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Effects of grape seed extract 
supplementation on the growth 
performance, nutrients digestion 
and immunity of weaned lambs
Jian Ma , Tao Li , Lu Lin , Yuezhang Lu , Xi Chen , Sibing Li , 
Chunmei Du , Chen Wei , Fuquan Yin  and Shangquan Gan *

College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang, China

Grape seed extract (GSE) has a variety of biological functions. At present, 
there has been limited information on the utilization of GSE as a feed additive 
in weaned lambs. The aim of this experiment was to study the potential 
influence of dietary supplementation with GSE on the growth performance, 
rumen fermentation characteristics, apparent digestibility, blood parameters 
and immunity in weaned lambs. In total, 30 male Hu sheep lambs with similar 
body weight (15.43  ±  0.49  kg) and age (48  ±  2  days) were randomly divided into 
two treatments: control (CON, fed basal ration) and GSE [fed basal ration and 
0.6  g/d GSE (main compositions: proanthocyanidin 50%, catechin 24%, gallic 
acid 16% and epicatechin 6%) per lamb]. The feeding experiment lasted for 60  d. 
Results showed that GSE supplementation significantly increased (p  =  0.008) 
the average daily gain of lambs. Compared with CON group, the ruminal 
propionate and butyrate concentrations were significantly increased (p  <  0.05) 
in GSE group, whereas the ammonia nitrogen was decreased (p  =  0.007). Also, 
the crude protein, neutral detergent fiber and ether extract digestibility of GSE 
group were higher (p  <  0.05) than those of CON group. The serum contents 
of glucose, triglyceride, immunoglobulin G, glutathione peroxidase and 
total antioxidant capacity were significantly increased (p  <  0.05) in GSE group 
when compared to those in CON group. However, an opposite trend of urea 
nitrogen, non-esterified fatty acid, interleukin-1β, itumor necrosis factor-α 
and malondialdehyde was observed between the two groups. Additionally, 
supplementation of GSE increased (p  <  0.05) the Lactobacillus and decreased 
(p  <  0.05) the Escherichia coli and Salmonella counts in the feces of lambs. In 
summary, GSE supplementation can improve growth performance, nutrient 
digestion and immunity of weaned lambs.
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1 Introduction

In recent years, the rising demand of meat consumption has greatly stimulated the 
development of livestock industry, particularly in mutton sheep farming. Mutton plays an 
essential role in the global food and nutrition security because it is an important food source 
with high quality protein, fat, vitamins and mineral elements for the humans (1, 2). In some 
parts of the world, due to the limited land resources and urgent demand for meadow ecological 
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conservation and restoration, the sheep production has gradually 
shifted from traditional grazing regime to modern large-scale intensive 
breeding (3). Nevertheless, because of space limitation and feedstuff 
changes, the intensive feeding regime causes some adverse effects, such 
as decreased resistance to oxidative stress. Moreover, the low growth 
performance as well as high mortality and morbidity of lambs seriously 
restrain the stable development of mutton sheep breeding industry (4, 
5). Lamb stage is a vital period that can affect the future productivity 
of adult sheep. Early weaning can decrease the feeding cost and 
promote the digestive tract development of lambs to a certain degree, 
and meanwhile, early weaning decreases the length of reproductive 
cycle in sheep production (6). After weaning, the feeding method and 
feed type of lambs are changed. Due to the immature immune system 
of lambs, early weaning stress has an obviously adverse influence on 
the growth rate and health (6). Additionally, the gastrointestinal tracts 
of lambs are in the developmental phase and have low resistance to the 
changes of external environment (7). Because of this, weaned lambs 
are vulnerable to harmful bacteria which can lead to diarrhea and 
mortality (5). Therefore, relieving weaning stress and improving 
healthy growth of lambs have important significance in large-scale 
intensive feeding of mutton sheep production.

The utilization of plants extracts has attracted widely attention in the 
livestock and poultry industries (8–12). Plant extracts including 
polyphenol, saponin, flavone, sterol and essential oils have shown to 
improve the nutrient digestion, immunity and antioxidant ability, which 
have beneficial effects on productivity and health of animals (13–17). As 
a by-product from grape processing, grape seed extract (GSE) is 
extracted from grape seed and mainly includes proanthocyanidin, 
epicatechin gallate, gallic acid and epicatechin (18). Recently, the use of 
GSE is more and more extensive since it has multiple characteristics 
including anti-inflammatory, antibacterial, antioxidative and anti-
diabetic abilities (19). With the prohibition of antibiotics and some drug 
feed additives, the grape seed products have been used in animal 
production. A previous study found that dietary supplementation with 
1% grape seed and grape marc meal extract did not have obvious 
influence on the dry matter intake (DMI) of dairy cows but increased the 
milk yield (20). In finishing lambs, high-concentrate diet supplemented 
with grape seed proanthocyanidins at the level of 20 mg/kg body weight 
(BW) daily increased DMI and average daily gain (ADG) as well as 
improving meat quality (21). Because of being full of polyphenols, the 
grape seed products (supplemented level was 50 mg/kg BW) have been 
demonstrated to improve antioxidant and anti-inflammatory abilities of 
preweaning calves, which were beneficial for attenuating oxidative stress 
caused by heat stress (22). Moreover, the results of an in vitro study 
showed that GSE can relieve inflammatory reaction through reducing 
the expression levels of interleukin-1β (IL-1β), IL-6 and tumor necrosis 
factor-α (TNF-α) (23). A recent research in dairy calves reported that the 
addition of GSE in diet at the dosage of 50 mg/kg BW promoted the 
growth of dairy calves suffered from heat stress by improving energy 
metabolism, endocrine system and gut fermentation (24).

The healthy development of gastrointestinal tracts acts as a critical 
role in the feedstuff change of young ruminants from liquid to solid, 
which has important effect on nutrient digestion and growth 
performance of animals (7). As a unique digestive organ of ruminants 
for nutrient digestion and volatile fatty acid (VFA) absorption, the 
health and development of rumen are strongly associated with VFA 
production, especially butyrate and propionate (25). A previous 
research in vitro found that grape seed product had the ability to 

regulate VFA production and improve rumen fermentation (26). After 
weaning, the young ruminants undergo obvious stress and are 
vulnerable to harmful bacteria, resulting in reduced growth rate, 
antioxidant ability and immunity (27). As mentioned above, previous 
studies in finishing lambs, dairy cows and calves verified that dietary 
supplementation with grape seed products alleviated oxidative stress 
and inflammation, and enhanced antioxidant ability and immunity, 
which were helpful for improving growth performance (20–22, 24). 
However, at present, the information of the role of GSE as a feed 
additive in weaned lambs remains scarce. Based on previous studies, 
we hypothesized that dietary supplementation of GSE may improve 
the rumen fermentation, nutrient digestibility and immunity of 
weaned lambs. Therefore, the current experiment was conducted to 
study the effects of GSE on the growth performance, nutrient 
digestion, antioxidant ability and immunity of weaned lambs.

2 Materials and methods

2.1 Experimental design and animals 
management

In this study, 30 male Hu sheep lambs with similar age (48 ± 2 days) 
and BW (15.43 ± 0.49 kg) after weaning were selected. The lambs were 
labeled with ear mark and randomly assigned to one of two groups with 
15 lambs each. One group was used as control with no GSE 
supplementation (CON), and the other group was GSE group which 
was supplemented with GSE (Beisong Plant Technology Co., Ltd., Xi’an, 
China; main components: proanthocyanidin 50%, catechin 24%, gallic 
acid 16% and epicatechin 6%). The additive amount of GSE was 0.6 g/d 
per lamb which was based on previous research in finishing lambs (21).

All experimental lambs were housed in 30 hutches with 1 lamb in 
each hutch. The lambs were provided a same basal diet twice daily at 
09:00 and 17:00 respectively, permitting 5 to 10% orts, and had ad 
libitum access to drink clean water. The feeding trial lasted for 70 d, 
consisting of 10 d of adaptive phase, followed by 60 d of experimental 
period. At morning feeding, GSE was fully mixed with the 
experimental diet to feed lambs to ensure complete intake. The 
experimental diet was formulated according to the NRC (28) and the 
nutritional level of diet was in accordance with NRC standard. Feed 
compositions and nutritional levels of diet are described in Table 1.

2.2 Growth performance measurement

Before morning feeding on d 0 and 60, the electronic scale was 
used to determine the BW of lambs. The ADG was calculated from 
initial and final BW. Feed intake of each lamb was recorded based on 
the difference between daily feed offered and orts, and subsequently 
transformed into DMI. The feed efficiency of lambs was obtained 
through dividing DMI by ADG.

2.3 Samples collection of blood, rumen 
fluid and feces

Before morning feeding on d 0 and 60, the blood of all lambs was 
collected from the jugular vein by using vacuum tubes without any 
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additive (Kangcai Medical Equipment Manufacturing Co., Ltd., 
Guangzhou, China). Next, blood samples were used to obtain serum 
by centrifugation at 3200 rpm for 12 min. Serum samples were stored 
in centrifugal tubes at −20°C for following analysis. In addition, 
rumen fluid samples of lambs (30 mL) were collected using a stomach 
tube (Huazhi Kaiwu Technology Co., Ltd., Chengdu, China) on d 60 
at 4 h after morning feeding. After pH measurement of rumen fluid 
with a pH meter, the samples were filtered with nylon cloth, and then 
preserved in centrifuge tubes at −20°C for determination of 
rumen fermentation.

Fecal samples of each lamb were collected from d 54 to 59 by 
nylon sieve plates under the floor of individual hutch. During the 
collection of fecal samples, feed offered and refused were collected for 
each lamb. The fecal samples were thoroughly mixed for 6 consecutive 
days and weighed. Then, 10% of total feces was collected for following 
procedures. The fresh feed, orts and feces were mixed by each lamb, 
subsampled, and dried at 65°C to obtain a constant weight. Next, all 
samples were smashed through a 1-mm screen (Jinzhen Machinery 
manufacturing Co., Ltd., Xinxiang, China) for analysis of apparent 
digestibility. Moreover, a part of fecal samples of each lamb were 
preserved in sterile tubes at −80°C for measurement of 
microbial counts.

2.4 Measurement of rumen fermentation 
and serum parameters

The rumen fluid samples were thawed firstly, and then centrifuged 
at 15000 rpm for 10 min to obtain supernatant. The collected 
supernatant samples were used to analyze rumen fermentation 
characteristics including VFA (29), ammonia nitrogen (NH3-N) (30), 
and microbial protein (MCP) (31). Before measurement of serum 
parameters, the samples were thawed and fully mixed. The contents of 
biochemical indicators including alanine transaminase (ALT), 
aspartate transaminase (AST), alkaline phosphatase (ALP), 
triglyceride (TG), non-esterified fatty acid (NEFA), glucose (GLU), 
urea nitrogen (UN), total protein (TP), albumin (ALB), and globulin 
(GLB) in serum were analyzed by utilizing a biochemistry analyzer. 

The serum antioxidant parameters including glutathione peroxidase 
(GSH-Px), malondialdehyde (MDA), catalase (CAT), superoxide 
dismutase (SOD) and total antioxidant capacity (T-AOC) were 
measured with commercial kits (Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China). Besides, the contents of serum 
immunoglobulins and cytokines including IL-1β, IL-6, IL-10, TNF-α, 
immunoglobulin M (IgM), IgA and IgG were determined by 
commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China) following the procedures of specifications.

2.5 Measurement of nutrient digestibility 
and microbial count

The contents of DM (method 934.01), organic matter (OM, 
method 942.05), EE (method 954.02) and CP (method 984.13) in 
fresh feed, orts and feces were analyzed following the methods of 
AOAC (32). Furthermore, the NDF and ADF contents in these 
samples were measured using an Ankom fiber analyzer. With nutrients 
contents in feces and feed, the apparent digestibility (AD) was 
calculated by an equation as follows: AD (%) = [(nutrient 
intake − nutrient content in feces)/nutrient intake] × 100.

Plate method was used to count the Lactobacillus, Bifidobacterium, 
Escherichia coli, and Salmonella in the feces of lambs according to 
procedures of previous studies (33, 34). Briefly, in aseptic console, 10 g 
of fecal samples of each lamb were dissolved in 90 mL of sterile water 
and vibrated to blend well. Then, the mixed liquid was serially diluted 
to enumerate the microbial composition. The small protrusions that 
formed on the MRS plate with slightly white wet and neat edges were 
Lactobacillus. The double concentric ring colonies that formed a 
central bulge on the BBL plate were regarded as Bifidobacterium. 
Moreover, small colonies with purplish black and metallic luster 
forming on the eosin methylene blue plate were Escherichia coli. The 
colonies with black center forming on SS medium were deemed to 
be Salmonella.

2.6 Statistical analysis

Each lamb was regarded as experimental unit to analyze data. 
After checking the normality and homogeneity of variance tests, the 
data including growth performance, rumen fermentation, apparent 
digestibility, blood indexes and microbial count were analyzed 
through the independent samples t-test of SPSS software (version 
22.0). Results are shown as means and standard error of mean. 
Significant difference was declared at p < 0.05, and a tendency was 
indicated at 0.05 < p < 0.01.

3 Results

3.1 Growth performance

Effects of GSE supplementation on the growth performance of 
weaned lambs are presented in Table  2. There was no significant 
difference (p > 0.05) of initial BW and DMI between the CON and 
GSE groups. However, dietary supplementation with GSE significantly 
increased (p < 0.05) final BW and ADG. In addition, compared with 

TABLE 1 Feed compositions and nutritional levels of basal diet (DM basis).

Ingredients, % Content Nutrient levels Content

Alfalfa hay 29.60 DM (%) 91.08

Corn straw 14.08 EE (%) 2.75

Whole corn silage 26.32 CP (%) 14.42

Corn 15.02 NDF (%) 32.06

Wheat bran 5.10 ADF (%) 20.44

Soybean meal 6.16 Ca (%) 0.78

Cottonseed meal 3.12 P (%) 0.41

Stone powder 0.22 ME2 (MJ/kg) 10.08

NaCl 0.13

Premix1 0.25

DM, dry matter; EE, ether extract; CP, crude protein; NDF, neutral detergent fiber; ADF, acid 
detergent fiber; ME, metabolizable energy.
1The premix provided following per kilogram of diet: Fe 80 mg, Zn 40 mg, Mn 30 mg, Cu 
8 mg, I 0.30 mg, Se 0.20 mg, Co 0.10 mg, VA 980 IU, VD 110 IU, VE 20 IU.
2ME was a calculated value; the other nutrient levels were measured values.
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CON group, the feed efficiency was improved by 7.02% (p = 0.041) in 
GSE group.

3.2 Rumen fermentation

As illustrated in Figure 1A, the average ruminal pH of CON and 
GSE group was 6.46 and 6.54 respectively, and did not show obvious 
difference (p > 0.05). Similarly, no obvious difference (p > 0.05) of 
ruminal total VFA (Figure 1D) and acetate (Figure 1E) concentrations 
was observed between the two groups. Nevertheless, GSE 
supplementation significantly reduced (p < 0.05) NH3-N content 
(Figure 1B). On the contrary, the ruminal propionate (Figure 1F) and 
butyrate (Figure  1G) concentrations of GSE group were higher 
(p < 0.05) than those of CON group. Compared with CON group, the 
ratio of acetate to propionate (Figure 1H) was decreased by 12.37% 
(p < 0.05) in GSE group. Moreover, the MCP concentration (Figure 1C) 
in GSE group tended to be higher (p = 0.088) than that in CON group.

3.3 Nutrient apparent digestibility

Obviously, the DM (Figure  2A), OM (Figure  2B) and ADF 
(Figure 2E) apparent digestibility were similar (p > 0.05) between the 
CON and GSE groups. However, lambs fed GSE had significantly 
increased (p < 0.05) CP (Figure  2C), NDF (Figure  2D) and EE 
(Figure 2F) digestibility.

3.4 Biochemical indicator of serum

On d 0, the concentrations of all biochemical indexes in serum of 
lambs were not different (p > 0.05) in CON and GSE groups (Table 3). 
Likewise, the serum contents of ALT, AST, ALP, TP, ALB and GLB 
were similar (p > 0.05) between the two groups on d 60. However, the 
TG and GLU contents of GSE group were higher (p < 0.05) than those 
of CON group, whereas an opposite trend was found in NEFA and UN 
contents between the two groups.

3.5 Serum immunoglobulin

No significant difference (p > 0.05) of IgM, IgA and IgG contents 
was found between the CON and GSE treatments on d 0 (Table 4). A 
similar tendency of IgM was observed between the two groups on d 
60. Compared with CON group, the IgA and IgG concentrations in 
serum of lambs were increased by 12.12% (p = 0.068) and 10.00% 
(p = 0.026) in GSE group, respectively.

3.6 Serum cytokine

Table 5 shows the difference of cytokine concentrations between 
the CON and GSE groups. On d 0, there was no obvious difference 
(p > 0.05) in serum IL-1β, IL-6, IL-10 and TNF-α contents between the 
two groups. On d 60, dietary supplementation of GSE significantly 
reduced (p < 0.05) serum IL-1β and TNF-α concentrations in lambs. 
Besides, the IL-6 content in GSE treatment was slightly lower 

(p = 0.072) than that in CON group, while an opposite tendency of 
IL-10 was found between the two groups.

3.7 Antioxidant index of serum

The serum antioxidant parameters did not show a significant 
difference (p > 0.05) between the CON and GSE treatments on d 0 
(Table 6). After GSE supplementation, the serum GSH-Px and T-AOC 
activities of lambs were significantly enhanced (p < 0.05), while the 
MDA concentration showed an opposite trend between the two 
groups. Moreover, a slight improvement (p = 0.054) of SOD 
concentration was found in GSE group when compared to CON group.

3.8 Microbial count of feces

Notably, dietary GSE supplementation significantly increased 
(p < 0.05) the Lactobacillus count in the feces of lambs (Figure 3A). The 
number of Bifidobacterium did not show significant difference 
(p > 0.05) between the CON and GSE groups (Figure 3B). Compared 
with CON group, dietary supplementation of GSE observably 
decreased (p < 0.05) the Escherichia coli (Figure 3C) and Salmonella 
(Figure 3D) counts in the feces of lambs.

4 Discussion

Lamb nutrition has attracted increasingly attention in the current 
sheep industry. The healthy rearing of lambs is of great significance for 
future growth rate and productivity of fattening sheep (35, 36). Because 
the gastrointestinal tracts and immune system are still in developmental 
stage, the lambs are extremely vulnerable to harmful microbe. After 
weaning, the lambs experience certain challenges, such as changes of 
feedstuff, feeding regime and physiological metabolism, leading to 
reduced growth rate and immunity as well as increased incidence rate 
(5, 37). Alleviating the weanling stress has important impacts on 
promoting rapid growth of lambs (36). GSE, as a green feed additive, 
has a variety of physiological functions, which include antioxidative, 
antibacterial and anti-inflammation effects (19). In fattening sheep, a 
research found that high-concentrate ration supplemented with grape 
seed proanthocyanidin increased the feed intake and weight gain (21). 
In the current experiment, the BW and ADG of lambs were obviously 

TABLE 2 Effects of GSE supplementation on growth performance of 
lambs.

Items Groups SEM p-value

CON GSE

Initial BW (kg) 16.75 16.74 0.098 0.947

Final BW (kg) 27.26 28.81 0.373 0.035

ADG (g/d) 175.11 201.22 5.136 0.008

DMI (g/d) 896.29 950.67 20.762 0.195

Feed efficiency 5.13 4.77 0.089 0.041

GSE, grape seed tract; BW, body weight; ADG, average daily gain; DMI, dry matter intake; 
SEM, standard error of mean. CON, fed basal diet; GSE, fed basal diet and 0.6 g/d GSE per 
lamb.
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increased after dietary addition of GSE, but the feed intake did not 
display obvious change. The differences in research results may be that 
the developmental stage (post-weaning and fattening respectively) of 
experimental animals was distinct. Research result obtained from our 
experiment also showed that GSE supplementation significantly 
improved the feed conversion of lambs. Previously, an experiment in 

rabbits found that the feed conversion was ameliorated after GSE 
supplementation under condition of heat stress (38), which was 
consistent with our finding. The proanthocyanidin of grape seed can 
oxidize proteins on the surface of pathogenic bacteria, which can 
destroy the structure and function of protein molecules, resulting in 
bacterial death (39). The positive effect of proanthocyanidin mentioned 

FIGURE 1

Effects of GSE supplementation on rumen fermentation characteristics of lambs. (A) pH; (B) NH3-N; (C) MCP; (D) total VFA; (E) acetate; (F) propionate; 
(G) butyrate; (H) acetate-to-propionate ratio. GSE, grape seed tract; NH3-N, ammonia nitrogen; MCP, microbial protein; VFA, volatile fatty acid. CON, 
fed basal diet; GSE, fed basal diet and 0.6 g/d GSE per lamb. The asterisk represents a significant difference (p  <  0.05) between CON and GSE 
treatments.

FIGURE 2

Effects of GSE supplementation on nutrient apparent digestibility of lambs. (A) DM; (B) OM; (C) CP; (D) NDF; (E) ADF; (F) EE. GSE, grape seed tract; DM, 
dry matter; OM organic matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; EE, ether extract. CON, fed basal diet; GSE, 
fed basal diet and 0.6 g/d GSE per lamb. The asterisk represents a significant difference (p  <  0.05) between CON and GSE treatments.
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TABLE 6 Effects of GSE supplementation on antioxidant indexes in serum 
of lambs.

Items Groups SEM p-value

CON GSE

Day 0

GSH-Px (U/mL) 126.64 122.48 3.354 0.544

MDA (mmol/mL) 4.97 5.11 0.153 0.638

CAT (U/mL) 53.71 56.03 1.197 0.341

SOD (U/mL) 65.12 68.13 1.684 0.382

T-AOC (U/mL) 10.51 10.32 0.197 0.648

Day 60

GSH-Px (U/mL) 130.88 138.95 2.017 0.043

MDA (mmol/mL) 4.23 3.43 0.180 0.023

CAT (U/mL) 50.28 47.81 0.811 0.130

SOD (U/mL) 69.32 73.19 1.012 0.054

T-AOC (U/mL) 14.93 16.06 0.251 0.019

GSE, grape seed tract; GSH-Px, glutathione peroxidase; MDA, malondialdehyde; CAT, 
catalase; SOD, superoxide dismutase; T-AOC, total antioxidant capacity; SEM, standard 
error of mean; CON, fed basal diet; GSE, fed basal diet and 0.6 g/d GSE per lamb.

earlier is conducive to inhibiting the growth of pathogenic bacteria, 
thus reducing morbidity and attenuating adverse influence on growth 
of lambs induced by weanling stress.

The normal fluctuation range of ruminal pH is from 6 to 7, and it 
is a vital index to visually judge the healthy condition of rumen (6). A 
recent research reported that low roughage ration supplemented with 
grape by-product reduced the ruminal pH (40). Unfortunately, we did 
not find obvious difference of ruminal pH between the CON and GSE 
groups. However, the pH values of two treatments ranged from 6.15 
to 6.98, which partly suggested that GSE had no adverse impact on 
ruminal health. On the other hand, weaned lambs fed GSE reduced 
the ruminal NH3-N content, indicating that GSE could improve the 
utilization of NH3-N to a certain degree. Consistent with our study, a 
previous research found that polyphenols had the ability to decrease 
rumen NH3-N and increase MCP concentrations (41). The ruminal 
microorganisms can synthesize MCP using ammonia and other 
nutrients. Interestingly, the MCP content in the rumen of lambs was 

TABLE 3 Effects of GSE supplementation on biochemical indicators in 
serum of lambs.

Items Groups SEM p-value

CON GSE

Day 0

ALT (U/L) 17.45 17.93 0.317 0.458

AST (U/L) 83.64 87.44 2.124 0.380

ALP (U/L) 254.41 262.17 7.575 0.617

TG (mmol/L) 0.382 0.369 0.006 0.292

NEFA (mmol/L) 0.169 0.162 0.010 0.726

GLU (mmol/L) 4.79 4.88 0.072 0.561

UN (mmol/L) 5.34 5.23 0.087 0.537

TP (g/L) 49.45 48.90 0.975 0.786

ALB (g/L) 27.26 25.97 0.893 0.478

GLB (g/L) 22.19 22.94 0.707 0.603

Day 60

ALT (U/L) 16.88 17.46 0.382 0.459

AST (U/L) 88.59 87.46 1.787 0.758

ALP (U/L) 252.94 258.57 7.971 0.730

TG (mmol/L) 0.411 0.441 0.007 0.022

NEFA (mmol/L) 0.173 0.135 0.009 0.021

GLU (mmol/L) 4.89 5.15 0.052 0.009

UN (mmol/L) 4.99 4.72 0.057 0.014

TP (g/L) 52.49 51.92 0.972 0.776

ALB (g/L) 27.07 28.45 0.878 0.441

GLB (g/L) 25.42 23.47 0.796 0.227

GSE, grape seed tract; ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline 
phosphatase; TG, triglyceride; NEFA, non-esterified fatty acid; GLU, glucose; UN, urea 
nitrogen; TP, total protein; ALB, albumin; GLB, globulin; SEM, standard error of mean. 
CON, fed basal diet; GSE, fed basal diet and 0.6 g/d GSE per lamb.

TABLE 4 Effects of GSE supplementation on immunoglobulin contents in 
serum of lambs.

Items Groups SEM p-value

CON GSE

Day 0

IgM (mg/mL) 3.95 4.27 0.131 0.226

IgA (mg/mL) 21.19 22.22 0.632 0.425

IgG (μg/mL) 50.28 48.56 0.840 0.313

Day 60

IgM (mg/mL) 4.32 4.67 0.175 0.322

IgA (mg/mL) 23.26 26.08 0.774 0.068

IgG (μg/mL) 51.22 56.34 1.172 0.026

GSE, grape seed tract; IgM, immunoglobulin M; IgA, immunoglobulin A; IgG, 
immunoglobulin G; SEM, standard error of mean; CON, fed basal diet; GSE, fed basal diet 
and 0.6 g/d GSE per lamb.

TABLE 5 Effects of GSE supplementation on cytokine contents in serum 
of lambs.

Items Groups SEM p-value

CON GSE

Day 0

IL-1β (ng/L) 104.66 100.99 2.859 0.530

IL-6 (ng/L) 139.85 142.39 3.291 0.707

IL-10 (ng/L) 88.19 91.17 1.269 0.521

TNF-α (ng/L) 525.20 511.27 8.092 0.399

Day 60

IL-1β (ng/L) 90.22 82.71 1.431 0.006

IL-6 (ng/L) 159.72 148.87 3.022 0.072

IL-10 (ng/L) 71.08 77.10 1.649 0.068

TNF-α (ng/L) 502.51 477.21 5.564 0.020

GSE, grape seed tract; IL-1β, interleukin-1β; IL-6, interleukin-6; IL-10, interleukin-10; 
TNF-α, tumor necrosis factor-α; SEM, standard error of mean; CON, fed basal diet; GSE, fed 
basal diet and 0.6 g/d GSE per lamb.
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slightly increased after GSE supplementation, which corresponded to 
NH3-N result. In the rumen, supplementation of plant polyphenols is 
helpful for weakening protein degradation by ruminal microorganisms 
and enhancing absorbable dietary protein for the small intestine (42). 
The positive role of GSE in improving ruminal MCP may be attributed 
to potential advantage of polyphenols mentioned earlier.

The VFA is the main energy source to maintain the metabolism 
and productivity of ruminants, providing 70 to 80% of the energy 
requirements (43). In our experiment, the propionate and butyrate 
contents in the rumen of lambs were higher in GSE group than those 
in CON group. As an important energy source, the GLU required for 
metabolism in ruminants mainly comes from gluconeogenesis in the 
liver. Propionate is a primary precursor for liver gluconeogenesis 
(44). Hence, the increased propionate in the rumen might promote 
growth of lambs. Butyrate is an important energy substance for 
ruminal epithelium and can up-regulate gene expressions related to 
cell proliferation, which plays an essential role in stimulating ruminal 
development (25). In addition, an early research has confirmed that 
butyrate can accelerate mucosal tissue development through 
decreasing apoptosis (45). The increased butyrate concentration in 
the rumen after GSE supplementation might be  beneficial for 
promoting ruminal development of lambs. We also found that dietary 
supplementation of GSE significantly decreased ruminal acetate-to-
propionate, suggesting that a propionate type fermentation was 
occurred of lambs. Rumen propionate fermentation can improve 
fiber degradation and feed utilization (43), which provide more 
energy for lambs to promote growth. Previously, a research found 
that grape seed by-product increased the relative abundance of 
butyrate-producing bacteria using ruminal simulation technique 
(46), which contributed to higher ruminal content of butyrate. 

However, the influence of GSE on the ruminal microbiome of lambs 
still needs further exploration.

Due to the inadequate secretion of digestive enzyme, the nutrient 
apparent digestibility of newly weaned lambs is relatively lower (47). 
In the present study, the addition of GSE significantly increased CP, 
NDF and EE digestibility, which indicated that the lambs in GSE 
group can obtain more nutrients to promote growth. The ruminal 
microbes degrade diets to produce MCP and small peptides, and these 
substances can be easily absorbed by small intestine to enhance CP 
digestibility (48). We  speculated that the improvement of CP 
digestibility by GSE supplementation might attributed to increased 
MCP content. Also, the NDF digestibility of GSE lambs was higher 
than CON lambs, which was in accordance with previous research by 
Juráček et al. (49), who found that wethers fed grape residue increased 
NDF digestibility. In a previous study of preweaning dairy calves, 
dietary supplementation with gallic acid, a component of GSE, has 
been verified to increase relative abundances of microorganisms 
associated with fiber degradation and VFA production in the rumen, 
which mainly included Ruminococcaceae, Bacteroides and 
Christensenellaceae (50). The higher NDF digestibility of GSE 
treatment was probably a connection with the regulation of 
gastrointestinal microbiome. Moreover, the increased EE digestibility 
of GSE lambs might have beneficial effects on the weight gain and fat 
deposition. Lastly, digestive enzyme, existed in the gut, has important 
function in improving nutrients digestibility. Therefore, future 
research should pay more attention to study the influence of GSE on 
the activity of digestive enzyme in weaned lambs.

Serum biochemical parameters are strongly linked with healthy 
condition of animals, and these biochemical parameters can reflect 
metabolic status of body (13, 49). The changes of ALT, AST and ALP 

FIGURE 3

Effects of GSE supplementation on microbial count in feces of lambs. (A) Lactobacillus; (B) Bifidobacterium; (C) Escherichia coli; (D) Salmonella. GSE, 
grape seed tract. CON, fed basal diet; GSE, fed basal diet and 0.6 g/d GSE per lamb. The asterisk represents a significant difference (p  <  0.05) between 
CON and GSE treatments.
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concentrations in serum are vital indicators related to liver function, 
and GLU, TG and NEFA contents reflect lipid and energy 
metabolism. Furthermore, to some extent, the protein metabolism 
can be assessed by changes of serum TP and UN contents (24, 49). 
A previous study in lactating dairy ewes found that dietary 
supplementation of grape seed had no significant effects on the 
blood ALT and AST concentrations (51). In our experiment, no 
obvious difference of serum contents of ALT, AST and ALP was 
observed, indicating that dietary addition of GSE did not have 
adverse influence on the liver function of lambs. Nevertheless, 
results obtained from our experiment showed that the serum GLU 
and TG concentrations were significantly increased by GSE 
treatment, whereas GSE supplementation reduced serum NEFA 
concentration of lambs. The possible reason for improvement in 
energy metabolism of lambs is that GSE increases ruminal 
propionate content and accelerates gluconeogenesis process, thus 
resulting in increased serum GLU content. But the potential 
molecular mechanism requires further exploration. After 
undergoing stress such as heat, cold and weaning of animals, the TG 
in the adipose tissue will be  decomposed into NEFA to provide 
energy for various metabolism through blood circulation (52). The 
negative effects on energy metabolism of lambs caused by weaning 
was improved by GSE treatment, which were conducive to improving 
growth of lambs. On the other hand, we found that GSE treatment 
significantly reduced serum UN content, indicating that the nitrogen 
conversion was higher in GSE lambs. The variation tendency in 
nitrogen conversion was basically consistent with CP digestibility, 
which suggested that the improved nitrogen conversion of GSE 
lambs could be  attributed to the increased CP digestibility. A 
previous study in dairy cows reported that high concentrations of 
serum UN, milk urea nitrogen and ruminal NH3-N were negatively 
correlated with nitrogen efficiency (53). In this experiment, 
considering the low concentrations of ruminal NH3-N and serum 
UN in GSE lambs, an improved efficiency of nitrogen conversion 
should be expected. A great deal of nitrogen excreted by ruminants 
reduce the efficiency of feed utilization, and meanwhile, it cause 
environmental pollution (47). Dietary supplementation of GSE 
increased ruminal MCP content, which might be  beneficial for 
improving nitrogen absorption in the small intestine of lambs. In the 
future, more data including nitrogen intake as well as fecal and 
urinary nitrogen excretion should be collected to further investigate 
the potential positive effects of GSE on the nitrogen conversion.

Serum immunoglobulins are a class of protein molecules with 
extensive immune functions, which can combine specifically to 
antigens, activate complement and bind to Fc receptors on the cell 
surface to obtain specific immunity (54). The serum concentrations 
of immunoglobulins can be used to reflect the immunity of animals. 
In our study, GSE supplementation increased serum IgG and IgA 
contents, indicating that GSE enhanced immunity of weaned lambs. 
The polyphenols can improve function of immune system and 
resistance of body to disease by promoting white blood cell activity, 
increasing antibody production and improving cellular immune 
response (55), which might explain the improvement of GSE on the 
immune function. Weaning stress of lambs often induces dysfunction 
of gastrointestinal epithelium, and then results in the release of 
pro-inflammatory factors, which finally causes inflammatory 
response (56). Our research showed that GSE supplementation 
significantly decreased the serum IL-1β and TNF-α of lambs, while 

increased IL-10 concentration. The IL-1β and TNF-α are main 
pro-inflammatory cytokines, and the increased concentrations are 
associated with inflammatory response (23). As an anti-inflammatory 
cytokine, IL-10 can down-regulate the expression of 
pro-inflammatory cytokines such as TNF-α, IL-6, and IL-1β by 
activating macrophages and inhibiting the combination between 
cytokines and receptors (57). The results of current study indicated 
that GSE relieved the inflammatory reaction of lambs, which 
contributed to healthy growth. A previous study in calves suffered 
from heat stress reported that GSE decreased plasma TNF-α content 
and alleviated inflammatory reaction (22), which was in accordance 
with our result. Another research reported that proanthocyanidin, a 
main ingredient of GSE, reduced the expression of pro-inflammatory 
factors through inhibiting NF-κB signaling pathway (58). In the 
future, more studies including in vivo and in vitro should be carried 
out to investigate the potential effects of NF-κB signaling pathway in 
attenuating inflammation by GSE.

Weaning is a source of stress for lambs and can cause oxidative 
stress (5). The MDA, an oxidative stress index, damage the cells 
integrity, and can be used to reflect the degree of injury for cell and 
tissues (59). The GSH-Px, SOD and T-AOC are important indexes to 
assess antioxidant activity of body, which can scavenge free radical 
and prevent macromolecule damage (59). In the current study, the 
GSH-Px, SOD and T-AOC activities in serum of lambs were 
enhanced by GSE treatment, while the MDA activity was reduced. 
Results from our study indicated that GSE supplementation increased 
the antioxidant ability of lambs. Previous experiments in fattening 
lambs, dairy calves and rabbits have demonstrated that grape seed 
products can increase the activity of antioxidant enzyme under stress 
condition (21, 22, 38), which were in line with current study. Plant 
polyphenol has been verified to play the role of antioxidation by Nr2/
Keap1 signaling pathway (60), which may be  responsible for the 
improvement in antioxidant ability of GSE. Taken together of serum 
indexes, GSE supplementation can effectively improve energy 
metabolism and antioxidant ability, and finally enhance immunity of 
weaned lambs.

Gut microorganism is an effective barrier against intestinal 
pathogens, which has important role in protecting intestinal tissues 
and maintaining the normal function of immune system (5). 
Weaning stress is accompanied by changes in the intestinal 
environment, which makes lambs vulnerable to the invasion of 
pathogens, resulting in diarrhea and other diseases (5). The 
Escherichia coli and Salmonella are the main pathogens that induce 
diarrhea and threaten the health of lambs (61). In this study, GSE 
supplementation significantly decreased the Escherichia coli and 
Salmonella counts, indicating that GSE can protect the gut of lambs 
against disease. A recent study report that GSE had obvious 
bacteriostasis for Escherichia coli (62), which was consistent with our 
result. The reason may be  that the proanthocyanidins and other 
components contained in grape seed can effectively inhibit the 
growth of intestinal pathogenic bacteria. However, the specific 
mechanism still needs to be studied. The Lactobacillus can produce 
lactic acid in the intestine to maintain an acidic environment, and 
then prevent the colonization of other pathogens, thus protecting the 
intestinal health (63). In dairy calves, the increased Lactobacillus 
count has been verified to positively associate with high weight gain 
and feed efficiency (33). Our microbial results showed that GSE 
supplementation had the ability to protect gut health of lambs. This 
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positive effect was also found in improved serum immune parameters 
of our research. Future experiments to investigate the functions of 
microbial community by metagenomics and host function by 
transcriptomics are required to obtain more results on the role of 
microbiome in the gut of lambs and their response to GSE.

5 Conclusion

The addition of GSE can improve the ADG and feed efficiency as 
well as CP, NDF and EE digestibility of weaned lambs. It also can 
improve rumen fermentation of weaned lambs, which are reflected by 
increased propionate and butyrate contents and decreased NH3-N 
concentration in the rumen. In addition, supplementation of GSE can 
enhance the antioxidant ability and immunity of weaned lambs by 
increasing the serum GSH-Px, T-AOC and IgG contents and fecal 
Lactobacillus count, and decreasing the serum MDA, IL-1β and 
TNF-α concentrations and fecal Escherichia coli and Salmonella 
counts. Therefore, GSE can be used as a feed additive of weaned lambs. 
These data provided theoretical support for the application of GSE in 
lamb husbandry.
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