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The effects of dietary
supplementation with ellagic
acid on the growth performance,
nutrient apparent metabolic
rate, slaughter performance,
and fecal microbiota
diversity of young pigeons
Jie Ren1, Yafei Liang1, Mingcong Ding1, Yuanhao Li1,
Xiaoyu Zhao1, Haiying Li1, Huiguo Yang2 and Jiajia Liu2,3*

1College of Animal Science, Xinjiang Agricultural University, Urumqi, China, 2Institute of Animal
Husbandry, Xinjiang Academy of Animal Husbandry, Urumqi, China, 3Moyu Blue Sea Pigeon Industry
Co., LTD., Hetian, Xinjiang, China
The purpose of this study was to evaluate the effects of ellagic acid (EA)
supplementation on growth performance, apparent metabolic rate of
nutrients, slaughter characteristics, and fecal �ora diversity in American King
Pigeons. As a natural polyphenolic compound, EA has potential application
prospects in livestock and poultry breeding due to its multiple biological
activities. This study aims to clarify the suitable supplementation level of EA in
the diet of meat pigeons, so as to provide a theoretical basis for its rational
application. A total of 192 29-day-old American King Pigeons, weighing 470 ± 10
g with equal numbers of males and females, were selected. The pigeons were
randomly divided into four groups, with 6 replicates per group and 8 pigeons per
replicate. The control group was fed a basal diet, while the test groups I, II, and III
were supplemented with EA at 100 mg/kg, 200 mg/kg, and 400 mg/kg
respectively. The experiment included a 4-day prefeeding period followed by a
28-day formal experimental period. Relevant indicators were determined after
the formal period, and data were statistically analyzed with P < 0.05 considered
signi�cant. In terms of growth performance, the chest width and tibia length of
test group III were signi�cantlyhigher than those of other groups (P < 0.05), and
the chest depth of test group III was signi�cantly higher than that of test groups III
and II (P < 0.05). For slaughter performance, the leg muscle weight and gizzard
weight of test group III were signi�cantly higher than those of the control group
(P < 0.05), and the thymus weight and index of test group I were signi�cantly
higher than those of the control group (P < 0.05). Regarding immune cytokines,
the GSH-Px activity of test group I was signi�cantly higher than that of the control
group (P < 0.05), the MDA content of test group III was signi�cantly lower than
that of the control group (P < 0.05), and the immunoglobulin IgA levels of test
groups I and II were signi�cantly higher than that of the control group (P < 0.05).
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For nitrogen metabolism and liver function indexes, the TP content of test group I
was signi�cantly higher than that of the control group (P < 0.05), and the AST
activity of test group III was signi�cantly lower than that of the control group (P <
0.05). As for fecal �ora diversity, 200 mg/kg EA supplementation was bene�cial to
maintaining the richness and stability of intestinal micro�ora. In conclusion,
adding ellagic acid to the diet can improve the growth performance, immunity,
total protein level, and intestinal micro�ora stability of American King Pigeons.
Different doses of EA exert speci�c effects: high dose (400 mg/kg) is superior in
body size development and muscle deposition, low dose (100 mg/kg) focuses on
immune enhancement, while medium dose (200 mg/kg) shows the most
signi�cant comprehensive effect. Therefore, 200 mg/kg is the suitable EA
supplementation level for American King Pigeons.
KEYWORDS

ellagic acid, fecal microbiota diversity, growth performance, health, nutrient apparent
metabolic rate, slaughter performance
1 Introduction

Squabs typically refer to pigeons aged between 29 and 60 days
that have left their parents and are transitioning to independent
breeding (Liang et al., 2025). This period represents a critical stage
of growth and development, during which their digestive system is
still immature, with insuf�cient digestive enzyme secretion and
underdeveloped intestinal villi, limiting their ability to effectively
digest and absorb feed (Shan et al., 2019). Additionally, squabs
undergo a signi�cant transition from reliance on parental milk to
self-feeding. Pigeons’ milk is rich in immune factors, and during
early life, their immunity is primarily supported by maternal
antibodies (Li et al., 2012). However, when squabs become young
pigeons, they lose this maternal antibody protection, and their
immature immune systems make them vulnerable. Moreover, a
series of environmental stresses, such as leaving their parents,
beginning self-feeding, and changes in housing and feed,
negatively affect their health (Yang et al., 2010). Therefore,
identifying a green, safe, and effective feed additive has become a
viable solution to address these challenges. Ellagic acid (EA), as a
novel, safe, and eco-friendly additive, offers potential bene�ts in
enhancing animal growth performance, promoting nutrient
absorption, and modulating gut microbiota (Wang, 2023). Xiao
showed that EA protects against oxidative damage induced by
paraquat in piglets, enhances intestinal barrier integrity, and
alleviates systemic oxidative stress through the Nrf2 pathway
(Xiao et al., 2022). Wang’s research found that by adding
appropriate amount of ellagic acid to the feed, the oxidative stress
of broilers can be alleviated, and the contents of serum total protein
and albumin can be signi�cantly increased (Wang et al., 2025).
Chen found that oral administration of EA increases plasma total
protein levels and reduces plasma total bilirubin levels (Chen et al.,
2024). Liu found that by adding ellagic acid to the feed, it was found
02
that ellagic acid could adjust the intestinal �ora structure of ewes,
signi�cantly increase the abundance of bene�cial bacteria such as
Bi�dobacterium and lactic acid bacteria, and reduce the proportion
of harmful bacteria such as Escherichia coli and Salmonella. The
Shannon and Simpson indices of �ora increased signi�cantly, and
the intestinal microecological environment became more stable
(Liu, 2025).

Although EA has a good protective effect on other livestock and
poultry species (such as piglets, broilers and ewes), there is still a key
research gap: there is no research focusing on the application of EA
in young pigeons during the critical parental separation and
nutritional transition period. The existing research on EA has not
solved the unique physiological challenges of young pigeons at this
stage (such as immature digestion, maternal immunity decline and
combined environmental pressure), nor has it explored whether EA
can alleviate these challenges to improve the health and production
performance of young pigeons. This lack of targeted research
hinders the rational application of EA in pigeon breeding
industry, especially in the critical period of pigeon’s transition to
independence. Based on the above research gaps, this study assumes
that: Adding EA to the diet will improve the growth performance
and apparent digestibility of nutrients of young pigeons during the
transition period of 29–60 days by enhancing digestive function;
Supplementing EA will reduce oxidative stress and improve the
slaughter performance of young pigeons by regulating serum
biochemical indices related to nutritional metabolism and
immunity; EA can adjust the composition of fecal micro�ora of
young pigeons, increase the abundance of bene�cial bacteria and
reduce harmful bacteria, thus stabilizing the intestinal
microecological environment. In order to test these hypotheses,
this study discussed the effects of different dietary e a levels on the
growth performance, apparent nutritional metabolism, slaughter
characteristics and fecal microbial diversity of young pigeons,
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aiming at providing scienti�c basis for the rational application of
EA in pigeon feeding and determining its optimal addition level, so
as to enhance the health of young pigeons in the critical
transition period.
2 Materials and methods

2.1 Ethical considerations

The animal protocols for this study were approved by the
Laboratory Animal Welfare Ethics Committee of Xinjiang
Agricultural University (Protocol No. 2023008). The research was
conducted at Moyu Blue Sea Pigeon Industry Co., Ltd., Hetian,
Xinjiang, China, from September to October 2023.
2.2 Animals and experimental design

The Test group employed a single-factor randomized trial
design, selecting 29-day-old American King pigeons. A total of
192 pigeons, with similar weight and good physical condition
(471.00 ± 9.95 g), were randomly assigned to four groups, each
with six replicates, and eight pigeons per replicate. The basic diet
composition in each test group was the same, and the addition levels
of ellagic acid in the test group were 100 mg/kg, 200 mg/kg and 400
mg/kg respectively. The pre-feeding period lasted for 4 days,
followed by a formal experimental period of 28 days. The birds
were housed in individual cages with a standard cage size of 45 cm ×
50 cm × 60 cm, placed centrally in a vertical arrangement. The basic
diet used was a routine self-use formula prepared by Mo Yuxian
Frontiers in Animal Science 03
Blue Sea Pigeon Industry Development Co., Ltd. Based on its own
breeding experience and the physiological characteristics of King
Pigeon. The raw material composition (corn 51.91%, DM: 87.00;
CP: 8.50; EE: 4.00; CF:2.20; NFE: 72.10; Ca: 0.04; P: 0.28; soybean
meal 30.00%,DM: 89.00; CP: 44.50; EE: 2.00; CF: 5.00; NFE: 35.00;
Ca: 0.30; P: 0.55; bran 2.86%,DM: 88.00; CP: 15.00; EE: 3.50; CF:
10.00; NFE: 57.50; Ca: 0.15; P: 1.10. etc.) and nutritional level (crude
protein 17.5%, metabolic energy 14.15 MJ/kg, etc.) of the basic diet
used in the test group are all mature formulas that have been used
for a long time in the cage culture mode of meat pigeons and
veri�ed to be effective, which could ensure the stable basic
nutritional supply of young pigeons during the experiment,
reduced the feeding stress caused by the strangeness of the
formula, and re�ected the real impact of ellagic acid addition on
the experimental indicators more accurately. The level of EA
supplementation in the experiment (on the basis of Table 1,
ellagic acid is added at 100,200 and 400 mg/kg per kg of feed) is
closely related to the veri�cation range in poultry and livestock
nutrition research, especially for growth performance, antioxidant
capacity and intestinal health. Reference king’s experimental design
(Wang, 2023). The pigeons were vaccinated according to the �eld
immunization program. The Test group took place in an open
pigeon house, with designated personnel responsible for feeding
and testing. Prior to the experiment, the pigeon house was
thoroughly cleaned and disinfected, and routine disinfection
procedures were followed throughout the study. Material boxes
and water cups were checked daily to ensure cleanliness, allowing
the pigeons to feed and drink freely throughout the experiment. The
feeding amount for the next day was adjusted based on the
remaining feed from the previous day. Arti�cial lighting duration
was adjusted according to the pigeons’ age, with natural ventilation
TABLE 1 Composition and nutrient level of basic diets (air-dry foundation).

Dietary
composition Content (%) Main chemical composition of each raw material

(air-dry dasis) (%)
Nutrient

component Content

Corn 51.91 DM: 87.00; CP: 8.50; EE: 4.00; CF: 2.20; NFE: 72.10; Ca: 0.04; P: 0.28 ME(MJ/kg) 14.15

Soybean Meal 30.00 DM: 89.00; CP: 44.50; EE: 2.00; CF: 5.00; NFE: 35.00; Ca: 0.30; P: 0.55 CP(%) 17.50

Wheat Bran 2.86 DM: 88.00; CP: 15.00; EE: 3.50; CF: 10.00; NFE: 57.50; Ca: 0.15; P: 1.10 EE(%) 5.20

CaCO3 1.90 DM: 97.00; Ca: 36.50; P: 0.02 Lys(%) 1.10

Calcium Hydrogen
Phosphate

1.43 DM: 97.00; CP: 0.15; EE: 0.10; CF: 0.10; NFE: 0.65; Ca: 22.00; P: 17.00 Met(%) 0.32

NaHCO3 0.95 DM: 99.50; CP: 0.03; EE: 0.03; CF: 0.03; NFE: 0.41; Na: 27; P: 0.01 Ca(%) 1.25

NaCl 0.95 DM: 99.50; CP: 0.03; EE: 0.03; CF: 0.03; NFE: 0.41; Na: 39; Cl: 60 AP(%) 0.70

Yeast Powder 4.76 DM: 91.00; CP: 42.50; EE: 2.00; CF: 1.50; NFE: 43.50; Ca: 0.15; P: 1.75 - -

Soybean Oil 0.95 DM: 100; CP: 0.03; EE: 99.50; CF: 0.03; NFE: 0.11; Ca: 0.01; P: 0.01 - -

Premix 4.29 DM: 88.00; CP: 6.50; EE: 3.00; CF: 4.00; NFE: 72.50; Ca: 3.00; P: 0.75 - -

Total 100.00 - -
fr
� Premixed feed supplies per kilogram of feed: VA 27–000 iu, VD3 90–000 IU, VE 850 mg, VK3 92 mg, VB2 160 mg, VB6 115 mg, Nicotinamide)1–050 mg, calcium D-pantothenate 520 mg, D-
biotin 2 mg, folic acid)20 mg, Cu 340 mg, Fe 1–700 mg, Mn 1–700 mg, Zn 1–400 mg;;
� Nutrient composition is actually measured value and metabolic energy is calculated value;
� Among the chemical components of raw materials, DM is dry matter, CP is crude protein, EE is crude fat, CF is crude �ber, and NFE is nitrogen-free extract. Data refer to the actual test results
of raw materials used in the test and the air-drying basic average value of similar raw materials in China Feed Composition and Nutritional Value Table.
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combined with positive pressure ventilation used for air�ow
management. Feeding times were standardized to align with those
of the pigeon farm.
2.3 Sample collection

2.3.1 Collection of growth performance data
On the 0th, 7th, 14th, 21st, and 28th days of the experiment, the

fasting body weight (g) of the pigeons was measured using an electronic
balance (Mettler-Toledo, Gryf�ndor, Switzerland) AL204 electronic
balance with an accuracy of 0.1 mg). Feed intake and feed intake and
feed conversion. Chest depth (cm) and chest width were measured
using a vernier caliper (INSIZE vernier caliper (Suzhou, China), 0–150
mm, accuracy 0.02 mm.) on the 0th and 30th days. Keel length (cm),
body oblique length (cm), and tibia circumference (cm) were measured
using a tape measure (Great Wall mild steel tape measure (Ningbo,
China), with a range of 0–200 cm and an accuracy of 1 mm).

2.3.2 Blood sample collection
At 09:00 am on the 28th day of the experiment, 16 pigeons in

each group were randomly collected from the inferior pterygoid
vein on an empty stomach, and 2 mL of blood was collected from
the inferior pterygoid vein into the blood collection tube,
centrifuged at 3500 r/min for 15 min, and serum was collected.
After the blood in the centrifuge tube is allowed to stand for 2 h at
room temperature, it will stay overnight in the refrigerator at 4 C.
After the serum is separated out, it will be centrifuged at 4000 r/min
for 20 min, and the serum will be sucked up and placed in a 1.5 mL
centrifuge tube. Then the separated serum will be centrifuged at the
same speed for 20 min, and the precipitation will be discarded, and
the sub-package label will be-80 C for later use.

2.3.3 Collection of slaughtered organs
When the squabs reached 60 days of age, one pigeon was

selected from each replicate, totaling 24 pigeons. These pigeons
underwent a fasting stage for 12 hours before slaughter. They were
then subjected to lethal bloodletting, feathering, and organ
collection, with the attached fat removed from the organs.

2.3.4 Collection of digestive and metabolic
samples

Feces were collected from the cage units over a 5-day period
before the trial concluded. Pre-weighed and appropriately sized
dung plates were placed in plastic bags and positioned under the
cages. Feces were collected daily one hour before feeding, with any
impurities (such as feathers and feed) removed during collection.
The collected fecal samples were mixed, weighed, and treated with
10% tartaric acid to �x the nitrogen content. The samples were then
sealed and stored at -20°C. After the experiment, the samples were
thawed at room temperature, air-dried in the shade, and
subsequently dried in a constant-temperature oven (Shanghai
Yiheng DHG-9070A, 70L, temperature range RT + 10~300°C,
temperature control accuracy: 1°C, China) until completely dry,
after which they were weighed.
Frontiers in Animal Science 04
Feed residues from the repeated cages were collected for 5
consecutive days before the end of the experiment. For cages without
remaining feed, 10 g feed samples were collected using a four-point
sampling method. These samples were then mixed, and 10 g was taken
for the determination of conventional nutritional components.
2.4 Sample determination

2.4.1 Measurement of growth performance
indicators

The growth performance indicators were determined following
the method outlined by Kim (Kim et al., 2024).

2.4.2 Blood sample index measurement
(1) Antioxidant and immune indicators were measured

according to the method by Adil (Adil et al., 2024).
(2) Additional indicators included total protein (TP) (Mindray BS-

420 Automatic Biochemical Analyzer, Shenzhen, China), albumin (ALB)
(Mindray BS-420 Automatic Biochemical Analyzer, Shenzhen, China),
globulin (GLB) (Mindray BS-420 Automatic Biochemical Analyzer,
Shenzhen, China), triiodothyronine (T3) (Mindray BS-420 Automatic
Biochemical Analyzer, Shenzhen, China), and tetraiodothyronine (T4).
(Mindray BS-420 Automatic Biochemical Analyzer, Shenzhen, China).
Instrumentation used included a spectrophotometer (Puxi General TU-
1901 UV-Visible Spectrophotometer, Beijing, China, 400–700 nm) and
an enzyme-labeled instrument (Mindray MR-96A Vet Automatic
Microplate Reader, Shenzhen, China).

2.4.3 Measurement of slaughter indicators
Slaughter performance parameters were assessed according to

NY/T 823—2020 “Poultry Production Performance Terminology
and Measurement Calculation Method” and national food safety
standards. Measurements included live weight, carcass weight, total
clean bore weight, semi-clean bore weight, chest muscle weight, leg
muscle weight, and organ weights (heart, lung, liver, muscular
stomach, glandular stomach, spleen, bursa of Fabricius, gonad).
The slaughter rate, semi-clean bore rate, total clean bore rate, chest
muscle rate, leg muscle rate, and organ index were also calculated.

2.4.4 Conventional nutrient composition
determination

The dry matter content of feed and fecal samples was determined
using the adsorption water method (Shanghai Yiheng DHG-9070A
Electric Blast Drying Oven, (Shanghai, China), electric air blower drying
oven, 200 L ~ 500 L). Organic matter content was measured according
to GB5009.4–2016 using a 550°C muf�e furnace (Shanghai Yiheng
SX2-4-10N Box-Type Muf�e Furnace (Shanghai, China) furnace size:
200 × 120 × 80 mm, power: 1.5 kW, voltage: 220 V). The crude protein
content in diet and fecal samples was determined by the Kjeldahl
nitrogen method [Shanghai Peiou SKD-200 Automatic Kjeldahl
Nitrogen Analyzer (Shanghai, China)] in accordance with GB5009.5-
2016. Crude fat content was measured via petroleum ether extraction as
per GB5009.6-2016 [Shanghai Xinjia JK-200C Crude Fat Analyzer
(Shanghai, China)]. Calcium and phosphorus contents were
frontiersin.org
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quanti�ed by atomic absorption spectrometry (Beijing Purkinje General
TAS-990 Atomic Absorption Spectrophotometer (Beijing, China)).

The apparent metabolic rate of a certain nutrient is calculated as
(the content of a certain nutrient in feed - the content of a certain
nutrient in feces and urine) divided by the content of a certain
nutrient in feed, multiplied by 100%.

2.4.5 Sample determination of fecal micro� ora
The sequencing and result analysis were entrusted to Beijing

Huaying Institute of Biotechnology for assistance.
2.5 Statistical analysis

Data preprocessing was initially performed in Excel, followed by
one-way ANOVA using SPSS 27.0 software. Multiple comparisons
between groups were conducted using Duncan’s method, and
experimental results are presented as mean ± standard deviation
(Mean ± SD). Statistical signi�cance was set at P < 0.05, with P <
0.01 indicating extremely signi�cant differences.
3 Results

3.1 Effect of ellagic acid supplementation
on nutrient digestion and metabolism in
young pigeons

Table 2 indicates no statistically signi�cant difference between
the control and test groups (P > 0.05).
Frontiers in Animal Science 05
3.2 Effect of ellagic acid supplementation
on the growth performance of young
pigeons

The effects of EA on the growth performance of young pigeons
are presented in Table 3. As shown, the average daily weight gain in
test group I, test group II, and test group III increased by 3.25%,
15.58%, and 12.99%(P>0.05), respectively, compared to the control
group. Among these, the average daily gain in test group II was the
highest. Additionally, the feed-to-weight ratio in test group I, test
group II, and test group III decreased by 6.84%, 14.13%, and 17.88%
(P>0.05), respectively. The feed-to-weight ratio in test group III was
the lowest. These results suggest that EA supplementation improved
the growth performance of young pigeons and reduced the feed-to-
weight ratio.
3.3 Effect of ellagic acid supplementation
on the body length and size of young
pigeons

Table 4 presents the effects of EA supplementation on the body
length and measurements of young pigeons. No signi�cant
differences were observed in the body length and body size of the
29-day-old pigeon groups. However, at 60 days of age, signi�cant
differences were noted. The chest width in test group III was
signi�cantly higher than in the other groups (P < 0.05), showing
a 9.87%, 9.87%, and 6.03% increase compared to the control, test
group I, and test group II, respectively (P < 0.05). Chest depth in test
group III was higher than in the control group (P > 0.05) and
TABLE 2 Effect of ellagic acid supplementation on nutrient digestion and metabolism in young pigeons (unit:%).

Items Control group Test group I Test group II Test group III

Dry matter (%) 72.15 ± 6.11 65.34 ± 7.65 70.30 ± 9.53 68.20 ± 9.38

crude protein (%) 41.07 ± 6.93 41.57 ± 3.75 44.76 ± 6.22 42.64 ± 7.61

crude fat (%) 67.61 ± 7.66 65.54 ± 9.07 73.80 ± 12.33 69.54 ± 11.74

Ca (%) 53.13 ± 6.95 54.1 ± 6.51 58.91 ± 12.32 57.63 ± 7.93

P (%) 45.98 ± 7.81 46.76 ± 6.50 48.31 ± 4.95 47.00 ± 8.17
TABLE 3 Effect of ellagic acid supplementation on the growth performance of young pigeons (unit:g).

Items Control group Test group I Test group II Test group III

0 d (g) 472.79 ± 8.53 467.04 ± 7.74 472.50 ± 6.67 472.71 ± 8.97

7 d (g) 460.42 ± 19.21 459.46 ± 25.79 467.00 ± 23.78 451.88 ± 40.78

14 d (g) 470.25 ± 29.80 468.92 ± 37.73 479.67 ± 33.67 469.75 ± 39.35

21 d (g) 485.83 ± 30.36 474.83 ± 48.05 502.08 ± 31.73 495.79 ± 27.01

28 d (g) 516.04 ± 30.62 511.50 ± 25.53 522.33 ± 26.72 521.54 ± 22.58

Average daily weight gain (g) 1.54 ± 0.95 1.59 ± 0.90 1.78 ± 0.90 1.74 ± 0.76

ADFI (g) 33.50 ± 1.65 30.26 ± 1.85 35.30 ± 1.02 33.41 ± 2.84

F/G 31.43 ± 20.25 29.28 ± 22.52 26.99 ± 17.16 25.81 ± 17.87
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signi�cantly higher than in test group I and test group II (P < 0.05),
with increases of 5.85% and 5.69%, respectively. The tibia length in
test group III was signi�cantly greater than in the other groups (P <
0.05), with increases of 6.54%, 8.01%, and 6.54% compared to the
control group, test group I, and test group II, respectively (P < 0.05).
These �ndings demonstrate that EA supplementation signi�cantly
improved chest width, chest depth, and tibia length in pigeons.
Frontiers in Animal Science 06
3.4 Effect of ellagic acid supplementation
on the slaughter performance of young
pigeons

The effect of EA supplementation on the slaughter performance
of young pigeons is shown in Table 5. As indicated, the semi-clean
bore weight in the test groups was higher than in the control group,
TABLE 4 Effect of ellagic acid supplementation on the body length and size of young pigeons (unit: cm).

Items Control group Test group I Test group II Test group III

0 day

Chest width 5.73 ± 0.31 5.69 ± 0.32 5.73 ± 0.29 5.83 ± 0.36

Chest depth 6.64 ± 0.24 6.53 ± 0.19 6.51 ± 0.29 6.62 ± 0.26

Dragon bone length 7.96 ± 0.34 8.00 ± 0.37 7.92 ± 0.30 7.97 ± 0.46

Body length 11.56 ± 0.35 11.62 ± 0.60 11.69 ± 0.40 11.65 ± 0.61

Shank length 3.44 ± 0.26 3.31 ± 0.19 3.35 ± 0.12 3.43 ± 0.23

28 day

Chest width 6.08 ± 0.37b 6.08 ± 0.29b 6.30 ± 0.39b 6.68 ± 0.63a

Chest depth 7.12 ± 0.38ab 6.84 ± 0.31b 6.85 ± 0.36b 7.24 ± 0.51a

Dragon bone length 8.33 ± 0.24 8.44 ± 0.24 8.46 ± 0.38 8.57 ± 0.44

Body length 12.32 ± 0.41 12.25 ± 0.45 12.28 ± 0.38 12.41 ± 0.51

Shank length 3.67 ± 0.24b 3.62 ± 0.21b 3.67 ± 0.3b 3.91 ± 0.49a

Total growth

Total increase in chest width 0.35 ± 0.21Bb 0.39 ± 0.31Bb 0.57 ± 0.44ABab 0.85 ± 0.61Aa

Total increase in chest depth 0.47 ± 0.37ab 0.30 ± 0.32b 0.34 ± 0.33b 0.62 ± 0.48a

Total growth of dragon
bones

0.37 ± 0.32 0.44 ± 0.36 0.54 ± 0.35 0.60 ± 0.55

Total growth of body
inclination

0.76 ± 0.45 0.63 ± 0.50 0.59 ± 0.34 0.76 ± 0.62

Total tibia length increase 0.23 ± 0.21b 0.31 ± 0.23ab 0.31 ± 0.26ab 0.47 ± 0.47a
Different lowercase letters (a, b, ab) of peer data shoulder indicate signi�cant differences (P < 0.05), while the same letters indicate no signi�cant differences (P� 0.05).
TABLE 5 Effect of ellagic acid supplementation on the slaughter performance of young pigeons.

Items Control group Test group I Test group II Test group III

Live weight before slaughter (g) 516.60 ± 13.18 510.60 ± 6.69 518.00 ± 13.64 514.20 ± 9.26

Butcher weight (g) 438.40 ± 15.69 445.80 ± 9.28 456.40 ± 9.21 455.00 ± 15.13

Half net bore weight (g) 382.22 ± 25.78b 391.80 ± 20.85ab 414.63 ± 7.52a 411.07 ± 10.88a

Full bore weight (g) 337.53 ± 35.60 344.48 ± 21.53 362.91 ± 5.90 358.44 ± 7.97

Chest muscle weight (%) 93.28 ± 5.26c 97.68 ± 5.24bc 106.59 ± 8.41a 102.95 ± 3.08ab

Leg muscle weight (%) 21.68 ± 2.24b 23.08 ± 3.43ab 24.64 ± 5.33ab 26.86 ± 0.37a

Slaughter rate (%) 84.86 ± 2.30 87.31 ± 1.51 88.15 ± 2.51 88.50 ± 2.98

Half bore rate (%) 73.98 ± 4.52b 76.77 ± 4.73ab 80.07 ± 1.85a 79.95 ± 1.92a

Full bore rate (%) 65.31 ± 6.33 67.51 ± 4.94 70.09 ± 1.79 69.74 ± 2.49

Chest muscle rate (%) 27.81 ± 2.35 28.45 ± 2.48 29.36 ± 2.11 28.72 ± 0.31

Leg muscle percentage (%) 6.50 ± 1.15 6.73 ± 1.15 6.80 ± 1.50 7.49 ± 0.11
Different lowercase letters (a, b, ab) of peer data shoulder indicate signi�cant differences (P < 0.05), while the same letters indicate no signi�cant differences (P� 0.05).
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with test groups II and III showing signi�cant increases of 8.48%
and 7.55%, respectively (P < 0.05), compared to the control group.
Chest muscle weight in test groups II and III was 14.27% and
10.37% higher than in the control group, respectively (P < 0.05),
with test group II showing a signi�cant 9.12% increase compared to
test group I (P < 0.05). The leg muscle weight in test group III was
signi�cantly higher than in the control group, with a 23.89%
increase (P < 0.05). In the aspect of semi-clean bore rate, the test
group II and test group III were signi�cantly higher than the control
group, increasing by 8.23% and 8.07% respectively (P < 0.05).
3.5 Effect of ellagic acid supplementation
on organ weight and index of young
pigeons

The effect of EA supplementation on organ weight and indices
in young pigeons is shown in Table 6. As per the table, gizzard
weight in test group III were signi�cantly higher than in the control
group, with a 16.67% increase (P < 0.05). These �ndings indicate
that EA supplementation signi�cantly increases muscle and
stomach weight.
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3.6 Effect of ellagic acid supplementation
on the weight and index of immune organs
in young pigeons

Table 7 presents the effect of EA on the weight and index of
immune organs in young pigeons. The thymus weight and thymus
index in test group I were signi�cantly higher than in the control
group, which increased by 7.33% and 8.62% respectively (P < 0.05).
The bursa of Fabricius weight and index in test group III were
signi�cantly higher than in the control group, with increases of
37.5% and 50%, respectively (P < 0.05). These results suggest that
EA supplementation can enhance the immune organ index, thereby
impacting the immunity of young pigeons.
3.7 Effect of ellagic acid supplementation
on serum parameters of young pigeons

Figure 1: levels of immune cytokines (Figure 1A). Compared
with the control group, the levels of IL-2 and IL-6 in each test group
have no signi�cant difference (P > 0.05). Antioxidant index
(Figure 1B), GSH-Px in test group I was signi�cantly higher than
TABLE 6 Effect of ellagic acid supplementation on the organ weight and index of young pigeons.

Items Control group Test group I Test group II Test group III

Heart weight (g) 5.95 ± 0.77 6.26 ± 0.33 5.74 ± 0.32 5.77 ± 0.49

Liver weight (g) 17.5 ± 1.25 17.49 ± 0.84 17.17 ± 1.53 17.13 ± 0.46

Lung weight (g) 4.19 ± 0.25 4.62 ± 0.45 4.43 ± 0.55 4.25 ± 0.14

Kidney weight (g) 4.35 ± 0.64 4.74 ± 0.61 4.61 ± 0.53 4.57 ± 0.74

Weight of glandular stomach (g) 1.25 ± 0.31 1.49 ± 0.32 1.38 ± 0.30 1.32 ± 0.32

gizzard weight (g) 9.42 ± 0.82b 10.14 ± 1.15ab 9.71 ± 0.86ab 10.99 ± 0.84a

Heart index (%) 1.15 ± 0.15 1.22 ± 0.06 1.11 ± 0.08 1.12 ± 0.08

Liver index (%) 3.39 ± 0.25 3.43 ± 0.19 3.32 ± 0.27 3.33 ± 0.11

Lung index (%) 0.81 ± 0.04 0.90 ± 0.09 0.86 ± 0.11 0.83 ± 0.02

Kidney index (%) 0.84 ± 0.14 0.93 ± 0.12 0.89 ± 0.10 0.89 ± 0.14

Adenogastric index (%) 0.24 ± 0.06 0.29 ± 0.06 0.27 ± 0.06 0.25 ± 0.06

Muscle stomach index (%) 1.83 ± 0.17b 1.99 ± 0.23ab 1.88 ± 0.20ab 2.14 ± 0.17a
Different lowercase letters (a, b, ab) of peer data shoulder indicate signi�cant differences (P < 0.05), while the same letters indicate no signi�cant differences (P� 0.05).
TABLE 7 Effect of ellagic acid supplementation on the weight and index of immune organs in young pigeons.

Items Control group Test group I Test group II Test group III

thymic weight (g) 3.00 ± 0.11b 3.22 ± 0.14a 3.12 ± 0.04ab 3.16 ± 0.11ab

spleen weight (g) 0.67 ± 0.05 0.68 ± 0.12 0.71 ± 0.11 0.78 ± 0.08

Weight of bursa of Fabricius (g) 0.32 ± 0.06b 0.43 ± 0.11ab 0.35 ± 0.05ab 0.44 ± 0.06a

thymus index (%) 0.58 ± 0.02b 0.63 ± 0.03a 0.6 ± 0.01ab 0.61 ± 0.01ab

spleen index (%) 0.13 ± 0.01 0.13 ± 0.02 0.14 ± 0.02 0.15 ± 0.02

Fabry's capsule index (%) 0.06 ± 0.01b 0.09 ± 0.02ab 0.07 ± 0.01ab 0.09 ± 0.01a
Different lowercase letters (a, b, ab) of peer data shoulder indicate signi�cant differences (P < 0.05), while the same letters indicate no signi�cant differences (P� 0.05).
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that in control group (P < 0.05), and MDA content in test group III
was signi�cantly lower than that in control group (P < 0.05). The
level of immunoglobulin (Figure 1C), the IgA of test group I and test
group II was signi�cantly higher than that of control group
(P < 0.05). Nitrogen metabolism and liver function index
(Figure 1D) TP in test group I was signi�cantly higher than that
in control group (P < 0.05), and AST in test group III was
signi�cantly lower than that in control group (P < 0.05).
Hormones (Figure 1E) There was no signi�cant difference
between the test groups and the control group.
3.8 Venn diagram based on OTO

The Venn diagram is a useful tool for displaying the common and
unique features between samples, offering a clear visual representation
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of feature overlap. Each sample is depicted in a different color, and the
numbers in the overlapping sections indicate the number of shared
features between samples. Figure 1 presents a Venn diagram based on
OTUs, showing that the fecal microbiota of squabs grouped as A, B, C,
and D share a total of 224 OTUs. This means that 224 species are
common across the groups, with 56 OTUs unique to group A, 50
unique to group B, 64 unique to group C, and 27 unique to group D.
Notably, group C has the highest number of unique species compared
to the other groups. As shown in Figure 2.
3.9 Analysis of differences in alpha diversity
index

The analysis of different groups (A, B, C, D) according to
various indexes reveals the following results: Simpson index
FIGURE 1

Effect of ellagic acid supplementation on serum parameters of young pigeons. (A) Interleukin; (B) Antioxidant index; (C) Immune index;
(D) Nitrogenmetallism and Kyoto level. (E) Hormone. * indicates that there are signi�cant differences among other groups (P < 0.05).
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(Figure 3A): No signi�cant statistical difference was found between
groups, but the box chart shows different dispersion and
concentration trends. Group a is relatively stable, while group b
shows high dispersion; ACE index (Figure 3B): A signi�cant
difference was observed between group B and group D (P =
0.034), and group D had a signi�cantly lower average index,
indicating a lower community richness; PD whole tree index
(Figure 3C): There was a signi�cant difference between group C
and group D (P = 0.021), and group D showed a signi�cant decrease
in phylogenetic diversity. Shannon index (Figure 3D): There was a
signi�cant difference between group C and group D (P = 0.042), and
the species diversity of group D was low. Chao1 index (Figure 3E):
Signi�cant differences were found between group B and group D (P
= 0.048) and group C and group D (P = 0.034), and the index of
group D was signi�cantly lower than that of other groups,
indicating signi�cant differences in species richness.
3.10 Effect of ellagic acid supplementation
on the fecal microbiota of young pigeons

As shown in Figure 4A, at the phylum level, the top 10 phyla in
pigeon feces include Firmicutes, Proteobacteria, Bacteroidota,
Actinobacteria, Campylobacter, Desulfobacter, Verrucomicrobiota,
Fusobacteria, Patescibacter, and Deferribacter. The relative abundance
of Firmicutes in test groups I and III was higher than that in the control
group (P > 0.05). Figure 4B presents the top 10 bacterial classes in
pigeon feces, which include Bacillus, Gammaproteobacteria,
Alphaproteobacteria, Bacteroides, Clostridia, Actinobacteria,
Campylobacteria, Negativicutes, Desulfovibrio, and Fusobacteria.
Statistically signi�cant differences in the average relative abundance of
Bacillus, Proteobacteria, and Alphaproteobacteria were observed
between the groups (P < 0.05). Figure 4C illustrates the top 10
bacterial families in pigeon feces, which are Lactobacillaceae,
Comamonadaceae, Sphingomonadaceae, Rhodococcaceae, Yersiniaceae,
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Burkholderiaceae, Lachnospiraceae, Enterobacteriaceae, Muribacaceae,
and Bi�dobacteriaceae. At the genus level, Figure 4D shows the top 10
bacterial species in the feces of young pigeons, including Lactobacillus,
Acidovorax, Limosilactobacillus, Sphingomonas, Methylloversatilis,
Serratia, Ralstonia, Aquabacterium, and Escherichia coli. Finally,
Figure 4E presents the top 10 bacterial species at the species level in
the feces of young pigeons, which include Lactobacillus bulgaricus,
Acidovorax autersii, Lactobacillus agile, Lactobacillus crispatus,
Lactobacillus johnsonii, Lactobacillus reuteri, Lactobacillus
mucilaginosin, Lactobacillus salivarius, Lactococcus vaginalis, and
Proteobacterium symbiont of Nilaparvata lugens.
3.11 Functional gene prediction analysis

3.11.1 PICRUSt2 function prediction
Figure 5 shows the relative abundance distribution

characteristics of differentially expressed genes. The functions of
these differential genes can be divided into six categories: primary
metabolism-related genes account for the highest proportion, and
their functions cover the synthesis and decomposition pathways of
basic substances such as carbohydrate metabolism, lipid
metabolism, amino acid metabolism and nucleotide metabolism,
and also include key physiological processes such as cofactors and
vitamin synthesis, energy metabolism and biosynthesis of secondary
metabolites; Disease-related metabolic genes take the second place,
mainly involved in the regulation of antibacterial, anti-tumor, anti-
parasitic infection and immune diseases, suggesting that such genes
may play an important role in resisting exogenous stimuli and
maintaining immune homeostasis; The function of environmental
information processing genes involves membrane transport, signal
molecular transmission and interaction between cells and signal
transduction, and is the key carrier to mediate cells to perceive
changes in the external environment and start adaptive response.
The relative abundance ratio of cell process genes is consistent with
that of biological system genes. The former covers the basic
cytological behaviors of prokaryotes such as cell process, cell
mobility, growth and death, and material transport and
decomposition, while the latter is directly related to the functional
regulation of endocrine system, circulatory system and immune
system, re�ecting the multi-dimensional extension of gene
functions from cell level to system level. Other system-related
genes account for the lowest proportion, including regulatory
genes of nervous system, excretory system, digestive system and
other pathways.

3.11.2 BugBase phenotype prediction
As shown in Figure 6, the relative abundance percentage of

anaerobic bacteria in each group includes Clostridium dif�cile,
Sphingomonas genus, Clostridium family, Desulfovibrio family,
Fabaceae family, Spiridae family, Streptococcus family,
Prevotellaceae family, Pasteurella, and others. Helicobacter pylori
is a common pathogen responsible for human intestinal infections,
particularly enteritis. Pasteurella can cause respiratory infections in
various animals, including poultry, pigs, cats, and dogs, and may
FIGURE 2

Venn diagram based on OTO. The four groups of ABCD compared
in the �gure correspond to control group, test group I, test group II
and test group III respectively. Panel 2A: OTU diagrams of the
control group. Panel 2B: OTU diagrams of the test group I. Panel
2C: OTU diagrams of the test group II. Panel 2D: OTU diagrams of
the test group III.
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also cause human infections in certain cases, especially when in
contact with animals or animal products. Pasteurella is generally
linked to respiratory diseases in animals. In the Streptococcus
family, certain Lactobacillus strains, such as lactobacilli, are
considered probiotics, as they help maintain a healthy gut
microbiota balance and inhibit harmful bacteria growth.
However, some Streptococcus species are associated with diseases,
including streptococcal infect ions. Bacter ia from the
Caryophyllaceae family can be harmful under certain conditions,
such as during food spoilage, necessitating appropriate control
measures during food processing and storage. Certain
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Clostridium dif�cile species, including C. dif�cile, are associated
with severe intestinal infections, particularly when antibiotics
disrupt the normal gut microbiota.

3.11.3 FAPROTAX ecological function prediction
As shown in Figure 7, based on FAPROTAX functional gene

database, the functional annotation of operational classi�cation unit
OTU of pigeon feces samples was completed and the data was
homogenized. The differences of functional annotation of OTU of
feces samples under four kinds of ellagic acid feeding methods were
compared by T-test, and the results are shown in Figure. Compared
FIGURE 3

Analysis of differences in alpha diversity index. The four groups of ABCD compared in the �gure correspond to control group, control group, test
group I, test group II and test group III respectively. The ABCD compared in the �gure corresponds to each other. (A) Differences in Simpson index.
(B) ACE index. (C) PD whole-tree index. (D) Shannon index. (E) Chao1 index.
frontiersin.org

https://doi.org/10.3389/fanim.2026.1754127
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Ren et al. 10.3389/fanim.2026.1754127
with the test group I, the number of OTU in the fecal bacterial
community in the former was signi�cantly higher than that in the
latter (P < 0.01), while that in the test group I was signi�cantly lower
than that in the control group (P < 0.01). The number of OTU’s in
fecal bacterial community in test group II, which was marked with
nitrite ammoniation and respiration, aerobic chemotaxis, nitrate
reduction, nitrogen respiration and fumaric acid respiration, was
signi�cantly higher than that in control group (P < 0.01), while the
number of OTU’s marked with chemotaxis and fermentation
function was signi�cantly lower than that in control group (P <
0.01). The number of OTU in the fecal bacterial community of the
test group III, which was marked as human intestine, animal
parasite/symbiont and mammal intestine, was signi�cantly higher
than that of the control group (P < 0.01), while the number of OTU
marked as chemoheterotrophic and fermentation function was
signi�cantly lower than that of the control group (P < 0.01).
3.12 Correlation network analysis

As shown in Figure 8, in this study, the top 41 genera with the
highest interspeci�c correlation under the six phylum classi�cation
of Firmicutes, Bacteroides, Desulfurization, Proteus, Actinobacillus
and Campylobacter were selected, and the positive and negative
correlation analysis was carried out based on Spearman algorithm
and the statistical test was completed. Visualize the nodes with
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correlation coef�cient > 0.1 and P < 0.05 and their relationship in
the network diagram, and select the top 5 dominant bacteria nodes
for in-depth analysis. The results showed that the average richness
of Lactobacillus was the highest, and it was positively correlated
with Aeriscardovia and negatively correlated with Methyloversatilis.
Followed by acidophilus (positively related to rolston ,
Sphingomonas, Mycoplasma, Hydrobacter, Pseudomonas, etc.),
limosilolacobacter (positively related to Aeriscardovia),
Sphingomonas (positively related to Acidophilus, rolston,
Mycoplasma, Allorhizobium-neorhizobium-pararhizobium-
rhizobium, Pelomonas, etc. are positively correlated) and
Methyloversatilis (negatively correlated with Lactobacillus).
4 Discussion

Animal growth performance is closely linked to food intake,
which directly in�uences nutritional metabolism, growth, and
development. Currently, research on the use of EA as an effective
substitute for antibiotics in pigeon diets is limited, both
domestically and internationally. Due to the incomplete
development of the immune system and digestive organs in
pigeons, immune function may decline, reducing the ef�ciency of
nutrient digestion and metabolism, ultimately affecting growth
performance. Previous research (Baradan Rahimi et al., 2020) has
shown that incorporating EA into animal diets can enhance
FIGURE 4

Effect of ellagic acid supplementation on the fecal microbiota of young pigeons. The four groups of ABCD compared in the �gure correspond to
control group, control group, test group I, test group II and test group III respectively. (A) Effects of ellagic acid supplementation on fecal microbiota
in squabs at the phylum level. (B) Class level. (C) Family level. (D) Genus level. (E) Top ten bacterial species at the species level.
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immune function, regulate intestinal �ora richness, improve growth
performance, and promote overall health. The results of this Test
group demonstrated that supplementing the diet with 200 mg/kg
EA increased the average daily weight gain and average daily feed
intake of young pigeons, while reducing the feed-to-weight ratio.
These �ndings align with previous studies. For instance, adding a
suitable amount of EA to broiler diets has been shown to enhance
immune function, increase feed intake and daily weight gain, and
thereby accelerate healthy growth (Kishawy et al., 2016). Lu
observed that adding 500 mg/kg EA to weaned piglet diets
signi�cantly improved daily weight gain and reduced diarrhea
rates. Additionally (Lu et al., 2022), Gul reported that EA can
regulate intestinal �ora, improve intestinal health, and support
animal growth and development, ultimately bene�ting human
health (Gul et al., 2022). Wang found that EA supplementation in
broiler diets improved the structure and function of the digestive
system, enhancing nutrient digestion and absorption, thereby
improving growth performance (Wang et al., 2022). In this study,
different doses of EA had no statistically signi�cant effect on the
apparent metabolic rate of meat pigeons, which may be due to the
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differences in feeding cycle, individual animals and detection
conditions, and EA did not cause signi�cant changes in
nutritional digestion and metabolism indexes. This shows that EA
can improve the digestion and absorption ef�ciency of nutrients
and promote animal feed intake and weight gain by enhancing
immune function, regulating intestinal �ora structure and
improving the structure and function of digestive system.

Body size is a key index for evaluating the growth and
performance of poultry, encompassing parameters such as body
height, body oblique length, chest width, chest depth, tibia length,
and tibia circumference. These indices not only re�ect the
development of bones and muscles but are also closely associated
with economic traits, such as slaughter performance and meat yield.
From the perspective of intestinal health, EA may enhance the
intestinal microecological balance, promote nutrient digestion and
absorption, and indirectly in�uence body size traits in poultry.

However, from the body size and weight, we also found a
problem, that is, there are advantages between 400mg/kg EA and
200 mg/kg EA. The reasons are as follows: on the one hand, the
biggest response of bone development to EA dose is higher:
FIGURE 5

PICRUSt2 function prediction. Tong pigeon KEGG metabolic pathway bar chart.
frontiersin.org

https://doi.org/10.3389/fanim.2026.1754127
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Ren et al. 10.3389/fanim.2026.1754127
400 mg/kg EA may provide suf�cient physiological motivation for
bone growth by promoting osteoblast activity and enhancing
mineral element absorption, so the improvement of body shape
index is more obvious; On the other hand, 200 mg/kg EA is more
conducive to the accumulation of weight gain: this dose can
effectively improve the utilization rate of nutrients without
causing metabolic pressure on the body, and nutrients may be
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more like tissue synthesis, showing the peak of daily average weight
gain; However, the nutrient distribution of 400 mg/kg EA group
may be more inclined to bone mineralization, so the weight gain is
slightly lower than that of 200 mg/kg EA group.

A healthy intestinal microbiota is crucial for improving
intestinal barrier function, increasing feed conversion ef�ciency,
and providing suf�cient nutritional support for poultry growth and
development. Moreover, EA may also affect body size development
by modulating hormone secretion in poultry. Growth hormone
(GH), insulin-like growth factor-1 (IGF-1), and other hormones
play a central role in regulating growth and development by
promoting chondrocyte proliferation and hypertrophy in the
bone growth plate and stimulating muscle growth. In this study,
dietary supplementation with varying concentrations of EA
revealed that 400 mg/kg EA signi�cantly improved the body size
development of 60-day-old pigeons, speci�cally enhancing chest
width, chest depth, and tibia length compared to the other
concentration groups. It shows that ellagic acid may promote
food intake by regulating the diversity of intestinal �ora, and then
affect the chest width, chest depth and other indicators.

Slaughter performance is a key indicator for assessing the
production performance of meat pigeons, directly in�uencing
economic returns. Generally, higher slaughter performance
correlates with greater economic bene�ts (Li et al., 2024). The
slaughter index of poultry is useful for breeding and identifying
poultry varieties and serves as an important reference for evaluating
the management and nutritional status of poultry. Organ weight
re�ects the state of organ growth and development and provides
insight into metabolism, digestion, absorption, and immune
function (Martı�nez et al., 2021). The results of this Test group
showed that the semi-clean bore weight, chest muscle weight, leg
FIGURE 6

BugBase phenotype prediction. Bar chart of juvenile pigeon
BugBase species. The four groups of ABCD compared in the �gure
correspond to control group, control group, test group I, test group
II and test group III respectively.
FIGURE 7

Prediction of ecological function of FAPROTAXs. Results plot of Faprotax differences in squabs. (a) Faprotax difference result diagram of group A and
group B; (b) the result diagram of the difference of Faprotax between group A and group C; (c) the result chart of the difference between group A
and group D.
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