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ABSTRACT

This study was conducted to evaluate the influence of supplementing 
tea polyphenols (TP) in diet of laying hens on yolk cholesterol content and 
production performance. A total of 1800 Lohmann laying hens aged 48 
weeks were randomly allocated to 6 groups. Each group consisted of 6 
replicates with 50 layers. The feeding experiment was 4 weeks including 
one-week acclimatization. Layers fed basal diet supplemented with 0, 
150, 200, 250, 300 and 350 mg TP/kg diet, respectively. The results 
showed that average daily feed intake (ADFI), feed conversion ratio 
(FCR), average egg weight (AEW), laying rate and the indicators of egg 
quality were not significantly affected by the diet supplemented with 
300 mg/kg TP (p>0.05). However, yolk cholesterol content decreased by 
increasing TP concentration (p<0.01), with 18.06% reduction in layers 
fed diet supplemented with 300 mg TP/kg. Also, the diet supplemented 
with 300 mg/kg TP significantly decreased plasma triglyceride (TG), total 
cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) level 
(p<0.05). The activity of serum glutathione peroxidase (GSH-Px) was 
enhanced by increasing TP concentration, while the content of serum 
methane dicarboxylic aldehyde (MDA) was decreased by increasing TP 
concentration. The highest activity of GSH-Px and the lowest serum 
MDA content were both determined in 300 mg/kg TP group (p<0.01). 
In conclusion, this study suggests that the addition of 300 mg TP/kg 
basal diet had no negative effect on the production performance laying 
hens, yet decreased the egg yolk cholesterol content and enhanced the 
antioxidant capacity of laying hens at the same time.

INTRODUCTION

Eggs are one of the most nutritious food for humans, which can 
provide the recommended daily requirement of nutrients for humans of 
all ages. However, nearly 30% lipids composition and high cholesterol 
content of egg yolk of chicken eggs is a primary health concern for 
consumers (Jung et al., 2011). Excessive intake of cholesterol may result 
in diseases such as atherosclerosis and fatty liver (Chung et al., 2012). 
What’s more, dietary cholesterol intake with pancreatic cancer (Chen et 
al., 2015), II diabetes (Tajima et al., 2014) are also related. Therefore, it 
is necessary to control and limit cholesterol intake. Thus, many studies 
have been made to decrease the cholesterol content in egg-yolk such 
as adding garlic (Kaya & Macit, 2012), ginger (Wen et al., 2019), and 
grape seeds (Sun et al., 2018), etc.

There is a growing interest in the role of green tea in health and disease 
(Li et al., 2020). Tea contains many natural compounds, particularly 
polyphenols, which have anti-oxidative (Gramza-Micha Owska et al., 
2016; Rodrigues et al., 2016), anti-bacterial (Nakayama et al., 2012; 
Kawarai et al., 2016), anti-aging (Li et al., 2016), anti-cancerous (Shih 
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et al., 2016) and other biological activities. Inclusion of 
TP in the diet often results in higher animal production 
performance due to its antioxidant activity in animal 
body (Luo et al., 2017; Sahin et al., 2010). The positive 
influence of TP on lipid and cholesterol are getting more 
and more well-known. In both animal experiments and 
human experiments, TP significantly lowered blood 
lipid level and fat deposition in liver and peripheral 
tissues (Ashida et al., 2008; Basu et al., 2010; Axling et 
al., 2012; Bogdanski et al., 2012; Chung et al., 2012). 
Studies indicated that TP can reduce yolk cholesterol 
content, and the effective addition amount of tea 
polyphenols is mostly in the range of 200-400mg/
kg, which is quite different. We assume that within 
this range, with the increase of the concentration of 
tea polyphenols, the content of egg yolk cholesterol 
will decrease. But, when the added amount of tea 
polyphenols reaches a certain level, its cholesterol-
lowering effect will also decrease. Therefore, the aim 
of this study was to evaluate the cholesterol-lowering 
effects of TP and identify the most effective dose, 
which provided new ideas for solving the problem of 
high cholesterol content of yolk and producing low 
cholesterol eggs.

MATERIALS AND METHODS

Experimental Materials

Tea polyphenol was purchased from Chengdu 
Huagao biological products limited company, which 
with more than 20% active ingredients. Sanitary index: 
plumbum ≤ 2 mg/kg, Hexachlorocyclohexane (HCH) ≤ 
0.05 mg/kg, Dichlorodiphenyltrichloroethane (DDT) ≤ 
0.02 mg/kg.

Experimental Animals and Design

In total, 1800 48-week-old Lohmann laying hens 
were obtained from zhengda company and randomly 
divided into 6 groups, with 6 repetitions in each group 
and 50 layers in each repetition. The hens for each 
group were obtained from the same hatchery which 
were in similar body weight. The animal care and use 
protocol (SYXK (CQ) 2014-0002) was approved by 
the Animal Care and Use Committee of Southwest 
University. Six groups were supplemented with 0, 150, 
200, 250, 300 and 350 mg TP /kg basal diet (NRC, 
1994), respectively, as shown in Table 1. 

The basal diet composition and nutrient levels are 
shown in Table 2.

Table 2 – Ingredient and nutrient content of the basal 
experimental diet (%).
Ingredients Content (%) Nutrients levels Content

Corn 63 (MJ/kg) 11.676

Wheat bran 4.7 Crude protein(%) 16.0

Soybean 21.24 Calcium(%) 3.23

Iimestone 7.75 Total phosphorus(%) 0.62

Bicalcium phosphate 0.4 Available phosphorus(%) 0.32

Soybean oil 1.53 Methionine(%) 0.38

Sodium chloride 0.195 Lysine(%) 0.85

NaHCO3 0.09 Methionine+cystine(%) 0.72

Choline chloride 0.09 Isoleucine(%) 0.52

Methionine 0.045 Threonine(%) 0.54

Vitamin premix1 0.03 Tryptophan(%) 0.17

Phytase 0.03 Valine(%) 0.68

Mineral premix1 0.9 Arginine(%) 1.00

Total 100

Legend: Premix per kg compound feed: VA, 12,000 IU; VD3, 1,500 IU; VE, 25 IU; VK3, 
1.0 mg; VB1, 1.6 mg; VB2,5.0mg;VB5,20mg;VB6,6.0mg;VB12,0.01mg;biotin,0.2mg;Pan
tothenicacid,15mg;choline, 500 mg; folic acid, 0.5 mg; Fe, 90 mg; Cu, 20 mg; I, 0.45 
mg; Mn, 80 mg; Zn, 80 mg; Se, 0.2 mg.

The metabolic energy was calculated values, and other data were determined values.

Metabolic energy (ME).

Feeding and Management

All laying hens were kept in 3-tiered cages 
(47×37×38cm) with 5 hens per cage and under the same 
management, hygienic, and environmental conditions. 
The chicken farm adopted the feeding mode of all in 
and all out, automatic temperature control equipment, 
automatic egg collector and automatic feeding system. 
We fed the hens at 9:00 a.m. and 4:00 p.m. during the 
test, feed and water were provided ad libitum during 
the entire experimental period. The light program was 
constant and consisted of 16 hours of light per day. 
The feeding experiment was 4 weeks, which included 
one-week acclimatization and feeding trial.

The Sample Collection

At the end of the experiment, 12 eggs were 
randomly selected from each replicate group, 6 eggs 
were determined for egg quality and 6 eggs were 
determined for egg yolk cholesterol content. One hen 
in good condition was randomly selected from each 
replicate for blood collection. We collected 5 ml blood 
by the blood collection needle and put it into a heparin 
sodium anticoagulation tube, gently inverted it twice, 
then immediately centrifuged at 3000 r/min for 15 min 

to separate the serum. Three tubes were placed 
in a 1.5 ml centrifuge tube in a foam box with 
an ice pack and brought back to the laboratory 
to quantify serum biochemical markers.

Table 1 – Design of experiment.
Group 1 2 3 4 5 6

Treament 0 150 mg/kg 200 mg/kg 250 mg/kg 300 mg/kg 350 mg/kg
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Determination of Indexes and Methods

Production Performance. During the experiment, 
we fed the hens at 9:00 a.m. and 4:00 p.m. every day, 
and the weight of feed was determined by observing 
that there was almost no feed left in the feed trough 
in the next day. ADFI was determined by the total of 
feeding weight in the morning and afternoon. Eggs 
were collected at 11:00 a.m. every day, the number 
of eggs and total egg weight were recorded. Taking 
repetition as the unit and the formal period as the test 
days, ADFI, AEW, FCR and laying rate were calculated. 

ADFI = total daily intake / (test days x total birds) 
Laying rate = total number of eggs / (test days x 

total birds)
AEW = total egg weight / total eggs
FCR = feed intake / (egg weight x laying rate)
Egg Quality. Three eggs were selected from each 

replicate group to weigh the egg weight, eggshell 
weight and yolk weight. The eggshell thickness, 
eggshell strength, albumen height and yolk color were 
measured with eggshell thickness gauge, eggshell 
strength meter and albumen height micrometer 
(Shenyang Fujipin Industrial Co., Ltd.) and Roche egg 
yolk color fan (Roche, USA). The shell specific gravity, 
the yolk specific gravity and the Haugh unit were 
calculated by the following formula:

Shell specific gravity = shell weight / egg weight
Yolk specific gravity = yolk weight / egg weight
Haugh unit = 100 x log (albumen height - 1.7 x egg 

weight 0.37+7.57)
Yolk Cholesterol Content. Six eggs were selected 

from each replicate group to determine the egg yolk 
cholesterol content. The yolks were separated from the 
albumen and 1g samples of yolk were weighed after 
the eggs boiled. The egg yolk was dissolved with 10ml 
methanol-chloroform solution (methanol: chloroform 
= 2:1), stirred evenly and then filtered. The cholesterol 

content of 0.1ml filtrate (10mg/mL) was determined 
by spectrophotometer through the method which was 
consistent with the previous published article (Sun et 
al., 2018).

Yolk Cholesterol content= Cholesterol (mg/g yolk) x 
the egg yolk weight

Serum Biochemistry. One serum was taken from 
each repeat group to determine TC, TG, LDL-C, high 
density lipoprotein cholesterol (HDL-C), GSH-Px, total 
antioxidant capacity (T-AOC), superoxide dismutase 
(SOD) and MDA. The above indicators were measured 
by commercial assay kits, which were purchased from 
Nanjing Jiancheng biology Co., Ltd.

Statistical Analysis

The experimental results were analyzed by SPSS 22.0 
that used one-way analysis of variance and Duncan 
analysis was used for multiple comparisons. The results 
were expressed as “mean ± standard error”. 

RESULTS AND DISCUSSION
Production Performance and Egg Quality

Table 3 showed that there was no significant 
effect on the feed intake and laying rate among 
groups which were supplied with 150-350 mg/kg TP 
(p>0.05). Compared with the control group and 300 
mg/kg TP group, there was a significant decrease in 
egg weight in 250 mg/kg and 350 mg/kg TP groups 
(p<0.05), and there was no difference among other 
groups. Compared with the control group, there was 
no difference in feed-egg ratio in each treatment, but 
in the 300 mg/kg TP group there was a significant 
decrease compared with the 200 mg/kg, 250 mg/kg 
and 350 mg/kg TP groups (p<0.05). According to the 
above indicators, the diet supplemented with 300 mg/
kg TP had the best production performance in this 
study. 

Table 3 – Effect of TP addition on performance of laying hens.

Items
TP supplemented level (mg/kg)

0 150 200 250 300 350 p

Feed intake (g/d) 106.05±0.53 105.31±0.81 106.37±0.70 105.13±0.74 106.79±0.85 105.72±0.71 0.486

Laying rate (%) 92.33±0.68 91.54±0.66 91.76±0.49 91.15±0.44 92.47±1.06 91.83±0.39 0.733

Egg weight (g) 59.98±0.08bc 59.25±0.44ab 58.78±0.37ab 58.64±0.45a 60.26±0.29bc 58.57±0.65a 0.005

FCR (Kg/Kg) 1.92±0.01ab 1.94±0.02ab 1.97±0.02b 1.96±0.02b 1.90±0.02a 1.96±0.03b 0.077

Legend: Different shoulder marks (a, b) in the same row of data indicates significant differences (p<0.05).

Tea polyphenols (TP), feed conversion ratio (FCR).

As shown in Table 4, 150-350 mg/kg TP had no 
significant effect on eggshell strength, yolk weight, yolk 
specific gravity, yolk color, albumen height and Haugh 

unit (p>0.05). Compared with the control group, 
the eggshell specific gravity significantly decreased 
in group supplied with 200 mg/kg TP (p<0.05); the 
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eggshell thickness significantly decreased in group 
supplied with 250 mg/kg TP (p<0.05); and in the 300 
mg/kg TP group was closest to the control group.

The production performance indicators of laying 
hens include ADFI, AEW, FCR, laying rate, etc. Wang 
et al. (2018) reported that adding 200 mg/kg TP to 
the diet of laying hens could improve the production 
performance of laying hens. This study found that egg 
weight in the 250 mg/kg and 350 mg/kg TP groups 
was decreased, the FCR in the 350 mg/kg TP group was 
higher than that in the 300 mg/kg TP group. Because 
tea has a certain bitter taste, it will reduce the chicken’s 
feed intake to a certain extent. In addition, catechins 
inhibit the intestinal absorption of fat and lipase activity, 
which hinders the formation of egg yolk lipids and also 
affects egg weight (Sadao & Yuko, 2008). In terms of 
production performance, the group supplied with 300 
mg/kg TP was better than other groups. These results 
indicated that high concentration of TP might not be 
conducive to the production performance of laying 
hens. The addition of 300 mg/kg of TP can keep a 
good production performance level of laying hens.

Investigators obtained similar results by adding 
green tea powder to the diet of layers (Uuganbayar 
et al., 2005), when the addition amount was greater 
than 1.5%, the eggshell thickness was significantly 
decreased. Xia et al. (2018) added 1%-3% green 
tea powder to the diet of twenty-week-old Xianju 

chicken, and found that the thickness and strength of 
the eggshell significantly decreased by increasing the 
green tea powder concentration. However, contrary 
results have also been reported by Yuan et al. (2016) 
that investigators added 600 mg/kg and 1000 mg/
kg TP to Lohmann laying hens’ diet for 5 weeks, and 
the eggshell thickness, eggshell strength, albumen 
height and Haugh unit significantly increased. Bing 
et al. (2018) also found that the albumen height and 
the Haugh unit increased. These differences might 
be caused by the different nutrition levels and basic 
production performance of laying hens. In summary, 
this study suggests that adding 300 mg/kg TP to the 
diet of Lohmann laying hens could maintain the quality 
of eggs.

The Content of Yolk Cholesterol 

As shown in Table 5, compared with the control 
group, increasing supplement of TP concentration 
lowered the cholesterol content of egg yolk by 1.87% 
(p>0.05), 10.79% (p<0.05), 12.73% (p<0.05), 
18.06% (p<0.05) and 21.61% (p<0.05), respectively. 
The cholesterol content of egg yolk was decreased by 
increasing additive amount of TP. And the cholesterol 
content of egg yolk was mostly decreased in group 
supplied with 300 mg/kg, 350 mg/kg TP.

Eggs are the primary source of food cholesterol. Early 
researches have shown that increased food cholesterol 

Table 4 – Effect of TP addition on egg quality of laying hens.

Items
TP supplemented level (mg/kg)

0 150 200 250 300 350 p

Eggshell strength (kgf) 4.73±0.43 4.58±0.42 4.16±0.40 3.97±0.40 4.35±0.24 4.42±0.38 0.429

Eggshell thickness (mm) 0.397±0.009b 0.390±0.011ab 0.373±0.018ab 0.367±0.011a 0.395±0.008b 0.385±0.006ab 0.046

Eggshell specific gravity (%) 12.78±0.29b 12.84±0.41b 11.97±0.40a 12.15±0.31ab 12.57±0.27ab 12.86±0.26b 0.036

Yolk weight (g) 17.46±0.40 18.00±0.65 17.37±0.48 17.37±0.42 17.40±0.49 16.93±0.31 0.494

Yolk specific gravity (%) 28.91±0.67 29.81±0.99 29.00±0.41 28.18±0.80 29.20±0.78 28.43±0.65 0.361

Yolk color 9.50±0.21 9.50±0.21 9.33±0.27 9.33±0.20 9.58±0.21 9.63±0.27 0.717

Albumen height (mm) 7.84±0.39 8.43±0.33 8.17±0.39 8.38±0.34 8.25±0.37 8.15±0.39 0.802

Haugh unit 88.45±2.09 91.31±1.59 91.01±2.33 90.77±1.76 90.43±1.87 90.14±1.97 0.9

Legend: Different shoulder marks (a, b) in the same row of data indicates significant differences (p<0.05). 

Tea polyphenols (TP).

Table 5 – Effect of TP addition on cholesterol content in egg yolk, serum cholesterol and triglycerides of laying hens.

Items
TP supplemented level (mg/kg)

0 150 200 250 300 350 p

Serum TG (mmol/L) 22.77±0.65b 18.92±1.96ab 19.03±0.91ab 16.87±1.67a 17.27±1.05a 23.84±1.04b 0.033

TC (mmol/L) 3.74±0.27b 3.54±0.18ab 3.18±0.23ab 3.21±0.28ab 2.94±0.19a 3.24±0.18ab 0.225

HDL-C (mmol/L) 0.712±0.050 0.711±0.086 0.539±0.048 0.619±0.093 0.578±0.062 0.533±0.038 0.279

LDL-C (mmol/L) 2.27±0.12d 2.22±0.10d 1.86±0.10c 1.56±0.0065ab 1.44±0.045a 1.78±0.061bc <0.001

LDL-C/HDL-C 3.09±0.20 3.86±0.36 3.42±0.28 3.27±0.37 3.01±0.36 3.53±0.12 0.356

Yolk TG (mg/egg) 201.72±3.90a 205.50±4.64a 179.96±4.85b 176.03±2.40b 165.28±1.75c 158.13±2.70c <0.001

Legend: Different shoulder marks (a, b) in the same row of data indicates significant differences (p<0.05).

Tea polyphenol (TP), total plasma triglyceride (TG), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C).



eRBCA-2020-1356

5

Wang Y, Yang Q, Lin P, 
Li C, Lu Y, Daijun S

The Effect of Supplementing Tea Polyphenols in Diet 
of Laying Hens on Yolk Cholesterol Content and 
Production Performance

intake would increase plasma total cholesterol and 
LDL-C levels, and elevated plasma total cholesterol and 
LDL-C levels were risk factors for cardiovascular disease. 
Azeke and Ekpo (2008) added 1% and 2% of black 
tea powder to the diet of hens, the results showed 
that the egg yolk cholesterol decreased by 29% and 
66%, respectively. Uuganbayar et al. (2005) compared 
the effect of Japanese green tea powder, Korean 
green tea powder and Chinese green tea powder on 
the cholesterol content of egg yolk, and found that 
only 1% and 2% of Chinese green tea powder could 
significantly decrease the cholesterol of egg yolk. Kaya 
et al. (2014) reported that cholesterol content of egg 
yolk was significantly affected by adding 2%-10% of 
the waste of black tea processed by factories to the diet 
of laying hens. This study suggests that diet addition 
of TP significantly reduces the cholesterol content of 
egg yolk, which was similar to the above results, and 
the 300 mg/kg and 350 mg/kg TP groups decreased 
by 18.06% and 21.61%, respectively. It could be seen 
that the regulation of TP on the cholesterol content of 
egg yolks was not only related to the concentration, 
but also to the difference in additive of tea products.

Serum Cholesterol and Triglycerides

As shown in Table 5, the contents of TG, TC and 
LDL-C in the plasma decreased with the addition of 
TP, the higher concentration of the TP added, the 
lower contents of the TG, TC and LDL-C were in the 
plasma. Compared with the control group, there was 
a significant decrease in the contents of TG in the 
plasma in the 250 mg/kg and 300 mg/kg TP groups 
(p<0.05), but the content of TG in the plasma in 350 
mg/kg TP group was higher than that in 250 mg/kg 
and 300 mg/kg TP groups (p<0.05). The group fed 300 
mg/kg TP in their diet had 21.6% lower plasma TC 
content compared with the control group. There was 
no significant difference of HDL-C among six groups 
(p>0.05). The contents of LDL-C in the plasma in 200-
350 mg/kg TP groups was significantly lower than that 
in the control group and 150 mg/kg TP group (p<0.05), 
and that in the group which was supplied with 300 
mg/kg TP decreased mostly by 33.64%.

Laying hens’ endogenous cholesterol mainly 
synthesized in the liver and transported to the 
extrahepatic tissues by LDL-C, while HDL-C was mainly 
responsible for transporting the cholesterol from the 
peripheral tissues to the liver and excreting it through 
bile pathway. Lipid and cholesterol deposition in eggs 
were closely related to plasma TG, TC and LDL-C levels 
(Qiu et al., 2018). This study showed that diet addition 
of 300 mg/kg TP significantly decreased the content 

of TG, TC and LDL-C in plasma, which was consistent 
with the result of yolk cholesterol content. Tian et 
al. (2013) fed a high-fat diet to male rats and found 
that TG, TC and LDL-C/HDL-C in the TP group were 
significantly lower than those in the high-fat group. 
Ding et al. (2017) supplementing green tea water 
to atherosclerosis model mice found that green tea 
polyphenols can significantly improve lipid metabolism 
of mice, reduce plasma oxidized low-density lipoprotein 
levels, and inhibit the development of atherosclerosis. 
Huang et al. (2015) reported that feeding broilers 
with high Epigallocatechin gallate (EGCG) for 4 weeks 
significantly reduced the levels of TG and LDL-C in 
the blood. LDL-C is mainly cleared by Low density 
lipoprotein receptor (LDLR) located in liver cells. A large 
number of in vitro and in vivo experiments reported 
that TP could enhance LDLR expression in liver cells or 
liver (Goto et al., 2012; Hirsova et al., 2012; Liu et al., 
2015) . Therefore, LDL-C might be the target of TP, 
and the effect of TP on lowering lipids and cholesterol 
is closely related to the decrease of LDL-C in plasma. 
HDL-C is known as the “good cholesterol” because it 
carries cholesterol from peripheral tissues back to the 
liver for clearance, and enables the reverse transport of 
cholesterol (RCT). Several investigators have reported 
that plasma HDL-C levels reflected RCT levels. High-fat 
model animal experiments also showed that TP could 
improve the level of HDL-C in plasma (Kim et al., 2009; 
Moreno et al., 2014). When male rats were fed with 
a high-fat diet and added different concentrations TP 
into the high-fat diet, the plasma HDL-C content in 
the high-fat diet with TP group was significantly higher 
than that in the high-fat control group, and HDL-C was 
significantly lower than that in the normal diet group 
(Li and wu, 2018). The above results were obtained 
under the high-fat model, for the body with different 
lipid metabolism levels, the effect of TP on HDL-C may 
be different. It has been reported that HDL-C receptor 
scavenger receptor BI (SR-BI) increased expression in 
the liver for the addition of Epigallocatechin gallate 
(Hirsova et al., 2012). SR-BI mainly mediated two-way 
flow of cholesterol and other lipids between HDL and 
cells, the decrease of HDL-C level might be related to 
the increase of SR-BI expression.

Serum Antioxidant Capacity of Laying 
Hens

As shown in Table 6, compared with the control 
group, the level of plasma GSH-Px was significantly 
increased by increasing TP concentration (p<0.01) and 
the 300 mg/kg TP group increased mostly by 83.14%, 
and there was no significant difference in the level of 
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plasma GSH-Px between the 300 mg/kg group and the 
350 mg/kg TP group (p>0.05). The level of serum MDA 
decreased by increasing TP concentration (p<0.01), 
in the 300 mg/kg TP group it decreased the most, by 
49.81%, and there was no significant difference in the 
level of serum MDA between the 300 mg/kg TP group 
and the 350 mg/kg TP group (p>0.05). The level of 
T-AOC increased in treatment groups although there 
was no significant difference among six groups (p>0.05).

Antioxidant indicators in the serum reflect the 
antioxidant capacity of body. Serum GSH-Px, T-SOD, 
T-AOC, and MDA are antioxidant indicators in 
general. Reactive oxygen species (ROS), such as H2O2

、OH•、1O2
•, are by-products of aerobic metabolism, 

excessive production of ROS can cause damage to 
lipids, proteins and DNA, leading to cell death, namely 
oxidative stress. T-SOD enzyme can rapidly transform 
the superoxide ion O2

•- produced by mitochondria into 
H2O2, while GSH-Px can catalyze the decomposition 
of H2O2 into water, and at the same time catalyze the 
transformation of GSH into GSSG, H2O2 can react with 
Fe2+ to generate hydroxyl radicals (OH•), and further 
react with membrane lipids to produce lipid peroxides, 
MDA is the final product of lipid peroxidation. T-AOC is 
a comprehensive indicator to measure the antioxidant 
system (Schieber et al., 2014). The stimulation of 
the external environment, such as high temperature, 
usually leads to oxidative stress in the body and 
decreases the production performance of animals 
(Akbarian et al., 2016). Therefore, these indicators 
can reflect the body’s ability to resist stress in a certain 
extent. The chemical structure of tea polyphenols 
usually contains more than two hydroxyl groups, so 
that tea polyphenols can provide active hydrogen 
and effectively remove the excess reactive oxygen 
radicals in the body. Therefore, tea polyphenols have 
a strong antioxidant effect, and its beneficial effects 
such as enhancing anti-atherosclerosis, anti-tumor 
and immune activity might be closely related to its 
antioxidant activity (Lambert et al., 2010; Hayakawa 
et al., 2016). Catechin, the main component of tea 
polyphenols, is a powerful antioxidant that scavenges 

free radicals and prevents the formation of ROS by 
chelating metal ions (Sang et al., 2011). Among tea 
catechins, EGCG has the strongest antioxidant activity 
(Chen & Yang, 2020). Experiments in vitro have 
showed that low concentration of EGCG could inhibit 
intracellular ROS production (Kucera et al., 2015). In 
vivo, the effects of EGCG (and other catechins) are 
more complex, depending on the dose used and the 
physiological conditions (Li et al. 2010, Yang & Zhang 
2019). It has been reported that diet addition of TP 
could improve the decrease of albumen height caused 
by vanadium, reduce oxidative stress in the liver, 
and shorten the recovery time after injury (Azeke & 
Ekpo, 2008). The above reports showed that TP could 
enhance the antioxidant and anti-stress capacity of 
laying hens. This study suggests that adding TP to the 
diet significantly increased the content of GSH-Px in 
plasma and decreased the content of MDA, and the 
best influence was in group supplied with 300 mg/kg 
TP.

In conclusion, tea polyphenol as an additive can 
decrease the cholesterol content, and the cholesterol 
content of egg yolk would further decrease with the 
increase of tea polyphenol concentration within the 
range of this experiment. The cholesterol content of 
egg yolk was mostly decreased when the additive 
amount of TP was 300 mg/kg and 350 mg/kg. Adding 
300 mg/kg TP to the diet had no negative effect on the 
production performance of laying hens, yet decreased 
the cholesterol content of egg yolk and enhanced the 
antioxidant capacity of laying hens at the same time. 
So the best additive amount of TP is 300mg/kg in this 
study.
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Table 6 – Effect of TP addition on serum antioxidative index of laying hens.

Items
TP supplemented level (mg/kg)

0 150 200 250 300 350 p

GSH-Px (U/ml ) 166.53±11.32a 178.54±7.30ab 186.85±10.88ab 210.14±15.71b 304.99±13.57c 254.67±5.14c <0.001

T-AOC (mmol/L) 0.91±0.07 0.94±0.07 0.90±0.05 1.05±0.04 1.04±0.08 1.04±0.07 0.582

SOD (U/ml) 1230.23±61.01 1345.38±46.64 1281.35±60.54 1170.03±54.51 1257.75±42.68 1250.22±62.09 0.420

MDA (nmol/ml) 7.97±0.48d 5.78±0.54bc 5.61±0.22bc 5.39±0.60abc 4.00±0.27a 4.14±0.45ab <0.001

Legend: Different shoulder marks (a, b) in the same row of data indicates significant differences (p<0.05). 

Tea polyphenol (TP), serum glutathione peroxidase (GSH-Px), total antioxidant capacity (GSH-Px), superoxide dismutase (SOD), methane dicarboxylic aldehyde (MDA).



eRBCA-2020-1356

7

Wang Y, Yang Q, Lin P, 
Li C, Lu Y, Daijun S

The Effect of Supplementing Tea Polyphenols in Diet 
of Laying Hens on Yolk Cholesterol Content and 
Production Performance

REFERENCES 
Akbarian A, Michiels J, Degroote J, Majdeddin M, Smet SD. Association 

between heat stress and oxidative stress in poultry;mitochondrial 
dysfunction and dietary interventions with phytochemicals. Journal of 
Animal Science and Biotechnology 2017;(1):5-18.

Ashida H, Furuyashiki T, Nagayasu H. Anti-obesity actions of green tea: 
possible involvements in modulation of the glucose uptake system 
and suppression of the adipogenesis-related transcription factors. 
Biofactors 2004;22(1-4):35-140.

Axling U, Olsson C, Xu J, Fernandez C, Larsson S, Strom MK, et al. Green 
tea powder and Lactobacillus plantarum affect gut microbiota, lipid 
metabolism and inflammation in high-fat fed C57BL/6J mice. Nutrition 
and Metabolism 2012;9:105-122.

Azeke MA, Ekpo KE. Egg yolk cholesterol lowering effects of garlic and tea. 
Journal of Biological Sciences 2008;8(2):456-460.

Basu A, Sanchez K, Leyva MJ, Wu M, Betts NM, Aston CE, et al. Green 
tea supplementation affects body weight, lipids, and lipid peroxidation 
in obese subjects with metabolic syndrome. Journal of the American 
College of Nutrition 2010;29(1):31-40. 

Chen H, Qin S, Wang M, Zhang T, Zhang S. Association between cholesterol 
intake and pancreatic cancer risk: evidence from a meta-analysis. 
Scientific Reports 2015;5:8243-8249. 

Chen TT, Yang CS. Biological fates of tea polyphenols and their 
interactions with microbiota in the gastrointestinal tract: implications 
on health effects. Critical Reviews in Food Science and Nutrition 
2020;60(16):2691-2709.

Chung MY, Park HJ, Manautou JE, Koo SI, Bruno RS. Green tea extract 
protects against nonalcoholic steatohepatitis in ob/ob mice by decreasing 
oxidative and nitrative stress responses induced by proinflammatory 
enzymes. Journal of Nutritional Biochemistry 2012;23:361-367.

Ding S, Jiang J, Yu P, Zhang GF, Zhang GH, Liu XT. Green tea polyphenol 
treatment attenuates atherosclerosis in high-fat dietfed apolipoprotein 
E-knockout mice via alleviating dyslipidemia and up-regulating 
autophagy. Plos One 2017;12(8):e0181666.

Goto T, Saito Y, Morikawa K, Kanamaru Y, Nagaoka S. Epigallocatechin 
gallate changes mRNA expression level of genes involved in 
cholesterol metabolism in hepatocytes. British Journal of Nutrition 
2012;107(6):769-773.

Gramza-Micha Owska A, Kobus-Cisowska J, Kmiecik D, Korczak J, Helak B, 
Dziedzic K, et al. Antioxidative potential, nutritional value and sensory 
profiles of confectionery fortified with green and yellow tea leaves 
(camellia sinensis). Food Chemistry 2016;211(15):448-454.

Hayakawa S, Saito K, Miyoshi N, Ohishi T, Nakamura Y. Anti-cancer effects 
of green tea by either anti- or pro-oxidative mechanisms. Asian Pacific 
Journal of Cancer Prevention 2016;17(4):1649-1654.

Hirsova P, Kolouchova G, Dolezelova E. Epigallocatechin gallate enhances 
biliary cholesterol secretion in healthy rats and lowers plasma and 
liver cholesterol in ethinylestradiol-treated rats. European Journal of 
Pharmaceutical Sciences 2012;691:38-45.

Huang J B, Zhang Y, Zhou Y B, Wan XC, Zhang JS. Effects of epigallocatechin 
gallate on lipid metabolism and its underlying molecular mechanism in 
broiler chickens. Journal of Animal Physiology and Animal Nutrition 
2015;99(4):719-727

Jung S, Han BH, Nam K, Ahn DU, Lee JH, Jo C. Effect of dietary 
supplementation of gallic acid and linoleic acid mixture or their 
synthetic salt on egg quality. Food Chemistry 2011;129(3):822-829.

Kawarai T, Narisawa N, Yoneda S, Tsutsumi Y, Ishikawa J, Hoshino Y, et 
ak. Inhibition of Streptococcus mutans biofilm formation using extracts 
from Assam tea compared to green tea. Archives of Oral Biology 
2016;68:73-82.

Kaya H, Gül M, Çelebi Ş, Kaya A, Macit M. The effects of black tea factory 
waste supplementation into laying hen diets on performance, egg 
quality, yolk peroxidation, and blood parameters. Kafkas Universitesi 
Veteriner Fakultesi Dergisi 2014;20:375-382.

Kaya H, Macit M. Effect of inclusion of garlic (Allium sativum) powder at 
different levels and copper into diets of hens on performance, egg 
quality traits and yolk cholesterol content. International Journal of 
Poultry Science 2012;11(2):114-119.

Kim HJ, Jeon SM, Lee MK, Jung UJ, Shin SK, Choi MS. Antilipogenic 
effect of green tea extract in C57BL/6J‐Lep ob/ob mice. Phytotherapy 
Research 2009;23(4):467-471.

Kucera O, Mezera V, Moravcova A. In vitro toxicity of epigallocatechin 
gallate in rat liver mitochondria and hepatocytes. Oxidative Medicine 
and Cellular Longevity 2015;2015:153-157.

Lambert JD, Elias RJ. The antioxidant and pro-oxidant activities of green tea 
polyphenols: a role in cancer prevention. Archives of Biochemistry and 
Biophysics 2010;501(1):65-72.

Li F, He F, Ye X, Shen W, Wu Y, Zhai Y, et al. Tea consumption is inversely 
associated with depressive symptoms in the elderly: a cross-sectional 
study in eastern China. Journal of Affective Disorders 2016;199:157-
162.

Li GX, Chen YK, Hou Z, Xiao H, Jin HY, Lu G, et al. Pro-oxidative activities 
and dose-response relationship of (-)-epigallocatechin-3-gallate in the 
inhibition of lung cancer cell growth: a comparative study in vivo and 
in vitro. Carcinogenesis 2010;31(5):902-910.

Li Y, Rahman SU, Huang Y, Zhang Y, Ming P, Zhu L, et al. Green tea 
polyphenols decrease weight gain, ameliorate alteration of gut 
microbiota, and mitigate intestinal inflammation in canines with 
high-fat-diet-induced obesity. The Journal of Nutritional Biochemistry 
2020;78:108324.

Li Y, Wu S. Epigallocatechin gallate suppresses hepatic cholesterol synthesis 
by targeting SREBP-2 through SIRT1/FOXO1 signaling pathway. 
Molecular and Cellular Biochemistry 2018;448(1-2):175-185.

Liu G, Zheng XX, Xu YL, Lu J, Chen JZ, Huang XH. Long non-coding RNAs 
expression profile in HepG2 cells reveals the potential role of long non-
coding RNAs in the cholesterol metabolism. Chinese Medical Journal 
2015;128(1):91-97.

Luo J, Song J, Liu L, Xue B, Tian G, Yang Y. Effect of epigallocatechin gallate 
on growth performance and serum biochemical metabolites in heat-
stressed broilers. Poultry Science 2017;97:599-606.

Moreno MF, Laquila RD. Metabolic profile response to administration of 
epigallocatechin-3-gallate in high-fat-fed mice. Diabetology and 
Metabolic Syndrome 2014;6(1):1-7.

Nakayama M, Shigemune N, Tsugukuni T, Jun H, Matsushita T, Mekada Y, 
et al. Mechanism of the combined anti-bacterial effect of green tea 
extract and NaCl against Staphylococcus aureus and Escherichia coli 
O

157:H7. Food Control 2012;25(1):225-232.

Qiu LY, Wang JP, Pietro C, Zhang KY, Ding XM, Bai SP, et al. Effect of epigallo-
catechin-3-gallate on lipid metabolism related gene expression and 
yolk fatty acid profiles of laying hens exposed to vanadium. Biological 
Trace Element Research 2019;190(2):501-508.

Rodrigues MJ, Neves V, Martins A, Rauter AP, Neng NR, Nogueira JMF, et 
al. In vitro antioxidant and anti-inflammatory properties of Limonium 
algarvense flowers’ infusions and decoctions: a comparison with green 
tea (camellia sinensis). Food Chemistry 2016;200:322-329.



eRBCA-2020-1356

8

Wang Y, Yang Q, Lin P, 
Li C, Lu Y, Daijun S

The Effect of Supplementing Tea Polyphenols in Diet 
of Laying Hens on Yolk Cholesterol Content and 
Production Performance

Sadao K, Yuko Y. Effects of green tea powder feed supplement on 
performance of hens in the late stage of laying. International Journal 
of Poultry Science 2008;7(5):491-496.

Sahin K, Orhan C, Tuzcu M, Ali S, Sahin N, Hayirli A. Epigallocatechin-3-
gallate prevents lipid peroxidation and enhances antioxidant defense 
system via modulating hepatic nuclear transcription factors in heat-
stressed quails. Poultry Science 2010;89(10):2251-2258.

Sang S, Lambert JD, Ho CT, Yang CS. The chemistry and biotransformation 
of tea constituents. Pharmacological Research 2011;64(2):87-99.

Schieber M, Chandel NS. ROS function in redox signaling and oxidative 
stress. Current Biology 2014;24:453-462.

Shih LJ, Lin Y, Lin C, Liu H, Kao Y. Green tea (-)-epigallocatechin gallate 
induced growth inhibition of human placental choriocarcinoma cells. 
Placenta 2016;41:1-9.

Sun PP, Lu Y, Cheng HF, Song DJ. The effect of grape seed extract and yeast 
culture on both cholesterol content of egg yolk and performance of 
laying hens. The Journal of Applied Poultry Research 2018;27(4):564-
569.

Tajima R, Kodama S, Hirata M, Horikawa C, Fujihara K, Yachi Y, et al. High 
cholesterol intake is associated with elevated risk of type 2 diabetes 
mellitus – A meta-analysis 1-4. Clinical Nutrition 2014;33(6):946-950.

Tian C, Ye X, Zhang R, Long J, Ren W, Ding S, et al. Green tea polyphenols 
reduced fat deposits in high fat-fed rats via erk1/2-PPARγ-adiponectin 
pathway. Plos One 2013;8:57-63.

Ting S, Yeh HS, Lien TF. Effects of supplemental levels of hesperetin and 
naringenin on egg quality, serum traits and antioxidant activity of 
laying hens. Animal Feed Science and Technology 2011;163(1):59-66.

Uuganbayar D, Bae UH, Choi KS. Effects of green tea powder on laying 
performance and egg quality in laying hens. Asian-Australasian Journal 
of Animal Sciences 2005;18:1769-1774.

Wang XC, Wang XH, Wang J, Wang H, Qi GH. Dietary tea polyphenol 
supplementation improved egg production performance, albumen 
quality, and magnum morphology of Hy-Line Brown hens during the 
late laying period. Journal of Animal Science 2018;96(1):225-235.

Wen C, Gu YF, Tao ZG, Cheng ZJ, Wang T, Zhou YM. Effects of ginger 
extract on laying performance, egg quality, and antioxidant status of 
laying hens. Animals 2019;9(11):857.

Xia B, Liu Y, Sun D, Liu J, Zhu Y, Lu L. Effects of green tea powder 
supplementation on egg production and egg quality in laying hens. 
Journal of Applied Animal Research 2018;46(1):927-931.

Yang CS, Zhang JS. Studies on the prevention of cancer and cardiometabolic 
diseases by tea:issues on mechanisms, effective doses, and toxicities. 
Journal of Agricultural and Food Chemistry 2019;67(19):5446-5456.

Yuan ZH, Zhang KY, Ding XM, Luo YH, Bai SP, Zeng QF, et al. Effect of 
tea polyphenols on production performance, egg quality, and hepatic 
antioxidant status of laying hens in vanadium-containing diets. Poultry 
Science 2016;95(7):1709-1717.


