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Gut microbiota is the natural residents of the intestinal ecosystem which display multiple functions that provide beneficial effects on
host physiology. Disturbances in gut microbiota in weaning stress are regulated by the immune system and oxidative stress-related
protein pathways. Weaning stress also alters gut microbiota response, limits digestibility, and influences animal productive
performance through the production of inflammatory molecules. Heat shock proteins are the molecular chaperones that
perform array functions from physiological to pathological point of view and remodeling cellular stress response. As it is
involved in the defense mechanism, polyphenols ensure cellular tolerance against enormous stimuli. Polyphenols are nature-
blessed compounds that show their existence in plenty of amounts. Due to their wider availability and popularity, they can exert
strong immunomodulatory, antioxidative, and anti-inflammatory activities. Their promising health-promoting effects have been
demonstrated in different cellular and animal studies. Dietary interventions with polyphenols may alter the gut microbiome
response and attenuate the weaning stress related to inflammation. Further, polyphenols elicit health-favored effects through
ameliorating inflammatory processes to improve digestibility and thereby exert a protective effect on animal production. Here,
in this article, we will expand the role of dietary polyphenol intervention strategies in weaning stress which perturbs gut
microbiota function and also paid emphasis to heat shock proteins in gut health. This review article gives new direction to the
feed industry to formulate diet containing polyphenols which would have a significant impact on animal health.
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1. Introduction

Gut microbiota is the natural inhabitant of the gastrointesti-
nal tract, residing in a host with mutual understanding over
the decades [1]. It performs a well-maintained composition
and balance within the host homeostasis [2]. The gut micro-
biota of pigs represents vibrant composition and diversity
that alters with time and throughout the gastrointestinal tract
[3]. The initiation of microbial colonization starts to develop
at birth and is shaped by the consumption of sow’s milk [4],
and thus, the suckling period indicates gut microbial alter-
ations. The weaning period especially starts from 3 to 4 weeks
after sowing, when piglets have been offered a solid diet
instead of liquid milk. Weaned piglets are sensitive to nutri-
tional, physiological, and psychological stressors, leading to
disrupted intestinal morphology, physiological function,
and shifts in gut microbiota [5, 6]. The alteration in gut
microbiota is regarded as the main factor for postweaning
diarrhea [7]. The prime function of gut microbiota is to
digest indigestible nutrients, but it also helps in nutrient
absorption, metabolism, and storage of ingested nutrients
which has an influential impact on host physiology [8]. Dis-
ruption in the shift of gut microbiota composition may lead
to several pathogenic disorders [9, 10]. Therefore, enhance-
ment in host health needs a clear understanding of the intes-
tinal ecosystem particularly gut microbiota [11].

It has been well understood that overwhelming free rad-
icals induce oxidative stress, compromise scavenging free
radicals, and influence oxidant/antioxidant balance. Oxida-
tive stress also communicates with signaling molecules to
exert a physiopathogenic response. Overall, it has a pro-
nounced effect on gut health in pigs and beef calves which
ultimately minimizes its production [12, 13]. Research on
gut microbiota in pigs would not only help construct a
healthy gut of the animal but also benefit human studies
due to the similarity of anatomic and physiologic attributes.
The implication of polyphenols shapes the gut microbiota,
ameliorating weaning stress which is discussed in the follow-
ing sections.

2. The Metabolism of Polyphenols by
Gut Microbiota

Dietary polyphenols are nature-based bioactive compounds
derived from a variety of sources comprising plants, fruit,
vegetables, cocoa, chocolate, tea, coffee, and wine [14]. Natu-
rally, they are heterogeneous compounds categorized into
hydroxylated phenyl moieties. Due to their different struc-
tural features, they have been distributed into flavonoids
and nonflavonoids [15]. The majority of the compounds fall
under the category of flavonoids; more than 9000 structurally
different compounds have been investigated in nature so far.
The unique identity of the phenolic compounds consists of a
diphenylpropane skeleton (C6-C3-C6) structure with com-
mon attributes. Moreover, flavonoids are further subclassi-
fied into six subgroups according to their diverse structural
behavior [16, 17]. Once these compounds have been con-
sumed, the human body recognizes them as xenobiotics;
therefore, the bioavailability of the compounds is lower than

micro- and macronutrients. Considering the nature of the
compound, they quickly pass through the small intestine
[18] or move towards the colon nearly unchanged [19, 20].
The data has revealed that about 1/9 of total polyphenol
absorption takes place in the small intestine, while the rest
is transferred through the large intestinal lumen at a lower
concentration, where they are conjugated and excreted via
the intestinal lumen through bile and exposed to enzymatic
activities [21–23]. Larger molecules of polyphenols reach
the colon in an almost original structure and then metabolize
through the action of gut microbiota along with conjugates
and are eliminated in the intestinal lumen via bile. There
are several factors which influence their bioavailability, such
as polarity, molecular mass, plant matrix, digestibility, and
absorption [24]. Once the polyphenols are absorbed from
the small intestine, aglycones pass the biotransformation in
enterocytes and then hepatocytes. After that, produced
metabolites are disseminated to different organs and finally
eliminated by urine. And scientists indicated that evaluations
of the effects of polyphenol-rich foods on human blood anti-
oxidant capacity might not consider the volunteers’ food
intake, which may serve as the major influence in affecting
the blood antioxidant capacity of humans [25]. Further, com-
prehensive knowledge on the bioavailability of polyphenols is
discussed by [26–30]. The polyphenol structure showing
health protective effects is well illustrated in Figure 1.

3. The Effects of Polyphenols on Microbial
Composition and Metabolism

The gastrointestinal tract (GIT) is inhabited by numerous
species of bacteria in the colon. The predominantly found
microbiota phyla are Firmicutes, Bacteroidetes, Proteobac-
teria, etc. [31]. The specific microbiota composition may vary
in some conditions, such as diarrhea and antibiotic therapy,
or with the nutritional intervention [32]. Diet impacts the
gut microbiota and may alter the significance of well-being
either with favorable or detrimental concerns. Prevotella, as
the main bacteria in the gut system, is responsible for diet
enriched in carbohydrates while Bacteroides is responsible
for uptake of diet rich in animal protein and saturated fat
[33, 34]. Few bacteria specifically Flavonifractor plautii,
Slackia equolifaciens, and Slackia isoflavoniconvertens take
part in the metabolism of many polyphenols. The dietary
polyphenol intake is roughly calculated as more than 1 g that
is 10 times greater than vitamin C intake [35]. The associa-
tion between polyphenols and gut microbiome (GM) has
been described somewhere else by [36].

The polyphenol mechanism regarding modification of
gut microbiota needs to be rectified and serve its function
through a direct or indirect way. They either involve in acti-
vation or suppression of bacterial growth. Suppressed bacte-
rial growth defines the bacteriostatic or bactericidal effect of
polyphenols that prevents the development of active patho-
genic bacteria. Therefore, it is pivotal to deliberate the level
and characteristics of these compounds. The indirect effect
of polyphenol metabolites may trigger the development of
one group of bacteria via promoting the growth of another
group of bacteria [37, 38]. The regulation of polyphenol
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intake on the abundance and diversity of gut microbiota may
be associated with the variety of substrate preferences and
metabolic abilities of the gut microbial community [39]. Poly-
phenol can affect the Firmicutes/Bacteroidetes (F/B) ratio via
suppression of particular bacterial species [40]. A randomized,
double-blind, placebo-controlled human trial indicated that
oral consumption of epigallocatechin-3-gallate and
resveratrol at 282 and 80mg/day, respectively, for 12 weeks
positively reduced fecal abundance of Bacteroidetes and Faeca-
libacterium prausnitzii in obese individuals in response to pla-
cebo [41]. Rats exposed to dietary intake of quercetin at
30mg/kg/day inhibited gut microbiota impairment triggered
by high-fat diet via reducing the F/B ratio and declining the
abundance of obese-related bacteria, for instance, Erysipelotri-
chaceae, Bacillus, and Eubacterium cylindroides [42]. Induc-
tion of polyphenol-rich foods/extracts also modified the
composition of gut microbiota. The canine offered green tea
polyphenol extracts for 18 weeks suppressed abundances of
Bacteroidetes and Fusobacteria and enhanced the Firmicutes
[43]. The mice treated with dietary anthocyanins at 5% and
10% freeze-dried black raspberry powder and challenged with
azoxymethane/DSS for 12 weeks promoted fecal abundance of
beneficial bacteria, for example, Faecalibacterium prausnitzii,
Lactobacillus, and Eubacterium rectale, and declined the abun-
dance of pathogens, such asDesulfovibrio sp. and Enterococcus
spp. [44]. The most recent finding showed that exposure of
wild blueberry polyphenolic extract and blueberries isolated
fraction to high fat-sucrose diet augmented the growth of

polyphenol degrading bacteria Adlercreutzia equolifaciens in
obese mice, indicating that addition of these bacteria in poly-
phenol metabolism may be involved in mitigation of meta-
bolic disorders in obesity and diabetes via using bioactive
molecules [45]. Generally, the structure of polyphenols, opti-
mizing doses, and strain of microorganisms may impact poly-
phenol effect on bacterial growth and metabolism.
Polyphenols may increase the enriches of helpful bacteria,
for instance, Bifidobacterium and Lactobacillus that protect
gut barrier function, Faecalibacterium prausnitzii that indi-
cates anti-inflammation effect via suppressing nuclear factor-
kappa B (NF-κB) stimulation, and Roseburia spp. that are
butyric acid producers [46]. This study showed that Gram-
positive bacteria are vulnerable to polyphenols against
Gram-negative bacteria. These changes could be due to the
difference in the cell wall composition of the bacteria [47].

4. Heat Shock Proteins and Gut Health

Heat shock proteins (HSPs) are a huge family of molecular
chaperones, which could confirm the folding, unfolding,
and refolding of stress-denatured proteins [48]. The HSPs
are classified into seven families depending upon their
molecular weight [49]. Most of the members act as a chaper-
one, stabilizing to correct protein or supporting in refolding
proteins which are damaged by stress cell response [50].
HSPs serve essential functions in immune responses and
tend to maintain mucosal barrier integrity and gut

HO

HO HO

HO HO

HO HO

HO

HO

HO
HO

OH OH
OH

OHO

O

O

OH

OH
OHOH

OH
OH OH

OH

OH

OH

OH

OH

OH
OH

Green tea polyphenols

Flavonoids

OH
OH

OH

OH

OH
OH

OH

OH

OH OH

OH

OH
OH

OH OH
OH

OH

OH

OH
OH

OH
OH

OH

Resveratrol

O

O

O O

OO

O

O O O

O

OO

OCH3 H3CO

(−) -epicatechin(EC) (−) -epigallocatechin(EGC)

(−) -epigallocatechin gallate(EGCG)(−) -epicatechin gallate(EGC)

(+) -catechin(CT)

Quercetin Curcumn

Baicalein

O

O

Figure 1: Chemical structures of polyphenols exerting health beneficial effects.
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homeostasis. It becomes witnessed that enteric microbiota is
considered the main inducers of heat shock protein produc-
tion in intestinal epithelial cells [51]. They regulate gut bar-
rier function through regulating tight junction proteins
(TJs). The intercellular space of intestinal epithelial cells
(IEC) is naturally protected with TJ proteins which are
responsible for maintaining intestinal permeability. These
proteins are continuously remodeled against external stimuli
consisting of microbes and antigens [52].

The HSP27 activates cell proliferation via utilizing
nuclear factor-κB (NF-κB) signals, which regulates cell sur-
vival, proliferation, and differentiation, and suppressing
NF-κB-dependent apoptotic pathways [53–56]. HSP27
endorses both ubiquitin-dependent and ubiquitin-
independent degradation of unfolded proteins after cellular
stresses. They exhibit their effect on several apoptotic path-
ways upstream and downstream of the mitochondria, such
as suppressing early stages of stress cell signaling, inhibiting
reactive oxygen species production via using proapoptotic
proteins, and/or stimulating prosurvival proteins like kinases
which in turn suppressed the release of proapoptotic signals
from mitochondria [53–56]. Moreover, HSPs also possess
antioxidative activities and can suppress overwhelming
reactive oxygen species by stimulating antioxidant enzymes
[53–56]. For instance, iHSP27 may inhibit the mitochondrial
release of cytochrome-c and suppress certain kinases such as
c-Jun N-terminal kinase or caspase activity. In brief, iHSP27
and iHSP70 have been reported to enhance cell survival and
resistance against stresses via implying numerous pathways
in different cell lines.

Heat shock proteins and major histocompatibility com-
plex (MHC) are the molecules evolved in peptide antigen
presentation [57–59]. Extracellular HSPs enable contact with
direct antigen-presenting cells via stimulating different
receptors, such as toll-like receptors 2 and 4; CD91 exert dan-
ger signals, thereby displaying innate immune responses
[57]. Extracellular HSP27 (eHSP27) has been demonstrated
to have an anti-inflammatory response depending upon the
type of the immune cells-23. Further, eHSP27 activates
anti-inflammatory cytokines such as interleukin (IL-10) by
monocytes and suppresses differentiation into mature den-
dritic cells and macrophages. Gut iHSPs influence the proin-
flammatory NF-κB pathway modulated by cytokines. The
iHSPs suppress NF-κB signals and are reported in gut epithe-
lial cells [60, 61]. The mechanisms could attribute the stimu-
lation of IκBα and suppression of phosphorylation and
degradation of IκBα protein.

4.1. Weaning Stress in Pigs and Ruminants. Weaning pigs
experience stressful periods that can alter intestinal and
immune functions resulting in influencing animal health sta-
tus. Advanced tools have been employed to minimize wean-
ing stress; however, more collective biological understanding
is required to devise strategies to combat weaning stress [62].
The factors of weaning stress include physiological, environ-
mental, and social challenges that occur when the pigs sepa-
rate from the sow, thus making them vulnerable to diseases
and production losses [62]. The gastrointestinal system per-
forms various functions such as digestion and absorption of

nutrients, electrolyte balance, and secretion of digestive
enzymes and acts as a barrier against detrimental molecules
[62]. Abrupt changes in the diet from milk to solids make
pigs prone to declined growth rates [62]. A study by Mon-
tagne et al. [63] demonstrated that reducing intake of feed
during postweaning may contribute to intestinal inflamma-
tion, influencing villous height and crypt depth. Pigs experi-
ence low feed intake due to the alterations in absorption
capacity of the small intestine [64]. Moreover, Rao [65]
highlighted different intestinal markers linked with weaning
stress, effectively reducing the physiological disturbance
related to weaning stress. Weaning stress is also related to
the overproduction of ROS and depletion of the antioxidant
system [66]. The overwhelming status of ROS interferes with
cellular function and subsequently affects TJ proteins result-
ing in increased gut permeability [67]. Moreover, a signifi-
cant impact of weaning stress in piglets has been well
documented by numerous studies [68–71].

Weaning stress is a crucial step in the calf farming sys-
tem, which increases live weight gain and promotes gastroin-
testinal development at the weaning stage [72]. Therefore,
the presence of weaning stresses [73] may influence the dairy
cow production system and increase calf mortality [74]. Cur-
rently, limited literature is available on the subject of physio-
logical and immunological responses in beef and dairy calves.
Studies highlighted that weaning stress along with sudden
housing reduced total leukocyte count, declined in vitro pro-
duction of interferon-gamma, and enhanced the level of
acute-phase proteins than with deferring housing for 35 days
postweaning. Moreover, the transition period in cows pro-
motes neutrophilia, suppresses interferon-γ production,
and enhances the level of acute-phase proteins that are prev-
alent after the postweaning period. Hence, it is a long transi-
tion suppression in immune response indicators in calves
soon after weaning. Such immune biomarkers can be utilized
in the future to predict the possible occurrences of weaning
stress and for overcoming respiratory infections [75].

Specific methods to improve gut health in the preweaning
period are essential to reduce the calves’ vulnerability against
enteric infections. Gut health defines several factors which
attribute to maintaining disease-free status in the GIT system
[76]. Modification within the gut microbiome is an essential
contributor that describes the effect on gut health [76] and is
regarded as a window for improving calf gut health. Neonatal
calves are most vulnerable to enteric infections, which are a
pivotal cause of calf death; therefore, proper attention for
improving gut health in particular calf health is required
[77]. For further studies on the role of gut microbiota in
weaning stress of dairy calves, a well-defined article is pre-
ferred [77].

4.2. Gut Microbiota and Weaning Stress. In the pig industry,
the gastrointestinal tract of neonatal piglets is prone to post-
weaning diarrhea [78, 79] and other intestinal disorders
which may directly influence intestinal absorption, intestinal
barrier injury, inflammation, oxidative damage, and altered
microbial response [62, 78]. Previous literature revealed
that the intestinal microbiome displayed a vibrant role in
sustaining intestinal function and host health, while specific
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bacterial communities enable the capacity to suppress
infection/pathogens and enhance mucosal immunity [71].
Hence, it considers a new strategy for gut microbiota mod-
ulation to promote intestinal health.

However, the weaning stress declines the specific richness
of the Lactobacillus group and enhances Clostridium spp.,
Prevotella spp., Proteobacteriaceae, and E. coli, leading to
the loss of microbial diversity [80]. Moreover, weaned piglets
have shown diversity and composition of gut microbiota,
which is largely influenced by the quantity and sources of die-
tary proteins or fibres provided to postweaned pigs [81]. The
interaction among nutritional constituents within intestinal
cells and gut microflora is essentially vital for gastrointestinal
tract function [82]. It is worth noting that the nutrition pool
is pivotal for the renewal and proliferation of intestinal cells
and an integral part of the microbial community [83]. The
pathogenic bacteria enable to utilize proper nutrients which
cannot catabolize via commensal bacteria, and it promotes
the expression of virulent factors, for example, Salmonella,
and enterohemorrhagic E. coli possess the capability to use
ethanolamine as a source of carbon or nitrogen to obtain
the benefit of nutrition in a competitive environment with
other microflora [83, 84]. Enterohemorrhagic E. coli may
consume fructose to stimulate a type III secretion system that
favors the adhesion of pathogenic bacteria to host enterocytes
[85]. As a consequence, weaned piglets are vulnerable to
intestinal inflammation and postweaning diarrhea in
response to the sudden proliferation of pathogenic bacteria
and lack of microbial diversity [86]. The findings of the most
recent article conclude that holly polyphenol (HP) enables
attenuation of LPS-mediated intestinal injury via promoting
intestinal disaccharidase activities, barrier function, and
short-chain fatty acid (SCFA) production and suppresses
intestinal inflammation [87]. In a study by Liedel et al. [88],
certain antioxidant substances revealed a significant relation-
ship with beneficial bacteria and adverse relation with E. coli.
However, specific substances and bacteria indicated an oppo-
site relationship with pigs.

5. Polyphenols, Heat Shock Proteins, and Gut
Microbiota in Weaning Stress

Dietary approaches modify HSP expression in vivo and
increase host health response via targeting specific immune
responses such as Tregs. Oral induction of carvacrol in mice
causes enhanced expression of HSP70 in Peyer’s patches and
Tregs and inhibited induced arthritis in an animal model
[89]. Numerous nutritional compounds have also been doc-
umented to influence HSP expression in the GI tract
in vitro and in vivo [90–92]. The anthocyanin cyanidin-3-
O-β glucopyranoside and its aglycon form, cyanidin chlo-
ride, were documented to show antioxidant effects partially
via induced expression of HSP70 in Caco2 cells [93]. The
same effect was also reported using naringenin at 10–
100μM [94]. In addition to that, in vitro studies on polyphe-
nols have documented that flavonoid quercetin at 30–
100μM and others such as flavone at 150μM, kaempferol
at 100μM, and genistein at 100μM are known to be the
potent inhibitors of iHSPs specifically iHSP70 [95, 96]. The

grape seed extract (polyphenols) was also demonstrated to
suppress iHSP70 in a bovine GEC line [97], suggesting a neg-
ative impact of several polyphenols on iHSPs. Resveratrol-
triggered HSP70 expression declines the temperature rise of
heat shock response and prepares cells to overcome the det-
rimental effects of stress levels [98]. Moreover, resveratrol
brings GSH in a reduced form to suppress ROS-mediated cel-
lular damage [99] and ameliorate H2O2-induced lipid perox-
idation via decreasing MDA levels and enhancing SOD
activity and mitigating the intracellular expression of ROS
in Caco2 cells [100]. Resveratrol-induced HO-1 signaling is
pivotal for the expression of TJ proteins through suppressing
PKC activity and P38 phosphorylation [100]. Further, resver-
atrol activated HSP that is known to be the stimulator of anti-
inflammatory regulatory T cells to protect intestinal integrity.
HSP stimulation blocks the NF-κB stimulation via regulating
IκBα [101].

There are several factors to be involved in stimulating
HSP expression in swine production such as high tempera-
ture, transportation, weaning, exercise, and cell exposure to
toxins. The HSPs such as HSP27, HSP60, and HSP70 are
overwhelmed in heat stress conditions. The expression of
HSP in GIT is modified by weaning and depends upon the
site of GIT and stage of postweaning [102]. Apart from that,
HSPs are the conserved proteins that showed their expres-
sion in gut epithelial cells such as HSP25, HSP27, and HSP
70 and contributed to numerous cellular functions [103,
104]. It is noteworthy that iHSPs regulate barrier function
via mediating TJ proteins and reverting the insult induced
by oxidative and inflammatory stress on cells [26]. The intes-
tinal and colonic epithelial cells both give similar responses
against iHSP stimuli. Gut iHSP vanishes in germ-free ani-
mals [105, 106]. Further, comprehensive knowledge on the
dietary intervention of heat shock proteins and gut microbi-
ota is well documented by [51]. The animals experience
different stresses during their adaptations as depicted in
Figure 2.

6. Regulation of Polyphenols in Weaning Stress
Mediated by Gut Microbiota

Nutritional research is continuously improving with particu-
lar feed additives [107]. Recently, food producers and con-
sumers have attracted interest in promoting feed additives
and prioritizing natural compounds. Polyphenols are highly
effective and exhibit antimicrobial [108], antioxidative [109,
110], and antiviral [111] activities and are the large groups
of natural bioactive compounds that originated from plants.
The antioxidant compounds are rich in polyphenols, which
can also be applied to attenuate oxidative stress in animals
and enhance the antioxidant potential of animal origin prod-
ucts [112]. However, some scientists suggest that polyphe-
nols do not have antioxidant capacity in the body because
of their poor absorption efficacy, but they could perform
other bioactivities through affecting cell signaling or micro-
bial metabolites [113]. For example, the flavonoid could act
at protein kinase and lipid kinase pathway to affect cancer
and heart disease progress [114]. As for polyphenols’ antiox-
idative activity, the polyphenol protective effect on regulation
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of the gut microbial community has been well deciphered by
previous studies [109, 115]. The different sources of plant
polyphenols have been discussed above. The vibrant activi-
ties of these compounds observed in in vitro and in vivo stud-
ies are reported to have antioxidative, immune-stimulatory,
and anti-inflammatory activities [116–120].

Eucommia ulmoides (EU) flavone, a Chinese herbal
plant, contains several compounds which provide health-
enhancing effects [121]. The leaf of this plant is a rich source
of flavonoids [31, 122] providing beneficial effects on health
by direct scavenging of free radicals, inhibiting proinflamma-
tory cytokines via suppressing ROS and nitric oxide, reduc-
ing inflammatory genes encompassing cyclooxygenases
(COXs) and inducible nitric oxide synthase (iNOS), upregu-
lating antioxidative enzymes, manipulating transcription fac-
tors such as NF-κB and AP-1, and increasing the Nrf2
signaling pathway [123, 124]. The in vitro protective effect
of Eucommia ulmoides flavones against LPS-triggered enter-
ocyte damage (intestinal porcine epithelial cell line (IPEC-
J2)) is well illustrated by Hussain et al. [120]. The inclusion
of 10μg/mL EUF provided beneficial effects on cell viability,
proliferation, cell cycle and apoptosis, mitochondrial bioen-
ergetics, and NF-κB protein pathway. EUF activated
PI3K/AKT which serves as the cell survival and signaling
pathway, ameliorated negative effects of LPS, and restored
enterocyte integrity. Another study by Chun et al. [119] has

shown that dietary supplementation of Eucommia ulmoides
flavones (polyphenols) enhanced growth performance in
weaned piglets which was challenged with the diquat model
of oxidative stress. Eucommia ulmoides flavones further spec-
ified fruitful results through attenuation of oxidative stress
and inflammation in intestinal morphology, reduced inflam-
matory cytokines, increased antioxidant response, and
enhanced villi height, villus height, and crypt depth in
weaned piglets.

The positive effect of tea polyphenols (TP) on a diquat-
challenged model of postweaned piglets is well described by
Fiesel et al. [125]. Results demonstrated that dietary TP mit-
igated oxidative stress and promoted growth performance to
some extent. The ratio of CD4þ/CD8þ was increased suggest-
ing the recovery of immune disruption induced by oxidative
stress. Moreover, TP reduced the level of IL-1 and IFN-γ,
which were increased by oxidative stress. However, TP
enhanced the serum concentration of IL-4, indicating
changes in the response of Th1 to Th2. Thus, the results
showed the immunomodulatory response of TP towards
weaned oxidative stress.

The coix seed associated with the family Poaceae, a rich
source of nutritional compounds including polyphenols,
originates in China, Japan, Thailand, and Burma [126, 127].
A study by Dairy [128] exhibited that coix seed extract signif-
icantly enhanced growth performance, promoted density and
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length of GIT villi, enhanced abundances of Bacteroidetes
and genus Lactobacillus, and declined the richness of Prevo-
tella in gut microbiota. Hence, it is a potential source of feed
supplement in swine production. In a previous study, Ishi-
hara et al. [129] used grape seed and grape marc meal extract
(GSGME) or spent hops (SH) to enhance animal perfor-
mance. In his experiment, pigs who were offered GSGME
or SH supplement disclosed an increased gain : feed ratio,
reduced levels of volatile fatty acids, and decreased counts
of Streptococcus spp. and Clostridium cluster XIVa in the fecal
microbiota. Further, supplementation of both groups had the
lowered expression of several proinflammatory genes in the
duodenum, ileum, and colon. A study by Sarker et al. [130]
exhibited that plant polyphenols affected the antioxidant sta-
tus of weaned piglets. Results highlighted that optimized
plant polyphenol supplementation may enhance plasma
antioxidants by reducing the level of MDA. Other studies
by Oliveira et al. [131] revealed that plant-derived polyphe-
nols have gut health beneficial effects. It was further indicated
that polyphenols (apple and red wine pomace) had higher
contents of flavonoids, implied as a feed additive, and pro-
vided beneficial effects on villi morphology and gut-
associated lymphoid tissue (GALT) activation and may
increase pig health. The role of polyphenols in the regulation
of gut microbiota is well ascribed in Table 1.

At present, a lot of studies on weaning stress in pigs and
their successful nutritional intervention strategies with poly-
phenol additives have been well documented, but unfortu-
nately, such wide literature does not exist in buffalo, cattle,
goats, and sheep. We tried our best to enumerate the evi-
dence which highlights the importance of weaning stress
and their possible dietary intervention with polyphenols to
improve animal growth and production.

Antibiotics which are used as growth promoters can be
applied to combat various postcalving health anomalies com-
prising preweaned heifer’s death loss [132]. However, antibi-
otics also possess adverse effects [108]. Feed additives
medicated and nonmedicated enhanced average daily gain
(ADG) and declined fecal scores showing beneficial effects
of natural bioactive compounds on calf health and growth.
Green tea extract decreased the total number of intestinal
bacteria, but the magnitude of reduction was species-
specific. Beneficial bacteria Bifidobacterium spp. and Lacto-
bacillus spp. decreased slowly, whereas C. perfringens
decreased more quickly, thus improving the overall intestinal
microbial balance [133]. The nonpathogenic diarrhea is
caused by an imbalance in intestinal microflora, but the
improved balance exerted by genotype tissue expression
(GTEx) resulted in reduced diarrhea frequency. Growth
performance of postweaned calf was increased by flavonoid
supplementation. Calves feeding on pellet formulation con-
sisting of fermented green tea probiotics or mixed additives
reported higher ADG [134]. High tannin content and poor
palatability of premium pomegranate juice (POMx) might
be attributed to reduced feed intake. In this study, dry matter
(DM) was not influenced; reduction in feed intake was likely
contributed to decreased body weight gain (BWG) [135].

The tannin, a polyphenol derived from quebracho trees
(Schinopsis lorentzii), was assumed to have protective effects
on the growth and health of lambs. Results elaborated that
the inclusion of tannin at 0.3% in the diet enhanced lamb
growth followed by weaning. Thus, it can be employed as a
feed additive during a critical period of weaning stress
[136]. Growing evidence demonstrated several strategies to
maintain redox homeostasis in ruminants using dietary
approaches of nutraceuticals having antioxidative activities

Table 1: Impact of polyphenols on gut microbiota in animal-based studies.

Compounds Dose (animal species) Treatment Microbial population Microbial population References

Tea polyphenols 0.2% (pigs) 2 weeks ↑Lactobacilli

Agrobacterium
tumefaciens, P.
aeruginosa, C.
perfringens

[146]

Low bush wild blue
berries

20 g/feed/day (rats) 6 weeks
Thermomonospora spp.,

Corynebacteria spp., Slackia spp.
Lactobacillus spp.,
Enterococcus spp.

[147]

Black currant extract
(leaf or berry)

30mg/kg leaf,
13.4mg/kg berry (3
times/week) (rats)

4 weeks
Corynebacteria spp., Lactobacilli
(berry extract), Bifidobacteria (leaf

and berry extract)
— [148]

Resveratrol 1mg/kg/day (rats) 25 days Lactobacilli, Bifidobacteria — [149]

Apple pomace juice
colloid

5% dietary suppl. 6 weeks Bacteroidaceae — [150]

Apple juice Free access (rats) 4 weeks Lactobacilli, Bifidobacteria — [151]

Red wine
polyphenols, powder

50mg/kg (rats) 16 weeks Lactobacilli, Bifidobacteria
Propionibacteria,

Bacteroides, Clostridia
[152]

Proanthocyanidins
extracted from Acacia
angustissima

0.7% (low tannin diet)
and 2.0% (high tannin

diet) (rats)

3.5 weeks,
treatment + 3:5
-week washout

Bacteroides fragilis groups,
Bacteroides-Prevotella-
Porphyromonas groups

C. leptum group [153]

Green tea 1.5 g/day (calves) 4 weeks —
Bifidobacterium spp.,
Lactobacillus spp., C.

perfringens
[133]
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[137, 138]. Dietary polyphenols exhibit enormous health-
favoring effects via regulating several mechanisms which
control oxidative stress-mediated inflammation [118]. Previ-
ous literature documented that dietary supplementation of
polyphenols (grape skins or juniper oil) enhanced superoxide
dismutase (SOD) in cows and growing goats [139], and
growing goats were provided juniper oils [140]. Further,
durum wheat bran offered at 10% or 20% supplements ame-
liorated oxidative stress and improved antioxidative status of
dairy cows and their cheese [141]. The large cell culture
experiments including intestinal cells and animal models
of inflammation showed the promising results of isolated
polyphenol compounds or polyphenol-rich plant extracts
to alleviate induced inflammation [142–145]. The anti-
inflammation effect of polyphenols is regulated by cellular
signaling pathways especially the most important one NF-
κB. Polyphenols mitigate NF-κB to regulate inflammation
via suppressing phosphorylation and proteasomal degrada-
tion of IκB [146]. Polyphenols directly scavenge ROS and
trigger the stimulation of Nrf2, thereby activating different
antioxidant enzymes [147]. Direct scavenging of ROS and
Nrf2 stimulation inhibits oxidative stress-mediated inflam-
matory pathways such as NF-κB, mitogen-activated protein
kinases, and activating protein 1 [148].

7. Conclusion

Polyphenols depict several biological activities, like antioxi-
dant and anti-inflammation, modulating gut microbiota
function and interacting with signaling pathways to revert
inflammatory response. The action of polyphenols highly
relies on transformation through the constituents of gut
microbiota. The literature revealed the efficacy of gut micro-
biota transformation of specific polyphenols and determines
the function of gut microbiota involved. The modulatory
function of gut microbiota has been well reviewed, and its
significant impact on health has also been documented. It is
well rectified that polyphenols and their metabolites attribute
to the maintenance of gut integrity through altering the gut
microbiota balance via activation of favorable bacteria and
suppression of pathogenic bacteria. Moreover, to understand
the function of dietary polyphenols with gut microbiota, a
combined approach of metagenomics and metabolomics is
needed to dig out further insights and their positive impact
on gut health.

The gut is an integral part of nutrient digestion, absorp-
tion, sensation, and regulation of intestinal immune
response. When the pigs/calves are postweaned, they have a
less luminal supply of nutrients making them vulnerable to
intestinal tract function. Several studies have been conducted
to deeply understand the significance of gut health on animal
production and performance, but the description of gut
health is still uniformed. The polyphenols exert multiple
functions comprising antioxidant, anti-inflammation, and
immunomodulatory and revert weaning effects on animals.
Dietary approaches of polyphenols in weaning stress
improve nutrient digestion and absorption, enhance gut bar-
rier function, improve gut microbiota function, and thus pro-
vide beneficial effects. Most notably, host and microbial

cross-talk plays an important role in maintaining intestinal
homeostasis. The beneficial effects of polyphenols on intesti-
nal function are most partially through inducing the defense
and protection system by their various microbial metabolites,
and HSPs are one of the most vital systems involved in the
host-microbial molecular cross-talk. Meanwhile, polyphe-
nols are a large group of plant-derived compounds, but fewer
studies have been reported in weaning stress, and emphasis
must be paid to more polyphenol compounds and their die-
tary intervention strategies against weaning stress. In addi-
tion, advanced molecular tools will be employed to figure
out further insights that may help in improving the produc-
tive performance of animals.
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