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Abstract

The world's supplies of protein are significantly influenced by the poultry sector, and each year, the
number of poultry produced globally grows larger. However, the poultry business is dealing with a
variety of problems, such as bacterial infection, coccidiosis, oxidative stress, food pad dermatitis (FPD),
and environmental pollution, which affect food safety, poultry production efficiency, animal welfare, and
the environment. In addition, limitations on the use of antibiotic growth promoters (AGP) have made a
number of these adverse consequences worse. Since high doses of tannins can reduce feed intake and
negatively impact nutrient digestibility and absorption, they have historically been viewed as
antinutritional factors. However, recent research has shown that some tannins, when used in the right
way, can improve the intestinal microbial ecosystem, enhance gut health, and consequently increase
productive performance. Tannins, on the other hand, have been found to possess antibacterial,
antioxidant, anti-parasitic, immunomodulatory, and anti-inflammatory characteristics; as a result, they
have attracted attention as prospective bioactive substances to aid in easing the difficulties of AGP
removal in the chicken sector. In order to diminish the need for AGP and otherwise increase poultry
production efficiency, tannin supplementation, either alone or in combination with the other measures,
may be a successful strategy.
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Introduction

Since many years ago, antibiotics have been utilized to promote growth, and they have been
successful in boosting the productivity of chickens. A major portion of the world's food supply
is made up of poultry products, including meat and eggs, which are a staple source of protein
everywhere (Mottet and Tempio, 2017) %, AGP usage in poultry farming is now prohibited or
limited in several nations (Hu and Cowling, 2020) 2 due to growing public concern over the
spread of antibiotic-resistant microorganisms from poultry products. Finding AGP substitutes
is crucial because they must be economical, environmentally benign, and have antibacterial
and growth-promoting properties without having negative effects on humans or animals (Yang
etal., 2015) B34,

Tannins are secondary metabolites that are found in plants, seeds, bark, wood leaves, and fruit
skins. They act as a plant's defense system against predators since they are polyphenolic
compounds that have the ability to precipitate proteins (Redondo et al., 2014) %1, Because
tannins can reduce feed intake, nutrient digestibility, and chicken development performance,
high quantities of tannins have been demonstrated to have antinutritional effects in
monogastric animals. However, tannins have recently received a lot of interest in the poultry
industry as an alternative to AGP due to their antibacterial, antioxidant, and anti-inflammatory
characteristics (Daglia, 2012) [*2. Because they come from waste products of plant-based
agriculture and industry, many tannins are also regarded as sustainable feed additives. Tannins
have a variety of effects on chicken growth and the gut environment, but it is still unclear how
they work and how consistently they affect these factors. To make the best use of
supplementary tannins in hens, it is crucial to comprehend the chemical characteristics and
biological consequences of tannins. This article primarily focuses on how tannins can help
poultry producers overcome obstacles and improve the ways in which tannins are used.

Classification and occurrence of tannins
Plant tannins are classified into hydrolysable tannins (HT) with tannin derivatives (e.g., gallic
acid and ellagic acid) and condensed tannins (CT).

~ 1435~



The Pharma Innovation Journal

A third family of tannin that is specific to brown algae is
called phlorotannins (PT). Different tannins have different bio
availabilities  (absorbabilities), and the degree of
bioavailability varies depending on a number of factors,
including the derivatives of each tannin (for example, gallic
acid and ellagic acid), their affinity for protein, their
molecular structure, and their molecular weight. To address
several problems in the production of poultry, tannins'
bioavailability should be taken into account. In contrast,
highly accessible tannins would be more advantageous as
anti-inflammatory and antioxidant compounds. Tannins with
poor bioavailability may have greater antibacterial properties
in chickens.

The HT, which primarily consists of gallotannins and
ellagitannins (molecular weight 500-3000 Da), has a central
polyol (often glucose) that is esterified with phenolic groups
(e.g., gallic acid and ellagic acid). The CT is present in forage
legumes like lentils, black-eyed peas, chickpeas, and red
kidney beans as well as in fruits like berries, pears, and
apples, as well as in almonds, red and green grapes (and their
juice and wine). The CT is more complicated structurally and
has a higher molecular weight (1000-20,000 Da) than the HT
(Huang et al., 2018) Y. Contrary to HT, CT are not
susceptible to hydrolysis, which would indicate low
bioavailability in the hens' gastrointestinal tract (GIT).
Epithelial cells in the large intestine have the ability to digest
and absorb CT. When compared to HT, the CT has a lower
bioavailability and can reach the chicken's large intestine. The
majority of the PT, polyphenols generated from algae, are
between 10 and 100 kDa in size (Bawadi et al., 2005) (6.
Their molecular weights range from 126 Da to 650 kDa. As a
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result of their low molecular weights, PT can be readily
digested and absorbed in the GIT tracts. Prior to using tannins
in chicken diets, it is crucial to understand the precise
chemical characteristics of each tannin.

Potential of tannins to mitigate the challenges in poultry

production

Bacterial infection

Salmonella, Escherichia, Campylobacter, Clostridium,
Listeria, Mycobacterium, and Aeromonas are major

pathogenic bacteria found in poultry products (meat and
eggs). These bacteria not only negatively affect chickens' gut
health and growth rate, but they also pose a threat to the
public's health by infecting people with foodborne illnesses
(Thung et al., 2016) 1. Salmonellosis is one of the major
ilinesses that humans contract by eating poultry products and
is brought on by S. Typhimurium and S. Enteritis (Thung et
al., 2016) ™. Studies conducted in vitro revealed that
Salmonella spp. and other pathogens were susceptible to the
bacteriostatic (inhibiting bacterial growth) and bactericidal
(killing bacteria) actions of tannins and their derivatives.
Potential mechanisms of tannins' antibacterial effects include
their direct interactions with cell wall components, which can
change the structure of the cell wall and make bacteria's
membranes more permeable, as well as their suppression of
microbial enzyme activities and deprivation of essential
nutrients like proteins and minerals (like iron) for pathogenic
bacteria (Tan, 2019) 3. In addition to having antibacterial
properties, tannins can prevent Salmonella spp. from
spreading throughout the body by advantageously modifying
the components of the gut ecology.

Table 1: Application of tannin in broiler chickens.

Type of

Sources tannins Animals Dose rates Effects References
Tannic . . o Increased growth performance; reduced blood glucose level; Starcevic et al.
acid HT Broiler chicken 0.50% reduced cholesterol content in liver (2015) 1+
Tannic Decreased body weight gain and feed intake; improved the fatty Ebrahim et al

acid HT Broiler chicken 1% acid profile of breast muscle of broilers under heat stress by (2015) 14 15

decreasing monounsaturated fatty acids

Chestnut HT Broiler chicken | 0.15% to 1.2%

Reduced Clostridium perfringens (Eimeria tenella, Eimeria
acervulina, Eimeria maxima) in the gut [47]

Tosi et al. (2013)

Laying hens (50

No effect on egg weights, cell thickness or yolk color; reduced

Antongiovanni et

0,
Chestnut HT weeks) 0.20% cholesterol content; increased monounsaturated fatty acid al. (2015)
Grape Eimeria tenella Decreased mortality and increased weight gain after the E. tenella
P 5, 10, 20, 40, and| infection in dose-dependent manner with 10 to 20 mg/kg yielded Wang et al.
seed CT challenged . i . - [50]
h : 80 mg/ kg diet |the best results; increased antioxidant status and improved growth (2008)
extract broiler chickens - .
performance of infected birds
Grape . . 125, 250, 500, | No effect on growth performance, mortality, total lipid, reduced
Broiler chickens Lo . . Farahat et al.
seed CT 1,000, and 2,000 |total cholesterol and low-density lipoprotein cholesterol; increased 171
(0 to 42 days) . . - . . . (2017)
extract mg/kg antibody titer against Newcastle disease virus vaccines
CTand No effect on growth performance; increased Lactobacillus,
Grape other Broiler chickens 6% Enterococcus and decreased the counts of Clostridium in the ileal | Viveros et al.
pomace | phenolic 0 content; increased populations of E. coli, Lactobacillus, (2011) 49
compounds Enterococcus, and Clostridium in the cecal digesta
Coccidiosis The effectiveness of poultry production and welfare can be

One of the most pervasive and damaging enteric diseases in
the production of chicken is coccidiosis, a parasitic disease
brought on by protozoa of the family Eimeridae. There are
currently nine Eimeria species known to exist in chickens,
including E. acervulina, E. brunetti, E. maxima, E. necatrix,
E. praecox, E. mitis, E. tenella, E. mivati, and E. hagani
(Clark et al., 2016). Through the fecal-oral pathway, Eimeria
spp. infect and spread throughout the mucosal epithelial
layers in the various sections of the GIT (Li et al., 2019) %3,

significantly impacted by coccidian infection, which can
impair growth rate and gut barrier integrity as well as cause
inflammation, diarrhoea, haemorrhaging, and even mortality
in broiler chickens (Teng et al., 2020) 4. Additionally,
necrotic enteritis, an enteric infectious disease mostly caused
by C. perfringens when Eimeria spp. are present, is intimately
linked to coccidiosis. Prophylactic coccidiostats and
anticoccidial medications have been added to poultry feeds to
combat coccidiosis in the poultry business. It is crucial to find
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novel treatment options that cause very minimal resistance
and efficiently control coccidiosis in broiler chickens because
resistance to all currently available medications has been
observed (Noack et al., 2019) [*2, Prebiotics, plant extracts,
organic acids, essential oils, and lipids are examples of
bioactive substances that have been examined in chickens as
potential preventive coccidiostat and anticoccidial medication
substitutes.

Tannins are known to have anticoccidial effects due to their
capacity to form complexes with parasite enzymes and metal
ions, both of which are necessary for Eimeria spp. and can
stimulate the chickens' immune systems (Chung et al., 1998)
1101, According to Tonda et al. (2018) 81, feeding broilers with
Eimeria spp. infections 500 mg/kg of gallnut tannic acid
extract reduced the total number of oocysts found in their
excretions and the severity of their intestinal lesions. The
scientists also demonstrated that the feed conversion ratio of
cocci-vaccinated birds was improved by gallnut tannic acid
extract, which may indicate that the extract strengthened
protective immunity after coccidiosis vaccination. The
antioxidant characteristics of tannins, which can repair an
Eimeria-damaged gastrointestinal tract, are strongly related to
tannins' positive effects on the gut health of fowl infected with
Eimeria spp. (Mishra and Jha, 2019) %1, Contrarily, Mansoori
and Modirsanei (2012) 281 demonstrated that supplemental
tannic acid (10 g/kg) numerically increased D-xylose
absorption in chickens that had been vaccinated against
coccidiosis followed by challenges with Eimeria spp.
However, supplemental tannic acid increased the total number
of oocysts in excreta, indicating that high dosages of tannins
can attenuate the Different tannin sources and amounts as
well as various testing circumstances could be to blame for
the disparity (e.g., challenge dosages of Eimeria spp.). More
thorough studies are needed to understand the mechanisms
underlying the anticoccidial effects of tannins in chickens and
to identify the proper concentrations and types of tannins to
prevent coccidiosis in chickens, even though many studies
have suggested that supplementing with tannins may benefit
broiler chickens infected with Eimeria spp.

Oxidative stress

One of the main challenges facing the poultry business is heat
stress, which has a detrimental influence on chicken welfare,
intestinal health, meat quality, and growth performance. The
increased production of ROS caused by faster metabolic
processes brought on by mitochondrial respiration is thought
to be a possible factor in the harmful effects of heat stress on
poultry (Lin et al., 2006) 124, Enzymatic and non-enzymatic
antioxidants have the ability to counteract ROS and keep the
ratio of oxidants to antioxidants in check under normal
circumstances. However, if there is an imbalance between
oxidants and antioxidants in chickens, overly created ROS
might harm gut health and cause inflammation, which lowers
chicken development performance (Nawab et al., 2018) 1,
By scavenging ROS and controlling enzymatic antioxidants in
animals, tannins are thought to alleviate or lessen the
consequences of oxidative stress particularly that brought on
by heat stress (Yang et al., 2019) 8. According to Ramnath
and Rekha (2009) B4, supplementing Brahma Rasayana,
which contains a variety of tannins, increased the activity of
enzymatic antioxidants like superoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione reductase (GR),
and reduced glutathione (GSH) in the blood of chickens
raised in cold temperatures. Additionally, the addition of
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grape (Vitis vinifera) pomace, high in CT, improved intestinal
shape, antioxidant enzyme activities (GPx and SOD), and
relative weight of the bursa of Fabricius and thymus in heat-
stressed broiler chickens (Hosseini-Vashan et al., 2020) [*9, In
order to reduce oxidative stress in heat-stressed birds, feeding
with the right amounts of tannins may be a successful tactic.

Food pad dermatitis

Growing chicken with foot pad dermatitis (FPD) develop
lesions on the plantar area of their footpads. Paws are the third
most important economic component of broiler chickens, and
FPD can harm the chickens' growth rate, gut health, and
welfare, which results in significant economic losses in the
poultry industry. Among a variety of parameters, including
bedding materials and depth, drinkers, and nutrient shortages,
the two most significant characteristics that contribute to FPD
are litter moisture and quality. By improving faecal
consistency (for example, faecal dry matter contents) and
litter quality, tannins can reduce the incidence and severity of
FPD (Redondo et al., 2014) 51, Tannic acid treatment at a
dose of 2000 mg/kg decreased the frequency and severity of
FPD in broiler chickens without having any negative effects
on the hens' ability to grow or produce high-quality litter or
have viscous intestines, according to Cengiz et al. (2017) €,
In addition, chickens' faeces had more dry matter when
treated with 700 mg/kg and 2000 mg/kg of sweet chestnut
wood extract, which is high in tannins (Rezar and Salobir,
2014) B71, Additionally, tannins' antibacterial, antioxidant, and
anti-inflammatory capabilities likely contributed to the
reduction of FPD incidence and severity in broiler hens, as
oxidative stress and inflammation might worsen the severity
and effects of FPD in chickens (Mayne et al., 2007) 7, By
improving  faecal consistency and litter  quality,
supplementation of tannins has the potential to lessen the
severity and incidence of FPD in broiler chickens.

Environment pollution associated with poultry farming

In poultry production facilities, reactive nitrogen species like
ammonia, nitrous oxide, and other oxides of nitrogen, as well
as sulfur-containing compounds like hydrogen sulphide and
sulphur dioxide, are produced. These pollutants include
greenhouse gases like carbon monoxide, carbon dioxide, and
methane. Types of feeds, manure conditions, and housing
accessories are some factors influencing the generation of
nitrogen compounds and harmful gases (bedding and heating
materials). Although the production of poultry is not a
significant source of noxious or greenhouse gases, the
continued expansion of poultry production coupled with
higher intensity of excretion and emission per unit compared
to other species calls for more attention to be paid to the need
to develop strategies to reduce the production of nitrogen
excretion and emissions of noxious and greenhouse gases
(Malomo et al., 2018) °1. Tannins are known to increase
nitrogen (N) uptake and reduce methane generation in
ruminant animals (Aboagye et al., 2019) M. Despite the fact
that chickens (monogastric animals) have a different GIT
from ruminants, tannins may affect the gut health and
microbiota as well as the way that chickens use nitrogen,
which could reduce the amount of nitrogen and methane
released into the atmosphere. According to Ahmed and Yang
(2017) BI, supplementing with ellagitannins, punicalagin,
punicalin, and pedunculagin, among other HT-containing
byproducts of the Punica granatum (fruit), lowers the
emission of ammonia and methanethiol from broiler chicken
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excrement. Additionally, a study by Bostami et al. (2015) ']
found that supplementing broiler chicks with fermented
pomegranate leftovers that contain ellagitannins reduced gas
emission (ammonia and hydrogen sulphide) from excreta,
perhaps by lowering microbial activity and pH of excreta.
Further investigation is required to establish the most
effective tannin types and dosages for lowering nitrogen
excretion and greenhouse gas emissions during the production
of poultry.

Productive performance of poultry

Currently, the majority of studies have shown that, when used
properly in monogastric diets, certain tannins can boost gut
health, the intestinal microbial environment, and, ultimately,
productivity. The principal effects of tannins on monogastric
animals relate to their ability to bind to proteins and the
lowering of protein, starch, and energy digestibility (Agus et
al., 2017) . When chickens were fed diets with tannins,
according to Goliomytis et al. (2015) ['8], dry matter intake,
bodyweight, feed efficiency, and nutrient digestibility were
reduced, but Ebrahim et al. (2015) [*4 151 found a reduction in
feed intake and body weight increase. However, Chamorro et
al. (2015) [ observed that there were no effect on growth
performance, egg weight, cell thickness, or layer yolk colour.
While some researchers found that supplementing different
sources of tannins at modest dosages (0.5 to 5 g/kg) had no
effect on growth performance and even had negative effects
on the birds' ability to grow, other researchers found the
opposite. These variations could be the result of various
tannin sources, a longer supplementation time, or particular
testing settings (e.g., genetics of chickens, temperature and
abundance of pathogens in the living conditions).

The immune system, gastrointestinal environment, and gut
microbiota of chickens reared under standard conditions can
be enhanced by supplementary tannins when used in the right
amounts. According to a study by Karaffova et al. (2019) %4,
the upregulation of immunoglobulin A and mucin 2 by
tannins helped hens maintain certain mucosal immune
components. In addition, Erlejman et al. (2008) 61 showed
that CT can interact with tumour necrosis factor- receptors
(pro-inflammatory cytokines) to reduce inflammation, which
suggests that tannins directly influence the immune system
without producing antimicrobial and antioxidant effects.

By tracking variables like as feed conversion ratio (FCR),
body weight gain (BWG), apparent metabolizable energy
(AME), residual feed intake (RFI), and time to reach desired
weight, one may estimate the performance of poultry. Due to
its critical involvement in feed digestion and nutrient
absorption, the makeup of the gut microbiota can have an
impact on FCR. Due to an elevated FCR, Campylobacter has
been associated with poor productivity (Awad et al., 2015) 51,
Different bacterial populations associated with FCR have
been found in research using the cecum. Most research found
that higher FCR was associated with Lactobacilli, while lower
FCR was shown to be related to Faecalibacterium genera. In a
study, neither higher nor decreased FCR in the jejunum has
been associated to any microbial colonies (Stanley et al.,
2012) ™. While Leptotrichia, Pediococcus, Rohdococcus,
and Escherichia coli were associated with low FCR in the
jejunum, another investigation connected Lactobacillus,
Fructobacillus, and Paralactobacillus with high FCR (Shah et
al., 2019) [ Shigella, Enterobacteria, and E. coli were
associated with decreased BWG, whereas Clostridium
coccoides was associated with higher BWG. A few bacterial
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species in the ileum have been found to be associated with
chicken productivity. The majority of the time, increased
performance and better health have been linked to
Lactobacillus species (Ocejo et al., 2019) B8, Contrarily, two
investigations found that low productivity was linked to
Lactobacillus species in the ileum (Metzler-Zebeli et al.,
2019) 281 The faecal bacteria Lactobacillus and Bacteroides
have been linked to research that found that they improve
productivity (Singh et al., 2012) [, As a result, the chicken's
ability to produce can be impacted by the gut microbiota's
makeup. Yet more research is needed to properly understand
the connection between chicken productivity and the
composition of their gut microbiome. High feed efficiency
has been related with less diversified gut microbiota in
chickens, according to some authors, whereas others have
found a correlation between higher bacterial community
complexity and richness and improved feed efficiency.
According to Diaz Carrasco et al. (2018) [*%1, a mixture of
chestnut (HT) and quebracho tannins (CT) altered the
diversity of the cecal microbiota in chickens, decreased the
number of members of the genus Bacteroides, and increased
the number of individuals from the order Clostridiales, mostly
from the families Ruminococcaceae and Lachnospiraceae.
According to Viveros et al. (2011) ™ tannins may
potentially have prebiotic effects by promoting the growth of
beneficial microorganisms. Because the microbiota of
chickens is strongly related to the gut ecology of chickens,
tannins' ability to modulate the microbiome may help to
partially explain the gut health-promoting benefits of chickens
(Shang et al., 2018) [, Even in the absence of challenge
models, supplementary tannins may help broiler chickens
grow more quickly and have healthier gut microbes and
ecosystems.

Conclusions

The effects of tannins have shown to be useful in the search
for an antibiotic-free growth stimulant for chicken production.
Tannins are useful as a feed addition and as an important
component in animal health. The evaluation of the literature
on the advantages and effects of tannins in poultry production
is vast. Although tannins can be used as feed additives and
their inclusion in feed has the potential to reduce issues,
replace antibiotic growth promoters, and increase the
effectiveness of poultry production with healthy poultry
produce, their level of inclusion will vary depending on the
source, chemical composition, age, and species of poultry.
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