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Introduction: The present study explores the effect of ginseng stem leaf 
(GSL) extract on the production performance, meat quality, antioxidant status, 
immune function, and lipid metabolism of white feathered broilers.

Methods: There were 6 replicates in each group, with 10 broilers in each 
replicate. In the 42  day trial, 300 AA broilers were randomly divided into five 
groups: control group (CON), 1.25% GSL extract group (GSL-L), 2.5% GSL group 
(GSL-M), 5% GSL group (GSL-H), and 45  mg/kg chlortetracycline group (CTC).

Results: The results showed that different doses of GSL extract could improve 
the body weight, feed to gain ratio (F/G), average daily feed intake (ADFI), 
average daily gain (ADG), and meat quality of broilers. Compared with the 
control group, the addition of different doses of GSL improved the antioxidant 
and immune abilities of broilers to varying degrees, and the effect of GSL extract 
was significant in the GSL-H group (p  <  0.05). In addition, medium and high 
doses of GSL extract significantly reduced the blood triglyceride (TG) and total 
cholesterol (TC) contents of broilers (p  <  0.05).

Discussion: Adding GSL extract to the feed has a positive impact on the body 
weight, meat quality, antioxidant capacity, immunity, and blood lipids of broilers.
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Introduction

Panax L. (the ginseng genus) is a group of medicinal plants within the family Araliaceae 
and all of its species possess broad application prospects. Among them, ginseng (Panax ginseng 
C. A. Mey.) is known as the “King of Herbs” in traditional Chinese medicine by virtue of its 
high medicinal and nourishing value. Ginsenoside, as one of the major bioactive components 
in Panax ginseng, has attracted extensive research interest. In recent years, chemical, 
pharmacological, and clinical studies have proven that ginseng stem leaf (GSL) saponins have 
similar pharmacological effects to ginsenosides. Ginseng stems and leaves contain abundant 
saponins, polysaccharides, volatile oils, organic acids, proteins, flavonoids, steroids, and other 
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active ingredients (1), which can significantly the enhance immune 
function. By comparing the effect of different parts of five-year-old 
ginseng (root/stem/leaf/flower/seed) on the immune system of 
immunosuppressed mice, some scholars have found that ginseng 
roots, leaves, and flowers can improve the viability of natural killer 
(NK) cells, enhance the immune organ index, improve cell mediated 
immune response, increase the content of CD4+ and the ratio of 
CD4+/CD8+, and restore the function of macrophages, while ginseng 
stems and seeds can enhance the thymus index, carbon clearance, 
splenocyte proliferation, NK cell viability, and IL-4 level of 
immunosuppressed mice (2). In addition, scholars have designed the 
compatibility of different compounds with ginsenosides to promote 
mouse immune response (3, 4), enhance intestinal mucosal immunity 
(5), and elevate vaccine efficacy (6). Total saponins of GSL can also 
improve the composition of intestinal flora, increase the abundance of 
probiotics, and thus enhance the secretion of intestinal IgA response 
(7). In terms of antiinfection, ginseng can inhibit the formation of 
bacterial biofilms and induce the dispersion and dissolution of mature 
biofilms (8). In addition, in vitro and in vivo studies have revealed the 
anti-influenza properties of ginseng and its derivatives. Ginsenoside 
compounds, especially Rb1, interact with hemagglutinin (HA) on the 
surface of influenza A virus and interfere with the binding of the virus 
to cell surface receptors, thereby inhibiting the invasion of the virus 
into host cells (9). In addition to Rb1, scholars have also demonstrated 
the anti-inflammatory activity of Rg1 (10), the hypoglycemic effect of 
Rb3 (11), the improving effect of Rb (Rb1, Rb2, Rb3) on the structure 
and diversity of human intestinal flora (12), as well as the functionality 
of Rg3 and Rh2  in anti-inflammation, immune regulation, and 
antioxidation (13), and Rd. is also reported to be  a natural 
neuroprotective agent (14). All these studies indicate that GSL and its 
effective component saponins contribute to exerting anti-
inflammatory response, improving intestinal flora, and regulating 
immune function. The main bioactive saponins of ginseng exist in the 
roots, stems, leaves, flowers, and berries, but the stems and leaves of 
ginseng are not fully utilized. In recent years, due to intensive feeding 
and environmental biological pollution, the potential application 
value of GSL in poultry production has been gradually highlighted. 
Yu et  al. (15) found that total saponins from GSL significantly 
inhibited cyclophosphamide-induced oxidative stress in broilers and 
induced immune response of Newcastle disease virus (ND) and avian 
influenza (AI) bivalent inactivated vaccines (16). In addition, Yuan 
found that after injection of ND virus vaccine into broilers, the 
absorption rate of GSL saponin (E515-D)-adjuvanted vaccine was 
faster than that of Marcol 52 and #10 white oil-adjuvanted vaccine 
(17). Ginseng extract can reduce the negative physiological effects 
caused by heat stress during broiler breeding (18). Adding 3% red 
ginseng residue in the diet can significantly decline the mortality and 
serum cholesterol of chicks and also improve the meat quality of 
broilers (19). These results indicate that ginseng and its effective 
components have high application value in broiler feeding.

The residue and drug resistance of antibiotics in meat products 
have increasingly attracted public attention. As a kind of “safe, 
efficient, stable, and controllable” feed additive, plant extract has 
become the first choice of alternative anti-bacterial products in the 
breeding industry due to its advantages of less drug resistance, small 
toxic and side effects, low residue and anti-oxidation, which has also 
been widely promoted in the animal food production and feed 
industry in developed countries such as Europe and the United States. 
Numerous data have confirmed the high bactericidal and 

anti-bacterial properties of plant extracts (20), which can effectively 
eliminate poultry parasites (21) and other harmful pathogens and 
even exert excellent killing effect on some drug-resistant strains (22), 
thereby effectively protecting the intestinal health of animals, 
enhancing the digestive and immune systems, improving daily weight 
gain, and achieving antibiotic free and green breeding. Against the 
background of “total ban on antibiotics,” taking GSL and its extracts 
as efficient feed additives has great practical significance for expanding 
and deepening the utilization of traditional Chinese medicine 
resources and promoting the green development of animal husbandry.

Therefore, the aim of this study was to verify that dietary GSL 
supplementation can replace feeding antibiotics and improve growth 
performance, meat quality, antioxidant status, immune function, and 
lipid metabolism of broilers.

Materials and methods

Experimental design and diet

This study was carried out in the animal experiment center of 
Shenyang Institute of Technology and got approval of the Animal 
Ethics Committee of College of Life Engineering, Shenyang Institute 
of Technology (Fushun, China, SITLLBA2024011). GSL extract 
(80.6% saponin, 0.02% crude fiber, 1.1% ash content, and 2.2% water) 
was purchased from SKY ENERGY Biotechnology Co., Ltd. A total of 
300 1-day-old AA broilers (average weight 0.04 kg) were randomly 
divided into five treatment groups, with six replicates in each 
treatment group and 10 broilers (5 males and 5 females) in each 
replicate. The poultry house was fully rinsed and fumigated before the 
experiment. The experimental broilers were caged in upper, middle, 
and lower layers (1.75 long × 1.55 wide × 0.5 high, m). The temperature 
of the poultry house was raised to 32 ~ 35°C 24 h in advance, and then, 
the temperature was reduced by 2 ~ 3°C every week until it was 
maintained at 21 ~ 24°C, with continuous light and natural ventilation. 
The animals had free access to food and drinking water throughout 
the experimental period and were immunized according to the 
standardized procedures. The dietary treatments were divided into 
CON (i.e., basal diet), GSL-L (1.25% of GSL extract in the basal diet), 
GSL-M (2.5% of GSL extract in the basal diet), GSL-H (5% of GSL 
extract in the basal diet), and CTC (basic diet supplemented with 
45 mg/kg chlortetracycline). The experiment lasted 42 days in total, 
with 1–21 days as the early stage and 22–42 days as the later stage. The 
relative humidity of the chicken house was controlled at 50 ~ 70% 
during the entire experiment. The basal diet for the experiment was 
corn-soybean meal. The formula was based on NRC (1994) and 
Chicken Feeding Standard (NY/T33-2004). Table  1 shows the 
composition and nutritional level of basal diet.

Sample collection

The blood of broilers was collected in the morning of the 42nd 
day, and one broiler was randomly selected from each replicate. 
Approximately 10 mL of blood was extracted from the vein under the 
chicken wing using a 5 mL syringe and centrifuged at 4000 × g for 
10 min to isolate the serum, and then stored at-20°C for subsequent 
analysis. After blood collection, the broilers were sacrificed by cervical 
dislocation. The whole thigh (biceps femoris) and chest (pectoralis 
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major) musculature were removed from the same broiler. The meat 
quality traits of thigh and chest stored at 4°C were analyzed. The 
abdominal cavity of broilers was opened after death from bloodletting, 
and the liver tissues were taken and stored in liquid nitrogen in a 
cryopreservation tube for future use.

Growth performance and organ index

Broilers in each replicate were weighed on days 21 and 42, and the 
feed consumption of each replicate was recorded on days 1–21 and 
22–42. Average daily gain (ADG), average daily feed intake (ADFI), 
and feed to gain ratio (F/G) were calculated for each replicate. On the 
42nd day, the weight of one broiler from each replicate was close to 
the average weight, followed by cervical dislocation. Immune organs 
(liver, spleen, thymus, and bursa of Fabricius) were collected to 
calculate the percentage of organs.

Meat quality

The samples of pectoral and thigh muscles on both sides of each 
broiler were collected. Within 12 h after death, the pH values of biceps 
femoris and pectoralis major muscles were measured using a 
penetrating electrode (Mettler Toledo, Changzhou, China) connected 
to a portable pH meter (FG2, Shanghai, China). The pH probe was 
calibrated with pH = 4 and pH = 7 standard buffer solutions before 
testing. Meat color (L* = relative lightness, a* = relative redness, and 

b* = relative yellowness) was measured with a handheld color reader 
(CR10, Konica Minolta INC, Osaka, Japan).

The reading from the inner surface of the sample represented the 
entire surface of the muscle, with white tiles (L*92.30, a*0.32, and 
b*0.33) as standards. Approximately 20 g of samples from thigh and 
chest muscles were used to determine the drip loss. Muscle samples 
were weighed and fixed in plastic bags filled with air to avoid 
evaporation, suspended in a 4°C cooler for 24 h, and then weighed 
again. The drip loss was calculated according to the weight loss and 
expressed as a percentage. After pH and drip loss measurements, the 
pectoral muscle samples were loaded into plastic bags and placed at 
room temperature before cooking. Then, the muscle samples were 
heated to an internal temperature of 70°C in a boiling water bath. The 
cooked muscle was cooled to room temperature and cut into pieces of 
3 × 1 × 1 cm3, parallel to the direction of the muscle fibers. The 
Warner-Bratzler shear force was assessed using a texture measurement 
system (Food Technology Corporation, Stirling, VA, USA).

Antioxidant capacity

About 0.3 g of liver samples stored in liquid nitrogen were put into 
a centrifuge tube, added with 0.9% normal saline nine times the 
weight of the sample, and homogenized at 4000 rpm/min for 10 min 
under the condition of ice water bath, and the supernatant was sucked 
with a pipette gun. The total antioxidant capacity (T-AOC) (A015-2-
1), superoxide dismutase (T-SOD) (A001-3-2), glutathione peroxidase 
(GSH-PX) (A005-1-2), catalase (CAT) (A007-1-1), and 
malondialdehyde (MDA) (A003-1-2) were detected by corresponding 
kits. The absorbance at 425 nm and 520 nm was determined by a 
microplate reader (Bio-Tek ELx808). The above kits were purchased 
from Nanjing Jiancheng Bioengineering Co., Ltd. (Nanjing, China).

Detection of serum immune indexes

The sample serum was used for the detection of IgA (m1002792V), 
IgG (m1042771V), and IgM (m1027781V) according to the kit 
instructions. The kits were purchased from Shanghai Meilian 
Biotechnology Co., Ltd. (Shanghai, China), and the absorbance at 
450 nm was detected with a microplate reader.

Analysis of biochemical and lipid indicators

The concentrations of total cholesterol (TC) (A111-1-1), 
triglycerides (TG) (A110-1-1), high-density lipoprotein cholesterol 
(HDL) (A112-1-1), and low-density lipoprotein cholesterol (LDL) 
(A113-1-1) in serum samples were detected using commercial kits 
(Nanjing Jiancheng Bioengineering Co., Ltd., Nanjing, China). The 
absorbance at 500 nm and 600 nm was detected with a 
microplate reader.

Statistics analysis

The experimental data were collated with Excel 2019, and SPSS 
26.0 statistical software was used for one-way analysis of variance 
(ANOVA). Duncan’s multiple comparisons were performed on the 

TABLE 1 Composition and nutritional level of basal diet (air-dried).

Item 1-21d 22-42d

Diet composition %

  Corn 63.0 64.00

  Wheat bran 1.68 1.95

  Soybean meal 27.00 28.40

  Fish meal 3.00 0

  Soybean oil 1.40 1.60

  Limestone 1.42 1.45

  Dicalcium phosphate 0.60 0.7

  Salt 0.30 0.3

  Choline 0.10 0.1

  Premix1 1.50 1.50

Total 100 100

Nutrient levels2

  ME (MJ/kg) 12.99 12.36

  CP (%) 18.45 17.11

  Lys (%) 0.77 0.88

  Met (%) 0.34 0.33

  Ca (%) 0.80 0.80

  TP (%) 0.53 0.41

1Premix provided per kilogram of diet: VA 12000 IU, VD3 2,500 IU, VE 21.0 mg, VK3 3.0 mg, 
VB1 5.0 mg, VB2 9.0 mg, VB6 8.0 mg, VB12 2.03 mg, pantothenic acid 20.0 mg, niacin 
50.0 mg, biotin 0.1 mg, folic acid 1.5 mg, Fe 94 mg, Cu 23 mg, I 0.7 mg, Zn 92 mg, Mn 
101.4 mg, Se 0.04 mg. 2Calculated value.
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data with significant differences. p < 0.05 and p < 0.01 are regarded as 
significant differences and extremely significant differences, 
respectively, while 0.05 < p < 0.1 is indicative of a trend. Data are 
expressed as mean ± standard deviation.

Results

Effect of GSL extract on body weight of 
white feathered broilers

The effect of GSL extract on the body weight of white feathered 
broilers is shown in Table 2. At 21 and 42 days, there was no significant 
difference in the body weight of broilers in each group (p > 0.05), but 
with the increase of the dose of GSL extract, the body weight also 
showed a linear growth trend. In addition, the F/G of the high-dose 
group was significantly higher than that of the control group and CTC 
group (p < 0.05). Although there was no difference in ADFI and ADG 
among the groups (p > 0.05), the ADFI and ADG of GSL extract 
groups had an upward trend with the increase of dose.

Effect of GSL extract on meat quality of 
white feather broilers

The effect of GSL extract on the meat quality of white feather 
broilers is shown in Table 3. Compared with the control group, the 
medium-dose and high-dose groups showed significantly reduced 
chicken shearing force (p < 0.05), and the pH value of chicken in the 
high-dose group was significantly decreased (p < 0 0.05), but there was 
no significant difference among other groups. The drip loss of the 
high-dose group was significantly lower than that of other groups 
(p < 0.05). The cooking loss of the high-dose group and CTC group 
was significantly lower than that of the control group and low-dose 
group (p < 0.05). Compared with the control group, the a* of the 
medium-dose group and high-dose group were significantly decreased 
(p < 0.05), but there was no significant difference among other groups 
(p > 0.05). L* and b* showed a linear correlation with the concentration 

of GSL extract, and there was no significant difference in L* and b* 
among the groups (p > 0.05).

Effects of GSL extract on antioxidant 
indexes of white feather broilers

The effect of GSL extract on antioxidant indexes of white feather 
broilers is shown in Table 4. Compared with the control group, the 
CAT activity in the high-dose group was significantly increased 
(p < 0.05), and the CAT activity increased linearly with the increase of 
the dose of GSL extract. Compared with the control group, the 
activities of T-SOD and T-AOC were significantly increased in the 
high-dose group (p < 0.05). The activities of T-SOD and T-AOC in 
other experimental groups were enhanced with the increasing dose of 
GSL extract, and the activity of T-AOC in the CTC group was 
significantly lower than that in the high-dose group (p < 0.05). 
Compared with the control group, the content of MDA in the 
medium-dose group and high-dose group was significantly decreased 
(p < 0.05), and the differences in the content of MDA among the other 
groups were not significant, but the content of MDA showed a 
decreasing trend (p > 0.05). Although there was no significant 
difference in the content of GSH-PX among the groups (p > 0.05), it 
also increased with the increasing dose of GSL extract.

Effect of GSL extract on immune function 
of white feather broiler

Table 5 shows the effect of GSL extract on immune organ indexes 
of white feather broilers. Compared with the control group, the bursa 
of Fabricius index in the high-dose group and CTC group was 
increased significantly (p < 0.05). Compared with the high-dose group, 
the thymus index of the medium-dose group and low-dose group was 
decreased significantly (p < 0.05), and there was no significant 
difference among other groups (p > 0.05). There was no significant 
difference in spleen index among the groups (p > 0.05).

The effect of GSL extract on immunoglobulin indexes of white 
feathered broilers is shown in Table 6. Compared with the control 
group, the IgA content and IgG content in the medium-dose group 
and high-dose group were significantly increased (p < 0.05). In 
addition, compared with the CTC group, the IgG content in the high-
dose group and the medium-dose group was increased significantly 
(p < 0.05). There was no significant difference in the content of IgM 
among the groups (p > 0.05), but with the increase of the dose of GSL 
extract, the content of IgM also showed an upward trend.

Effect of GSL extract on blood lipid 
metabolism of white feather broilers

Table 7 shows the effect of GSL extract on blood lipid indexes of 
white feather broilers. Compared with the control group, the contents 
of TC and TG in the medium-dose group, high-dose group, and CTC 
group were significantly decreased (p < 0.01). The HDL-C and LDL-C 
in the CTC group were significantly lower than those in the control 
group (p < 0.05), and there was no significant difference among 
other groups.

TABLE 2 Effect of GSL extract on body weight of white feathered broilers.

Item Group

CON GSLL GSLM GSLH CTC

21d 

(kg)
0.83 ± 0.07 0.86 ± 0.09 0.87 ± 0.06 0.88 ± 0.04 0.82 ± 0.09

42d 

(kg)
3.32 ± 0.14 3.31 ± 0.15 3.33 ± 0.17 3.34 ± 0.11 3.31 ± 0.21

ADFI 

(g)
85.3 ± 3.2 84.3 ± 3.7 85.2 ± 5.0 85.4 ± 4.1 85.2 ± 3.9

ADG 

(g)
35.7 ± 2.2 36.3 ± 1.4 36.5 ± 2.0 36.9 ± 2.1 35.8 ± 1.1

F/G 2.63 ± 0.11b 2.69 ± 0.09ab 2.74 ± 0.12ab 2.77 ± 0.07a 2.66 ± 0.07b

In the same row of data, different small letters indicate significant differences (p < 0.05); the 
same small letters or no letters indicate no significant differences (p > 0.05). CON, basal diet; 
GSL-L, CON + 1.25% GSL extract; GSL-M, CON + 2.5% GSL extract; GSL-H, CON + 5% GSL 
extract; CTC, CON + 45 mg/kg chlortetracycline.

https://doi.org/10.3389/fvets.2024.1463613
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Zhang et al. 10.3389/fvets.2024.1463613

Frontiers in Veterinary Science 05 frontiersin.org

Discussion

The synergistic treatment of feed and plant extract can reduce the 
anti-nutritional effect of anti-nutritional factors in feed, thus promoting 
the digestibility and utilization of energy and nutrients in broilers, 
elevating feed remuneration, and improving animal production 
performance (23, 24). GSL extract is rich in saponins and flavonoids, 
which can improve the production performance, immune function, and 
meat quality of quails (25). However, the effect of GSL extract on the 
production performance of white feathered broilers is not yet clear. Our 
results showed that the addition of GSL extract to the diet had no 
significant effect on the body weight of white feathered broilers, but the 
body weight increased with the increasing dose of GSL extract. After 
adding GSL extract, both ADG and F/G showed an upward trend, and 
the F/G of the group added with 5% GSL extract was significantly higher 
than that of the control group (p < 0.05), which was similar to the 
research results of Liu et al. (26) that adding ginseng extract increased 
the ADG and F/G of broilers. Saponins in American ginseng and 
ginseng can inhibit pancreatic lipase activity and reduce body weight, 
adipose tissue weight, and blood lipids of high-fat diet mice, thereby 
controlling obesity caused by high-fat diet (27, 28). The blood lipid 
indexes can comprehensively reflect the ab-sorption and metabolism of 
starch, lipids, and other nutrients in the feed of broilers (29). In this 
study, by detecting the cholesterol metabolism indexes in the blood of 
broilers, it was found that the TC and TG in the blood of broilers fed GSL 
extract were significantly reduced (p < 0.05). Kim M H (30) et al. found 
that adding 1% red ginseng to the diet could reduce TC and LDL-C, but 
not HDL-C in hyperlipidemic mice, which was in consistence with our 

experimental results. Collectively, these findings suggest that GSL extract 
can significantly improve the growth performance of white feathered 
broilers, especially in lowering lipid and increasing F/G.

pH value, drip loss, and shear force are the main physical 
indicators to evaluate meat quality (31). It is reported that the saponin 
component in ginseng extract pro-motes angiogenesis, which can 
rapidly regenerate the blood vessels of limbs and relieve vascular 
injury or local hypoxia (32). The development of blood vessels 
improves the efficiency of nutrient transport, accelerates the 
metabolism of limbs, and promotes the normal development of 
pectoral and thigh muscles (33). Therefore, we speculate that GSL 
extract can prevent the lignification of chicken breast meat and the 
growth restriction of acral tissues caused by long-term high-density 
breeding conditions. Our results demonstrated that GSL extract 
reduced the pH value, drip loss, and muscle shear force of chicken, 
thereby effectively improving meat quality. Similar results were also 
found by Morsy et al. (34) that adding 300 mg/kg ginseng extract to 
the diet improved the shear force of chicken during the growth period 
and reduced the pH value and drip loss.

Intensive feeding can lead to the production of excessive reactive 
oxygen free radicals in broilers. Therefore, it is of practical significance 
to develop feed additives that can reduce lipid peroxide, eliminate 
oxygen free radicals, and enhance disease resistance of broilers (35). 
SOD, CAT, and GSH-PX are essential for reducing excessive reactive 
oxygen radicals (36). GSL extract exerts its antioxidant effect mainly 
by regulating the production of SOD and GSH-PX, thereby indirectly 
affecting the antioxidant capacity of the body (37). In our experiment, 
adding 5% GSL extract to the basal diet could significantly increase 

TABLE 3 Effect of GSL extract on meat quality of white feather broilers.

Item Group

CON GSLL GSLM GSLH CTC

shear force N 9.45 ± 0.29a 8.53 ± 0.23ab 6.76 ± 0.25b 6.11 ± 0.25b 8.55 ± 0.38ab

pH(24 h) 5.64 ± 0.23a 5.62 ± 0.30ab 5.56 ± 0.31ab 5.52 ± 0.22b 5.74 ± 0.25ab

drip loss % 5.30 ± 0.59a 5.06 ± 0.50a 4.84 ± 0.27a 4.40 ± 0.44b 4.96 ± 0.54a

pressure loss % 21.73 ± 1.37a 20.44 ± 1.67a 17.54 ± 1.55ab 14.46 ± 1.07b 15.03 ± 1.06b

L* 57.44 ± 2.60 57.81 ± 2.12 56.91 ± 2.25 57.75 ± 1.75 57.05 ± 3.63

a* 4.36 ± 1.06a 3.98 ± 1.77ab 3.10 ± 1.08b 3.00 ± 0.74b 3.43 ± 0.82ab

b* 15.33 ± 3.49 13.65 ± 2.24 14.57 ± 1.50 14.30 ± 2.40 14.07 ± 2.98

In the same row of data, different small letters indicate significant differences (p < 0.05); the same small letters or no letters indicate no significant differences (p > 0.05). CON, basal diet; GSL-L, 
CON + 1.25% GSL extract; GSL-M, CON + 2.5% GSL extract; GSL-H, CON + 5% GSL extract; CTC, CON + 45 mg/kg chlortetracycline.

TABLE 4 Effects of GSL extract on antioxidant indexes of white feather broilers.

Item Group

CON GSLL GSLM GSLH CTC

GSH-PX (U/mg) 33.51 ± 3.10 34.78 ± 3.68 35.18 ± 3.66 37.38 ± 3.63 37.75 ± 3.87

CAT (U/mg) 4.86 ± 0.58b 5.05 ± 0.77ab 5.28 ± 0.60ab 5.31 ± 0.67a 5.16 ± 0.62ab

T-SOD (U/mg) 198.40 ± 8.46b 226.84 ± 8.78ab 241.72 ± 9.06ab 285.87 ± 8.70a 217.70 ± 9.13ab

T-AOC (mmol/g) 0.11 ± 0.02b 0.20 ± 0.02ab 0.21 ± 0.02ab 0.22 ± 0.02a 0.12 ± 0.03b

MDA (nmol/mg) 2.35 ± 0.32a 1.97 ± 0.36ab 1.67 ± 0.34b 1.57 ± 0.35b 1.76 ± 0.33ab

Data are represented as the mean ± SD (n = 6). a,bValues within a row with different superscript letters indicate significant differences (p < 0.05) among groups, and the same superscript letters or 
no superscript letters indicate non-significant differences (p > 0.05). T-AOC: total antioxidant capacity; CAT: catalase; MDA: malondialdehyde; GSH-Px: glutathione peroxidase; T-SOD: 
superoxide dismutase.
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TABLE 7 Effect of GSL extract on blood lipid indexes of white feathered broilers.

Item Group

CON GSLL GSLM GSLH CTC

TC (mmol/L) 0.29 ± 0.04A 0.25 ± 0.10AB 0.17 ± 0.07BC 0.18 ± 0.07BC 0.12 ± 0.06C

HDL-C (mmol/L) 4.65 ± 0.11a 4.27 ± 0.15ab 4.24 ± 0.13ab 3.91 ± 0.14ab 3.51 ± 0.11b

LDL-C (mmol/L) 1.26 ± 0.07a 0.93 ± 0.07ab 1.11 ± 0.06ab 1.03 ± 0.07ab 0.82 ± 0.07b

TG (mmol/L) 3.73 ± 0.04A 3.51 ± 0.03A 2.66 ± 0.02B 2.70 ± 0.03B 2.53 ± 0.01B

Data are represented as the mean ± SD (n = 6). a,bValues within a row with different superscript letters indicate significant differences (p < 0.05) among groups, and the same superscript letters or 
no superscript letters indicate non-significant differences (p > 0.05). A,BValues within a row with different superscript letters indicate significant differences (p < 0.01) among groups, and the 
same superscript letters or no superscript letters indicate non-significant differences (p > 0.01). HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triacylglycerol; TC: total 
cholestero.

the activities of T-SOD, T-AOC, and CAT in the liver of white 
feathered broilers and reduce the content of MDA in the liver 
(p < 0.05). Jiao et al. (38) also reported that ginseng extract enhanced 
SOD and T-AOC activities in the se-rum and liver of D-galactose-
induced aging mice, while reducing MDA content. In vitro and in vivo 
tests have revealed that plant extracts achieve antioxidant effects by 
reducing the generation of oxygen free radicals and enhancing the 
activities of antioxidant enzymes such as SOD, GSH-PX, and CAT 
(39–41). The above results confirm that adding GSL extract to the diet 
can improve the serum antioxidant capacity of white feathered broilers 
and reduce oxidative stress damage.

The development of immune organs underlies the realization of 
immune function, and the immune organ index is an important 
indicator to measure the immune status of poultry (42). Spleen, thymus, 
and bursa of Fabricius are important sites for the formation and 
differentiation of T and B lymphocytes. Therefore, the organ indexes of 
spleen, thymus, and bursa of Fabricius are commonly used to evaluate 
the immune status of poultry. The higher the index, the stronger the 
immune system function (43). Song et  al. (44) found that adding 
300 mg/kg ginsenoside Rg1 could significantly in-crease the organ 
indexes of bursa of Fabricius, spleen, and thymus and enhance the 
immune function of broilers. Our results also showed that adding an 
appropriate dose of GSL extract to the diet of white feather broilers 

promoted the development of bursa of Fabricius and improved the 
immunity, which may be due to that the saponins contained in GSL 
extract can promote the proliferation of lymphocytes in bursa of 
Fabricius. Serum IgA, IgG, and IgM, as the most important signs 
reflecting the humoral immune function, are produced by the 
proliferation and differentiation of B cells into plasma cells after 
receiving antigen stimulation. The higher the titer of serum antibody, 
the stronger the anti-infection and disease resistance ability (45). Our 
experimental results showed that the addition of GSL extract to the diet 
improved the bursa of Fabricius index and increased the serum IgG 
content of white feather broilers. Similar results were revealed by Ma 
et  al. [45] that GSL saponins combined with selenium effectively 
increased the content of serum IgA after broilers were vaccinated with 
Newcastle disease vaccine, indicating the potential of GSL extract 
strengthening immunity of broilers.

Incorporating varying doses of ginseng stem and leaf extracts into 
the diet can enhance the production performance and meat quality of 
broilers, while also improving their antioxidant status, cholesterol 
metabolism, and immune function. These changes indicate the 
potential application value of ginseng stem and leaf extracts in broiler 
production. However, to facilitate their widespread use in animal 
husbandry, further research is required to determine the optimal 
dosage, action targets, and mechanisms of action of the extracts. Such 

TABLE 5 Effect of GSL extract on immune organ index of white feathered broilers.

Item Group

CON GSLL GSLM GSLH CTC

Thymus organ index (g/kg) 2.20 ± 0.07ab 1.88 ± 0.09bc 1.95 ± 0.07bc 2.42 ± 0.11a 2.19 ± 0.08ab

Bursa organ index (g/kg) 1.16 ± 0.04c 1.19 ± 0.06bc 1.43 ± 0.06abc 1.58 ± 0.05a 1.52 ± 0.05ab

Spleen organ index (g/kg) 0.10 ± 0.02 0.11 ± 0.03 0.11 ± 0.03 0.10 ± 0.02 0.16 ± 0.05

Data are represented as the mean ± SD (n = 6). a,bValues within a row with different superscript letters indicate significant differences (p < 0.05) among groups, and the same superscript letters or 
no superscript letters indicate non-significant differences (p > 0.05).

TABLE 6 Effect of GSL extract on immunoglobulin of white feather broilers.

Item Group

CON GSLL GSLM GSLH CTC

IgA (μg/mL) 15.99 ± 2.17b 25.67 ± 2.78ab 34.42 ± 2.11a 36.42 ± 2.21a 25.75 ± 2.40ab

IgM (μg/mL) 141.96 ± 9.18 148.21 ± 8.56 161.66 ± 8.64 206.06 ± 8.79 191.56 ± 8.43

IgG (μg/mL) 361.28 ± 18.39b 457.53 ± 18.04b 497.69 ± 16.81a 534.41 ± 19.90a 406.28 ± 19.46b

Data are represented as the mean ± SD (n = 6). a,bValues within a row with different superscript letters indicate significant differences (p < 0.05) among groups, and the same superscript letters or 
no superscript letters indicate non-significant differences (p > 0.05). IgA, Immunoglobulin A; IgG, Immunoglobulin G; IgM, Immunoglobulin M.
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studies will not only deepen our understanding of how ginseng stem 
and leaf extracts influence host health but also provide a theoretical 
basis for the development of novel green feed additives.
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