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Abstract
The present study was carried out to evaluate the grape seed extract, onion peel extract and rosemary
extract on Diquat-induced restrained growth and oxidative stress in Lohmann chicks. A total of 200
Lohmann chicks, one day old, were assigned randomly into 5 diets: the positive control (PC) group, the
negative control (NC) group, the grape seed extract (GSE) 100 mg/kg supplementing diet, the onion peel
extract (OPE) 100 mg/kg supplementing diet and the rosemary extract (ROE) 100 mg/kg supplementing
diet. During the �rst 7 days of trial, compared with NC and PC groups, the GSE group enhanced average
daily feed intake (P < 0.05). On day 8, all chicks were intraperitoneally injected with diquat except PC
which was injected with normal saline. Diquat injection decreased the growth performance (P < 0.05),
increased platelet volume distribution width (PWD) concentration (P < 0.05), increased malondialdehyde
(MDA) concentration and activities of alanine aminotransferase (ALT) in the serum of chicks (P < 0.05),
decreased total protein (TP), albumin (ALB), globulin (GLB) concentration, activities of superoxide
dismutase (SOD) and glutathione S-transferase (GST) in the serum (P < 0.05), increased MDA
concentration and decreased GST activities in the liver (P < 0.05). From d 8 to 21, lower average daily gain
(ADG) was observed in NC group than other groups (P < 0.05). Compared with NC group, GSE decreased
ALT activities, MDA, RDW and PDW concentration (P < 0.05), increased SOD, GST activities (P < 0.05).
Compared with NC group, ROE decreased ALT activities and MDA concentration (P < 0.05). Compared
with NC group, the OPE group decreased ALT activities, MDA, RDW and PDW concentration (P < 0.05),
increased SOD activities (P < 0.05) of chicks. These results suggest that supplementing antioxidants in
diets alleviated oxidative stress in chicks challenged by improve antioxidant capacity and liver function.

Introduction
Stress susceptibility of chicks is a major problem in the modern intensive poultry industry. The dynamic
balance of the production and removal of reactive oxygen species (ROS) and reactive nitrogen species
(RNS) in chicks is broken, resulting in ROS and RNS not being cleared by the body in time, and excessive
accumulation will damage the body, which will cause chicks reduced health and productivity (Santos-
Sánchez et al. 2019). Diquat is currently the commonly used method for inducing oxidative stress in
poultry. Diquat directly produces O2, -OH, H2O2 and other substances with strong oxidizing and
cytotoxicity in the body (Xun et al. 2020). It is more direct and e�cient to simulate the oxidative damage
process of poultry in poultry production.

The body's antioxidant network system can be divided into two parts, antioxidant enzymes regulated by
the antioxidant Keap1-Nrf2/ARE signaling pathway, and in vitro antioxidants with antioxidant function
(Taleb et al. 2018). Plant extracts contain a higher content of plant polyphenols, the phenolic hydroxyl
groups release highly active H ions to eliminate ROS in the body and protect the body from oxidative
damage (Ognik et al. 2016). Rosemary extract (ROE) is mainly composed of aromatic essential oils,
diterpenes, �avonoids, and fenacs. Some studies have found that the antioxidant function of ROE is
carnosol, carnosic acid and rosmarinic acid in diterpenoids. Its antioxidant function is to eliminate ROS
such as O2 and -OH through activated H ions in phenolic hydroxyl groups, reduce the accumulation of
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ROS, block the process of lipid peroxidation, and prevent lipid peroxidation. Simultaneously combining
metal ions reduces catalytic oxidation reactions during oxidative stress (Mana� et al. 2014; Radwan et al.
2008; Soltani et al. 2016). The main bioactive components in OPE are �avonoids and polyphenols,
among which �avonoids include �avonols and derivatives up to 80%, and small amounts of �avonoids
and �avonols, it has antioxidant, bactericidal, antibacterial, and immunity-boosting effects (Han et al.
2021). GSE has biologically active substances mainly grape polyphenols, also known as
proanthocyanidins, which are present in grape seeds and grape skins, especially in grape seeds, which
can be as high as 8% (Sogut and Seydim 2018). The main bio�avonoids in the grape polyphenols are
85%, which are composed of �avanol monomers and complexes. The biological activity of grape
polyphenols comes from highly active phenolic hydroxy groups and conjugated double bonds, the
reducing H provided by phenolic hydroxy groups, and the double bond structure has an e�cient
scavenging effect on ROS such as H2O2, O2, -OH, etc (Guo et al. 2020). Our recent work has successfully
induced oxidative stress in Lohmann chicks at 14 days of age by administrating diquat intraperitoneally,
and has found that the diquat-induced oxidative stress resulted in serious liver damage, ultimately
leading to the inferior growth performance of Lohmann chicks (Wang et al. 2022). This study was
therefore conducted to explore the protective effects of dietary grape seed extract, onion peel extract or
rosemary supplementation on the growth performance, antioxidant status, and liver function of Lohmann
chicken in a model of diquat-induced oxidative stress, and the acquired results would provide valuable
reference for alleviating oxidative stress occurred in Lohmann chick production.

Materials And Methods
All animals were cared for as outlined in the Guide for the Care and Use of Animals in Research and
Teaching Consortium. In this experiment, the grape seed extract, rosemary extract, and onion skin extract
were provided by Nanjing Zhenweikang Biotechnology Co., Ltd., and extracted according to 10:1. Diquat
was purchased from Sigma-Aldrich LLC., the 1-day-old Lohmann chicks was purchased from Sichuan
Shengdile Village Ecological Food Co., Ltd.

Animals And Housing
A total of two hundred one-day-old Lohmann chicks with a similar initial body weight (BW) of 38.76 ± 
0.29 g were used in a completely randomized design and were randomly allocated to one of the following
�ve groups for a 21-day feeding experimental trial: 1) physiological saline-challenged chicks fed a basal
diet (PC group); 2) diquat-challenged chicks fed a basal diet (NC group); 3) diquat-challenged chicks fed a
basal diet supplemented with 100 mg/kg of grape seed extract (GSE group); 4) diquat-challenged chicks
fed a basal diet supplemented with 100 mg/kg of onion peel extract (OPE group); 5) diquat-challenged
chicks fed a basal diet supplemented with 100 mg/kg of rosemary extract (ROE group). Each
experimental group consisted of �ve replicates (cages) of eight birds each. The diquat was dissolved in
0.86% physiological saline to prepare 10 mg/mL diquat solution prior to injection. At 8 days of age after
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weighing, chicks were administered intraperitoneally with the diquat solution at a dosage of 1 mL/kg of
BW or an equal amount of vehicle (0.86% physiological saline, control group).

Experimental Design And Diets
The basal diets were formulated to meet or exceed the Layers Management guide (Lohmann brown-
classic). The ingredients and nutrient composition of the basal diets were are listed in Table 1. Chicks
were reared in steel cages with plastic �oors in a temperature-controlled room on a light schedule of 23 h
of light and 1 h of dark. All birds were allowed free access to water and were fed ad libitum on mash diet
except during the periods of fasting, when only water was available. The temperature of chick house was
maintained between 32°C to 34°C during the �rst week after hatching, and it was then decreased by 2°C
to 3°C at one week interval until a �nal temperature of 26°C was achieved. The relative humidity was set
at approximate 55%-65% thereafter.
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Table 1
Ingredient and nutrient composition of the basal diets (air dry basis)

Ingredients, % Content

Corn 56.68

Soybean meal 25.50

Extruded soybean 5.00

Rice bran meal 5.00

Corn gluten meal 3.00

Soybean oil 0.80

Limestone 1.15

Dicalcium phosphate 1.90

Salt 0.20

L- lysine HCl 78% 0.17

DL-methionine 0.15

Chloride choline

Mildew preventive

0.10

0.05

chicken premix 1 0.30

Total 100.00

Analyzed composition 2, %  

ME, MJ/kg 12.15

CP 19.97

Ca 0.96

Total P 0.74

1 Provided the following per kilogram of diet: 10,000 IU of vitamin A, 3,920 IU of vitamin D3, 70 IU of
vitamin E, 2.8 mg of vitamin B1, 8.4 mg of vitamin B2, 3.5 mg of vitamin B6, 42 mg of nicotinic acid,
23 mg of D-pantothenic acid, 3.5 mg of folic acid, and 800 mg of choline, 40 mg of Fe, 15 mg of Cu,
100 mg of Zn, 100 mg of Mn, and 0.35 mg of Se.

2 Metabolizable energy is calculated according to the Chinese Feed Composition and Nutritional
Value Table (30th Edition in 2019), and the rest are measured values.

Measured values are the average values of triplicate measurements.
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Sample Collection
One bird from each cage (replicate) with a BW close to the replicate mean (�ve birds for each treatment in
total) was selected for sampling. Blood sample was collected from the left side of the vein after 12 h of
fasting on day 22, to examine routine blood indices. After centrifugation (3 000×g for 15 min at 4°C),
serum samples were collected and stored at − 20°C for the determination of serum biochemical and
antioxidant indices. Birds were euthanized by cervical dislocation method and necropsied after blood
sampling. Liver was then dissected free from vessels and surrounding tissues, rinsed off with an ice-cold
phosphate buffer solution, surface-dried with �lter-paper, and weighed to calculate absolute liver weight
and relative liver weight, using the formula: relative liver weight (g/kg) = absolute liver weight/terminal
BW. Then, the tissues of liver were frozen in liquid nitrogen, and stored at − 80°C until analysis.

Growth Performance Determination
After overnight fasting, all birds were weighted on the mornings of d 8 and 22, and feed intake of each
cage was monitored daily throughout the trial. These data were used to calculate average daily feed
intake (ADFI), average daily gain (ADG) and feed e�ciency (F/G).

Routine Blood And Biochemical Indices
Eleven routine blood indices, white blood cell count (WBC), red blood cell count (RBC), hemoglobin (HGB),
hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), platelet (PLT), mean
platelet volume (MPV) and platelet volume distribution width (PDW), were measured by blood cell
analyzer (Sysmex XT-1800, Japan). Five blood biochemical indices, alanine transaminase (ALT),
aspartate transaminase (AST), total protein (TP), albumin (ALB), and globulin (GLB), were determined
using an automatic biochemistry analyzer (Hitachi 7020, Japan).

Antioxidant Indices
Antioxidant indices in the serum and liver, including superoxide dismutase (SOD), malondialdehyde
(MDA), glutathione peroxidase (GSH-Px), glutathione S-transferase (GST), malondialdehyde (MDA), and
total antioxidant capacity (T-AOC), were measured by speci�c commercial assay kits (Nanjing Jiancheng
Bioengineering Institute, China) according to the manufacturer’s instructions.

Statistical analysis
Each replicate served as an experimental unit. Data were analyzed by one-way analysis of variance using
SPSS (2008) statistical software (Ver.16.0 for windows, SPSS Inc., Chicago, IL, USA). Differences among
the three experimental groups were examined using Tukey's multiple range test. The differences were
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considered as statistically signi�cant when P < 0.05. Results were presented as means with their pooled
standard errors.

Results

Growth Performance
During the entire trial period, there were not any unexpected deaths. as shown in Table 2. From d 1 to 7,
compared with the PC and NC groups, the GSE group signi�cantly increased ADFI of chicks (P < 0.05).
From d 8 to 21, lower ADG were observed in NC group than other groups (P < 0.05).

Table 2
Effect of feeding grape seed extract, onion peel extract or rosemary extract on growth performance in

chicks1

Items2 PC NC ROE OPE GSE SEM P-value

Initial BW, g 38.53 38.59 39.08 38.91 38.7 0.68 0.98

1 ~ 7 d              

ADFI, g/d 12.08b 11.93b 12.25ab 12.55ab 13.02a 0.36 0.04

ADG, g/d 4.74 4.67 4.82 4.99 5.13 0.12 0.45

F/G 2.55 2.55 2.54 2.52 2.54 0.03 0.82

8 ~ 21 d              

ADFI, g/d 20.19 17.96 18.95 18.38 20.49 0.44 0.17

ADG, g/d 7.86a 6.64b 7.76a 7.88a 8.28a 0.25 0.03

F/G 2.57 2.7 2.44 2.33 2.48 0.05 0.14

1This study used 200 Lohman chicks with an average initial body weight of 38.76 ± 0.29 g. Each
mean represents �ve replicate pens with ten birds/pen. Means within a row with different letters differ
signi�cantly (P < 0.05).

2Initial BW = initial body weight; ADFI = average daily feed intake; ADG = average daily gain; F/G = 
ADFI/ADG. PC = positive control group; NC = negative control group; GSE = grape seed extract group;
OPE = onion peel extract group; ROE = rosemary extract group.

Routine blood indices
The routine blood indices of chicks are presented in Table 3. On d 22, compared with PC group, Diquat
challenge increased blood PWD of chicks (P < 0.05). Compared with NC group, the GSE and OPE group
signi�cantly decreased RDW and PDW concentration (P < 0.05).
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Table 3
Effect of grape seed extract, onion peel extract or rosemary extract on blood routine of chicks under

oxidative stress1

Items2 PC NC ROE OPE GSE SEM P-value

WBC, 109/L 177.22 190.98 205.74 213.44 217.54 5.70 0.13

RBC, 109/L 1.61 1.87 1.90 2.18 2.16 0.08 0.16

HGB, g/L 82.60b 89.40ab 97.20ab 109.60a 110.00a 3.56 0.04

HCT, % 21.48 25.24 25.11 29.16 28.72 1.10 0.16

MCV, fL 134.36 135.18 132.12 134.38 133.50 0.57 0.54

MCH, pg 51.56 49.16 50.90 50.50 50.92 0.62 0.82

MCHC, g/L 385.00 364.20 386.20 376.40 382.80 4.51 0.55

RDW, fL 10.44ab 11.54a 10.78ab 9.26b 9.10b 0.31 0.04

PLT, 109/L 9.60 14.60 14.20 15.00 15.00 1.13 0.53

MPV, fL 5.68 6.26 6.40 5.72 5.76 0.12 0.08

PDW, % 18.72b 19.46a 19.42a 18.60b 18.78b 0.14 0.04

1Each mean represents �ve replicate pens. Means within a row with different letters differ
signi�cantly (P < 0.05).

2 WBC = white blood cell count; RBC = red blood cell count; HGB = hemoglobin; HCT = hematocrit; MCV 
= mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular
hemoglobin concentration; RDW = red cell distribution width; PLT = platelet; MPV = mean platelet
volume; PDW = platelet volume distribution width. PC = positive control group; NC = negative control
group; GSE = grape seed extract group; OPE = onion peel extract group; ROE = rosemary extract group.

Liver Weight and Serum biochemical indices
The absolute liver weight (Fig. 1, P > 0.05) did not differ among treatments. As shown in Table 4,
Compared with PC group, diquat challenge increased ALT and AST activities (P < 0.05). Compared with
NC group, the OPE, ROE and GSE groups decreased ALT activities (P < 0.05) in plasma of chicks.
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Table 4
Effect of grape seed extract, onion peel extract or rosemary extract on serum biochemical indexes of

chicks under oxidative stress1

Items2 PC NC ROE OPE GSE SEM P-value

ALT, U/L 4.22c 6.73a 5.46b 5.31b 5.81b 0.21 < 0.01

AST, U/L 231.82b 279.19a 288.59a 272.26a 276.24a 6.19 0.02

TP, g/L 33.11 28.60 29.90 27.54 31.21 0.69 0.06

ALB, g/L 14.93 12.92 13.67 12.55 13.99 0.29 0.08

GLB, g/L 18.17 15.67 16.23 14.99 17.22 0.43 0.14

1 Each mean represents �ve replicate pens. Means within a row with different letters differ
signi�cantly (P < 0.05).

2 ALT = alanine aminotransferase; AST = aspartate aminotransferase; TP = total protein; ALB = 
albumin; GLB = globulin. PC = positive control group; NC = negative control group; GSE = grape seed
extract group; OPE = onion peel extract group; ROE = rosemary extract group.

Serum and liver antioxidant indices
The serum antioxidant indices of chicks are represented in Table 5. Compared with PC group, diquat
challenge increased MDA concentration and decreased GST and SOD activities (P < 0.05). Compared with
NC group, the OPE group increased SOD activities (P < 0.05) and decreased MDA concentration, the ROE
group decreased MDA concentration, the GSE group increased SOD, GST activities (P < 0.05) and
decreased MDA concentration in plasma of chicks (P < 0.05). The liver antioxidant indices are shown in
Table 5. Compared with PC group, diquat challenge increased MDA concentration and decreased GST
activities (P < 0.05) in the liver. Compared with NC group, the OPE group increased SOD, GST activities (P 
< 0.05) and decreased MDA concentration (P < 0.05), ROE group decreased MDA concentration (P < 0.05),
GSE group increased SOD, GST activities (P < 0.05) and decreased MDA concentration in liver of chicks
(P < 0.05).
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Table 5
Effect of grape seed extract, onion peel extract or rosemary extract on antioxidant index of chicks under

oxidative stress1

Items2 PC NC ROE OPE GSE SEM P-value

Serum              

SOD, U/mg 494.34b 441.57c 442.18c 474.93ab 533.77a 8.48 < 0.01

MDA, nmol/mg 4.13b 7.75a 4.69b 4.81b 3.43b 0.37 < 0.01

GSH-PX, µg/mg 516.04 432.53 530.38 605.27 595.39 29.27 0.36

GST, U/mg 14.93a 12.92b 13.67b 12.55b 13.99a 0.29 < 0.01

T-AOC, U/mg 18.17 15.67 16.23 14.99 17.22 0.43 0.55

Liver              

SOD, U/mg 805.77ab 650.70b 703.13b 1013.51a 1035.91a 49.35 0.02

MDA, nmol/mg 0.30b 1.02a 0.29b 0.21b 0.24b 0.07 < 0.01

GSH-PX, µg/mg 50.84 44.73 50.15 58.55 55.62 3.07 0.70

GST, U/mg 30.73ab 21.87c 26.63bc 35.14ab 36.00a 1.57 < 0.01

T-AOC, U/mg 0.13 0.11 0.12 0.14 0.15 0.05 0.07

1 Each mean represents �ve replicate pens. Means within a row with different letters differ
signi�cantly (P < 0.05).

2 SOD = superoxide dismutase; MDA = malondialdehyde; GSH-PX = glutathione peroxidase; GST = 
glutathione S-transferase; T-AOC = total antioxidant capacity. PC = positive control group; NC = 
negative control group; GSE = grape seed extract group; OPE = grape seed extract group; ROE = grape
seed extrac group.

Discussion
When poultry is under oxidative stress, the complex regulatory mechanism of the body will be activated,
and the energy required for growth will be used to resist the oxidative damage caused by the body,
resulting in the decline of the growth performance of the poultry, and even death in severe cases (Taleb et
al. 2018). In production, antioxidant substances are often added to poultry diet or drinking water to
prevent oxidative stress (Han and Song 2021). In scienti�c research, in order to study oxidative stress
related experiments, hormones, fatty acids, Diquat, bacterial lipopolysaccharides, etc. are usually used to
build oxidative stress models (Reckelhoff et al. 2019). Diquat-induced oxidative stress disrupts the body's
oxidative defenses, causes liver and small intestine damage, triggers acute in�ammation, and inhibits
nutrient absorption, resulting in decreased animal growth performance (Chen et al. 2020). Research on
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the effects of diquat-induced oxidative stress on livestock growth performance has focused on piglets
(Azad et al. 2021; Cao et al. 2018; Doan et al. 2020). In this research, the intraperitoneal administration
with diquat reduced ADG change rate during 8 ~ 21d in Lohmann chicks. Chen et al (2020) have found
that the intraperitoneal administration with diquat reduced ADG and BW change rate during the 24-h post-
challenge in broiler chicks, this is consistent with the results of this study. The present study also showed
that intraperitoneal injection of diquat decreased the SOD, GST and GSH-Px activities of the plasma and
liver, and increased the MDA concentration of the plasma and liver in the chicks. These results indicated
that the oxidative stress model induce by diquat injection was successful. which is consistent with our
previous studies (Wang et al. 2022). Some studies have pointed out that the most likely reason for the
decline in growth performance is that diquat-induced oxidative stress generates ROS, which leads to lipid
peroxidation, increases the permeability of cell bio�lms, affects the function of bio�lms, and leads to
mucosal damage and infection in the digestive tract (Cao et al. 2019; Doan et al. 2020). When the
digestion and absorption function of animals is reduced, the functional cells related to digestion and
absorption will die rapidly, and the animals will experience symptoms such as vomiting, diarrhea, and
anorexia, which will eventually lead to a decrease in feed intake and daily gain, and an increase in feed-to-
weight ratio (Sun et al. 2021).

GSE contains proanthocyanidins, grape polyphenols, bio�avonoids and other biologically active
substances, which have various effects such as scavenging free radicals, anti-oxidation, anti-aging,
antibacterial and anti-in�ammatory, and enhancing immunity (Parandoosh et al. 2020). OPE contains
high levels of �avonols and its derivatives, which are a class of �avonoid bioactive substances that can
scavenge free radicals, sterilize and reduce in�ammation (Masood et al. 2021). The most important
bioactive substances in ROE are terpenes, phenols and acids, which have strong anti-tumor, anti-viral,
antibacterial, and antioxidant effects (Pourbabaki et al. 2020). During the period without Diquat injection,
compared with the blank group, the addition of grape seed extract to the chick's diet signi�cantly
improved the growth performance of chicks, which may be the main reason why grape seed extract
improves the growth performance of oxidatively stressed chicks. During the period with Diquat injection,
compared with the NC group, the addition of onion peel extract and rosemary extract to the chick's diet
signi�cantly improved the growth performance of chicks. However, the growth performance of chicks did
not differ among the NC, OPE and ROE groups prior to diquat challenge, and this may be owing to the
normal physiological status of chicks and the healthy feeding environment in this study.

Blood is an important part of the circulatory system and participates in every metabolic activity in the
body (Grüneboom et al. 2019). The normal metabolic activities of the body are closely related to the
routine blood indicators, which are extremely important to maintain the normal internal and external
environment of the body (Congleton et al. 2006). Therefore, the number and morphological distribution of
blood cells in the blood index are important basis for judging the health of the body (Simide et al. 2016).
In our previous study, intraperitoneal injection of diquat at a dose of 10 mg/kg body weight signi�cantly
increased the blood PDW concentration, the levels of red and white blood cells also increased, but not
signi�cantly. This suggests that injection of diquat causes oxidative stress in chickens, resulting in
infection and in�ammatory responses in chicks. The PDW in the blood of the GSE and OPE groups were
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lower than that of the NC group, indicating that GSE and OPE can rapidly prevent the increase of PDW
after Diquat caused infection and in�ammation, and help the body �ght infection and in�ammation
(Grüneboom et al. 2019). In this experiment, we found that the RBC, HGB, HCT index values in the blood
of the PC group were lower than those of the other groups (injected with diquat). Studies have proven that
under conditions of acute oxidative stress caused by diquat, animals had enhanced respiration, increased
basal metabolic levels, and increased oxygen consumption, resulting in elevated RBC, HGB, and HCT (El-
Deen et al. 1992). The HGB in the blood of the GSH group was signi�cantly higher than that of the PC
group. GSE, OPE and ROE could increase the oxygen-carrying capacity of the blood, provide more oxygen
for respiration, relieve the hypoxia symptoms caused by Diquat, and help the chickens return to normal as
soon as possible.

Diquat is widely considered as an effective chemical agent for inducing oxidative stress, which of the
major target organ is the liver (Mao et al. 2014). In our previous study, intraperitoneal injection of diquat
at a dose of 10 mg/kg body weight signi�cantly increased the plasma ALT and AST activities. ALT and
AST were mainly distributed in the liver cells. The concentrations of ALT and AST in serum re�ect the
degree of liver damage, and the higher the concentrations of ALT and AST, the more serious the liver
damage (Qiao et al. 2020). When the phospholipid bilayer on the biomembrane in the liver cells is
lipidated, the glycoprotein is damaged, the permeability of the biomembrane is enhanced, and the cells
are apoptotic, causing the ALT and AST in the liver to enter the blood, and the ALT and AST in the blood
increase (Jia et al. 2020). The present study showed that, compared with the PC group, the serum ALT
and AST concentrations of the NC group were signi�cantly increased. Under the condition of Diquat-
induced oxidative stress, the NC group chickens developed oxidative stress symptoms of liver damage,
which is consistent with the �ndings of Strange et al. The concentrations of TP, ALB and GLB in serum
also re�ect the protein synthesis function of the liver and the nutritional status of the body (Guo et al.
2022). This study showed that the concentrations of TP, ALB, and GLB in serum were lower in the NC
group than in the PC group, and Diquat induced oxidative stress to damage liver function. Studies have
shown that GSE, OPE and ROE have an improving effect on liver function (Çetin et al. 2008; Elhassaneen
et al. 2014; Singletary et al. 1996), it is consistent with the results in this experiment.

When livestock and poultry undergo oxidative stress, the ROS produced in the animal exceeds the
scavenging ability of the antioxidant enzyme system and non-enzymatic system in the body, and the
antioxidant capacity of livestock and poultry will decrease (Taleb et al. 2018). The most direct re�ection
is that the concentration of antioxidant enzymes decreases, including SOD, GSH-Px, GST and other
enzymes (Mana� et al. 2014). In this experimental study, antioxidant capacity of chicks decreased after
Diquat injection. The injection of Diquat in chicks will induce a large amount of ROS produced by the
body, breaking the balance of the normal antioxidant system (Taleb et al. 2018). Research showed that in
the oxidative stress model of broiler chickens induced by cortisone, the content of MDA in serum, liver
and muscle tissue was signi�cantly increased, while SOD and GSH-Px were signi�cantly reduced, which
was similar to the results of this experiment (Chen et al. 2020). In animals under oxidative stress,
unsaturated fatty acids are oxidized into lipid peroxides, which are �nally decomposed to form MDA
(Radwan et al. 2014). Therefore, the content of MDA in the body directly re�ects the degree of lipid
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peroxidation in the body, as well as the degree of oxidative damage (Han et al. 2021). In this experiment,
the MDA content in serum and liver of NC group was signi�cantly higher than that of PC group. Some
scholars believe that the increase and decrease of antioxidant enzymes are the protective mechanism of
the antioxidant enzyme system (Radwan et al. 2008). In a healthy state, antioxidant enzymes are
maintained at a relatively constant, balanced, and low concentration level (Ognik et al. 2016). In the early
stage of oxidative stress, the antioxidant enzyme system and non-enzymatic system in the body remove
free radicals in the body and restore the body to normal (Doan et al. 2020). When the free radicals in the
body exceed the scavenging ability of the antioxidant enzyme system and the non-enzyme system, the
level of antioxidant enzymes in the body will be reduced, and the body will be in a state of oxidative
stress (Reckelhoff et al. 2019). Many plant extracts and plant products have been shown to have
signi�cant antioxidant activity. It is well known the plant extract constituents could in�uence the
differences in the antioxidant ability of plant extracts (Radwan et al. 2008). In this experiment, the
antioxidant activity and free radical scavenging properties of each plant extract were different, among
which GSE had the best antioxidant activity. Studies have shown that dried grape seeds (ORAC values
108130 µm TE/100 g) and rosemary (ORAC values 165280 µm TE/100 g) have higher antioxidant
capacity in vitro, and dried onion (ORAC values 4289 µm TE/100 g) had lower antioxidant capacity
(Brewer et al. 2011; Celano et al. 2021). The antioxidant capacity of these plant extracts in animals can
also be found in the literature (Han and Song 2021; Mana� et al. 2014; Sogut and Seydim 2018), but
none of the papers have compared the antioxidant capacity of these three in vivo simultaneously.

In conclusion, the acquired results in this study suggested that dietary supplementation with grape seed
extract, onion peel extract or rosemary extract can improve growth performance, antioxidant status in
plasma and liver, and liver function of Lohmann chicks subjected to diquat-induced oxidative stress.
Additionally, based on the results of this study, under normal or oxidative stress conditions, adding grape
seed extract to the diet can better improve the growth performance and antioxidant capacity of chicks
compared with the OPE and ROE groups.
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