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Antioxidative stress of oral administration of tea extract granule
in chickens
X. Chi, Y. Zhang, X. Ma, M. Lu, Z. Li, W. Xu and S. Hu1

Department of Veterinary Medicine, College of Animal Sciences, Zhejiang University, Hangzhou, Zhejiang 310058,
P. R.China
ABSTRACT The present study was to evaluate anti-
oxidative effect of tea extract granule (TEG) on oxida-
tive stress induced by cyclophosphamide (Cy) in
chickens. In experiment 1, chickens were randomly
divided into 5 groups with 10 birds in each. Groups 3 to 5
were orally administered TEG in drinking water for 7 D
at doses of 20, 40, and 80 mg/kg body weight, respec-
tively. After that, groups 2 to 5 received intramuscular
injection of Cy (100mg/kg BW) for 3 D. Group 1 was not
treated as a control. In experiment 2, chickens were
grouped in the same way as in experiment 1. Groups 2 to
5 received intramuscular injection of Cy (100 mg/kg
BW) for 3 D. After that, groups 3 to 5 were orally
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administered TEG in drinking water for 7 D at doses of
20, 40, and 80 mg/kg BW, respectively. Results showed
that Cy injection induced significantly decreased body
weight and oxidative stress. Oral administration of TEG
before or after Cy injection increased body weight, the
thymus, bursa, and spleen indices, total antioxidant ca-
pacity, and the levels of glutathione; elevated the activity
of superoxide dismutase, catalase, and glutathione
peroxidase; as well as decreased the protein carbonyl
content, lipid peroxide, and malondialdehyde. In addi-
tion, TEG administration reduced intracellular reactive
oxygen species. Therefore, TEG could be a promising
agent against oxidative stress in the poultry industry.
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INTRODUCTION

Inmodern commercial poultry production, chickens are
frequently exposed to condensed population, polluted air,
and contaminated feed and drinking water, which usually
result in the susceptibility of the birds to oxidative stress
(Bizeray et al., 2002; Weber et al., 2007; Segato et al.,
2011). Oxidative stress is defined as an imbalance of
antioxidative and pro-oxidative reactions in favor of the
pro-oxidants,which leads to a conditionwhere the produc-
tion of reactive oxygen species (ROS) exceeds the capacity
of a biological system to readily detoxify the reactive inter-
mediates or to repair the resulting damage (Schieber and
Chandel, 2014; Furukawa et al., 2016; Cieslar-Pobuda
et al., 2017). Many radicals and metabolic substances
produced during oxidative stress are highly reactive and
can modify several biologically cellular macromolecules,
such as proteins, lipids, and nucleic acids (Davies, 1995).
Large amount of ROS would activate the nuclear factor-
kB pathway (Zhao et al., 2018), inducing the release of
downstream inflammatory mediators and stimulating
the organs, for example, spleen, and kidney, to increase
the synthesis lipid peroxidation for example malondialde-
hyde (MDA) (Min et al.,2017a,b), lipid peroxide (LPO),
and carbonyl and decrease the antioxidant enzymes for
example, total antioxidant capacity (T-AOC),
superoxide dismutase (SOD), and glutathione (GSH)
(Ma et al.,2015, 2017). In turn, the overproduction of
lipid peroxidation results in the substantial production
of free radicals, which can reduce antioxidative
capability and aggravate oxidative stress, exerting
negative impact on animal production (Lushchak, 2011).
Therefore, it will greatly benefit the poultry production
to control the oxidative stress.
Tea as a traditional beverage has been consumed for

more than 4,000 yr in China (Li et al., 2013). According
to statistics, 5,800,000 don of tea is annually produced in
the world, in which China produces 2,610,000 don and ac-
counts for 45%ofworld production (Ding et al., 2019). The
natural resource of tea is huge. Tea is made from the leaf of
a plant Camellia sinensis (L) O. Ktze. The profitable
health effects of green tea has been demonstrated,
including the drooping of serumcholesterol, the prevention
of low-density lipoprotein oxidation, and a lessened risk of
cardiovascular disease and cancer (Duthie et al., 2000;
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Chan et al., 2007; Suliburska et al., 2012;Wanget al., 2019;
Zhou et al., 2019). It is generally agreed that many of the
effects of green tea are mediated by its polyphenols
which include flavanols and flavonoids. The flavanols,
which are also known as catechins, including (2) -
epiafzelechin, (1) - catechin, (2) - epicatechin, (1) -
gallocatechin, (2) - epigallocatechin, etc. (Okamoto
et al., 2004; Matsuo et al., 2008). In addition, 3
flavonoids, namely kaempferol, quercetin, and myricetin,
have been segregated as components of green tea (Labbe
et al., 2009). The use of tea products in animal production
has been found. For example, a dietary tea extract supple-
mented to broiler chicken diets at 0.5 to 1.0%was reported
tomake birdswithin cholesterol deposition and less fat and
less oxidative sketch without acute detrimental effect on
general performance (Biswas et al., 2000).
In the present study, oral administration of a tea extract

granule (TEG) in drinking water was evaluated for its
antioxidative stress in chickens by measuring the body
weight, organ indices, antioxidant enzymes, redox prod-
ucts, and intracellular ROS. Cyclophosphamide (Cy)
was administered to induce oxidative stress in chickens
as it was previously used in chickens for the same purpose
by many researchers (Reece et al., 1987; El-Abasy et al.,
2004; Zanchi et al., 2015; Zheng et al., 2017).
MATERIALS AND METHODS

Chickens

One-day-old specific-pathogen-free (SPF) chickens
(male) were purchased from Zhejiang Shennong Stock
Breeding Inc. (Ningbo, China), housed in separated
units. The room was set at 36�C 6 2�C for the first
3 D and then adjusted to 26�C 6 2�C. Feed and water
were supplied ad libitum. Feed was purchased from
Charoen Pokphand Group Co., Ltd. (Ningbo, China),
and its ingredients were shown in Table 1. All the birds
were treated according to the Zhejiang University Com-
mittee on Animal Care and Use.
Tea Extract Granule

The leaf of C. sinensis (L.) O. Ktze was decocted
twice inwaterwith 2 h for thefirst and 1.5 h for the second
decoction. The soups were filtered and combined. The
liquid was adjusted to pH 9.0 using saturated lime water.
Table 1. Ingredients of the diet.

Charoen Pokphand group chickens feed

Ingredients Percent (%)

Dry matter �0.8
Crude fat 7.0
Nitrogen-free extract �6.5
Neutral fiber �3.5
Acidic fiber �9.0
Nonphytic acid phosphorus �30.0
Methionine 0.5–0.9
After 30min, themixturewasfiltered, and the precipitate
was dissolved by adding dilute hydrochloric acid to
adjust pH to 4.0. After filtration, the liquid was concen-
trated and dried in reduced air pressure at 60�C and
ground into powders. The extract was then mixed with
dextrin to form TEG, which was in form of light brown
powder with total amount of epicatechin (C15H14O6)
and epicatechin gallate (C22H18O10). 30 mg/g and epi-
gallocatechin gallate (C22H18O11) . 144 mg/g.
Reagents

Cyclophosphamide were purchased from Dalian Mei-
lune Biotechnology Co., Ltd. (MB1315, Dalian, China).
Detection kits for SOD (A001-3), T-AOC (A015-2),
glutathione peroxidase (GSH-PX) (A005), catalase
(CAT) (A007-1-1), GSH (A006-2), MDA (A003-2), pro-
tein carbonyl (Carbonyl) (A087-2), and LPO (A106)
were purchased from the Institute of Nanjing Jiancheng
Bioengineering Co., Ltd. (Nanjing, China). Hanks bal-
ance salt solution (20180930), RPMI 1640 (20181012),
and phosphate-buffered saline (201807071) were pur-
chased from Genom Biotechnology Co., Ltd. (Hang-
zhou, China). Fetal calf serum were purchased from
Sijiqing Co., Ltd. (201810, Hangzhou, China). Test kit
for ROS was purchased from Dalian Meilune Biotech-
nology Co., Ltd. (MA0219).
Experimental Design

In experiment 1, 50 one-day-old male SPF chickens
were randomly divided into 5 groups with 10 birds in
each. Following acclimatized for 7 D, groups 3 to 5 were
orally administered TEG in drinking water for 7 D at
doses of 20, 40, and 80 mg/kg body weight, respectively.
After that, groups 2 to 5 were exposed to intramuscular
injection of Cy (100 mg/kg BW) for 3 D. Group 1 was
not treated as a control. In experiment 2, 50 one-day-
old male SPF chickens were randomly divided into 5
groups with 10 birds in each. Following acclimatized for
7 D, groups 2 to 5 received intramuscular injection of
Cy (100 mg/kg BW) for 3 D. After that, groups 3 to 5
were orally administered TEG in drinking water for 7 D
at doses of 20, 40, and 80mg/kg BW, respectively. Group
1 was not treated as a control. According to the experi-
mental schedule as shown in Figure 1, body weight was
measured, and blood was sampled for analysis of
Ingredients Percent (%)

Crude protein �21.0
Crude ash �7.5
Crude fiber �5.0
Calcium 0.7–1.4
Total phosphorus �0.6
Sodium chloride 0.3–0.8
Moisture �13.5
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Figure 1. Schedule for experiments 1 and 2. TEG, tea extract granule; Cy, cyclophosphamide.
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oxidative activities splenocytes and were prepared for
ROS assay, and the spleen, thymus, and bursa were
collected for evaluation of organ indices. The organ index
was calculated according to the formula: Organ
index 5 organ weight (mg)/body weight (g).
Biochemical Analysis

The activity of T-AOC, SOD, CAT, GSH-PX and the
levels of GSH, Carbonyl, LPO, and MDA were deter-
mined by using commercial detection kits according to
the protocols.
Analysis of Intracellular ROS

Intracellular ROS was determined by a ROS kit with 2,
7-dichlorodihydrofluorescein diacetate as a fluorescent
probe (Jiang and Li, 2014). After blood collection, the
chickens were sacrificed and immersed in 75% alcohol for
10 min. The spleen was aseptically collected into suitable
amount Hanks balance salt solution and were minced and
passed through a fine steel mesh to obtain the cell suspen-
sion, filtered with 200 mesh copper. The cells were centri-
fuged for 1,000 ! g at 4�C for 10 min 3 times, the
supernatant was discarded, and the cell culture medium
(RPMI 1640 1 0.05 mM 2-mercaptoethanol 1 100
IU/mL penicillin, 100 mg/mL streptomycin, and 10%
heat inactivated fetal calf serum)were supplemented to sus-
pend. Cell suspensionwas adjusted to 5.0! 106/mL.Then
cells incubated with 2, 7-dichlorodihydrofluorescein diace-
tate at final concentration of 8 mM for 40 min at 37�C and
collected and centrifuged at 1,000! g for 10min. The cells
were washed twice with phosphate-buffered saline. The
fluorescence intensity of each sample was measured by
flow cytometry, which reflect the level of ROS.
Statistical Analysis

Analysis of data was performed using SPSS software
(version 20.0, SPSS Inc., Chicago, IL). One-way analysis
of variance with Duncan post hoc test was used for mul-
tiple comparisons between groups. Values were
expressed as the mean 6 standard deviation. P-values
of less than 0.05 were considered statistically significant.
RESULTS

Body weight

Table 2 showed that therewas no significant difference in
body weight between groups before TEG administration.
After TEG administration, groups 3 to 5 had significantly
higher body weight than groups 1 and 2. Cyclophospha-
mide injection induced significantly decreased body weight
in group 2, 3, and 5 but not in group 4. Table 3 showed that
Cy injection significantly decreased in group 3 but numer-
ically decreased in groups 2, 4, and 5 body weight when
compared with the control group. Tea extract granule
administration significantly increased the body weight in
groups 4 and 5 but not in group 3, when compared with
group 2. Throughout the experiments, chickens was not
found to have abnormal behaviors and side-effects.
Indices of Thymus, Bursa, and Spleen

Figure 2 demonstrated that Cy injection prominently
lessened the indices of thymus, bursa, and spleen, when
compared with the control group. While TEG adminis-
tration before (Experiment 1, Figure 2A–C) or after
(Experiment 2, Figure 2D–F) Cy injection numerically
or significantly increased the organ indices.
Antioxidant Enzymes

In experiment 1, no significant difference was found
for T-AOC, SOD, CAT, and GSH-PX before TEG
administration (Figure 3A–D). After Cy injection,
chickens without TEG treatment had significantly
decreased activities of antioxidant enzymes when
compared with the control, whereas the chickens previ-
ously treated with TEG had significantly or numerically
higher than the chickens without TEG treatment.
In experiment 2, Cy injection significantly decreased

activities of antioxidant enzymes (Figure 3E–H). Tea
extract granule administration significantly or numeri-
cally increased activities of antioxidant enzymes,
whereas the enzymes in chickens without TEG treat-
ment remained suppressed.



Table 2. Body weight (mean 6 SD gram) of chickens, oral administration of TEG
before Cy injection.

Group n Treatment Pre-TEG Post-TEG Post-Cy

1 10 – 55.5 6 4.3 95.4 6 8.5b 129.2 6 14.2a

2 10 Cy 56.1 6 3.2 101.4 6 7.5b 112.6 6 7.4c

3 10 TEG (20 mg/kg) 1 Cy 58.3 6 3.1 113.2 6 8.1a 121.0 6 6.0b,c

4 10 TEG (40 mg/kg) 1 Cy 56.9 6 2.8 115.6 6 6.0a 126.4 6 7.9a,b

5 10 TEG (80 mg/kg) 1 Cy 58.1 6 2.0 112.4 6 6.7a 119.8 6 5.6b,c

a-cData with different letters statistically differ (P , 0.05).
Abbreviations: Cy, cyclophosphamide; TEG, tea extract granule.
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Redox Products

In experiment 1, no significant difference was found
for GSH, carbonyl, LPO, and MDA before TEG admin-
istration (Figure 4A–D). After Cy injection, chickens
without TEG treatment had significantly decreased
GSH and increased carbonyl, LPO, and MDA, when
compared with the control while the chickens previously
treated with TEG had significantly or numerically
higher GSH and lower carbonyl, LPO, and MDA than
the chickens without TEG treatment.
In experiment 2, Cy injection significantly or numeri-

cally increased carbonyl, LPO, and MDA (Figure 4F–H).
Tea extract granule administration significantly or numer-
ically decreased carbonyl, LPO, and MDA, whereas the
products in chickens without TEG treatment remained
at high levels.
Intracellular ROS

Figure 5 showed that splenocytes isolated from
chickens treated differently had different intracellular
2,7-dichlorodihydrofluorescein diacetate fluorescence
intensities. In experiment 1, Cy injection significantly
increased the intracellular ROS level in group 1
compared with the control group. However, treatment
with TEG significantly reduced intracellular ROS pro-
duction (Figure 5A–B).
In experiment 2, Cy injection induced a significantly

higher intracellular ROS level in the splenocytes in
group 2 than the cells from chickens without Cy treat-
ment in group 1, whereas TEG administration in groups
3 to 5 significantly decreased intracellular ROS level
(Figure 5C–D).
DISCUSSION

Antioxidant property of TEG was demonstrated in
chickens. When orally administered before or after
Table 3. Body weight (mean 6 S.D. gram)
after Cy injection.

Group n Treatment P

1 10 – 54.
2 10 Cy 54.
3 10 Cy 1 TEG (20 mg/kg) 57.
4 10 Cy 1 TEG (40 mg/kg) 57.
5 10 Cy 1 TEG (80 mg/kg) 56.

a-dData with different letters statistically diffe
Abbreviations: Cy, cyclophosphamide; TEG, t
Cy-induced oxidative stress in a chicken’s model, TEG
significantly increased weight gain, the organ indices,
T-AOC, and the levels of GSH, elevated the activity of
SOD, CAT, and GSH-PX, as well as decreased the pro-
tein carbonyl content, MDA, LPO, and intracellular
ROS.

Cyclophosphamide is an alkylating agent, served as an
antineoplastic for the treatment of various cancers and
disorders such as advanced epithelial ovarian cancer,
rheumatic arthritis, acquired factor VIII inhibitors,
and refractory antibody-mediated autoimmune disor-
ders (Nishino et al., 2001; Arzoo et al., 2002;
Samaritani et al., 2007). Cyclophosphamide is
metabolized by P-450 enzymes in the liver by 2
pathways. First, Cy is catalyzed by cytochrome P-450
2B and P-450 2C to generate the DNA cross-linking
agent, phosphoramide mustard, and the toxic metabo-
lite, acrolein (Zhang et al., 2009), producing excessive
ROS (Sudharsan et al., 2006). Second, in trans is accom-
plished the CYP3A4-mediated N-dechloroethylation of
Cy to 3-dechloroethyl cyclophosphamide and the toxic
by-product, chloroacetaldehyde (Levova et al., 2011).
It has been demonstrated that manage of Cy in poultry
brings about to generation of oxidative stress with a
resulting decrease in GSH, T-AOC, the indices of spleen
and thymus, and the activities of antioxidant enzymes
such as lysozyme, CAT, and SOD, as well as increase
in the levels of MDA and the activity of xanthine oxidase
(El-Abasy et al., 2004; He et al., 2007; Zhang et al., 2008;
Cheng et al., 2017; Bi et al., 2018). Induction of oxidative
stress by administration of Cy were also found in the
present study (Figure 3).

Oxidative stress is an important mechanism of biolog-
ical damage in animals, and it is regarded as the cause of
several pathologies that affect poultry growth
(Fuhrmann and Sallmann, 1995; Avanzo et al., 2001).
Studies carried out in chicks demonstrated that
exposure to multiple stressors resulted in decreased
BW (Mcfarlane et al., 1989a,b). Dietary antioxidants
of chickens, oral administration of TEG

re-Cy Post-Cy Post-TEG

5 6 5.0 70.7 6 8.9a 132.8 6 12.5a

7 6 3.7 64.0 6 8.2a,b 104.9 6 9.9d

7 6 4.5 60.4 6 11.8b 107.3 6 10.6c,d

9 6 2.6 65.4 6 4.8a,b 115.4 6 10.0b,c

2 6 5.2 66.4 6 10.0a,b 118.6 6 9.7b

r (P , 0.05).
ea extract granule.
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Figure 2. Effect of TEG administration on organ indices of chickens. Birds were orally administered TEG (20, 40, 80 mg/kg BW) before (Exper-
iment 1: A, B, and C) and after (Experiment 2: D, E, and F) Cy (100 mg/kg BW) injection. Two days after the end of administration, thymus, bursa,
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have been reported to decease oxidative stress and
encounter against the inhibitory effect of oxidative
stress on growth of chickens. Ethoxyquin (ETOX) is a
synthetic antioxidant nonphenolic structure and served
in animal diets such as in the preservation of aviary
foods (Bailey et al., 1996). Wang et al., (1997) reported
that addition of ETOX to the diet produced a slight in-
crease (6–7%) in the body weight after 3 wk of treat-
ment, however not after 7 wk (Wang et al., 1997).
Waldroup et al., (1960) found that dietary supplementa-
tion with ETOX produced remarkably higher weight
gain after 4 wk in 1 experiment, but they discovered
only a slight increase in weight gain after 8 wk
(Waldroup et al., 1960). Shakeri et al., (2019) observed
that dietary betaine increased final weight and breast
weight in heat stress chickens (Shakeri et al., 2019).
The present study showed that injection of Cy sup-
pressed body weight gain in chickens, but oral adminis-
tration of TEG reduced the inhibitory effect on the
weight gain (Tables 2 and 3).
The thymus, bursa of Fabricius, and spleen are the im-

mune organs in poultry, and normal development of
them is important for the animal’s healthy. Cyclophos-
phamide treatment has been reported to cause a signifi-
cant decrease in the lymphoid organs or disappearance
in lymphoid organs such as the bursa, spleen, and
thymus (He et al., 2007; Fu et al., 2012; Fan et al.,
2013; Kim et al., 2014). In the present study, similar
results were found that thymus, bursa, and spleen
indices were significantly decreased by injection of Cy.
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However, oral administration of TEG at least
numerically decreased the inhibitory effect of Cy on
the organs (Figure 2).
The poultry antioxidant system comprises enzymatic

and nonenzymatic defenses (Surai et al., 1999; Surai,
2000). Enzymatic defenses include SOD, GSH-PX, and
CAT. And the latter are represented by macromolecules,
such as albumin, ceruloplasmin, and ferritin as well as an
array of small molecules, such as vitamin C, GSH, uric
acid, and minerals (Fang et al., 2002; Valko et al.,
2007). The present data revealed that Cy
administration produced a marked oxidative impact,
as evidenced by the significant increase in MDA
(Figure 4D) and carbonyl (Figure 4B) levels as well as
decrease in enzymatic (Figure 3) and nonenzymatic de-
fenses (Figure 4) levels.
Lipid and protein are the targets of ROS and can be

induced by free radicals into the process of LPO and pro-
tein peroxidation, respectively. Lipid peroxidation is
generated by conversion of polyunsaturated fatty
acid into lipid peroxides or MDA. As a major product
of LPO, MDA is supposed to be a marker of tissue
damage (Zhang et al., 2005; Eroglu et al., 2013).
Protein carbonyl is one of the final products of
protein peroxidation, which is formed by oxidation
via either an increase of ROS or the attack of
reactive aldehydes such as MDA formed during lipid
peroxidation (Haribabu et al., 2013), namely in a
way that LPO aggravates protein peroxidation.
Accordingly, the protein carbonyl level is considered
a surrogate marker of protein peroxidation (Negi
et al., 2014). Our study clearly showed a significant
increase in serum MDA and protein carbonyl content
post Cy injection, but TEG counteracted the increase
of carbonyl, LPO, and MDA (Figure 4), indicating
that TEG may effectively protect the tissue from
damage by eliminating or diminishing the production
of carbonyl, LPO, or MDA.
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Total antioxidant capacity includes a series of antiox-
idant enzymes and the related biomolecules complicated
in scavenging free radicals (Wei et al., 2012). It is a sen-
sitive and reliable marker to detect changes of in vivo
oxidative stress, which may not be detectable through
the measure of single specific antioxidant. Because the
antioxidants do not work alone, the cooperation among
the different antioxidants may provide greater protec-
tion against ROS attack. Thus, the overall antioxidant
capacity (T-AOC) may give more biologically relevant
information than that obtained from individual antioxi-
dants (Ghiselli et al., 2000). The present study eluci-
dated that Cy injection significantly depressed the
activities of T-AOC, and oral administration of TEG
before or after TEG administration neutralized the
inhibitory effect of Cy on T-AOC as indicated in
Figure 3A and E. Antioxidant enzymes are considered
to be a primary defense against cell oxidant damage.
The antioxidant enzymes in the tissues can effectively
scavenge the free radicals that are generated during
the oxidative stress (Cui et al., 2010). Superoxide dis-
mutase is an intracellular antioxidant that works on
the superoxide anion. It can catalyze the conversion of
superoxide radicals to hydrogen peroxide and maintain
a low superoxide concentration (Eroglu et al., 2013).
Catalase is the most important cellular antioxidant. It
can degrade O2 and decompose H2O2 and result in a
decrease in oxidative stress, which is the effective way
of protection from ROS attack (Ince et al., 2014). Gluta-
thione peroxidase is an enzyme involved in scavenging
the ROS and protecting the body from LPO by reducing
both lipidic and nonlipidic hydroperoxides as H2O2
(Avanzo et al., 2001). In the present study, the activities
of SOD, CAT, and GSH-PX were significantly sup-
pressed by injection of Cy. But oral administration of
TEG partially recovered the activities of the 3 enzymes
(Figure 3).

Cellular nonenzymatic antioxiadant defense involves
GSH, vitamin C, and VE. Glutathione was analyzed in
this study as it plays a vital role in protection of cells
against oxidative injury. The depletion of GSH by Cy
could be because of the direct conjugation metabolites
of Cy with GSH. Therefore, reduction of GSH may
lead to oxidative stress (Zarei and Shivanandappa,
2013; Wang et al., 2014). Our findings showed that Cy
injection significantly decreased the levels of GSH
(Figure 4A and E). Oral administration of TEG sup-
pressed the inhibitory effect of Cy on GSH.

Cells possess many unsaturated fatty acids in their
plasma membranes and are particularly vulnerable to
ROS (Jang et al., 2006). In animals, redox signaling
pathways use ROS to transfer signals from different
sources to the nucleus to regulate a number of various
functions including growth, differentiation, prolifera-
tion, and apoptosis. Figure 5 showed that TEG adminis-
tration decreased the intracellular ROS level induced by
Cy injection. Indicating that TEG could be used as an
antioxidant to reduce oxidative stress.

After observing the antioxidative effect of TEG on the
oxidative stress induced by Cy in a bird model, we
conclude that oral administration of TEG in drinkingwa-
ter had antioxidative property, as evidenced by
increasing body weight gain, the organ indices, T-AOC,
and the levels of GSH, elevating the activity of SOD,
CAT, and GSH-PX, as well as decreasing the protein
carbonyl content, LPO, and MDA. In addition, TEG
administration reduced intracellular oxygen species
(ROS). Therefore, TEG could be a promising agent
against oxidative stress in the poultry industry.
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