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Effects of dietary Chinese yam—
Rehmannia glutinosa ‘'medicine
pair’ on growth performance,
body size trait, slaughtering
performance, antioxidant
capacity, and cecum microbiota
of broilers

Jinliang Zhang, Yan Guo*, Yanan Ding, Bingbing Ma, Zhiqgiang Li
and Huijun Zhang

Department of Animal Science, College of Biology and Food, Shangqiu Normal University, Shangqiu,
Henan, China

Objectives: Chinese yam and Rehmannia glutinosa, Henan province local medic-
inal herbs, have received attention owing to its positive nutritional and medici-
nal characteristics. The combination of Chinese yam and Rehmannia glutinosa,
known as a ‘medicine pair’, has a long history of use. However, no published
study has evaluated Chinese yam—Rehmannia glutinosa medicine pair (CYRG)
as a dietary additive in broilers. This study aimed to evaluate the impact of dietary
CYRG on growth performance, body measurements, slaughtering performance,
antioxidant capacity and cecum microbiota of broilers.

Methods: Total of 300 23-day-old Arbor Acres female broilers were randomly
assigned to the 5 treatment groups (CON, 0.5% CYRG, 1% CYRG, 1.5% CYRG, and
2% CYRG) with 6 replications and 10 birds/replicate. In the CON group, broilers
received the basal diet, and other 4 groups received the basal diet supplemented
with 0.5, 1, 1.5, and 2% CYRG, respectively. The feeding trial lasted for 19 days,
until to 42 days.

Results: The results showed that 0.5% CYRG group had the highest of body
weight gain, average daily gain, and average daily feed intake among the 5
groups. Supplementation CYRG significantly improved the slaughter percentage
and semi-evisceration weight percentage of broilers (P < 0.05). Supplementation
0.5% CYRG and 1% CYRG significantly increased the level of anti-inflammatory
cytokines (IL-4) and decreased the pro-inflammatory cytokines (IL-6) level
(P < 0.05). Supplementation 1.5% CYRG improved the levels of serum immu-
noglobulins G (IgG) and IgM (P < 0.05). 0.5% CYRG significantly increased the
levels of catalase (CAT), glutathione peroxidase (GSH-Px), and total antioxidant
capacity (T- AOC), and decreased the levels of malondialdehyde (MDA) (P < 0.05).
Microbiological analysis showed that CYRG supplementation increased the abun-
dance of beneficial bacteria (Firmicutes) and decreased the quantity of harmful
bacteria (Proteobacteria and Cyanobacteria). Correlation analysis indicated that
Lactobacillus salivarius and Lactobacillus_crispatus were positively associated
with serum IgA and IgG (P<0.05). And Ruminococcaceae were positively cor-
related with CAT and GSH-Px activities (P<0.05), and Unclassified Clostridia ucG
014 was negatively correlated with MDA (P<0.05).
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Conclusion: Results showed that dietary CYRG improved the economic benefits
of broilers by improving slaughter performance, physical and intestinal health.
The 0.5% CYRG dose was recommended.
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1 Introduction

Chinese yam is a very popular tuber crop cultivated as a func-
tional food and traditional medicine in China (1-4). According to
the ‘Compendium of Materia Medica, Chinese yam can ‘strengthen
the kidney qi, invigorate the spleen and stomach, stop diarrhea
and dysentery, disperse phlegm and saliva, moisturize the skin,
and modern medical research has proved that Chinese yam con-
tains polysaccharides, polyphenols, terpenoids, steroids, peptides,
alkaloids, and essential oils and other bioactive ingredients (5, 6).
Previous studies have shown that it has various pharmacological
effects, for example, promoting growth performance (3), improv-
ing meat quality (7), enhancing antioxidant capacity (8) and
immunity (9), and improving the intestinal microbial community
(10) in animal. Rehmannia glutinosa was first recorded in
Shennong’s Classic of Materia Medica and was classified as an
‘excellent’ herb. As a traditional Chinese herbal medicine, it
mainly including iridoid glycosides, phenylpropanoid glycosides,
saccharides, and unsaturated fatty acids active ingredients, and it
possesses multiple effects, including anti-inflammation, anti-
tumor, enhancing immunity, anti-aging and antioxidation (11).
Yang et al. (12) found that 600 and 900 mg/kg Radix rehmanniae
preparata polysaccharide improved broilers” growth, gut physiol-
ogy, and tibia ash content. Yu et al. (13) found that Rehmannia
glutinosa polysaccharides enhanced intestine immunity by alter-
ing the gut microbiota composition in mice. Quan et al. (14)
found that Rehmannia glutinosa water extract improved blood
lipid levels, improved antioxidant capacity of kidney and liver
function in diabetic nephropathy rats.

The ‘medicine pair’ of Chinese yam and raw Rehmannia gluti-
nosa, in a ratio of 1:1 to 1:2, was described in the Ming Dynasty’s
‘Zhang Xichun’s Herbal Pairings, “‘When these two herbs are com-
bined, their efficacy is greatly enhanced’. However, up to now, no
published study has evaluated Chinese yam - Rehmannia glutinosa
‘medicine pair’ (CYRG) as a dietary additive in animal. In this
study, we prepared CYRG, evaluated the effects of the dietary
supplementation of CYRG on the growth performance, body size
trait, slaughtering performance, antioxidant capacity and cecum
microbiota of broilers, and provided a basis for the scientifically
application of CYRG.

2 Materials and methods
2.1 Animal care
All birds in this study feeding program were approved by the

Animal Ethics Committee of Shangqiu Normal University
(2023-1,109).
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2.2 Preparation of medicine pair (CYRG)

Chinese yam and Rehmannia glutinosa were obtained from Wuzhi
county, Jiaozuo city, Henan Province, China in 2024. At the time, all
samples were dried and crushed. Chinese yam passed through an
80-mesh sieve, and Rehmannia glutinosa with a particle size pass 40
mesh. Then prepared the medicine pair (CYRG) by mixing Chinese
yam powder and Rehmannia glutinosa powder in a 1:1 (m/m) ratio.
Then, CYRG was stored in a cool, dry place until use.

2.3 Experimental diets and animal
management

Three hundred healthy 23-day-old Arbor Acres female broil-
ers with similar body weight were randomly placed into five
groups with 6 replicates, with 10 broilers per replicate. In the con-
trol group (CON), broilers received the basal diet, and other treat-
ment groups (0.5% CYRG, 1% CYRG, 1.5% CYRG, and 2%
CYRG) received the basal diet supplemented with 0.5, 1, 1.5, and
2% CYRG, respectively. The feeding experiment last for 19 days,
until the birds were 42 days old. The basic diet was formulated to
reference to the National Research Council (1994) (15), and
Table 1 shows the ingredients of the basal diet. Broilers were
caged, and had free access to diet and water during the experi-
ment. Birdhouse temperature was kept at 24 + 2 °C and under
constant light for 24 h until end of the trial.

2.4 Growth performance and body size trait

At 23 and 42 days of age (day 1 and 19 of the experiment),
live- weight and feed weight were measured per replicate to cal-
culate average daily gain (ADG), average daily feed intake (ADFI),
average daily feed intake/average daily gain (F/G). On day 42,
after 12 h of fasting, one bird was randomly selected from each
replicated to measure the body size trait. Body slanting length
(BSL) was gauged from the shoulder to the ipsilateral ischial
tuberosity. Keel length (KL) was the distance, between the front
and rear ends of the keel. Shank girth (SG) was the circumference
of the middle of the shin. Shank length (SL) was determined as the
straight-line distance from the supra metatarsal joint to the
middle of the third and fourth toes. Chest width (CW) was calcu-
lated as the distance between two shoulder joints. Chest depth
(CD) was measured from the first thoracic vertebra to the front of
the keel. Hip bone width (HBW) was the length between the two
side waist corners. Waist edge width (WEW) was the maximum
width of the two hip joints on the left and right sides. Here, caliper
was used to measure shank length, chest width, chest depth, and
hip bone width and a measuring tape was used to record body
slanting length, keel length, shank girth and waist edge width. All
operations were carried out following agricultural standard NY/
T823-2020 (16).
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TABLE 1 Composition and nutrient level of the basal diet (air-dry basis).

10.3389/fnut.2026.1784952

Ingredients Content/% Nutritional level Content/%
Corn 63.27 Metabolic energy ME (M]/kg) 12.78
Soybean meal (45% CP) 27.52 Crude protein 19.08
Soybean oil 3.00 Calcium (g/kg) 0.87
Soy protein powder (65% CP) 2.74 Total phosphorus (g/kg) 0.58
Limestone powder 1.47 Non-phytate phosphorus 0.35
Dicalcium phosphate 1.35 Lysine 0.99
L- Lysine-HCI (98%) 0.14 Methionine 0.41
DL-Methionine (98%) 0.08

Trace mineral Premix' 0.01

Vitamin premix’ 0.02

Choline chloride (50%) 0.10

Sodium chloride 0.30

Total 100.00

"Trace mineral premix provided the following (per kilogram of diet): 80 mg iron, 40 mg zinc, 8 mg copper, 60 mg manganese, 0.35 mg iodine, and 0.15 mg selenium. *The vitamin premix

provided the following (per kilogram of diet): 8,000 IU vitamin A (retinoids), 1,000 IU vitamin D, 20 IU vitamin E, 0.5 mg vitamin K, 2.0 mg vitamin B1, 8.0 mg vitamin B2, 35 mg vitamin B3

(niacin), 3.5 mg vitamin B6 (pyridoxine), 0.01 mg vitamin B12, 10 mg vitamin B5 (pantothenic acid), 0.55 mg vitamin B9 (folic acid), and 0.18 mg vitamin B7 (biotin).

2.5 Blood collection and slaughter
performance measurement

Thirty broilers (one per replicate), the venous blood was drawn
from the wing veins of birds, and placed in centrifuge tubes for over-
night at 4 °C. Serum was collected after centrifugation (3,000 g, 10 min,
at 4 °C), placed into sterile tubes, and kept at —80 °C until analysis.
Then, birds were slaughtered. After bloodletting, feather extraction,
beak shell and foot skin removed, the weight of carcass, evisceration,
semi-evisceration, abdominal fat, breast muscle, leg muscle, wing (a
pair), legs (two) were recorded. Next, the slaughter percentage, eviscer-
ated weight percentage, semi-eviscerated weight percentage, abdomi-
nal fat percentage, breast muscle percentage, leg muscle percentage,
wing weight percentage and leg weight percentage were calculated. The
determination method is in accordance with the agricultural industry
standard NY/T 823-2004 “Terms and Measurement and Statistical
Methods for Poultry Production Performance”

2.6 Relative weight of internal organs
calculation

Thirty broilers (one per replicate), the heart, liver, spleen, lung,
kidney, thymus, pancreas, intestine, glandular stomach, muscular
stomach and bursa of Fabricius were immediately dissected, blotted
and weighed. Relative weight of internal organs = weight of organ/live
weight x 100%.

2.7 Cytokines, immunoglobulins, and
antioxidant indicators measurement

Interleukin 4 (IL-4), Interleukin 6 (IL-6), and Interleukin 1p (IL-1p)
levels were measured in serum using the enzyme-linked immunosor-
bent assay (ELISA) kits specific for poultry according to the manufac-
turer’s instructions (Jiancheng Biotechnology Co. Ltd., Nanjing, China).
At the same time, the immunoglobulin A (IgA), immunoglobulin G
(IgG), and immunoglobulin M (IgM) levels in serum were determined
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with ELISA kits specific for chicken according to the manufacturer’s
instructions (Shanghai Mlbio Co., Ltd. Shanghai China).

The oxidation-stress related indicators were determined as
described by Guo et al. (17). The level of total antioxidant capacity
(T-AOC) in bird serum was detected with ELISA kits specific for poul-
try (Jiancheng Biotechnology Co. Ltd., Nanjing, China). The catalase
(CAT) level was measured using the molybdate colorimetric method.
The glutathione peroxidase (GSH-Px) level was detected using the
(DTNB) chromogenic method.
Superoxide dismutase (SOD) in serum was measured by the modified

5,5’-dithio-nitrobenzoic acid

pyrogallol autoxidation method. Malondialdehyde (MDA) was mea-
sured by the modified thiobarbituric acid reactive substances assay.

2.8 Cecal microbiota analysis

The cecal contents were collected and sent to Beijing Biomarker
Technologies Co. Ltd. (Beijing, China) for 16S rRNA gene sequencing.
Three samples each for five groups.

Total bacterial DNA was extracted from ceca contents (100 mg)
using the E.ZN. ATM Mag-Bind Soil DNA Kit (Omega Bio-Tek,
USA), and the extracted DNA was detected by 1% gel electrophoresis.
Qubit R 4.0 (ThermoFisher Scientific, USA) was used to determine
the DNA concentration. The (338F:
ACTCCTACGGGAGGCAGCA; 806R:
GGACTACHVGGGTWTCTAAT) were used for PCR amplification
of the 16S r RNA gene V3/V4 regions. All of the PCR reactions were
conducted in triplicates. The amplified products were quality evalu-

synthesized primers

ated by using 2% agarose gel electrophoresis and Qubit® 4.0 fluores-
cence quantifier. Sequencing libraries were using the TruSeq® Nano
DNA Kit (Tllumina, USA). The qualified libraries were used for paired-
end sequenced (2 x 250 bp) on the Illumina NovaSeq 6,000 platform.

2.9 Bioinformatics and statistical analysis

Trimmomatic v0.33 and cutadapt 1.9.1 software was used to
remove the adapters, primers, and low-quality sequences from the raw
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reads, and denoise, double-ended sequence splicing, and removal of
chimeric sequences was by the DADA2 plug-in. The processed reads
were clustered into Operational Taxonomic Unit (OTUs) with 99%
sequence identity. Then, phylogenetic analysis and multiple sequences
were performed based on the obtained OTUs. Before conducting the
diversity analysis, the rarefaction curves were generated to reflect
sequencing depth before diversity analysis. q2-diversity plug-in in
QIIME2 2020.6 software was used to analysis microbiota diversity and
composition. The significance of differences between groups were ana-
lyzed using the Wilcoxon rank-sum test, and the p-values were cor-
rected by FDR. The Linear discriminant analysis (LDA) effect size
(LEfSe) was conducted by Python Lefse package to search for biomark-
ers with statistical differences between groups based on LDA > 4 and
P <0.05. Statistical analysis was performed using One-way ANOVA in
SPSS26.0 (SPSS Inc., USA), and multiple comparisons was conducted
by Duncan’s method. Using the ‘corrr’ and ‘ggplot2’ packages in R (R
version 4.5.2), the ‘pearson’ method was employed to calculate the
microbial correlation matrix and generate a correlation heatmap.

3 Results
3.1 Growth performance

Table 2 shows the effects of dietary CYRG on broilers’ growth per-
formance in this study. In the trail period, the highest body weight gain
was determined in the 0.5% CYRG group (1669.20 g), while body
weights between 1429.40 and 1598.60 g were obtained in the 2%
CYRG, 1% CYRG, 1.5% CYRG and CON groups, respectively. No dif-
ference of ADG, ADFI and F/G between the treatment and the CON
groups were observed during the trail periods (P > 0.05). However, the
0.5% CYRG and 1.5% CYRG treatment groups had higher ADG, and
0.5% CYRG group had the highest ADG in all trail periods.

3.2 Body size measurements

The effects of dietary CYRG on body size measurements are
presented in Table 3. No difference of the measured body size

TABLE 2 Effects of dietary CYRG on the growth performance in broilers.

10.3389/fnut.2026.1784952

data was observed among the treatment groups in this study
(P > 0.05). Several body size measurements, including BSL, KL,
AND CD of broilers in the CON group were higher than those
in the supplementation CYRG groups, while SG and SL in the
dietary CYRG treatment groups were higher than those in the
CON group.

3.3 Slaughter performance

Table 4 shows the effects of dietary CYRG on the slaughter
performance in broilers. Slaughter percentage and semi-eviscer-
ation weight percentage of broilers in the dietary addition of
CYRG groups were significantly higher than those in the CON
group (P < 0.05). Meanwhile, the CYRG treatment groups had a
higher evisceration weight percentage and leg weight percentage
compared with the CON group. Furthermore, abdominal fat per-
centage, breast muscle percentage, leg muscle percentage, and
wing weight percentage were not different among all groups
(P > 0.05).

3.4 Relative weight of internal organs

As shown in Table 5, no significant difference among the five
groups was found for all of the detected of the relative internal organs
weight in this study (P > 0.05). The relative weight of lung and kidney
of the broilers in the CYRG treatment groups were higher than those
in the CON group, while glandular stomach and muscular stomach in
the in the CYRG treatment groups were lower compared to the
CON group.

3.5 Serum cytokines

As shown in Table 6, the serum concentrations of IL-4 in the 0.5,
1, and 1.5% CYRG treatment groups were significantly higher than
those in the CON, and 2% groups (p < 0.05). The serum concentration
of IL-6 in the CON group were significantly higher than those in the
0.5, 1, and 2% CYRG groups (p < 0.05). In addition, the serum con-
centration of IL-1p in the 2% CYRG group were significantly higher
than those in the other four groups (p < 0.05).

CYRG levels p-value
1% 1.5% ANOVA Linear Quadratic
CYRG CYRG

Initial body 1040.00 1034.80 1035.00 1029.40 1030.60 23.293 1.000 0.899 0.997
weight/g
Final body 2596.00 2704.00 2508.00 2628.00 2460.00 50.576 0.603 0.966 0.959
weight/g
Body weight 1556.00 1669.20 1473.00 1598.60 1429.40 42.206 0.409 0.981 0.948
gain/g
ADG/g 81.89 87.85 77.53 84.14 75.23 2221 0.409 0.981 0.948
ADFl/g 168.74 181.26 166.63 17837 165.95 2453 0.453 0.748 0.714
FIG 2.06 2.06 2.15 2.12 221 0.038 0.726 0.225 0.829

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; ADG, average daily gain;

ADFI, average daily feed intake; F/G, average daily feed intake/average daily gain. n = 6.
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TABLE 3 Effects of dietary CYRG on the body size measurements in broilers.

CYRG levels P-value
1% 1.5% A\\[@)Y/: Linear Quadratic
CYRG CYRG

BSL 20.13 19.79 19.82 19.83 18.77 0.232 0.424 0.691 0.736
KL 15.85 15.67 15.55 15.62 15.48 0.153 0.964 0.645 0.741
SG 5.17 5.58 547 526 5.32 0.072 0.404 0.765 0.067
SL 10.17 10.58 10.75 10.18 10.34 0.143 0.679 0.923 0.158
Ccw 9.29 8.96 9.37 9.25 9.10 0.102 0.754 0.943 0.666
CcD 8.42 7.78 7.98 8.07 8.36 0.126 0.497 0.435 0217
HBW 10.68 10.70 10.23 10.18 10.24 0.104 0.290 0.089 0.879
WEW 10.30 9.91 10.87 10.20 951 0.191 0.244 0.909 0.734

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; BSL, Body slanting length;
KL, Keel length; SG, Shank girth; SL, Shank length; CW, Chest width; CD, Chest depth; HBW, Hip bone width; WEW, Waist edge width. n = 6.

TABLE 4 Effects of dietary CYRG on the slaughter performance in broilers.

Item (%) CYRG levels P-value
0.5% 1% 1.5% 2% ANOVA Linear Quadratic

CYRG CYRG CYRG CYRG
Slaughter 89.36" 91.88* 91.48* 90.26™ 91.48* 0.297 0.024 0.152 0.116
percentage
Semi- 82.38" 85.71° 85.53° 84.67° 85.97° 0.402 0.016 0.016 0.100
evisceration
weight
percentage
Evisceration 79.65 80.97 81.06 81.19 80.64 0.281 0.444 0.284 0.132
weight
percentage
Abdominal fat 1.93 2.02 2.04 1.91 224 0.068 0.600 0.318 0.573
percentage
Breast muscle 28.294 27.332 27.381 27.324 28.795 0.445 0.790 0.767 0.238
percentage
Leg muscle 18.08 17.47 19.66 17.69 17.51 0.348 0.239 0.699 0.252
percentage
Wing weight 9.17 8.38 9.27 8.82 8.54 0.148 0.256 0.428 0.793
percentage
Leg weight 28.75 28.96 31.14 29.38 29.29 0.408 0.387 0.608 0.196
percentage

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; Slaughter percentage,
% = slaughter weight/live weight x 100; Semi-evisceration weight percentage, % = semi-eviscerated weight/live weight x 100; Evisceration weight percentage, % = eviscerated weight/live
weight x 100; Abdominal fat percentage, % = abdominal fat weight/(abdominal fat weight + eviscerated weight) x 100; Breast muscle percentage, % = breast muscle weight/eviscerated
weight x 100; Leg muscle percentage, % = two legs muscle weight/eviscerated weight x 100; Wing weight percentage, % = a pair of wings weight/eviscerated weight x 100; Leg weight
percentage, % = two legs weight/eviscerated weight x 100; * different letters in the same indicator represent significant differences, n = 6.

3.6 Serum imm unoglobu lins CON group (p < 0.05). Meanwhile, no differences in serum IgA con-
centrations were found among all the groups (p > 0.05).
The effects of dietary CYRG on the concentrations of serum
immunoglobulins in broilers are shown in Table 7. The serum concen- 3.7 Serum antioxidant enzyme activities
tration of IgG in the 1.5% CYRG group was significantly higher than
that in the CON group (p < 0.05). In addition, the serum IgM concen- As shown in Table 8, the activities of CAT, GSH-Px, and T-AOC
trations in the 1.5 and 2% CYRG groups were higher than that in the  in the serum of all experimental groups were higher than those of the
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TABLE 5 Effects of dietary CYRG on the relative weight of internal organs in broilers.

Item (g/ CYRG levels P-value
kg BW)
1% 1.5% ANOVA Linear Quadratic

CYRG CYRG
Heart 5,01 5.08 543 5.41 482 0.120 0.450 0.242 0.860
Liver 18.37 18.06 19.33 17.48 16.71 0.353 0.184 0.558 0.314
Spleen 0.97 0.86 0.99 0.87 0.87 0.040 0.760 0.588 0.994
Lung 4.47 451 478 532 495 0.163 0.488 0.106 0.504
Kidney 4.47 5.80 5.17 5.78 541 0.193 0.167 0.056 0.390
Thymus 3.65 3.87 3.12 4.05 3.34 0.241 0.773 0.762 0.540
Bursa 1.93 1.75 2.12 237 2.01 0.115 0.550 0.185 0.418
fabricius
Pancreas 1.72 1.88 1.62 1.70 1.44 0.084 0.587 0.236 0.385
Intestine 27.44 27.16 28.90 28.00 26.97 0.502 0.781 0.596 0.796
Glandular 4.44 3.16 3.87 3.39 3.61 0.246 0.556 0.272 0.486
stomach
Muscular 10.22 7.07 8.43 8.80 9.89 0.455 0.191 0.421 0.083
stomach

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG. n = 6.

TABLE 6 Effects of dietary CYRG on the serum cytokine levels in broilers.

CYRG levels P-value
1% 1.5% 2% Linear Quadratic
CYRG CYRG CYRG
IL-4 27.41° 51,68 46.27° 46.26" 23.96" 2.605 <0.001 <0.001 0.012
IL-6 51.68* 11.68¢ 28.96° 45,60 32,40 3.138 <0.001 0.579 <0.001
IL-1p 55,520 40.46° 45,58 57.70° 75.43* 2.967 <0.001 0.005 0.000

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; *" different letters in the
same indicator represent significant differences, n = 6.

TABLE 7 Effects of dietary CYRG on the serum immunoglobulin levels in broilers.

CYRG levels P-value
0.5% 1% 1.5% 2% ANOVA Linear Quadratic
CYRG CYRG CYRG CYRG
IgA 2.28 3.01 2.65 3.55 2.80 0.171 0.192 0.033 0.811
1gG 7.08° 8.74% 7.83%® 9.67° 9.34% 0313 0.035 0.011 0.882
IgM 3.08° 4.66™ 5.27% 6.22° 6.25° 0.374 0.026 0.064 0.087

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; *" different letters in the

same indicator represent significant differences, n = 6.

CON group, while the activity of MDA was on the contrary.
Meanwhile, the activity of CAT in the 0.5% CYRG group was signifi-
cantly higher than that in the CON group (p < 0.05). The activities of
GSH-Px and T-AOC in the 0.5% CYRG and 2% CYRG groups were
significantly higher than those in the CON group (p < 0.05). The level
of MDA in the 0.5% CYRG group was significantly lower than that
in the CON group (p < 0.05). Among all five groups, no differences
in serum SOD were determined (P > 0.05).

Frontiers in Nutrition

3.8 Correlation between serum cytokines or
immunoglobulins and antioxidant indexes

The analysis revealed that IL-4 level in the serum of broiler was
negatively associated with IL-1p and MDA levels (p < 0.05) (Figure 1).
Moreover, serum IL-6 level was negatively correlated with antioxidant
indexes, such as CAT, GSH-Px, and T-AOC levels (p < 0.05). And
CAT level has been positively associated with SOD, GSH-Px, and
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TABLE 8 Effects of dietary CYRG on the serum antioxidant enzyme activities in broilers.

10.3389/fnut.2026.1784952

CYRG levels P-value
1% 15% A\\[@)Y/: Linear Quadratic
CYRG CYRG

SOD 255.43 269.14 265.71 248.79 270.00 3.130 0.120 0.440 0.028
CAT 7.32> 12.36° 9.61% 10.68° 11.44% 0.534 0.016 0.157 0.754
GSH-Px 561.33 657.25" 623.73%® 636.06% 661.05* 11.561 0.029 0.043 0.070
MDA 9.67* 4710 6.54% 5.80% 8.98 0.590 0.020 0.036 0.122
T-AOC 4.07° 15.91° 8.14 7.77" 12.95% 1.100 0.001 0.013 0.340

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; SOD, superoxide
dismutase; CAT, catalase; GSH-Px, glutathione peroxidase; MDA, malondialdehyde; T-AOC, total antioxidant capacity; ** different letters in the same indicator represent significant

differences, n = 6.
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FIGURE 1

Correlation of serum cytokines, immunoglobulins, and antioxidant
indexes. IL-4, Interleukin 4; IL-6, Interleukin 6; IL-1B, Interleukin 1R;
IgA, immunoglobulin A; IgG, immunoglobulin G; IgM,
immunoglobulin M; SOD, superoxide dismutase; CAT, catalase; GSH-
Px, glutathione peroxidase; MDA, malondialdehyde; T-AOC, total
antioxidant capacity. *Represent p < 0.05, ** Represent p < 0.01.

T-AOC levels (p < 0.05). GSH-Px level was positively correlated with
T-AOC level (p < 0.05). CYRG intervention significantly elevated the
levels of CAT, GSH-Px, and T-AOC, combined with the MDA level
declined. Meanwhile, CYRG intervention significantly elevated the
level of anti-inflammatory factor IL-4 and immunoglobulin (IgA, IgG,
and IgM), and declined the inflammatory factors IL-6, and IL-1p.
Therefore, CYRG inhibit the release of inflammatory factors, and
elevate the immune and antioxidant activities.

3.9 Composition and diversity of caca
microbial flora

Clustering of microbes in the ceca microbiota was observed
among the five groups (Figure 2). An average of 58,078 clean reads
obtained from each ceca sample. Figure 2A showed that the sequence
number was more than 50,000 reads, while the OTU number kept
unchanged, indicated that the sequencing depth was sufficient to
adequately reflect the microbial community composition of the ceca
samples. Among the 6,773 clustered OTUs, 248 OTUs were shared by
all the five treatment groups (Figure 2B), and the CON, 0.5% CYRG,

Frontiers in Nutrition

1% CYRG, 1.5% CYRG, and 2% CYRG groups were found to contain
1758, 1,297, 1817, 2016, and 2021 distinct OTUs, respectively. And as
shown in Figure 2B, 1,165, 738, 1,163, 1,387, and 1,382 unique OTUs
were identified in the CON, 0.5% CYRG, 1% CYRG, 1.5% CYRG, and
2% CYRG groups, respectively. The alpha diversity parameters,
including Ace, Chao, Shannon, and Simpson index (Figure 2C and
Table 9), were not different among the five treatment groups in this
paper (p > 0.05). R value calculated by ANOSIM was above 0, indicat-
ing there were greater difference between groups. The principal com-
ponents analysis (PCA) (Figure 2D) showed that there was greater
difference between groups (p = 0.01), and CYRG supplementation had
distinguishable clustering with the CON group while the principal
component axes PC1, PC2, and PC3 explained 46.77, 13.50, and 9.18%
of the total variation, respectively.

Taxonomic unit analysis revealed that the dominant phyla
(Figure 3A and Table 10) of the five groups included Firmicutes
(97.39, 98.33, 98.87, 99.14, 99.23%), which is in absolute dominance,
followed by Actinobacteriota (1.34, 1.01, 0.67, 0.60, 0.53%), and
Proteobacteria (0.93, 0.55, 0.37, 0.11, 0.12%). The relative abundance
of Actinobacteriota in 1.5% CYRG and 2% CYRG groups were sig-
nificantly declined compared with that in the CON, 0.5% CYRG, and
1% CYRG groups (P < 0.05) (Table 10). And CYRG supplementation
significantly declined the relative abundance of Cyanobacteria com-
pared to the CON group. The relative abundance of Firmicutes,
Proteobacteria, and Bacteroidota were not affected by CYRG supple-
mentation (p > 0.05) (Table 10). At the genus level (Figure 3B and
Table 11), the dominant microorganisms in the five groups were
Faecalibacterium (8.34, 12.16, 7.59, 9.20, 12.69%), Lachnoclostridium
(12.16,7.38, 6.87,9.59, 8.35%), [Ruminococcus]_torques_group (6.36,
7.47, 8.10, 6.52, 5.72%), Christensenellaceae_R_7_group (7.70, 6.67,
6.91, 5.59, 5.04%), and Blautia (4.53, 7.90, 7.89, 4.94, 4.62%).
Compared with the CON group, 0.5% CYRG and 1% CYRG supple-
mentation significantly declined the relative abundance of
Lachnoclostridium, and increased the abundance of unclassified_
Clostridia_UCG_014 (p < 0.05) (Table 11). The birds of 1.5% CYRG
group had more Ligilactobacillus compared to the CON and 1%
groups (p < 0.05). Contrast to the CON, 1% CYRG and 1.5% CYRG
birds had fewer Sellimonas, and 1.5% CYRG and 2% CYRG birds had
fewer Romboutsia (p < 0.05). In addition to that, we can find that
compared to the CON and 0.5% CYRG groups, 1% CYRG supple-
mentation decreased the number of unclassified_Lachnospiraceae in
the caecum of broilers, while increased significantly the number of
Limosilactobacillus (p < 0.05) (Table 11).
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FIGURE 2
Effects of Chinese yam—Rehmannia glutinosa ‘'medicine pair's (CYRG) on cecal microbiota diversity in broilers. (A) Microbial rarefaction curves based
on OTU level were used to assess the depth of coverage for each sample. Each treatment samples were distinguished by different colors of lines.
(B) Venn diagram of OTUs level. (C) The alpha diversity parameters including Ace, Chao, Shannon, and Simpson index. (D) Principal component analysis
(PCA) scores plot of the samples.

TABLE 9 Effects of dietary CYRG on cecal microbiota alpha diversity paraments in broilers (OTU level).

Richness index Diversity index Coverage/%

ACE Chao Shannon Simpson
CON 742.48 + 98.62 735.66 + 97.52 CON 0.9841 + 0.0032 0.9997 + 0.0000816
0.5% CYRG 761.71 + 13.67 753.98 + 14.29 0.5% CYRG 0.9808 + 0.0047 0.9997 + 0.0001414
1% CYRG 794.37 + 13.52 786.6 = 14.11 1% CYRG 0.9896 + 0.0005 0.9996 + 0.0000471
1.5% CYRG 827.64 % 36.77 821.23 +37.10 1.5% CYRG 0.9717 +0.0126 0.9996 + 0.0000471
2% CYRG 841.25 + 46.46 832.7 + 45.79 2% CYRG 0.9762 +0.0127 0.9996 + 0.0000943

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG. n = 3.
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FIGURE 3

Effects of Chinese yam—Rehmannia glutinosa ‘'medicine pair's (CYRG) on cecal microbiota composition in broilers. (A) Microbial composition at the
phylum level. (B) Microbial composition at the genus level. (C) Difference between the cecal microbiota of the five groups of broilers were determined
by linear discriminant analysis effect size (LEfSe). (D) Clustering heatmap of the cecal microbial in each sample at the genus level. Red represents
positive correlation and blue indicates negative correlation.

TABLE 10 Effects of dietary CYRG on cecal microbiota composition in broilers (the top five, at phylum level).

Microorganism CYRG levels

0.5% 1% CYRG 1.5% CYRG 2% CYRG

CYRG
Firmicutes 97.39 98.33 98.87 99.14 99.23 0.290 0.213
Actinobacteriota 1.34° 1.01® 0.67 0.60° 0.53 0.113 0.075
Cyanobacteria 0.33* 0.11° 0.08" 0.14 0.11° 0.032 0.045
Proteobacteria 0.93 0.55 0.37 0.11 0.12 0.175 0.591
Bacteroidota 0.00 0.01 0.00 0.01 0.00 0.002 0.293

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; *" different letters in the
same indicator represent significant differences, n = 3.
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TABLE 11 Effects of dietary CYRG on cecal microbiota composition in broilers (at genus level).

CYRG levels

Microorganism

0.5% 1% CYRG 2% CYRG
CYRG

Faecalibacterium 8.34 12.16 7.59 9.20 12.69 1.246 0.681
Lachnoclostridium 12.16* 7.38° 6.87° 9.59% 8.35% 0.619 0.011
[Ruminococcus]_torques_group 6.36 7.47 8.10 6.52 5.72 0.433 0.471
Christensenellaceae_R_7_group 7.70 6.67 6.91 5.59 5.04 0.402 0.194
Blautia 4.53 7.90 7.89 4.94 4.62 0.626 0.187
Ligilactobacillus 0.36 6.76" 0.96 10.96* 6.28® 1.467 0.046
Unclassified_Clostridia_ 1.31° 4.58* 3.86* 2.94® 3.24® 0.388 0.033
UCG_014

Lactobacillus 0.03 0.09 1.41 6.81 7.48 1.613 0.426
Unclassified_Clostridia_ 2.55 2.06 3.96 3.80 3.24 0.381 0.577
vadinBB60_group

Erysipelatoclostridium 6.06 3.09° 2.01° 1.80° 1.76° 0.558 0.017
Sellimonas 4.18* 3.07% 2.14° 1.90° 2.69® 0.297 0.047
Romboutsia 4.26* 3.63® 2.60" 1.05° 0.80° 0.501 0.041
Unclassified_Oscillospiraceae 3.12 1.69 2.70 2.35 2.17 0.289 0.708
Unclassified_Ruminococcaceae 241 2.38 2.43 2.09 2.37 0.143 0.960
[Eubacterium]_hallii_group 2.67 2.06 2.17 2.28 241 0.202 0.931
Subdoligranulum 1.86 2.51 222 1.56 0.93 0.236 0.301
Unclassified_Clostridia 1.37 1.07 2.10 1.23 227 0.265 0.577
Unclassified_Lachnospiraceae 2.11° 1.20* 1.14° 1.59® 1.74% 0.140 0.045
CHKCI001 1.52 0.43 2.83 1.13 1.38 0.408 0.543
Negativibacillus 1.43 1.56 1.78 1.20 1.24 0.137 0.712
28_4 1.66 1.38 1.09 1.04 1.36 0.116 0.447
UCG_005 1.10 0.47 1.87 1.31 1.15 0.301 0.807
Limosilactobacillus 0.03° 0.08 2.70° 0.95* 174 0.384 0.048
Unclassified_UCG_010 0.84 0.66 1.63 1.20 1.14 0.180 0.586
Butyricicoccus 0.78 1.46 1.64 0.33 0.83 0.194 0.173
Incertae_Sedis 0.79 0.90 0.80 0.72 1.33 0.122 0.548
NK4A214_group 0.67 0.97 1.36 0.66 0.81 0.126 0.386
Flavonifractor 1.24 0.76 0.96 0.71 0.72 0.103 0.448
Uncultured_rumen_bacterium 0.90 0.65 1.11 0.60 0.78 0.073 0.138
Monoglobus 0.90 0.77 0.63 0.72 1.00 0.070 0.483
Others 16.77 14.22 14.56 13.27 12.68 0.565 0.134

CYRG, Chinese yam—Rehmannia glutinosa ‘medicine pair’; CON, control group; 0.5% CYRG, fed with the basal diet supplemented with 0.5% CYRG; 1% CYRG, fed with the basal diet
supplemented with 1% CYRG; 1.5% CYRG, fed with the basal diet supplemented with 1.5% CYRG; 2% CYRG, fed with the basal diet supplemented with 2% CYRG; *" different letters in the
same indicator represent significant differences, n = 3.

The LEfSe results (Figure 3C) showed that Lachnoclostridium,
Clostridium  hylemonae, Peptostreptococcales  Tissierellales,
Ruminococcaceae bacterium AM2, unclassified Hungateic
lostridiaceae, and Hungateiclostridiaceae were enriched in the
CON group. The microbiota in the 0.5% CYRG group were more
abundant in  Peptostreptococcaceae, Romboutsia ilealis,
Enterococcus cecorum, Enterococcaceae, and Enterococcus. The
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relative abundance of unclassified Christensenellaceae R7 group
and uncultured_rumen_bacterium was increased in the 1% CYRG
group. The 1.5% CYRG group was significantly populated with
Ruminococcus sp. 16,442, unclassified Family XII UCG 001, and
Family XII UCG 001. While Candidatus Dorea massiliensis AP6
and unclassified Incertae Sedis were highly represented in 2%
CYRG group.
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Figure 3D showed the variation in species composition and their
species abundance distribution trends among groups. The CON group
was significantly populated with Lachnoclostridium, Faecalibacterium,
Christensenellaceae_R_7_group, [Ruminococcus]_torques_group,
Erysipelatoclostridium, and Blautia. Lactobacillus, Faecalibacterium,
Blautia, Lachnoclostridium, and [Ruminococcus]_torques_group were
greatly enriched in the 0.5% CYRG group. While [Ruminococcus]
torques_group, Blautia, Faecalibacterium, Christensenellaceae_R_7_group,
and Lachnoclostridium were highly represented in 1% CYRG group. The
1.5% populated with  Ligilactobacillus,
Lachnoclostridium, Faecalibacterium, Lactobacillus, and [Ruminococcus] _

CYRG group were

torques_group. 'The relative abundance of Faecalibacterium,
Lachnoclostridium, Lactobacillus, and Ligilactobacillus was increased in

2% CYRG group.

3.10 Correlation between cecal
microorganisms, cytokines,
immunoglobulin, and antioxidant indexes

The correlation analysis revealed that Clostridium hylemonae in
the cecal of broilers was negatively associated with anti-inflammatory
cytokines IL-4, and positively correlated with inflammatory factors
IL-6 (P < 0.01) (Figure 4). Sellimonas intestinalis has been negatively
associated with IL-4 (P < 0.05). IgA was positively associated with
Lactobacillus salivarius and Lactobacillus_crispatus (P < 0.05), and
negatively correlated with wunclassified Ruminococcaceae and
Faecalibacterium prausnitzii (P < 0.01). Meanwhile, Lactobacillus sali-
varius was positively associated with IgG (P < 0.05). Unclassified
Clostridia ucG 014 and Ruminococcaceae bacterium were positively
correlated with CAT and GSH-Px, while Unclassified Clostridia ucG
014 was negatively correlated with MDA. Moreover, Clostridium
hylemonae was negatively correlated with antioxidant indexes, such as
CAT, GSH-Px, and T-AOC. CYRG intervention significantly elevated
the relative abundance of Unclassified Clostridia ucG 014 and
Limosilactobacillus, combined with the structural changes of intesti-
nal flora. Therefore, we speculate that CYRG may be by increasing the
proportion of beneficial bacteria in the intestine to enhance the anti-
inflammatory cytokines and immunoglobulin production, inhibit the
release of Pro-inflammatory cytokines, and elevate antioxidant
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FIGURE 4
Correlation analysis of intestinal flora. IL-4, Interleukin 4; IL-6,
Interleukin 6; IL-1B, Interleukin 1; IgA, Immunoglobulin A; 19G,
Immunoglobulin G; IgM, Immunoglobulin M; SOD, Superoxide
Dismutase; CAT, Catalase; GSH-Px, Glutathione Peroxidase; MDA,
Malondialdehyde; T-AOC, Total Antioxidant Capacity. *Represent
p < 0.05, ** Represent p < 0.01.
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activity. The mechanism of CYRG relieving intestinal inflammation
in broiler needs to be further analyzed.

4 Discussion

In actual production, farmers usually adopt the mode of high-
density broiler breeding to meet rising global chicken demand (7).
High density was related to abnormal broiler behavior, dermatitis,
poor feathering and soiling, and more importantly, increased oxida-
tive damage which in turn leads to low growth performance and weak
immune function (18-21). Chinese herbs exhibited immunomodula-
tory, anti-inflammatory, and anti-oxidant activities in different experi-
mental models (7, 22-24). Traditional Chinese plants that are both
medicinal and edible, Chinese yam and Rehmannia glutinosa have
been used for a long history. The ‘medicine pair’ is a combination of
two herbs to enhance the efficacy of the medicine, improve the thera-
peutic effect, and reduce side effects. The aim of this study was to
evaluate the application potential of Chinese yam and Rehmannia glu-
tinosa ‘medicine pair’ in broiler chicken farming. Therefore, we made
our first attempt to add CYRG to the broiler diet. Through a short-
term feeding trial, we monitored the effects of CYRG on the growth
performance, slaughter performance and other indicators of broilers,
providing a basis for the application of CYRG in broiler breeding.

4.1 Growth performance, body size
measurement, slaughter performance, and
relative weight of internal organs

Pan et al. (24) found that supplemental 2% Chinese yam signifi-
cantly increased ADG and decreased F/G in weaned piglets. Basal diet
supplemented with Radix rehmanniae preparate polysaccharide
(RRPP) did not affect the broilers’ growth performance during
1-21 days, while during 22-35 days and 1-35 days periods, 600 mg/
kg and 900 mg/kg RRPP linearly improved the body weight gain and
feed conversion ratio. Rehmannia glutinosa oligosaccharides signifi-
cantly increased the body weight, pancreatic index, thymus index, and
colon length of mice by lipopolysaccharide (LPS)-induced (25). Radix
rehmanniae preparate significantly decreased the liver, spleen, kidney,
pancreas and fat indexes of diabetic mice, and there was no significant
difference in heart and lung indexes (26). 0.5 g/kg Chinese yam poly-
saccharides (CYP) improved the thymus index and spleen index of
broilers at 28 and 48 days, and improved the thymus index at 48 days
(27). Yam treatment significantly decreased the liver index of carbon
tetrachloride-induced hepatic fibrosis rats (28). Gavaged administra-
tion with 800 mg/kg/d polysaccharides fraction, DOP-2, prepared
from Dioscorea opposita thunb significantly improved the thymus and
spleen indexes of immunosuppressed mice (29). Zhang et al. (3)
reported that 0.1% Chinese yam polysaccharide copper complex
increased remarkedly ADG, slaughter percentage, semi-evisceration
weight percentage, evisceration weight percentage, breast percentage,
leg muscle percentage and decreased FCR in broilers. 500 mg/kg
Chinese yam polysaccharide improved live weight, half-eviscerated
carcass percentage, eviscerated carcass percentage, and thigh muscle
percentage of broilers (7). 250 mg/kg and 500 mg/kg Chinese yam
polysaccharide improved the thigh muscle percentage (9). Genistein
extracted from soy plants increased the broilers’ body weight gain,
tibial length, tibial width and slaughter performance and decreased
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the feed conversion ratio (FCR) (30). Supplementation betaine
reduced the feed intake, and 2.25 g/kg betaine improved the weight
gain, the carcass weight, breast yield, intestinal length and weight and
reduced fat weight of Japanese quails. And they also found there were
no difference among groups in body length, shank length, shank
diameter, and keel bone length or breast width (31). We found dietary
addition CYRG improved the broilers’ slaughter percentage and semi-
evisceration weight percentage, while the growth performance, body
size trait, and relative organ weight were not altered in this study. We
speculated that the reasons for the differences in the above research
results might be related to factors such as the species of the test sub-
jects, the duration of the test, and the dose of additives used.

Studies indicate that, compared with single drug administration,
the combined use of ‘medicine pair’ can promote the growth, immu-
nity and antioxidant capacity of animals. This is because there is a
synergistic effect between the medicine pair, and it can also enhance
intestinal health and nutrient absorption by promoting the prolifera-
tion of beneficial bacteria, thereby inhibiting the growth of pathogenic
bacteria.

4.2 Serum cytokines, immunoglobulins, and
antioxidant indicators

In this study, the addition of CYRG in diet can enhance the immu-
nity of broilers by improving the concentrations of IL-4, IgA, IgG, and
IgM in serum and declining the levels of serum IL-6 and IL-1, and we
recommend the supplementation of 0.5% CYRG in broiler diets. Deng
etal. (9) found that 0.50 g/kg Chinese yam polysaccharides supplemen-
tation in diets improved significantly the serum IL-4, IL-6, IgA, IgG,
and IgM levels at 28 days. The levels of serum immunoglobulin IgG,
IgM and Newcastle disease antibody were significantly reversed by
Chinese yam peel supplementation with diets in intramuscular injec-
tion of cyclophosphamide (CTX) broilers (32). Zhang et al. (33) found
that a non-starch polysaccharide (CYP-A) isolated from Chinese yam
suppressed pro-inflammatory cytokine production in colitis symptoms
mice induced by dextran sulfate sodium (DSS) and reduced oxidative
stress. Rehmannia glutinosa polysaccharide (RGP) reduced the gene
and protein expression levels of pro-inflammatory factors such as TNF-
a, IL-1p, IL-6, and caspase-1, while upregulated the gene expression
levels of the anti-inflammatory factor IL-10 in LPS-induced mice (34).
Similar to our research findings. Chinese yam and Rehmannia glutinosa
could increase the levels of serum cytokines and immunoglobulin,
thereby enhancing the body’s disease resistance and immune function.
Numerous studies indicate that natural botanical are potential antioxi-
dants (35, 36) and antioxidants are the substances that protect organ-
isms against damage caused by oxidation. In present study, an
evaluation about the effects of the supplementation CYRG in broilers’
diets on serum antioxidative indicators demonstrated that dietary
CYRG significantly increased the levels of CAT, GSH-Px, T-AOC, and
decreased the levels of MDA of broilers (0.5% CYRG group), which
revealed that CYRG had strong antioxidant activity. A previous study
shown that dietary supplementation with 500 mg/kg Chinese yam poly-
saccharide can significantly improve the contents of serum T-AOC,
T-SOD, glutathione peroxidase (GPX), and glutathione s-transferase
(GST) in broilers (p < 0.05) (7). Chen et al. (37) found that supplemen-
tation with 1.6% Chinese yam by-product in juvenile fish diets could
significantly improve the levels SOD and GSH (p < 0.05), meanwhile,
0.4 and 1.6% Chinese yam by-product significantly declined the levels
of MDA, thereby, Chinese yam by-product could protect liver and
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intestine health. Rehmannia glutinosa oligosaccharides elevated signifi-
cantly the activities of intestine SOD, GSH-Px, and CAT, and decreased
the content of MDA in LPS-induced mice (25). Qiao et al. (34) found
LPS challenge induced pronounced oxidative damage in mice, elevat-
ing MDA and CAT levels, and Rehmannia glutinosa polysaccharide
treatment significantly attenuated these changes, reduced MDA accu-
mulation and normalized CAT activity, improved the redox balance.
These studies have demonstrated that both Chinese yam and
Rehmannia glutinosa can enhance the antioxidant function of the
animal body. In this study, it was found that the combination of Chinese
yam and Rehmannia glutinosa also has the ability to enhance the ani-
mal’s antioxidant capacity, moreover, the ‘medicine pair’ can exert a
synergistic effect. Our research found adding 0.5% CYRG could
improve the antioxidant function of broilers, mainly manifested in that
0.5% CYRG significantly increased the total antioxidant capacity, glu-
tathione peroxidase and hydrogen peroxide enzyme levels in the
serum, and significantly reduced the malondialdehyde level.

4.3 Composition and diversity of ceca
microorganisms

Composition of intestinal microbiota is a vital determinant of
intestinal health. The intestinal microbiota was responsible for convert-
ing food into nutrients and energy (38), and modulate the overall
health and productiveness in poultry (21, 39). The chicken cecum is
considered to be the most important part in the distal intestine and is
the greatest concentration of intestinal microorganisms in mature
chickens (40). Digestion in the cecum is associated with cecal microbes,
therefore, the diversity and composition of the intestinal microbiota
are key elements to maintain the intestine health (41-43). In this study,
the alpha diversity was not affected by dietary CYRG, while the results
of beta diversity analysis showed significant differences between
groups. Similar to our research results, Chen et al. (44) found that the
alpha diversity indexes of caca microbes were not affected by supple-
mentation with 300 and 600 mg/kg Chlorogenic acid in a basal diet in
Hy-line brown pullets. Our results of the PCA analysis indicted a dis-
tinction in the ceca microbial community composition among the five
treatment groups. Firmicutes was the most abundant phylum with the
largest proportion in this study, followed by Actinobacteriota and
Proteobacteria, which consistent with the other report (38, 45). The
result support other study (46) that Firmicutes, Bacteroidetes,
Proteobacteria, Actinobacteria, and Cyanobacteria were the major
microbial groups. Microbiota analysis revealed that birds fed diets
supplementation with 0.5, 1, 1.5 and 2% CYRG increased the abun-
dance of cecal Firmicutes by 0.97, 1.52, 1.80, and 1.89% and decreased
the proportion of Actinobacteriota, Proteobacteria, and Cyanobacteria
by 24.63, 50, 55.22, and 60.45%, 40.86, 60.22%, 88.17, and 87.10, 66.67,
75.76, 57.58, and 66.67%, respectively, compared with the CON group.
El Kaoutari et al. (47) reported that many members of Firmicutes could
encoded carbohydrate-active enzymes to the hydrolysis and the utiliza-
tion of carbohydrates. And, members of Firmicutes are involved in the
degradation of insoluble fibers in food digestion (48). Meanwhile,
Turnbaugh et al. (49) found Firmicutes can generate more harvestable
energy. In this study, CYRG supplementation increased the abundance
of Firmicutes, which indicate that CYRG may enhance the energy
intake capacity of broiler chickens. Reid et al. (50) discovered that
Proteobacteria members are associated with cellulose activity.
Proteobacteria is the largest phylum of bacteria and members of
Proteobacteria are all Gram-negative bacteria, including many
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opportunistic pathogens (51), such as Escherichia coli, Escherichia,
Salmonella, Vibrio, Helicobacter, Shigella, Pseudomonas aeruginosa,
Vibrio cholerae, Yersinia pestis, Neisseria meningitidis, Neisseria gonor-
rhoeae, Campylobacter jejuni, Helicobacter pylori, etc. and its abun-
dance can significantly increase in the case of a disease. In the present
study, the CYRG diet reduced the relative abundance of Proteobacteria,
indicating that CYRG can improve intestinal health by reducing
Proteobacteria in the cecum. Wu et al. (52) reported that certain
bloom-forming cyanobacteria produced microcystins, which can
induce toxicity in various organs, such as renal toxicity, reproductive
toxicity, cardiotoxicity, and immunosuppressive effects. And they also
found the toxicity of microcystins on the gastrointestinal tract is mul-
tidimensional, it not only can affect gastrointestinal barrier function
but also shift the gut microbiota structure in different gut regions, and
it can inhibit the release of inflammatory cytokines, then affects the
expression of immune-related genes in the intestine (52). In this study,
we found that adding CYRG to the diet reduced the relative abundance
of cyanobacteria, indicating that CYRG can improve the intestinal
microbial environment of broilers and protect intestinal health.

When intestinal diseases and inflammation occurs, they can cause
an imbalance of intestinal flora. Most members of the Firmicutes are
beneficial bacteria, such as Lactobacillus and Fecal bacilli. They pro-
duce acetic acid and butyric acid in the intestines, which helps promote
the growth of intestinal epithelial cells and prevent pathogens from
interfering with intestinal health (25). In this study, the results showed
that CYRG could regulated the intestinal floral structure, which may
be facilitated by increasing the relative abundance of intestinal probiot-
ics (Firmicutes), and decreasing the numbers of harmful bacteria such
as Proteobacteria and Cyanobacteria. Thus, CYRG affects the structure
of intestinal microbiota, regulates the intestinal microecological bal-
ance, while promoting the health of broilers. Meanwhile, correlation
analysis revealed that beneficial bacteria in the intestine (including
Lactobacillus salivarius and Lactobacillus crispatus) were positively
associated with intestinal IgA and IgG. Moreover, Ruminococcaceae
bacterium were positively correlated with CAT and GSH-Px activities,
and Unclassified Clostridia ucG 014 was negatively correlated with
MDA. Thus, CYRG may improve intestinal function, enhance immu-
nity and maintain intestinal health by adjusting the intestinal flora.

Therefore, CYRG supplementation was beneficial to growth per-
formance, slaughter performance, immunity and antioxidant capacity
of broilers. At the same time, CYRG can regulate the cecal floral struc-
ture in broilers, increase the abundance of beneficial bacteria and
decrease the quantity of harmful bacteria, reduce the risk of intestinal
inflammation and maintain the intestinal barrier. CYRG has potential
application value in promoting the growth of broiler chickens and
preventing intestinal inflammatory diseases.

It's generally considered that traditional Chinese medicines are
characterized by “multi-components” and “multi-targets” Therefore,
the growth performance, body size trait, relative organ weight, slaugh-
ter performance, cytokines and antioxidant indicators in serum were
detected in this paper. However, traditional Chinese medicine contains
numerous ineffective and unknown ingredients (53-55), which brings
about great difficulty in clarifying its application effect and in accurately
applying it in actual production. So, the results in this study indicated
that CYRG is effective in improving slaughter performance of broilers,
which provides an objective data for the application of CYRG in poul-
try breeding. Nevertheless, there are still some shortcomings in this
research. For example, if the feeding experiment could be conducted
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for a longer period of time, would it be possible to have a positive
impact on the body size and growth performance of the broilers? This
will be explored in more depth in future research, to ensure the assess-
ment of the application potential of Chinese yam-Rehmannia glutinosa
‘medicine pair’ in the livestock industry more objective and impartial.

5 Conclusion

The dietary addition of Chinese yam-Rehmannia glutinosa
‘medicine pair’ had positive effects on slaughter performance,
serum antioxidant capacity, immune function, and intestinal
microecological balance of broilers. In addition, compared with
supplementation of 1, 1.5, and 2% CYRG in the diet, the effect of
supplementation 0.5% CYRG is more prominent. These results
indicate that dietary 0.5% CYRG can improve the economic ben-
efits of broilers by improving growth performance, slaughter per-
immune function, antioxidant and

formance, capacity,

gut microbiota.
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