed for
the body to consume protein. WPH is easier to absorb than the other two types of
whey protein [15-17]. Flow sheet of all types of whey proteins is mentioned under
Figure 1.

3. Physiological and biological roles of whey proteins

Whey protein is high in bioactive peptides, which can help with chronic disease
control by nutrition. The conventional and evolving implications of whey proteins
are elaborated in below para [20, 21].

Whey proteins and their constituents have been found to have a variety of health
advantages. In a study, bovine whey proteins showed positive impacts on the lipid
profile in serum and liver, including overall lipid and triglyceride alteration and
reduction [22]. Enzymatic breakdown (natural digestion in the GI tract, enzyme
mediated hydrolysis, milk fermentation) of whey proteins produces antihyperten-
sive peptides (ACE-I) [23]. Whey proteins derivatives like short chain and peptides
resistant to water have been shown in studies to reduce blood pressure and stress
hypertension by increasing ACE inhibitory action [24, 25]. Whey proteins are a
predecessor or foundation of glutathione (GSH) that performs oxidation against
reactive oxygen species (ROS), responsible for tissue harm, especially in the central
nervous system’s neurons and glial cells [26]. Whey proteins are unusual in their
capacity to increase glutathione (GSH) levels in different tissues that optimizes the
functionality and structure of the immune system [27]. GSH defends cells from free
radical destruction, contaminants, chemicals, infection, and UV exposure as part of
antioxidant defense mechanism of body [28]. GSH levels are usually low in people
who have cancer, HIV, persistent fatigue syndrome, or other immune-suppressing
diseases [29]. GSH levels drop with age, and it’s thought to play a role in diseases
like Alzheimer’s, cataracts, Parkinson’s, and arteriosclerosis. Whey proteins provide
a number of health benefits, including improving the acquired immune system.
The most active fractions were whey protein extracts from f-lactoglobulin and
a-lactalbumin, which had an additive impact on neutrophils, making them more
sensitive to a subsequent stimulus [30]. Supplementing athletes with whey protein
during rigorous endurance training can help them boost the immunity in between
and afterward of workout and physical activity [29, 30]. In infants, an improved
immune response may aid in the prevention of bacteriological and pathological
syndromes, as well as illnesses including gastroenteritis. Thus, including whey
proteins in one’s diet can benefit people of all ages, not just those with a weakened
immune system [31]. Whey protein has been shown to prohibit the progression of
pathogenic bacteria, suggesting that it may be used to regulate the development and
reinfection of E. coli (0157:H7), Listeria monocytogenes, and Salmonella typhimurium
in ready to eat meat by using WPI as a defensive film covering ingredient [32-35].
Rises in the levels of alanine in plasma and aspartate aminotransferase activities,
production of lactate dehydrogenase, and bilirubin concentration that refers to
hepatitis indicators, as well as hyaluronic acid concentration which is fibrosis
marker can be suppressed by a whey protein-rich diet [36, 37].
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The active ingredient of whey protein found to have a vital role in growth and
development of bones as well as a possible healing impact on osteoporosis by
stimulating osteoblasts [38, 39]. The biochemical role of peptides in whey protein
is as food additives is to improve calcium absorption (by preventing calcium
phosphate formation) and avoid bone disorders [40]. Branched-chain amino acids
(BCAAs) are well-known in whey proteins. While the need for BCAAs rises with
endurance activity, whey protein may be used to supplement these BCAAs during
the healing process to boost protein synthesis and muscle development [41]. Since
both whey and skeletal muscle almost have identical amino acid profiling, it is
highly effective to speedup muscle protein synthesis [42]. As a result, whey protein,
by its necessary amino acids, aids in the production of skeletal muscle protein and
the avoidance of sarcopenia (muscle wasting) after strenuous exercise [43, 44].
Current researches depicts that whey proteins may help athletes with resistance
training boost their lean body mass and efficiency [45]. Increased brain tryptophan
and serotonin activities boost cognitive function in stress-prone subjects because of
efflux of whey protein in a-lactalbumin [46]. In milk, glycomacropeptides (GMPs)
and whey protein concentrate may help probiotic bacteria like bifidobacterium
lactis development. Gut wellbeing has been seen to be improved by a variety of
probiotic bacteria [47]. Cancer prevention is essential. Whey protein in the diet can
lower serum C-peptide levels and duodenal SREBP-1c mRNA profusion, as well
as lessen the risk of duodenal tumors [48, 49]. Growth stimulator established in
whey proteins showed positive impacts on various mammalian cells of the culture
media. These growth stimulators work by suppressing protein degeneration and
enhancing synthesis of protein and DNA inside the cells. As a result, whey protein
can aid in tissue regeneration as well as the prevention of psoriasis and ulcers [50].
Incorporating whey protein concentrates and glycomacropeptides (GMPs) into the
diet may increase satiety and reduce food consumption. GMP that activates chole-
cystokinin (CCK), which is a hormone to suppress hunger, is shown to have variety
of important roles in gastrointestinal activity, including food intake control [51].
Various other proteins, in the patients suffering from type 2 diabetes, established
to be overtaken by whey proteins for the improvement of postprandial lipemia,
when taken as a complement to a fat-rich diet, likely due to the development of less
chylomicrons or improved clearance of chylomicrons [25, 52] as shown in Figure 2.

Cardiovascular
health

Skin health
benefits

Obesity and weight
control

Prevention of diabetes Cognitive health

Anti-bacterial activity Prevention of cancers

Biological roles of whey protein

Immune modulating
function

Bone health and
osteoporosis

Muscle strength and
sports nutrition

Liver and lung health
benefits

Growth of probiotic
bacteria and gut
health

Anti-inflammatory
effects

Antioxidant property

Figure 2.

Biological roles of whey proteins summarized from different litevature [53-60].
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4. Inflammatory cytokines in inflammatory process

Cytokines are tiny secreted proteins (<40 kDa) that virtually every cell produces
to control and affect immune response [20]. The discharge of pro-inflammatory
cytokines causes immune cell initiation and development, along with the discharge
of additional cytokines [61]. When the word “cytokine storm” first appeared, it was
used to describe inflammation as a rapid immediate discharge of cytokines to activate
an inflammatory mechanism [62]. Current work of scientists suggests that in every
immune reaction, the simultaneous release of pro- and anti-inflammatory cytokines is
needed [63]. Interleukins, chemokines, and growth factors are only some of the terms
used to describe cytokines [64]. Super families of cytokines exist, which do not actu-
ally describe common genes but rather related structures [64]. Furthermore, the same
cytokine may be generated by various cell populations. Cytokines have pleiotropic
effects and their effects are dependent on the cell they are targeting [65]. Furthermore,
various cytokines may have the same impact, making them redundant. However, they
could have a synergistic influence. Finally, they can initiate signaling cascades, allow-
ing even tiny amounts of protein to have catastrophic consequences [66].

5. Whey proteins leads to activation and production of
pro-inflammatory cytokines

As cellular antioxidants struggle to keep up with ROS, the organism suffers
from oxidative stress [67]. Inflammation causes damage to tissue by releasing
free radicals from macrophages and neutrophils [68]. By transporting iron, whey
proteins are essential for maintaining oxidative stress [69]. They produce the
cytotoxic protection mechanism of neutrophils as well as free radicals [70, 71].
Whey proteins are involved in the preservation of inflammation through reducing
lipid peroxidation and oxygen radicals via the production of antioxidant glutathi-
one. Inflammatory cytokines are generated in large part by whey proteins. Whey
proteins supplementation restored a high degree of IL-1f and TNF-a. IL-1p and
TNF-a influenced the expression of chemokines and the adhesion of molecules
required for the recruitment of inflammatory cells [72, 73]. According to a review,
whey protein can increase neutrophil infiltration by inhibiting oxidative markers
and reactive oxygen species. In whey protein treated mice, the number of bone
marrow-derived dendritic cells, T-cells, and B-cells increased in response to CCL-
21 and CXCL-12 [74]. Cytokines released by neutrophils increase the proliferative
and remodeling processes of cells; via this, the earliest signals responsible for the
activation of fibroblasts and keratinocytes are produced [75, 76]. Neutrophils
are involved in the early stages of the anti-inflammatory cascade by removing
bacteria and phagocytosing cellular waste [77]. Various experiments have shown
that priming blood neutrophils with proteins can trigger oxidative explosion,
chemotaxis, degranulation, and phagocytosis [78]. Whey protein promotes the
development of inflammatory proteins such as IL-1p, IL-8, IL-6 and TNF-a in
macrophages [78, 79]. The initiation of NF-kB, which contributes to the develop-
ment of inflammatory cascades and the release of pro-inflammatory cytokines
for instance IL-18, TNF-a, and IL-6 is one of whey protein’s anti-inflammatory
processes [80, 81]. Inflammatory cytokines such as IL-1, IL-1, IL-10, and TNF-«
were shown to be lower in the blood of mice feeding whey protein concentrate.
Contrary to this, the amounts of cytokines such as IL-2, IL-4, IL-7, and IL-8,
which are accountable for maintaining a healthy immune system, increased. The
proliferative capacity of lymphocytes, monocytes, and macrophages in reaction to
antigens was intensified [82].
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6. Whey proteins role as anti-cancerous agents through production of
inflammatory cytokines

Cancer is associated with a high rate of morbidity and mortality. According
to a worldwide study, 27 main cancers were responsible for millions of deaths per
year [81]. Dietetic modification has been proposed as an encouraging prophylactic
strategy. Metabolites that modulate biomarkers of cancer began to emerge. Whey
protein seems to be effective in this respect, and the assumptions have been sup-
ported by some data. In vitro, isolates of whey proteins had an impact on melanoma
B16F10 cells that is cytotoxic in nature, as shown by the release of high caspase-3
[83]. According to a study performed on the rats suffering from gut cancer, fed
whey protein hydrolysate, there were less tumor foci [84]. Before and after chemo-
therapy, a cervical cancer patient received whey protein (10 g three times quotid-
ian) and a monthly testosterone infusion, which increased body lean mass, physical
movement, and life quality [85]. Lactoferrin has been shown in vivo to stimulate
cytokines in the guts and suppressing cancer growth in colon. Research established
that consuming 3.0 g of bovine lactoferrin on a regular basis enhance the IFN levels
that reduces the propagation of colorectal polyps [86]. While the available evidence
is limited and the conclusion is far from definitive, but it might play a role of foun-
dation for further research regarding anticancer experiments [21].

7. Whey protein as immunomodulators through maintenance of
inflammatory cytokines

The complex network of lymphoid glands, effector cells, and molecules that
make up the host immune defense is critical for survival [87]. Pathogenesis, meta-
bolic, and degenerative disorders results as immunity lost. Dietary ingredients
including probiotics, oligosaccharides, and B-glucans have been shown to have
immune-boosting properties [88]. Whey proteins have been found to boost toler-
ance during childhood and thereby eliminate certain immune problems [89]. Whey
proteins, upon digestion, found to activate variation among cells of immune system
and recruitment of secondary lymphoid glands, according to a rodent report [89]. A
comparative study among child’s who fed whey incorporated formula were and the
kids who consumed bovine milk, the chances of atopic dermatitis were 16 percent
less in the former than later group [90]. Psoriasis patients’ skin healed by taking 20
grams of whey protein isolate a day [21]. Although the psoriasis region and intensity
score ranged from 4.9 to 28.8, it improved from 0.8 to 8.4 after 3 months of therapy.
Higher glutathione levels and reduced systemic inflammation were linked to a
reduction in autoimmune disorder symptoms [91].

8. Whey protein role in metabolic syndrome related to amelioration in
pro-inflammatory cytokines

Hormones, cytokines and various other compounds involved to prohibit insulin
sensitivity are produced by adipose tissue, an endocrine organ [66]. It is established
that in the obese people, there is an increased discharge of adipocytokines through
adipose tissue and macrophages [92]. Pal & Ellis [93] found that supplementing
whey protein (54 g) for 12 weeks had little effect on pro-inflammatory markers (IL-
6, C-reactive protein-CRP, and TNF-a) in overweight and obese participants. In rats
with D-galactosamine-induced hepatitis and liver fibrosis, however, whey protein
intake significantly decreased plasma amounts of pro-inflammatory cytokines
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Figure 3.

Cytokine profile related to whey proteins; by inhibiting IL-1a, IL-1p, IL-6, TNF- o, CRP and IL-10 whey
protein show anti-inflammatory effect while velease of IL-2, IL-4, IL-7, IL-8 and TNF- o showed its immunity
related function [60, 96, 97].

(IL-1: 59 percent and IL-6: 29 percent) as paralleled to casein consumption [37].
Since consuming whey protein and its amino acids, a decrease in pro-inflammatory
cytokines can be linked to a reduction in body weight gain [94]. In streptozotocin-
induced diabetic rats, whey protein fed in 100 mg amount related to body weight

in kg and results showed the decrease in number of oxidative stress markers, like;
MDA, nitric oxide, and ROS concentrations, as well as pro-inflammatory cytokines
(IL-1, TNF-a, IL-6, and IL-4) and raised glutathione amount [81]. A study in which
rats were fed with a food of more carbohydrate content, no fat diet to cause fatty liv-
ers (nonalcoholic fatty liver model) plus orally directed whey protein (0.15 g/d/rat)
for 28 days resulted in decreased MDA and elevated glutathione levels [95]. Hence

it can be concluded that whey proteins plays a vital role to enhance endogenous
antioxidant enzymes (glutathione peroxidase, catalase, and superoxide dismutase)
and limits oxidative stress markers in obese, diabetic, or stroke patients, along with
low expression of pro-inflammatory cytokines (IL-1, IL-6, and TNF-a) [94]. TBARs
are commonly used to measure lipid peroxidation products in cell and MDA is used
as an oxidative stress marker. Summary of all cytokines related to whey proteins is
discussed in Figure 3.

9. Whey protein hydrolysate downregulate inflammation-related genes

Bioactive peptides with anti-inflammatory effects, as well as amino acids, are
used in dairy protein hydrolysates [98]. After the consumption of milk or yogurt,
postprandial mRNA levels of inflammatory markers were shown to be lower in
an acute clinical trial [99]. These findings indicate that dairy nutrients, as shown
in mice, may control the transcriptome [100]. Low-grade systemic inflammation
has been related to endothelial dysfunction and the progression of atherosclerosis
in obese and/or T2D people [101]. Reduced nitric oxide (NO) supply and hence
endothelial nitric oxide synthase (eNOS) activity characterize endothelial dysfunc-
tion. The research showed that lower the availability of NO, enhances the invasion
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of macrophages linked to adhering molecules like vascular cellular adhesion
molecule (VCAM)-1, along with the discharge of proinflammatory cytokines like
interleukins (ILs) and tumor necrosis factor (TNF-a) [102]. Antioxidant enzymes
including superoxide dismutases (SOD) may even deactivate reactive oxygen
species (ROS) that are connected to endothelial dysfunction [103]. Endothelial

cells play an important role in inflammation. Dairy products’ special protein and
amino acid composition can influence cytokine gene expression and development.
However, mechanistic experiments comparing various dairy protein compounds are
rare [104]. Whey proteins and their chief amino acids, BCAAs, shown an increased
anti-inflammatory capacity compared to other proteins.

Whey protein hydrolysate and BCAA have anti-inflammatory properties by
lowering TNF and VCAM-1 expression and thereby attenuating TNF-a induced
gene expression. Similarly, whey proteins were found to have an anti-inflammatory
impact in Caco-2 intestinal cells by lowering IL-8 production [105]. Whey proteins’
protective effects may be regulated by BCAAs. In HUVECs, BCAAs reduced the
inflammatory reaction caused by TNF. In obese mice, induction of BCAAs, par-
ticularly leucine, reduced the appearance of genes involved in inflammation in the
adipose tissue and liver, as well as macrophage infiltration [106].

In a rodent model of endothelial dysfunction, glutamine reduced the levels of
circulating inflammatory markers (IL-6, IL-1, MIP-1, GM-CSF, MIP-2, IFN, and
E-selectin) [107]. SOD2 expression is influenced by whey proteins and amino acids
in the absence of TNF stimulation. WPH have been shown in to reduce inflam-
matory responses by constraining the nuclear factor kB (NF-xB) pathway [108].
Furthermore, glutamine, leucine, and proline have the ability to block the NF-kB
pathway [109]. NF-xB is a transcription factor that controls the transcription of sev-
eral inflammatory genes when it is triggered by proinflammatory signals like TNF-
a. TNF, VCAM-1, and SOD2 are among the genes controlled by NF-«B [110], and
these were the genes most affected by whey protein combinations in this study. As a
result, it is established that by a route of NF-xB pathway, clear reduction in TNF-
linked appearance of genes for inflammation through hydro-lysates and BCAAs of
whey proteins could be achieved. Whey protein isolate, caseins, and WPC are entire
proteins that can require other pathways. Autophagy, for example, has an effect on
the functionality of mitochondria and oxidative stress, and that could be stimulated
by proteins [111, 112].

10. IFN-vy, IL-8 and TGF-f expressions are downregulated by whey
proteins

The most notable result of cow milk (CMO whey therapy was the full aboli-
tion of interferon gamma (IFN-vy), as shown by extensive research. IFN-y has a
direct anti-proliferative effect on cancer cell lines. Studies have shown that mice
lacking IFN-y or IFN-y receptor [113] as well as IFN-y gene knockout (KO) mice
grow cancer more quickly [114]. The late colitis stage and early neoplasms are
reflected in the mouse examination and sample selection at 12th week. Dextral
Sulfate Sodium (DSS) induced colitis was linked to an elevated level of IFN-y,
which was linked to decrease in weight and more death ratio [115]. Thus, the
decreased IFN-y amount results in the prohibition of immune cell recruitment to
the inflammatory region and more tissue harm can clarify CM-mediated inhibi-
tion of inflammation. As a result, the neoplasm formation in CM-treated mice
may have been influenced by lower mucosal inflammation. In a related vein,
it has been shown that CM therapy reduced IFN-y levels in chronic hepatitis B
patients [116].
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IL-8 has been shown to play a multifunctional role in cancer development,
including encouraging tumor cell proliferation, improving cancer cell survival,
and controlling adhesion and invasion [117]. Findings showed that cow milk
(CM) significantly reduced IL-8 expression in colon tissue, suggesting that these
results may reflect CM’s anti-inflammatory mechanism. It was found in a report on
immunomodulatory function of milk proteins that IL-8 was recruited by Caco2 gut
cells lined with the both a-lactalbumin and p-lactoglobulin of a non-fat bovine milk
(BM) whey [118]. This phenomenon occurred by the activation of Caco2 cells by
IL-1p. However, it is still needs to be confirmed that either the abstinence of p-LG in
CM whey has any link to drop the IL-8 scale or graph in the CM treated population
in model. Many studies have shown that all milk ingredients have a synergistic role
in lowering IL-8 gene expression [118].

In addition, milk whey treatment reduced transforming growth factor (TGF-f)
expression. TGF-p, a cytokine has double role in cancer growth and alteration in
the TGF-f pathway within epithelial cells, promotes the enlargement and evolution
of colonic tumors [118]. TGF-p signaling in tumor-infiltrating T-lymphocytes,
on the other hand, led to the growth of dysplastic epithelial cells in experimental
colorectal cancers (CRCs), according to contradictory findings [119]. Varying
results on the role of TGF-p in CRC models could be described by the phase of
cancer studied or the signaling pathway targeted by the cytokine in specific
immune cells.

11. Conclusions

An interesting and verified phenomenon of bovine milk whey proteins is that
they are known to act as anti-inflammatory and immune-stimulatory agents in
connection with inflammatory and metabolic disorders.

According to molecular hypothesis, whey proteins decrease inflammatory
cytokines (IL-1a, IL-1p, IL-10, and TNF-a) by molecularly inhibiting ACE and
NF-kB expression, promoting Fas signaling, and increasing caspase-3 expression,
while elevating GLP-1, PYY, CCK, GIP, and leptin, as well as chelating and binding
iron, manganese, and zinc.

In this chapter, we have described about whey proteins’ essential significance in
the molecular mechanisms associated with inflammatory health conditions. Whey
protein also possesses many other impacts on different health issues on molecu-
lar level.

Acknowledgements

Authors acknowledge the role Food and Nutrition Society Gilgit Baltistan
Pakistan for giving free access to journals.

Conflict of interest

Authors declare no conflict of interest.

Notes/thanks/other declarations

Authors pay special thanks to everyone for contribution.



Whey Proteins - Uses and Biological Roles

Abbreviations

ABTS
ACE
a-LA
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Angiotensin-converting enzyme

alpha lactalbumin

Azoxymethane

Murine melanoma cell

Branched chain aminoacids

Cells human colon adenocarcinoma
Cholecystokinin

Cow milk

colorectal cancer cell

C-reactive protein
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Thiobarbituric acid reactive substances
Transforming growth factor beta

Tumor Necrosis Factor alpha
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