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Abstract
Bamboo powder, an economically advantageous supplement for broiler diets, contains a significant
amount of insoluble fiber, making its inclusion essential. This study aimed to investigate the effects
of  fermented  bamboo  powder  (FBP)  on  the  expression  of  genes  related  to  antioxidants,  odorant
receptors, growth, and immunity in Yellow-Feathered Broiler chickens. Six hundred healthy 1-day-
old chicks were randomly divided into two groups: Control (CON) and Fermented Bamboo Powder
(FBP)  supplementation.  Each  group  consisted  of  10  replicates,  with  30  chicks  per  replicate.  The
CON group was fed a basal diet, while the FBP group received the basal diet supplemented with FBP
across  four  distinct  phases.  The first  two phases  were  designated as  pretreatment,  while  the  latter
phases comprised the experimental period. Tissue samples were collected for analysis at the end of
phase IV. The results revealed that supplementation with FBP (p < 0.05) significantly increased the
mRNA  levels  of  genes  related  to  antioxidants,  odorant  receptors,  growth,  and  immunity.  Addi-
tionally,  growth hormone levels,  including IGF-1,  GH,  T4,  and T3,  were  significantly  higher  (p <
0.01)  in  the  FBP  group  compared  to  the  control.  Moreover,  the  FBP  group  exhibited  a  notable
increase in biochemical markers (ALT, AST, and ALP) and immune indicators (IgA, IgG, IgM, IL-2,
IL-6,  and  IL-1β),  while  levels  of  TNF-α,  CREA,  and  UREA  were  significantly  reduced  (p <  0.01)
compared to the control group. These findings highlight the potential  of FBP as a natural supple-
ment, positively influencing growth, immunity, and antioxidant mechanisms in broiler chickens.
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Introduction
The  continued  and  sustainable  development  of  the  animal  husbandry
industry  faces  significant  challenges  due  to  diminishing  resources  and
rising  feed  costs.  The  rapid  expansion  of  the  industry  has  created  an
urgent need to investigate non-traditional feed sources[1−5]. Compounded
by China's policy prohibiting the use of growth-enhancing antibiotics in
feed,  there is  a critical  need to identify viable alternatives for promoting
intestinal health and growth in animals[4,6,7]. A common alternative is the
incorporation  of  appropriate  amounts  of  insoluble  dietary  fiber  into
broiler  diets,  offering  a  range  of  benefits  such  as  reducing  bedding
moisture,  promoting  stomach  development,  decreasing  fat  deposition,
lowering  gizzard  pH,  improving  nutrient  digestibility,  and  increasing
consumption  rates,  all  of  which  collectively  stimulate  chicken
growth[3,8−12].

While the positive impacts of processed lignocellulose supplementa-
tion  on  performance  metrics  have  been  demonstrated,  variations  in
the effects  of  different fiber types in broiler  feed highlight  the impor-
tance of identifying reliable fiber sources[3,13]. Bamboo stands out as a
prime candidate, being a naturally occurring, renewable resource with
rapid  growth  rates  and  abundant  yields.  Its  availability  and  distribu-
tion are extensive[14,15].  Remarkably,  pandas demonstrate an apparent

digestibility of 33.8% for crude protein and 31.8% for crude fiber when
fed whole bamboo[16].  Bamboo powder, derived from bamboo, is rich
in  polysaccharides,  leaf  flavonoids,  and  insoluble  dietary  fiber[17,18],
which  impart  regulatory  effects  on  animal  immune  systems  and
antioxidant  capacities.  Additionally,  fibers  from  bamboo  shoot  shells
exhibit significant prebiotic potential and cholesterol adsorption activ-
ity,  promoting  the  growth  of  lactic  acid  bacteria  and  enhancing
substrate  fermentability,  particularly  beneficial  in  conditions  such  as
hyperlipidemia  in  mice[5,19].  The  incorporation  of  bamboo  powder
into sheep and pig feed further substantiates its potential as a valuable
fiber source[20,21].

Historically,  concerns have persisted regarding the negative impact
of  added  fiber  on  overall  nutrition,  feed  digestibility,  and  growth
performance[22].  However,  recent  research  has  revealed  positive
outcomes associated with moderate levels of insoluble dietary fiber in
broiler  diets.  Specifically,  it  helps  lower  litter  moisture  content  and
reduce fat  deposition,  while  simultaneously enhancing broiler  growth
rates[8,12]. The inclusion of insoluble dietary fiber in the diet stimulates
stomach development in chickens, improving nutrient utilization, and
overall growth[10]. Similarly, supplementing low-fiber broiler diets with
appropriate levels of structural insoluble dietary fiber yields compara-
ble positive results[4].
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The impact of processing technology and fiber sources on the chemi-
cal composition and nutritional characteristics of fibers is an important
consideration[10].  Micronization,  a  processing  method,  can  alter  the
particle  size distribution and functional  properties  of  insoluble dietary
fiber in rice bran,  influencing the digestibility of  the raw material.  For
instance, micronized rice bran exhibits improved water-holding capac-
ity,  swelling  ability,  phenol  extraction  efficiency,  and  oxidative
stability[23].  Bionic  digestion studies  on wheat  have  shown that  reduc-
ing grain size enhances the in vitro digestibility of both dry matter and
crude  protein[24].  Decreasing  grain  size  improves  the  apparent  ileal
digestibility of total energy, dry matter, total fiber, and insoluble dietary
fiber.  Notably,  significant  interactions  between  grain  size  and  fiber
source  have  been  observed,  influencing  hindgut  fiber  digestibility[25].
The  selection  of  fiber  sources  is  also  crucial.  A  comparison  of  fibers
extracted from bamboo shoot shells and bamboo stem powder revealed
differences  in  lignin content.  Ultra-micronization can increase  soluble
fiber components, reduce lignin levels, and enhance the water-holding
capacity and fat adsorption properties of raw materials[26].

Bamboo  powder,  known  for  its  high  content  of  insoluble  dietary
fiber, flavonoids, and polysaccharides, is a common feed ingredient in
Chinese  broiler  diets.  This  study  focuses  on  fermented  bamboo
powder (FBP) and aims to  investigate  its  effects  on Yellow-Feathered
Broiler  Chickens.  Specifically,  we  aim  to  examine  the  impact  of  FBP
supplementation  on  the  expression  of  genes  related  to  antioxidant
activity, odorant receptors, growth, and immunity. The findings of this
study are expected to provide valuable insights into the potential appli-
cation  of  FBP  in  broiler  diets,  contributing  to  improvements  in
growth, health, and immune function. 

Materials and methods
 

Animal and experimental design
This  study  aimed  to  evaluate  the  effects  of  fermented  bamboo  powder
supplementation on the expression of  genes  associated with antioxidant
activity,  odorant  receptors,  growth,  and  immunity  in  Yellow-Feathered
Broiler chickens. Six hundred healthy 1-day-old Yellow-Feathered Broiler
chicks  were  randomly  divided  into  two  groups:  Control  (CON)  and
Fermented Bamboo Powder (FBP) supplementation groups. Each group
consisted of  10 replicates,  with 30 chicks  per  replicate.  The CON group
was  fed  a  basal  diet,  while  the  FBP  group  received  the  basal  diet
supplemented with 1.0 g of FBP per kg of feed for phase I, 2.0 g for phase
II,  4.0 g for phase III,  and 6.0 g for phase IV. The first  two phases were
designated  as  the  pretreatment  period,  followed  by  the  experimental
phase. Chickens, averaging 1.14 ± 5 kg in weight and of both genders with
similar initial body weights, were used in the study. The experiment lasted
77 d,  with the pretreatment phase extending from day 1 to day 45.  The
use  of  45-day-old  chickens  enabled  effective  monitoring  of  growth  and
developmental  changes  over  a  relatively  short  duration.  Tissue  samples
were collected at the conclusion of phase IV for analysis. 

Diet composition and source
The basal and experimental diets were obtained from Jiangsu Yancheng
Xiling  Agricultural  Science  and  Technology  Co.,  Ltd.  (Jiangsu,  China),
while  the  FBP  used  in  the  study  was  analyzed  by  Jiangsu  Gaosheng
Biological  Feed  Co.,  Ltd  (Jiangsu,  China).  Details  regarding  the  specific
ingredients  of  FBP  are  provided  in Table  1.  The  basal  diets  were
formulated  according  to  the  nutritional  requirements  outlined  by  NRC
(1994)  for  four  phases.  The  CON  group  was  fed  the  basal  diet  without
supplementation,  whereas the FBP group received varying levels  of  FBP
(1.0, 2.0, 4.0, and 6.0 g/kg) during each phase. The composition of these
diets is presented in Table 2. 

Data collection and sampling
Upon completion of the 77-d experiment, humane slaughter procedures
were  followed.  Blood  samples  were  collected  for  the  evaluation  of

hormone  levels  (IGF-1,  GH,  T3,  and  T4).  Plasma  was  separated  after
centrifugation for the analysis of immune indices and serum biochemical
markers.  Tissues  from  the  liver,  heart,  spleen,  muscle,  gizzard,  proven-
triculus, hypothalamus, and small intestine (jejunum) were rapidly frozen
for subsequent mRNA expression analysis of specific genes, including β-
actin, IGF-1, IGF-2, IGFBP-1, IGFBP-2, IGFBP-3, cGH, IL-10, IL-2, IL-6,
SOD1, CAT, GPx1, COR1, COR2, COR4, COR6, COR8, COR9, OR52R1,
OR51M1, OR1F2P, OR5AP2,  and OR14J1L112,  following  excision  and
rinsing. 

Determination of growth and thyroid peptides
To quantify the concentrations of IGF-1, GH, T3, and T4 in liver, muscle,
and  serum,  an  enzyme-linked  immunosorbent  assay  (ELISA)  was
employed.  Initially,  tissues  were  meticulously  ground,  weighed,  and
subsequently  diluted  with  PBS  buffer  (1:9  ratio).  The  resulting  mixture
underwent  centrifugation  (2,000–3,000  rpm  for  20  min),  and  the
collected supernatant  was carefully  extracted for  further  analysis.  ELISA

 

Table 1.    The composition of the fermented bamboo powder based on an as-fed
basis.

Testing item Fermented bamboo powder (FBP)

Moisture 11.21%
Crude protein 17.07%
Coarse fiber 17.66%
Crude fat 3.48%
Coarse ash content 9.21%
Acid soluble protein 7.13%
Acid washing lignin 3.41%
Calcium 0.12%
Total phosphorus 0.02%
Unknown substance 18.81%

 

Table 2.    Basal diet ingredients and nutritional composition.

Items
Basal diet

starter phase
(1−22 d)

Basal diet
growth phase

(23−45 d)

Basal diet
finisher phase

(46−77 d)

Corn 40.66 29.73 20.5
Wheat 20 40 50
DGYC 0 0 0
Soybean meal (43%) 22.31 5.73 2.92
Palm kernel meal 0 2 4
Sunflower kernel meal (35%) 3 5 8
Lard 0 0 6.03
Rapeseed meal (38%) 3 4 0
Corn gluten meal (60%) 4 5 4.4
Rice husk oil 2.31 4.22 0
Calcium bisphosphate 1.4 1.03 0.87
Limestone 1.18 1.12 1.13
Liquid methionine (88%) 0.14 0.23 0.15
Premix* 2 2 2
Total 100 100 100
Calculation of nutrients
Metabolizable energy (MJ/kg) 285.6 300.8 307.6
Crude protein 21.14% 20.87% 20.23%
Crude fat 4.048% 4.41% 4.53%
Methionine 0.486% 0.764% 0.491%
Lysine 1.097% 1.364% 1.13%
Calcium (%) 0.989% 0.962% 0.97%
Available phosphorus 0.485% 0.51% 0.45%

* Premix provides the following nutrients (per kilogram of diet): choline, 1 g; enzyme
complex,  300  mg;  broiler  multivitamin,  300  mg;  glyceryl  tributyrate,  300  mg;
probiotics, 200 mg; organomineral, 400 mg; phytase, 200 mg ; NaCl, 2.8 g; vitamin A,
9800 IU; vitamin D3, 2500 IU; vitamin E, 60 IU; vitamin K, 2.3 mg; vitamin B1, 2 mg;
vitamin  B2,  6  mg;  vitamin  B6,  4  mg;  vitamin  B12,  0.02  mg;  nicotinic  acid,  45  mg;
pantothenic acid, 20 mg; folic acid, 1.25 mg; biotin, 0.02 mg; Fe, 75 mg ;  Cu, 8 mg;
Mn, 75 mg; Zn 60 mg; Cu, 8 mg; Se, 0.3 mg; Co, 0.3 mg.
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procedures  involved  the  preparation  of  standard  wells,  sequential
addition of samples with diluent and enzyme label reagent, followed by a
60-min incubation period. After incubation, the plate underwent multiple
washes  with  a  washing  solution  to  remove  unbound  substances.  Color
reagent and stop solution were added to each well, and the optical density
(OD) value  of  each well  was  measured using  an enzyme-labeled  instru-
ment.  Utilizing  a  standard  curve,  the  concentrations  of  IGF-1,  GH,  T3,
and  T4  in  liver,  muscle,  and  serum  were  calculated,  providing  a
quantitative assessment of these peptides. 

Determination of immune parameters in serum
The levels of IgA, IgG, IgM, IL-1β, IL-2, IL-6, IL-10, and IFN-γ in serum
samples  were  determined  using  Enzyme-Linked  Immunosorbent  Assay
(ELISA) kits, following the manufacturer's instructions (Nanjing Aoqing
Biotechnology  Co.,  Ltd.,  Nanjing,  China).  The  concentrations  were
reported in ng/ml. 

Biochemical analysis of sera
Serum  concentrations  of  Alanine  transaminase  (ALT),  Alkaline  phos-
phatase  (ALP),  Aspartate  aminotransferase  (AST),  UREA,  and  CREA
were  measured  using  commercially  available  kits  according  to  the
manufacturer's  protocols  (Nanjing  Aoqing  Biotechnology  Co.,  Ltd.,
Nanjing,  China),  offering insights  into the enzymatic  activity  within the
FBP-treated group. 

Reverse transcription polymerase chain reaction (RT-PCR)
The primer sequences were designed to be 18 to 20 base pairs in length,
with an annealing temperature set between 55 and 58 °C. The GC content
was kept at 20%, and the expected product size ranged from 150 to 200
base  pairs.  The  integrity  of  the  cDNA  from  tissues  of  yellow  broiler
chickens  was  verified  through  PCR  amplification  using  β-actin  as  the
reference  gene  on  a  StepOnePlus  Real-Time  PCR  system  (Applied  Bio-
systems,  USA).  PCR  amplification  was  performed  with  cDNA  as  the
template  in  a  total  reaction  volume  of  20  μl,  consisting  of  11.6  μl  of
nuclease-free water, 4 μl of MyTaq Reaction Buffer, 0.4 μl of MyTaq DNA
Polymerase,  1  μl  (10 mM) of  each forward and reverse OR primer,  and
2 μl (20 ng/μl) of cDNA template. The PCR cycling protocol included an
initial  denaturation  at  95  °C  for  1  min,  followed  by  35  cycles  of  dena-
turation at  95 °C for  30 s,  annealing at  55 °C for  30 s,  and extension at
72  °C  for  20  s,  with  a  final  extension  at  72  °C  for  7  min.  The  resulting
PCR products were analyzed on a 1.5% agarose gel. 

Real-time quantitative PCR analysis
The  real-time  quantitative  PCR  technique  was  used  to  evaluate  the
mRNA  expression  levels  of  11  genes  in  Yellow-Feathered  Broiler
chickens,  including β-actin, IGF-1, IGFBP-1, IGFBP-3, cGH, IL-10, IL-2,
IL-6, SOD1, CAT, and GPx1, as well as 11 olfactory receptor-related genes
(ORs),  such  as COR1, COR2, COR4, COR6, COR8, COR9, OR52R1,
OR51M1, OR1F2P, OR5AP2,  and OR14J1L112.  Gene-specific  primers
were  designed  using  primer  software,  based  on  Gallus  gallus  sequences
from the NCBI database (Table 3).To ensure accurate normalization and
facilitate comparisons across different samples, the reference gene β-actin,
known for its stable expression, was included. The primer for β-actin was
also  designed  based  on gallus  gallus β-actin  sequences  in  the  NCBI
database. Real-time quantitative PCR with the designed primers enabled
determination  of  relative  mRNA  expression  levels  for  the  13  genes  of
interest along with β-actin. Total RNA extraction from frozen liver, heart,
spleen,  and  breast  muscle  tissue  samples  employed  RNAiso  Plus
(TaKaRa)  reagent  following  the  manufacturer's  protocol.  The  concen-
tration and quality of  extracted total  RNA were assessed using a micro-
spectrophotometer  (Thermo Scientific).  The  RNA samples,  dissolved  in
Diethyl  pyrocarbonate  (DEPC)  water,  were  analyzed  for  concentration
and purity. First-strand cDNA was synthesized from total RNA using 5×
PrimeScript  RT Master  Mix  and  RNase-free  water  (TaKaRa).  Real-time
PCR reactions were carried out with a mixture of 2× SYBR Green I PCR
Master  Mix (TaKaRa BIO INC),  Rox Reference  Dye 1,  primers,  cDNA,

and PCR-grade water. Amplification and detection were performed using
SYBR Green I fluorescent dye on a StepOnePlus Real-Time PCR system
(Applied Biosystems),  following the established cycling conditions.  Data
analysis  utilized  the  ΔCt  method,  which  involved  calculating  the
difference  in  Ct  values  between  the  target  gene  and  β-actin.  Gene
expression was determined using the 2−ΔΔCᴛ equation. RNA samples were
stored at −80 °C until further use[27,28]. 

Statistical analysis
The  study  parameters  were  evaluated  by  calculating  mean  values  and
their  corresponding standard errors.  Statistical  analyses  were  performed
using  SPSS  version  25.  To  compare  gene  expression  across  multiple
groups,  a  one-way analysis  of  variance (ANOVA) was applied,  followed
by Tukey's Honestly Significant Difference (HSD) post hoc test to identify
specific  group  differences.  For  comparisons  between  two  independent
group, an independent sample t-test was utilized. A threshold of p < 0.05
was set to establish statistical significance. OR gene expression in various
tissues,  including  the  gizzard,  proventriculus,  small  intestine,  and
hypothalamus of broiler chickens, was quantified using the delta delta Ct
(ddCt)  method,  normalizing  the  Ct  values  of  OR  genes  to  β-actin,  the
reference gene. 

Results
 

Impact of FBP supplementation on growth and thyroid
hormone concentrations
In  this  experimental  study,  the  effects  of  FBP  supplementation  were
investigated  by  measuring  the  levels  of  growth  and  thyroid  hormones,
including IGF-1, GH, T4, and T3, in the serum, muscle, and liver tissues
of yellow-feathered broiler chickens, as illustrated in Fig. 1.

In this study, a comparison was made between a control group and
an  experimental  group  that  received  FBP  as  a  dietary  supplement.
Thyroid  and  growth  hormone  levels  were  assessed  using  enzyme-
linked  immunosorbent  assays  (ELISA).  Statistical  analysis  revealed
significant differences in hormone concentrations between the control
and FBP-supplemented groups. The FBP group exhibited significantly
higher  serum  levels  of  GH  (µg/L),  T4  (ng/ml),  and  T3  (ng/ml)  (p <
0.01)  compared  to  the  control  group.  In  muscle  tissue,  growth  and
thyroid  hormone  concentrations  were  also  significantly  elevated  (p <
0.01) in the FBP group relative to the control, although the increase in
muscle  T3 (ng/ml)  did not  reach statistical  significance.  Additionally,
in liver tissue, the levels of IGF-1 (ng/ml) and T4 (ng/ml) were signifi-
cantly higher (p < 0.01) in the FBP-supplemented group compared to
the control.  However, no significant differences were observed in GH
(ng/L)  and  T3  (ng/ml)  levels  in  liver  tissue  between  the  two  groups.
These findings provide strong scientific evidence that FBP supplemen-
tation induces significant changes in the levels  of  growth and thyroid
hormones (IGF-1, GH, T4, and T3) in the liver, muscle, and serum of
Yellow-Feathered Broiler Chickens. 

Impact of FBP supplementation on serum biochemical
index levels
To  evaluate  the  effects  of  FBP  supplementation  on  inflammation  and
injury  markers  in  the  liver,  heart,  and  kidneys,  an  extensive  analysis  of
serum  levels  of  Aspartate  Transaminase  (AST),  Alanine  Transaminase
(ALT),  Alkaline  Phosphatase  (ALP),  creatinine  (CREA),  and  urea  were
conducted in yellow-feathered broiler chickens, as illustrated in Fig. 2.

The  present  findings  demonstrate  a  significant  reduction  in  the
activity of ALT, AST, ALP, CREA, and UREA enzymes in the experi-
mental group treated with FBP compared to the control group. Statis-
tical  analysis  revealed  significant  differences  (p <  0.05),  highlighting
the  efficacy  of  FBP  supplementation  in  protecting  liver,  heart,  and
kidney tissues in yellow-feathered broiler chickens. 

Impact of FBP supplementation on immune indicators
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To evaluate  the  impact  of  FBP supplementation on immune indicators,
we conducted a comprehensive analysis of serum immunoglobulins and
inflammatory cytokines were conducted, as detailed in Table 4.

The present findings reveal a significant upregulation in the levels of
immunoglobulins  (IgA,  IgG,  and  IgM)  and  inflammatory  cytokines
(IL-2, IL-6, IL-1β, and IL-10) in the serum of broiler chickens treated
with FBP (p < 0.01).  Notably,  the increase in immunological  markers
correlated positively with the inclusion level of FBP. Additionally, the
TNF-α level showed a significant decrease (p < 0.01) compared to the
control  group,  indicating  a  potential  anti-inflammatory  effect  of  FBP
supplementation.  These  results  highlight  the  immunomodulatory
impact  of  FBP  on  broiler  chickens,  suggesting  its  potential  role  in
enhancing  immune  responses  and  reducing  inflammatory  processes.
The  observed  changes  in  immune  indicators  further  emphasize  the

promising immunotherapeutic properties of FBP for poultry health. 

Effects of FBP supplementation on antioxidant gene
expression in broiler chickens
To  assess  the  impact  of  FBP  supplementation  on  the  expression  of
antioxidant-related  genes,  a  thorough  examination  of  the SOD1, GPX1,
and CAT genes in liver and heart tissues were conducted, as illustrated in
Fig. 3.

The present results demonstrate a substantial increase in the mRNA
expression  levels  of  antioxidant-related  genes  (SOD1,  GPX1,  and
CAT)  in  both  liver  and  heart  tissues  of  broilers  treated  with  FBP.  In
the  liver,  the  FBP-supplemented  group  exhibited  significantly  higher
mRNA  levels  of  SOD1,  GPX1,  and  CAT  compared  to  the  control
group  (p <  0.01).  Similarly,  in  heart  tissue,  the  expression  levels  of
these  genes  were  also  significantly  elevated  in  the  FBP-supplemented

 

Table 3.    Primers used for Real-Time Quantitative PCR.

Genes NCBI gene ID Primer Sequence Product length (bp)

β-actin NM_205518.2 Forward GCCCTCTTCCAGCCATCTTT 150
Reverse CAATGGAGGGTCCGGATTCA

CAT NM_001031215.2 Forward GGTAACTGGGATCTTGTGGGA 112
Reverse CCTTCAAATGAGTCTGAGGGTTC

CGH NM_204359.2 Forward TGAGAAACTAAAGGACCTGGAAGA 110
Reverse TGTCGAACTTATCGTAGGTGGG

GPX1 NM_001277853.3 Forward GCCCGCACCTCTGTCATAC 156
Reverse GCTTCTCCAGGCTGTTCCC

IGF1 NM_001004384.3 Forward AGTTCGTATGTGGAGACAGAGGC 83
Reverse TCCCTTGTGGTGTAAGCGTC

IGF2 NM_001030342.5 Forward TGCCAACAACCTTGACACCT 98
Reverse GGCCTCACTACCCAAACCTC

IGFBP1 NM_001001294.2 Forward GCAAGATCAGGTCCTCCAGTC 199
Reverse AGTAGCATCATTTCTCCAGCGTA

IGFBP2 NM_205359.2 Forward GCATGAAGGAGATGGCGGT 99
Reverse TCTTTGAGTCCTCGTGGTTGTG

IGFBP3 NM_001395957.1 Forward ATCAGGAAAGAGCAAGCCAAA 121
Reverse TACGACAGGGACCATATTCAGTT

IL-2 NM_204153.2 Forward TATCCCGTGGCTAACTAACCTG 159
Reverse ACCGACAAAGTGAGAATCAATCA

IL-6 NM_204628.2 Forward CGTTTATGGAGAAGACCGTGAG 92
Reverse CAGAGGATTGTGCCCGAAC

IL-10 NM_001004414.4 Forward AGTGCTGTTGTATTCCTTGCTTC 164
Reverse AGGGCTCGTCTGGTGTTTG

SOD NM_205064.2 Forward CGCTCGTAGGTGGTTGTATTG 127
Reverse CCTGCTGCTGGAAGTGGAT

COR1 NM_001031545.2 Forward CTTCCATCATGACCAAGGCG 197
Reverse CAGCAGCTCACTGATAGCG

COR2 NM_001396933.2 Forward GTCATCTACACCACCACCTTGC 245
Reverse AGCAAGCACTCTGAGGTTGT

COR4 NM_001031176.2 Forward ATCCCTATGCTGAACCCCCT 70
Reverse TAACTCTGCGTAGAGCGTCC

COR6 NM_001031544.2 Forward GCACCTCTCAACTGATGGCT 210
Reverse ACAAAACAGCGGTGGCTATG

COR8 NM_001396932.1 Forward GGACCCAGGTTCAGGCTTAC 120
Reverse TTATGGCTTCGACCCACACC

COR9 NM_001305217.2 Forward TTTACATGCTCCACCAGGCG 355
Reverse GATCATGCCAAGGTTCCCCA

OR52R1 NM_001009878.2 Forward ATCCATGGTCTGATGCCCAC 141
Reverse GGTGGTGGACGTTGATCTGA

OR51M1 NM_001008754.4 Forward CATGGGAGTGACTGTGTCCC 516
Reverse CAGCCCTCTGTCTGGACTTG

OR1F2P XM_040685819.1 Forward CACCATCACTGTGCCGAAGA 113
Reverse TCTCTGTGCCAACAACGTCA

OR5AP2 XM_040685466.1 Forward GTCCAGACAGGAGTGTGCTC 179
Reverse GTGCAAAGCGTGTGTCAGAG

OR14J1L112 XM_040654712.1 Forward TCCTGCACTTCTGGCTCTTG 778
GCTGGAGGCACTACCGAATA
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group  compared  to  the  control  group  (p <  0.05).  These  findings
strongly suggest that FBP supplementation plays a pivotal role in acti-
vating  antioxidant  defense  systems  in  liver  and  heart  tissues.  The
observed  upregulation  of  antioxidant  genes  implies  a  potential
enhancement  of  antioxidant  defense  mechanisms,  highlighting  the
positive  impact  of  FBP  supplementation  on  the  overall  health  and
resilience of these vital organs in broiler chickens.
 

Expression of OR genes in yellow broiler chicken tissues

RT-PCR  was  conducted  to  confirm  the  expression  of  11  specific  OR
genes  in  the  hypothalamus,  gizzard,  proventriculus,  and  small  intestine
tissues of broiler chickens, as shown in Fig. 4.

The  quality  of  the  cDNA  preparations  was  validated  using  β-actin
primers,  which  produced  consistent  band  intensities  across  cDNA
samples  from  the  hypothalamus,  gizzard,  proventriculus,  and  small
intestine  tissues.  RT-qPCR  analysis  revealed  significant  expression  of
specific  OR  genes,  including COR1, COR2, COR4, COR6, COR8,
COR9, OR14J1L112, OR5AP2, OR52R1, OR51M1,  and OR1F2P,  in
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Fig. 1    Impact of FBP supplementation on growth and thyroid hormone concentrations. The figure illustrates the effects of FBP supplementation on growth
and thyroid hormone concentrations in yellow-feathered broiler chickens (n = 10). The figure comprises five panels: (a) growth hormone levels in serum, (b)
growth hormone levels in muscle, (c) growth hormone levels in liver, (d) thyroxine (T4) levels across serum, muscle, and liver, and (e) triiodothyronine (T3)
levels across serum, muscle, and liver. The bar graphs display the mean values for each variable, with error bars representing the standard error of the mean.
Statistical  significance  is  indicated  by  asterisks  (*  and  **),  denoting  different  significance  levels  (p <  0.05).  The  experiment's  results  reveal  that  FBP
supplementation significantly elevated growth and thyroid hormone concentrations in the serum, muscle, and liver tissues of yellow-feathered broiler chickens.
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Fig.  2     Impact  of  FBP  on  serum  biochemical  indexes.  The  figure  provides  a  comprehensive  analysis  of  the  effects  of  FBP  supplementation  on  serum
biochemical indices in Yellow-Feathered Broiler Chickens (n = 10). The parameters examined include (a) ALT (U/L), (b) AST (U/L), (c) ALP (U/L), (d) CREA
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(p < 0.05).
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these  tissues  from  broiler  chickens  supplemented  with  fermented
bamboo  powder.  The  expression  levels  of  these  OR  genes  differed
noticeably  from  those  of  the  β-actin  gene.  A  comparative  assessment
of gene expression profiles  further indicated that OR gene expression
was considerably lower in the gizzard and proventriculus compared to

the  small  intestine  and  hypothalamus,  with  the  highest  OR  gene
expression observed in the hypothalamus (Figs 4 & 5). These findings
demonstrate distinct tissue-specific expression patterns of OR genes in
broiler chickens. 

Expression profile of OR genes in gizzard of yellow
broiler chickens tissues
The expression levels of OR genes in the gizzard tissue of broiler chickens
were measured using RT-qPCR (Fig. 5 & Table 5). The results showed a
significant  overall  downregulation  of  these  genes  in  the  gizzard  tissue.
However, it is noteworthy that although the expression of the COR2 gene
was downregulated, the difference was not statistically significant. 

Expression profile of OR genes in proventriculus of
yellow broiler chickens tissues
The  study  examined  the  expression  profile  of  OR  genes  in  the  proven-
triculus tissue of yellow broiler chickens using RT-qPCR to measure their
relative  expression  levels  (Fig.  6 & Table  5).  The  findings  showed  both
upregulation  and  downregulation  of  various  OR  genes  in  the  proven-
triculus tissue. Notably, the COR6 gene was downregulated, although this
change  was  not  statistically  significant.  Similarly,  while  the COR4 and
OR52R1 genes  were  upregulated,  these  differences  were  also  not

 

Table  4.     Effects  of  FBP  supplementation  on  serum  immunoglobulins  and
inflammatory cytokines of broilers.

Item Control Bamboo powder p-Value

IgA (ng/ml) 113.16 ± 7.23 150.98 ± 8.89 0.01
IgG (ng/ml) 62.28 ± 3.25 89.47 ± 1.18 0.04
IgM (ng/ml) 1.40 ± 0.04 1.74 ± 0.03 0.01
IL-2 (ng/ml) 19.13 ± 0.99 40.99 ± 1.23 0.001
IL-6 (ng/ml) 23.38 ± 1.29 40.66 ± 0.61 0.03
IL-10 (ng/ml) 16.41 ± 1.58 24.70 ± 1.32 0.04
IL-1β (ng/ml) 19.63 ± 1.19 43.65 ± 1.04 0.001
TNF-α (ng/ml) 23.13 ± 1.57 11.27 ± 1.14 0.01

IgG,  immunoglobulin  G;  IgA,  immunoglobulin  A;  IgM,  immunoglobulin  M;  IL-2,
interleukin-2; IL-6, interleukin-6, and IL-10, interleukin-10 (n = 10). Data presented
are  mean  ±  SE. p-value  in  the  same  row  less  then  (p <  0.05)  significantly  different
from each other.
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Fig. 3     Effects of FBP on antioxidant genes expression. The figure illustrates the expression levels of GPX1, SOD1, and CAT genes in (a) liver, and (b) heart
tissues of broilers. The bar graphs represent the mean expression values, while the error bars indicate the standard error of the mean. Statistical significance is
denoted by asterisks  (*,  **,  ***),  with *  indicating p <  0.05,  **  representing p <  0.01,  and ***  corresponding to p <  0.001,  highlighting differences  among the
means.
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Fig. 4    Illustrates the tissue-specific expression patterns of odorant receptor genes, including COR1, COR2, COR4, COR6, OR14J1L112, OR5AP2, COR8, COR9,
OR52R1, OR51M1, and OR1F2P, across various tissues such as the gizzard, proventriculus, small intestine, and hypothalamus. The analysis was conducted using
RT-PCR,  with  cDNAs  prepared  from  each  tissue  and  gene-specific  primers.  PCR  products  were  subjected  to  gel  electrophoresis,  and  all  observed  bands
corresponded to the expected sizes based on the designed primers.
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statistically  significant.  The  expression  of OR5AP2 showed  no  signi-
ficant  change.  However,  the COR1, COR2,  and OR1F2P genes  were
significantly  upregulated,  while OR14JIL112 was  significantly  downre-
gulated in the proventriculus tissue. 

Expression profile of OR genes in small intestines of
yellow broiler chickens tissues
The  study  aimed  to  examine  the  expression  of  OR  genes  in  the  small
intestine  tissue  of  yellow  broiler  chickens.  RT-qPCR  was  used  to  assess
the relative expression levels of these genes (Fig. 7 & Table 5). The results
revealed  a  notable  upregulation  in  the  expression  of  several  OR  genes,
including COR1, COR2, COR4, COR6, COR8, COR9, OR52R1, OR51M1,
OR1F2P, OR5AP2,  and OR14JL112,  in  the  small  intestine  tissues  of
yellow broilers. 

Expression profile of OR genes in hypothalamus of

yellow broiler chickens tissues
This  study  aimed  to  evaluate  the  expression  profile  of  OR  genes  in  the
small  intestine  tissue  of  yellow  broiler  chickens.  RT-qPCR  was  used  to
quantify  the  relative  expression  levels  of  these  genes  (Fig.  8 & Table  5).
The findings revealed a significant reduction in the expression of several
OR genes, including COR1, COR2, COR4, COR6, COR8, COR9, OR52R1,
OR51M1, OR5AP2,  and OR14JL112,  in  the  hypothalamus  tissues  of
yellow  broilers.  Conversely,  the  expression  level  of  the OR1F2P gene
remained unchanged, showing no significant difference. 

Heatmap analysis
The  heatmap  analysis  illustrates  the  variations  across  different  groups,
using  a  color  gradient  to  represent  value  differences.  Warmer  colors
indicate  higher  values,  while  cooler  colors  represent  lower  ones.  This
visualization  method  effectively  highlights  patterns  and  distinctions
among the samples and groups (Fig. 9). 

Correlation matrix of the samples
The correlation matrix  of  samples  in  the image shows high correlations
among  different  tissues  of  yellow  broiler  chickens:  the  gizzard  (G),
proventriculus (P), jejunum (J), and hypothalamus (H). The matrix uses a
color gradient  where warmer colors  represent  higher correlations,  while
cooler colors represent lower correlations. The gizzard samples are highly
correlated with each other, showing correlation coefficients of 1.00. Their
correlations  with  the  proventriculus,  jejunum,  and  hypothalamus  are
slightly  lower  but  still  high,  mostly  above  0.98.  Moreover,  the
proventriculus  samples  are  also  strongly  correlated  within  their  group
(correlations of 1.00). There is a moderate decrease in correlation with the
hypothalamus  samples  (correlation  ranging  between  0.96  and  0.97).
Additionally,  Jejunum  samples  show  strong  correlations  within  their
group  (1.00).  Their  correlations  with  other  tissue  types  (Gizzard,
Proventriculus, and Hypothalamus) are above 0.99, indicating very close
relationships.  Furthermore,  Hypothalamus samples  have strong correla-
tions  among  themselves  (1.00).  Their  correlations  with  the  gizzard  and
jejunum  are  very  high  (above  0.98),  but  correlations  with  the
proventriculus are slightly lower, reaching down to 0.96 (Fig. 10). 

Effects of FBP supplementation on immune-related gene
expression
To  investigate  the  impact  of  FBP  supplementation  on  immune-related
genes  expression,  an  in-depth  analysis  of IL-10, IL-2,  and IL-6 genes  in
liver and spleen tissues were conducted, as elucidated in Fig. 11.
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Fig.  6     Illustrates  the  qPCR  expression  levels  of  OR  genes  in  the
proventriculus  tissue  of  Yellow  broilers.  The  expression  values  were
normalized against control data from the same samples to ensure accurate
comparison.  Significant  differences  are  denoted  by  letters:  'a'  indicates
significantly  higher  expression,  while  'b'  represents  significantly  lower
expression.  The  bar  graphs  display  the  mean  values,  with  error  bars
reflecting  the  standard  error  of  the  mean.  Statistical  significance,
determined  at p <  0.05,  is  indicated  by  the  letters  'a'  and  'b'  highlighting
differences among the means.
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Fig. 5    Shows the qPCR expression levels of OR genes in the gizzard tissue
of  yellow  broilers.  For  accurate  comparison,  expression  values  were
normalized against  control  data  from the same samples.  The letters  in the
figure represent significant differences: 'a' indicates higher expression levels,
while 'b'  denotes lower expression levels.  The bar graphs display the mean
values,  with  error  bars  representing  the  standard  error  of  the  mean.
Statistical  significance  at p <  0.05  is  indicated  by  the  letters  'a'  and  'b'
highlighting differences among the means.

 

Table  5.     Odorant  receptor  genes  relative  expression  values  in  broiler  chicken
gizzard, proventriculus, small intestine, and hypothalamus tissues

Genes
Gizzard tissue Proventriculus

tissue
Small

intestine
tissue

Hypothalamus
tissue

2−ΔΔCᴛ SEM 2−ΔΔCᴛ SEM 2−ΔΔCᴛ SEM 2−ΔΔCᴛ SEM

COR1 1.420c 0.070 2.600b 0.41 2.97b 0.54 5.20a 0.52
COR2 0.760c 0.390 1.710b 0.20 2.23b 0.30 5.27a 0.46
COR4 0.520c 0.210 1.010c 0.35 2.30b 0.35 3.75a 0.38
COR6 0.680c 0.180 0.930c 0.11 1.57b 0.31 3.47a 0.26
COR8 0.230c 0.010 0.600c 0.04 2.03b 0.60 8.24a 0.57
COR9 0.400c 0.010 0.710c 0.04 1.34b 0.26 3.38a 0.27
OR52R1 0.700c 0.020 1.150b 0.17 1.40b 0.20 2.81a 0.26
OR51M1 0.830c 0.020 1.007c 0.17 1.72b 0.29 2.41a 0.31
OR1F2P 0.660c 0.040 1.340b 0.11 3.90a 0.85 1.47b 0.04
OR5AP2 0.680c 0.120 1.010c 0.15 1.91b 0.40 2.40a 0.13
OR14J1L112 0.160c 0.045 0.450c 0.09 1.59b 0.23 12.29a 0.96

The  relative  expression  values  (2−ΔΔCᴛ)  for  the  gizzard,  proventriculus,  small
intestine,  and  hypothalamus  tissues  of  yellow  broiler  chickens  are  displayed.  The
values in each column represent the mean along with the standard error of the mean
(SEM). Significant differences at the 0.05 level are indicated by the letters a, b, and c.
Means within the same row that share a lowercase letter are considered significantly
different.
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The  present  results  demonstrate  a  marked  upregulation  in  the
mRNA expression levels of IL-10, IL-2, and IL-6 in the liver and spleen
tissues of broilers supplemented with FBP. In the liver, the FBP-treated
group  exhibited  a  significant  increase  (p <  0.01)  in  the  expression  of
IL-10, IL-2, and IL-6 compared to the control group. Similarly, in the
spleen  tissue,  the  FBP-supplemented  group  showed  significantly  (p <
0.05) elevated expression levels of these immune-related genes relative
to  the  control  group.  These  observed  changes  suggest  enhanced
immune  regulatory  activity,  improved  immune  defense  mechanisms,
and the potential activation of the inflammatory response. The results
underscore the positive impact of FBP supplementation on the modu-
lation of immune-related genes in both the liver and spleen of broiler
chickens,  highlighting  its  potential  role  in  bolstering  immune
responses and regulating inflammatory processes. 

Effects of FBP supplementation on growth-related gene
expression
To  investigate  the  effects  of  FBP  supplementation  on  the  expression  of
growth-related  genes,  a  detailed  analysis  of IGF-1, IGF-2, IGFBP-1,
IGFBP-2, IGFBP-3, and cGH genes in liver and breast muscle tissues were

conducted,  as  illustrated  in Fig.  12.  The  present  findings  demonstrate  a
significant increase (p < 0.01) in the mRNA expression levels of growth-
related genes,  including IGF-1, IGF-2, IGFBP-1, IGFBP-2, IGFBP-3,  and
cGH,  in  the  liver  of  the  FBP-supplemented  group  compared  to  the
control  group.  Likewise,  the  breast  muscle  tissue  of  the  FBP-supple-
mented  group  exhibited  a  notable  upregulation  (p <  0.05)  in  the
expression of these genes relative to the control group. In summary, the
overexpression  of  growth-related  genes  in  both  liver  and  breast  muscle
tissues  indicates  potential  positive  effects  on  development  and  growth.
This  upregulation  reflects  enhanced  tissue  differentiation  and  growth,
emphasizing  the  beneficial  role  of  FBP  supplementation  in  modulating
growth-related genes in broiler chickens. 

Heat map analysis of gene expression related to
antioxidant, growth, and immunity in broilers
In the present study, a comprehensive heat map analysis was conducted
to  visualize  the  expression  levels  of  genes  associated  with  antioxidant,
growth,  and  immunity  in  various  tissues  of  Yellow-Feathered  Broiler
Chickens (Fig. 13). The heat map provided a graphical representation of
gene  expression  patterns,  with  the  intensity  of  color  serving  as  an
indicator  of  the  relative  expression of  each gene.  The heat  map analysis
corroborates and reinforces the earlier findings reported in Figs 3, 11 &
12,  affirming  the  trends  observed  in  gene  expression  levels.  The  visua-
lization  of  antioxidant,  growth,  and  immunity-related  gene  expressions
provides a holistic understanding of the impact of FBP supplementation
on  the  molecular  dynamics  within  different  tissues  of  broiler  chickens.
This comprehensive analysis further strengthens the evidence supporting
the positive influence of FBP on gene expression profiles associated with
antioxidant  defense,  growth  promotion,  and  immune  enhancement  in
Yellow-Feathered Broiler Chickens. 

Discussion
This  study  investigated  the  effects  of  supplementing  Yellow-Feathered
Broiler  chicken diets  with fermented bamboo powder on various physi-
ological  parameters,  including  growth  performance,  immune  response,
and  antioxidant  status.  The  results  demonstrated  significant  changes  in
gene  expression,  serum  biochemical  markers,  and  hormone  levels,
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Fig.  7     Depicts  the  qPCR  expression  levels  of  OR  genes  in  the  small
intestine  tissue  of  yellow  broilers.  The  expression  values  were  normalized
against  control  data  from  the  same  samples  to  ensure  accurate
comparisons.  Significant  differences  are  indicated  by  letters:  'a'  represents
higher expression levels, while 'b' denotes lower expression. The bar graphs
display the mean values, with error bars reflecting the standard error of the
mean.  Statistical  significance  is  denoted  by  the  letters  'a'  and  'b'  at  a
threshold of p < 0.05, highlighting differences among the means.
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Fig.  8     Illustrates  the  qPCR  expression  levels  of  OR  genes  in  the  hypo-
thalamus tissue  of  yellow broilers.  The expression values  were  normalized
against  control  data  from  the  same  samples  to  ensure  accurate
comparisons.  Different letters in the figure indicate significant differences:
'a'  represents  higher expression levels,  while  'b'  indicates  lower expression.
The  bar  graphs  depict  the  mean  values,  with  error  bars  representing  the
standard error of the mean. Statistical significance at p < 0.05 is denoted by
the letters 'a' and 'b', highlighting differences among the means.
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highlighting the notable impact of FBP supplementation.
Enhancements  in  intestinal  morphology  and  organ  development

improve  nutrient  absorption,  positively  impacting  growth  perfor-
mance.  Incorporating  an  optimal  amount  of  bamboo  powder  into
broiler  diets  strengthens  immune  function  and  promotes  intestinal
health,  leading  to  better  growth  outcomes[29].  Additionally,  including
1%–1.5%  insoluble  dietary  fiber  from  cassava  pulp-modified  fiber
improves  nutrient  digestibility,  reduces  abdominal  fat,  and  enhances
muscle and gastric function in broilers[30]. Incorporating 3%–6% insol-
uble fiber into a wheat-based diet  has been shown to improve broiler
growth performance[31]. Similar outcomes have been observed with the
addition  of  appropriate  levels  of  structural  insoluble  dietary  fiber[4].
However,  a  significant  increase  in  fiber  content  considerably  reduced
the digestion of organic matter and energy[32]. Including 3%–6% insol-
uble fiber in the diet, such as sawdust, rice bran, or alfalfa meal, had no
noticeable  impact  on  broiler  performance  at  slaughter[31].  Studies  in
chickens  have  shown  that  fasting  leads  to  an  increase  in  intrahepatic

T4 levels and a decrease in T3 levels compared to chickens fed ad libi-
tum[33].  Overall, feed additives have been investigated for their poten-
tial  to  modulate  growth  hormone  levels  in  poultry.  These  additives
may  influence  gut  health  and  nutrient  absorption,  thereby  indirectly
affecting  growth  hormone  regulation.  Based  on  our  research,  adding
FBP to broiler chicken diets can improve growth hormone levels in the
serum, muscle, and liver, including IGF-1, GH, T3, and T4. As a previ-
ous  study  reported,  chicken  growth  hormones,  including  cGH  and
IGF-I, are among the most crucial for growth performance and carcass
quality in chickens[34].

In  nutritional  evaluations,  serum  biological  markers,  immunoglo-
bulins,  and  inflammatory  cytokines  are  commonly  used  to  assess  the
quality of test feedstuffs or additives, as they reflect the animals' physi-
ological,  metabolic,  and  immune  status[35−38].  In  this  study,  the  addi-
tion  of  FBP  significantly  affected  immunoglobulins,  inflammatory
cytokines, and several serum biochemical markers. FBP supplementa-
tion  increased  AST,  ALT,  and  ALP  levels  while  reducing  UREA  and
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Fig. 10    The image displays the correlation matrix of the samples, represented as a heatmap. This heatmap visualizes the correlation coefficients between each
pair of samples. The color gradient reflects the strength of the correlations, with values near 1 (red) indicating a strong positive correlation, while values closer to
−1  (blue)  represent  a  strong  negative  correlation.  The  samples  are  labeled  as  follows:  P  for  Proventriculus,  G  for  Gizzard,  J  for  Jejunum,  and  H  for
Hypothalamus.
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CREA levels compared to the control group. It also caused significant
changes  in  inflammatory  cytokines  and  immunoglobulins,  including
TNF-α,  IL-10,  IgA,  IgG,  IgM,  IL-2,  IL-6,  and  IL-1β.  These  findings
align  with  previous  research,  which  suggests  that  serum  biochemical
parameters  are  inversely  related  to  the  risk  of  cardiovascular  disease,
metabolic  syndrome,  liver  and  kidney  disorders,  and  obesity[39].  In
addition  to  improving  immunological  and  serum  biochemical  mark-
ers,  the  addition  of  FBP to  the  diet  also  altered  the  pigs'  fecal  micro-
biome. These findings suggest that FBP could be a potential fiber-rich
component  for  growing  and  finishing  pigs,  with  a  recommended
inclusion of  5% in their  diet[40].  Consistent  with previous studies,  the
addition of FBP increased serum IgA concentrations, supporting find-
ings  from  earlier  research[41].  IgA  plays  a  crucial  role  in  defending
against bacterial and viral infections in both serum and mucosal secre-
tions[42].

Published  studies  suggest  that  the  antioxidant  properties  of
flavonoids in biological systems are attributed to their ability to trans-
fer  electron  free  radicals,  chelate  metal  catalysts,  activate  antioxidant
enzymes, and inhibit oxidase activity[43]. It is likely that the flavonoids
in  bamboo  leaf  extract  (BLE)  significantly  contribute  to  increased
antioxidant  enzyme  activity.  The  study  indicates  that  BLE  can  scav-
enge  peroxide[44].  As  previously  reported,  dismutase  mRNA  expres-
sion in ileum tissue was significantly elevated when 1.0, 2.0, or 4.0 g/kg
of BLE was added to poultry feed[45]. The current study found that the
addition of FBP positively influenced the expression of genes related to
antioxidants.  Compared  to  the  control  group,  FBP  supplementation
enhanced  the  expression  of  SOD1,  GPX1,  and  CAT  in  the  liver  and
heart. Similarly, research revealed that treating broiler chicks with BLE
increased  the  expression  of  many  of  these  antioxidant  enzymes  and
their antioxidant capacity[46].

In this study, the expression levels of odorant receptors were investi-

gated  in  various  tissues,  specifically  the  hypothalamus  and  gut.  Our
findings  revealed  significantly  higher  expression  levels  of  odorant
receptors in the hypothalamus compared to the gut.  These results are
consistent  with  previous  studies,  which  also  reported  higher  expres-
sion  of  odorant  receptor  genes  in  the  brain  than  in  the  gut[47].  An
intriguing  hypothesis  emerging  from  these  findings  is  that  odorant
molecules encountered during food consumption may be transported
to  the  brain,  where  they  could  influence  neural  regions  involved  in
regulating food-related behaviors[47]. This aligns with previous studies
suggesting  that  odorant  receptors  (ORs)  may play  significant  roles  in
the central nervous system beyond olfaction. For example, Jiang et al.
demonstrated that ORs in the hypothalamus are involved in detecting
metabolic states and mediating feeding behaviors. The abundant pres-
ence of ORs in this brain region suggests they may sense endogenous
or  exogenous  chemical  signals  that  influence  hypothalamic
functions[48]. Although the expression levels of ORs were lower in gut
tissues compared to the hypothalamus, their presence in the gastroin-
testinal  tract  is  still  noteworthy.  ORs  in  gut  tissues  are  thought  to
contribute  to  various  physiological  processes,  including  digestion,
nutrient  absorption,  and  gut  motility.  Previous  research  has  shown
that ORs can detect dietary chemicals and microbial metabolites, influ-
encing  gut  function  and  health[49].  Additionally,  in  rodents,  odorant
receptors are found in several brain regions, such as the hypothalamus
and  the  ventral  tegmental  area  (VTA)[50]. In  vitro experiments  have
shown that dopaminergic neurons in the VTA, which express odorant
receptors,  respond  to  natural  odorant  molecules.  However,  the  exact
endogenous ligands responsible for activating these receptors have yet
to  be  identified.  Notably,  all  odorant  receptors  analyzed  in  the  study
were  expressed  in  the  adult  brain,  with  a  particular  presence  in  the
habenula and hypothalamus.  The hypothalamus is  well-established as
a  key  regulator  of  food  intake[51,52] ,  while  recent  research  has  also
implicated  the  habenula  in  the  modulation  of  food-related
behaviors[53−55].

This study explored the expression levels of odorant receptors (ORs)
across  various  tissues  of  the  model  organism,  focusing  on  the  small
intestines,  gizzard,  and  proventriculus.  Using  molecular  techniques
such  as  RT-PCR  and  qRT-PCR,  the  findings  revealed  that  ORs  were
expressed at significantly higher levels in the small intestines compared
to  the  gizzard  and proventriculus.  These  results  provide  new insights
into the potential physiological roles of ORs within distinct regions of
the avian gastrointestinal tract, suggesting specific functions related to
nutrient detection and gut health. Notably, the small intestines are the
primary site for nutrient digestion and absorption in birds. The signifi-
cantly  higher  OR  expression  levels  in  this  tissue  suggest  that  these
receptors play a key role in detecting and responding to various chemi-
cal  cues  related  to  ingested  food.  Previous  studies  in  mammals  have
shown that ORs in the gut can detect dietary components and micro-
bial  metabolites,  influencing  digestion,  nutrient  absorption,  and  gut
motility[49,56].  The  present  findings  support  the  idea  that  ORs  in  the
small intestines of birds may serve similar functions. The high expres-
sion levels of ORs in the small intestines could facilitate the detection
of specific nutrients and other chemical signals, optimizing the diges-
tive  process  and  enhancing  nutrient  uptake.  This  capability  may  be
particularly  important  for  avian  species  with  varied  diets,  enabling
them to efficiently process and utilize a wide range of dietary compo-
nents.  Additionally,  ORs  in  the  small  intestines  might  play  a  role  in
regulating  the  gut  microbiota  by  detecting  microbial  metabolites  and
modulating  immune  responses  to  maintain  gut  health[57].  Overall,
these  results  highlight  the  potential  benefits  of  FBP supplementation,
including enhanced health and development, as well as positive effects
on growth hormone levels,  biochemical  markers,  antioxidant activity,
and the expression of immune-related and odorant receptor genes. 

Conclusions
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The  study  findings  demonstrated  that  adding  FBP  to  the  diet  had  a
significant  positive  impact  on  several  aspects  of  biological  functioning.
FBP also increased growth hormone levels,  serum biochemical  markers,
and  growth-related  functions.  Overall,  the  results  suggest  potential
benefits  of  FBP  supplementation  for  immune-related  gene  expression,
activation of odorant receptors, growth hormone regulation, biochemical
indicators,  antioxidant  activity,  and  growth  processes.  These  findings
highlight  FBP’s  potential  as  a  natural  dietary  supplement  to  promote
general  health  and  well-being.  However,  it  is  crucial  to  conduct  further
investigations  to  fully  understand  the  mechanisms  underlying  these
effects  and  to  evaluate  the  long-term  efficacy  and  safety  of  FBP
supplementation. 
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All  procedures  were  reviewed  and  preapproved  by  the  the  Institutional
Animal Care and Ethical  Committee of  Nanjing Agricultural  University
(Nanjing,  China),  identification  number:  NJAULLSC2022008  approval
date:  2022/1/1.  Temperature  was  carefully  controlled  throughout  the
study, starting at 32–35 °C for the first five days, then gradually reduced
to 22 °C and maintained consistently until the end of the experiment. At
the  conclusion,  a  total  of  10  chickens  were  humanely  euthanized.  The
research  aimed  to  examine  the  effects  of  fermented  bamboo  powder
(FBP)  on  the  expression  of  genes  related  to  antioxidants,  odorant
receptors,  growth,  and  immunity  in  Yellow-Feathered  Broiler  chickens.

The  research  followed  the  'Replacement,  Reduction,  and  Refinement'
principles to minimize harm to animals.  This  article  provides details  on
the  housing  conditions,  care,  and  pain  management  for  the  animals,
ensuring  that  the  impact  on  the  animals  is  minimized  during  the
experiment. 

Author contributions
The  authors  confirm  contribution  to  the  paper  as  follows:  study  con-
ception and design: Malyar RM, Shi F; data collection: Malyar RM, Hou
L, Elsaid SH; analysis and interpretation of results: Malyar RM, Ali I, Shi
F; draft manuscript preparation: Malyar RM, Ding W, Wei Q, Zhou W.
All  authors  examined  the  findings  and  gave  their  approval  for  the  final
version of the manuscript. 

Data availability
All  data  generated  or  analyzed  during  this  study  are  included  in  this
published article.

Acknowledgments
This  research  was  funded  by  the  Jiangsu  Provincial  Seed  Industry
Revitalization Project (JBGS (2021) 108). The study was conducted at the
College  of  Animal  Science  and  Technology,  Nanjing  Agricultural

 

Group

Group
C
FBP

2

1

0

−1

−2

IL-10-Spleen

IGFBP-3-Muscle

IGF-2 -Muscle

IGF-1-Muscle

IGFBP-1-Liver

cGH-Muscle

IGFBP-2-Liver

IL-6-Liver

CAT-Heart

GPXI-Heart

IL-10-Liver

IGF-1-Liver

IGF-2-Liver

SOD1-Liver

IGFBP-2-Muscle

SOD1-Heart

cGH-Liver

IL-2-Spleen

IL-6-Spleen

IL-2-Liver

CAT-Liver

IGFBP-3-Liver

GPX1-Liver

B-2 C-2 C-3 C-1B-3 B-1

Fig.  13     Heat  map analysis  of  FBP-supplemented broiler  chickens.  The  figure  presents  the  heat  map analysis  of  antioxidant,  growth,  and immunity-related
genes in Yellow-Feathered Broiler Chickens supplemented with FBP. The color intensity in the heat map reflects  the relative expression of genes in different
tissues. Higher intensities of red signify elevated expression levels of the respective genes, whereas lower intensities of blue indicate diminished expression levels.

Effects of fermented bamboo powder on physiological parameters of broilers

Malyar et al. Animal Advances  2024, 1: e005   11



University, Nanjing, Jiangsu, China.

Conflict of interest
This  article  does  not  have any conflicts  of  interest.  Weisheng Zhou and
Fangxiong Shi are the Editorial Board members of Animal Advances who
were blinded from reviewing or making decisions on the manuscript. The
article was subject to the journal's standard procedures, with peer-review
handled  independently  of  these  Editorial  Board  members  and  the
research groups.

References 

 Makkar HPS. 2018. Feed demand landscape and implications of food-not
feed strategy for food security and climate change. Animal 12:1744−54

1.

 Amata  I. 2014. The  use  of  non-conventional  feed  resources  (NCFR)  for
livestock  feeding  in  the  tropics:  a  review. Journal  of  Global  Biosciences
3(2):604−13

2.

 Jiménez-Moreno E, González-Alvarado JM, de Coca-Sinova A, Lázaro RP,
Cámara  L,  et  al. 2019. Insoluble  fiber  sources  in  mash or  pellets  diets  for
young broilers. 2. Effects on gastrointestinal tract development and nutri-
ent digestibility. Poultry Science 98:2531−47

3.

 Jiménez-Moreno  E,  de  Coca-Sinova  A,  González-Alvarado  JM,  Mateos
GG. 2016. Inclusion  of  insoluble  fiber  sources  in  mash  or  pellet  diets  for
young  broilers.  1.  Effects  on  growth  performance  and  water  intake.
Poultry Science 95:41−52

4.

 Luo X, Wang Q, Zheng B, Lin L, Chen B, et al. 2017. Hydration properties
and  binding  capacities  of  dietary  fibers  from  bamboo  shoot  shell  and  its
hypolipidemic effects in mice. Food and Chemical Toxicology 109:1003−9

5.

 Shang Q, Liu S, Liu H, Mahfuz S, Piao X. 2021. Impact of sugar beet pulp
and wheat bran on serum biochemical profile, inflammatory responses and
gut  microbiota  in  sows  during  late  gestation  and  lactation. Journal  of
Animal Science and Biotechnology 12:54

6.

 Adibmoradi  M,  Navidshad  B,  Faseleh  Jahromi  M. 2016. The  effect  of
moderate  levels  of  finely  ground  insoluble  fibre  on  small  intestine
morphology,  nutrient  digestibility  and  performance  of  broiler  chickens.
Italian Journal of Animal Science 15:310−17

7.

 Kheravii SK, Swick RA, Choct M, Wu SB. 2017. Dietary sugarcane bagasse
and coarse particle size of corn are beneficial  to performance and gizzard
development  in  broilers  fed  normal  and  high  sodium  diets. Poultry
Science 96:4006−16

8.

 Rezaei  M,  Torshizi  MAK,  Rouzbehan  Y. 2011. The  influence  of  different
levels of micronized insoluble fiber on broiler performance and litter mois-
ture. Poultry Science 90:2008−12

9.

 Donadelli  RA,  Stone  DA,  Aldrich  CG,  Beyer  RS. 2019. Effect  of  fiber
source  and  particle  size  on  chick  performance  and  nutrient  utilization.
Poultry Science 98:5820−30

10.

 Singh AK, Kim WK. 2021. Effects of  dietary fiber on nutrients utilization
and  gut  health  of  poultry:  a  review  of  challenges  and  opportunities.
Animals 11:181

11.

 Nassar  MK, Lyu S,  Zentek J,  Brockmann GA. 2019. Dietary fiber  content
affects  growth,  body  composition,  and  feed  intake  and  their  associations
with a major growth locus in growing male chickens of an advanced inter-
cross population. Livestock Science 227:135−42

12.

 Sozcu A. 2019. Growth performance, pH value of gizzard, hepatic enzyme
activity,  immunologic  indicators,  intestinal  histomorphology,  and  cecal
microflora  of  broilers  fed  diets  supplemented  with  processed  lignocellu-
lose. Poultry Science 98:6880−87

13.

 He MX, Wang JL,  Qin H,  Shui  ZX,  Zhu QL,  et  al. 2014. Bamboo:  A new
source  of  carbohydrate  for  biorefinery. Carbohydrate  Polymers
111:645−54

14.

 Lancefield CS, Panovic I, Deuss PJ, Barta K, Westwood NJ. 2017. Pre-treat-
ment  of  lignocellulosic  feedstocks  using  biorenewable  alcohols:  towards
complete biomass valorisation. Green Chemistry 19:202−14

15.

 Sims JA, Parsons JL, Bissell HA, Sikes RS, Ouellette JR, et al. 2007. Deter-
mination  of  bamboo-diet  digestibility  and  fecal  output  by  giant  pandas.
Ursus 18:38−45

16.

 Felisberto  MHF,  Miyake  PSE,  Beraldo  AL,  Clerici  MTPS. 2017. Young17.

bamboo culm: Potential food as source of fiber and starch. Food Research
International 101:96−102
 Ge  Q,  Li  H,  Wu  P,  Sha  R,  Xiao  Z,  et  al. 2020. Investigation  of  physico-
chemical  properties  and  antioxidant  activity  of  ultrafine  bamboo  leaf
powder prepared by ball milling. Journal of Food Processing and Preser-
vation 44:e14506

18.

 Wu W,  Hu J,  Gao  H,  Chen H,  Fang  X,  et  al. 2020. The  potential  choles-
terol-lowering  and  prebiotic  effects  of  bamboo  shoot  dietary  fibers  and
their structural characteristics. Food Chemistry 332:127372

19.

 Okano  K,  Ohkoshi  N,  Nishiyama  A,  Usagawa  T,  Kitagawa  M. 2009.
Improving  the  nutritive  value  of  madake  bamboo, Phyllostachys  bambu-
soides,  for  ruminants  by  culturing  with  the  white-rot  fungus Ceriporiop-
sis subvermispora. Animal Feed Science and Technology 152:278−85

20.

 Oguri  M,  Okano  K,  Ieki  H,  Kitagawa  M,  Tadokoro  O,  et  al. 2013. Feed
intake,  digestibility,  nitrogen  utilization,  ruminal  condition  and  blood
metabolites in wethers fed ground bamboo pellets cultured with white‐rot
fungus  (Ceriporiopsis  subvermispora)  and  mixed  with  soybean  curd
residue and soy sauce cake. Animal Science Journal 84:650−55

21.

 Aftab U, Bedford MR. 2018. The use of NSP enzymes in poultry nutrition:
myths and realities. World's Poultry Science Journal 74:277−86

22.

 Zhao G,  Zhang  R,  Dong L,  Huang F,  Tang  X,  et  al. 2018. Particle  size  of
insoluble dietary fiber from rice bran affects its phenolic profile, bioacces-
sibility and functional properties. LWT 87:450−56

23.

 Bao  K,  Wang  K,  Wang  X,  Zhang  T,  Liu  H,  et  al. 2017. Effects  of  dietary
manganese  supplementation  on  nutrient  digestibility  and  production
performance  in  male  sika  deer  (Cervus  Nippon). Animal  Science  Journal
88:463−67

24.

 Zhao  JB,  Zhang  G,  Dong  WX,  Zhang  Y,  Wang  JJ,  et  al. 2019. Effects  of
dietary  particle  size  and  fiber  source  on  nutrient  digestibility  and  short
chain  fatty  acid  production  in  cannulated  growing  pigs. Animal  Feed
Science and Technology 258:114310

25.

 Speroni CS, Bender ABB, Stiebe J, Ballus CA, Ávila PF, et al. 2020. Granu-
lometric fractionation and micronization: A process for increasing soluble
dietary fiber content and improving technological  and functional  proper-
ties of olive pomace. LWT 130:109526

26.

 Malyar RM, Naseri  E,  Li  H, Ali  I,  Farid RA, et  al. 2021. Hepatoprotective
effects  of  selenium-enriched  probiotics  supplementation  on  heat-stressed
wistar  rat  through  anti-inflammatory  and  antioxidant  effects. Biological
Trace Element Research 199:3445−56

27.

 Mohammad Malyar R, Li H, Enayatullah H, Hou L, Ahmad Farid R, et al.
2019. Zinc-enriched  probiotics  enhanced  growth  performance,  antioxi-
dant status, immune function, gene expression, and morphological charac-
teristics  of  Wistar  rats  raised  under  high  ambient  temperature. 3 Biotech
9:291

28.

 Malyar  RM,  Wei  Q,  Hou  L,  Elsaid  SH,  Zhang  Y,  et  al. 2024. Fermented
bamboo  powder  activates  gut  odorant  receptors,  and  promotes  intestinal
health and growth performance of dwarf yellow-feathered broiler chickens.
Poultry Science 103:103570

29.

 Okrathok S,  Khempaka S. 2020. Modified-dietary fiber from cassava pulp
reduces  abdominal  fat  and  meat  cholesterol  contents  without  affecting
growth  performance  of  broiler  chickens. Journal  of  Applied  Poultry
Research 29:229−39

30.

 Shirzadegan  K,  Taheri  HR. 2017. Insoluble  Fibers  Affected  the  Perfor-
mance,  Carcass  Characteristics  and  Serum  Lipid  of  Broiler  Chickens  Fed
Wheat-Based Diet. Iranian Journal of Applied Animal Science 7:109−17

31.

 Röhe  I,  Metzger  F,  Vahjen  W,  Brockmann  GA,  Zentek  J. 2020. Effect  of
feeding  different  levels  of  lignocellulose  on  performance,  nutrient
digestibility, excreta dry matter, and intestinal microbiota in slow growing
broilers. Poultry Science 99:5018−26

32.

 Reyns GE, Janssens KA, Buyse J, Kühn ER, Darras VM. 2002. Changes in
thyroid  hormone  levels  in  chicken  liver  during  fasting  and  refeeding.
Comparative  Biochemistry  and  Physiology  Part  B:  Biochemistry  and
Molecular Biology 132:239−45

33.

 Anh  NTL,  Kunhareang  S,  Duangjinda  M. 2015. Association  of  chicken
growth hormones and insulin-like growth factor gene polymorphisms with
growth performance and carcass traits in Thai broilers. Asian-Australasian
Journal of Animal Sciences 28:1686−95

34.

 Balan P,  Sik-Han K,  Moughan PJ. 2019. Impact of  oral  immunoglobulins35.

Effects of fermented bamboo powder on physiological parameters of broilers

12   Malyar et al. Animal Advances  2024, 1: e005

https://doi.org/10.1017/S175173111700324X
https://doi.org/10.3382/ps/pey599
https://doi.org/10.3382/ps/pev309
https://doi.org/10.1016/j.fct.2017.02.029
https://doi.org/10.1186/s40104-021-00573-3
https://doi.org/10.1186/s40104-021-00573-3
https://doi.org/10.1080/1828051X.2016.1147335
https://doi.org/10.3382/ps/pex225
https://doi.org/10.3382/ps/pex225
https://doi.org/10.3382/ps.2011-01352
https://doi.org/10.3382/ps/pez382
https://doi.org/10.3390/ani11010181
https://doi.org/10.1016/j.livsci.2019.07.015
https://doi.org/10.3382/ps/pez449
https://doi.org/10.1016/j.carbpol.2014.05.025
https://doi.org/10.1039/C6GC02739C
https://doi.org/10.2192/1537-6176(2007)18[38:DOBDAF]2.0.CO;2
https://doi.org/10.1016/j.foodres.2017.08.058
https://doi.org/10.1016/j.foodres.2017.08.058
https://doi.org/10.1111/jfpp.14506
https://doi.org/10.1111/jfpp.14506
https://doi.org/10.1111/jfpp.14506
https://doi.org/10.1016/j.foodchem.2020.127372
https://doi.org/10.1016/j.anifeedsci.2009.04.021
https://doi.org/10.1111/asj.12054
https://doi.org/10.1017/S0043933918000272
https://doi.org/10.1016/j.lwt.2017.09.016
https://doi.org/10.1111/asj.12657
https://doi.org/10.1016/j.anifeedsci.2019.114310
https://doi.org/10.1016/j.anifeedsci.2019.114310
https://doi.org/10.1016/j.lwt.2020.109526
https://doi.org/10.1007/s12011-020-02475-3
https://doi.org/10.1007/s12011-020-02475-3
https://doi.org/10.1007/s13205-019-1819-0
https://doi.org/10.1016/j.psj.2024.103570
https://doi.org/10.1016/j.japr.2019.10.009
https://doi.org/10.1016/j.japr.2019.10.009
https://doi.org/10.1016/j.psj.2020.06.053
https://doi.org/10.1016/S1096-4959(01)00528-0
https://doi.org/10.1016/S1096-4959(01)00528-0
https://doi.org/10.5713/ajas.15.0028
https://doi.org/10.5713/ajas.15.0028
https://doi.org/10.5713/ajas.15.0028
https://doi.org/10.5713/ajas.15.0028


on animal health-A review. Animal Science Journal 90:1099−110
 Murtaugh MP, Baarsch MJ,  Zhou Y,  Scamurra RW, Lin G. 1996. Inflam-
matory  cytokines  in  animal  health  and  disease. Veterinary  Immunology
and Immunopathology 54:45−55

36.

 Ogbuewu  IP,  Emenalom  OO,  Okoli  IC. 2017. Alternative  feedstuffs  and
their effects on blood chemistry and haematology of rabbits and chickens:
a review. Comparative Clinical Pathology 26:277−86

37.

 Ali  I,  Raza  A,  Ahmad  MA,  Li  L. 2022. Nutrient  sensing  mechanism  of
short-chain  fatty  acids  in  mastitis  control. Microbial  Pathogenesis
170:105692

38.

 Takayanagi  K. 2011. Prevention  of  Adiposity  by  the  Oral  Administration
of β-Cryptoxanthin. Frontiers in Neurology 2:67

39.

 Liu Z, Li N, Zhou X, Zheng Z, Zhang C, et al. 2022. Effects of Fermented
Bamboo  Powder  Supplementation  on  Serum  Biochemical  Parameters,
Immune Indices, and Fecal Microbial Composition in Growing-Finishing
Pigs. Animals 12:3127

40.

 Chu GM, Jung CK, Kim HY, Ha JH, Kim JH, et al. 2013. Effects of bamboo
charcoal  and bamboo vinegar as  antibiotic  alternatives on growth perfor-
mance,  immune  responses  and  fecal  microflora  population  in  fattening
pigs. Animal Science Journal 84:113−20

41.

 de Sousa-Pereira P,  Woof JM. 2019. IgA: Structure,  Function,  and Devel-
opability. Antibodies 8:57

42.

 Heim KE, Tagliaferro AR, Bobilya DJ. 2002. Flavonoid antioxidants: chem-
istry,  metabolism  and  structure-activity  relationships. The  Journal  of
Nutritional Biochemistry 13:572−84

43.

 Zhang R, Shi X, Liu J, Jiang Y, Wu Y, et al. 2022. The effects of bamboo leaf
flavonoids  on  growth  performance,  immunity,  antioxidant  status,  and
intestinal microflora of Chinese mitten crabs (Eriocheir sinensis). Animal
Feed Science and Technology 288:115297

44.

 Xie Z, Yu G, Yun Y, Zhang X, Shen M, et al. 2022. Effects of bamboo leaf
extract  on  energy  metabolism,  antioxidant  capacity,  and  biogenesis  of
small  intestine  mitochondria  in  broilers. Journal  of  Animal  Science
101:skac391

45.

 Shen  M,  Xie  Z,  Jia  M,  Li  A,  Han  H,  et  al. 2019. Effect  of  Bamboo  Leaf
Extract  on  Antioxidant  Status  and  Cholesterol  Metabolism  in  Broiler
Chickens. Animals 9:699

46.

 Jundi  D,  Coutanceau  JP,  Bullier  E,  Imarraine  S,  Fajloun  Z,  et  al. 2023.
Expression  of  olfactory  receptor  genes  in  non-olfactory  tissues  in  the
developing and adult zebrafish. Scientific Reports 13:4651

47.

 Jiang Y, Gong NN, Hu XS, Ni MJ, Pasi R, et al. 2015. Molecular profiling of48.

activated olfactory neurons identifies  odorant receptors for odors in vivo.
Nature Neuroscience 18:1446−54
 Pluznick JL, Zou DJ, Zhang X, Yan Q, Rodriguez-Gil DJ, et al. 2009. Func-
tional expression of the olfactory signaling system in the kidney. Proceed-
ings of the National Academy of Sciences of the United States of America
106:2059−64

49.

 Grison A, Zucchelli S, Urzì A, Zamparo I, Lazarevic D, et al. 2014. Mesen-
cephalic dopaminergic neurons express a repertoire of olfactory receptors
and respond to odorant-like molecules. BMC Genomics 15:729

50.

 Morton GJ,  Meek TH,  Schwartz  MW. 2014. Neurobiology of  food intake
in health and disease. Nature Reviews Neuroscience 15:367−78

51.

 Imoto  D,  Yamamoto  I,  Matsunaga  H,  Yonekura  T,  Lee  ML,  et  al. 2021.
Refeeding  activates  neurons  in  the  dorsomedial  hypothalamus  to  inhibit
food  intake  and  promote  positive  valence. Molecular  Metabolism
54:101366

52.

 Chen WY, Peng XL, Deng QS, Chen MJ, Du JL, et al. 2019. Role of olfacto-
rily responsive neurons in the right dorsal habenula-ventral interpeduncu-
lar  nucleus  pathway in  food-seeking behaviors  of  larval  zebrafish. Neuro-
science 404:259−67

53.

 Stamatakis AM, Van Swieten M, Basiri ML, Blair GA, Kantak P, et al. 2016.
Lateral  hypothalamic area glutamatergic  neurons and their  projections to
the  lateral  habenula  regulate  feeding  and  reward. The  Journal  of  Neuro-
science 36:302−11

54.

 London E, Wester JC, Bloyd M, Bettencourt S, McBain CJ, et al. 2020. Loss
of habenular Prkar2a reduces hedonic eating and increases exercise moti-
vation. JCI Insight 5:141670

55.

 Braun  T,  Voland  P,  Kunz  L,  Prinz  C,  Gratzl  M. 2007. Enterochromaffin
cells of the human gut: sensors for spices and odorants. Gastroenterology
132:1890−901

56.

 Rogers GB, Keating DJ, Young RL, Wong ML, Licinio J, et al. 2016. From
gut dysbiosis to altered brain function and mental illness: mechanisms and
pathways. Molecular Psychiatry 21:738−48

57.

Copyright:  ©  2024  by  the  author(s).  Published  by
Maximum  Academic  Press  on  behalf  of  Nanjing

Agricultural  University.  This  article  is  an  open access  article  distributed
under Creative Commons Attribution License (CC BY 4.0), visit https://
creativecommons.org/licenses/by/4.0/.

Effects of fermented bamboo powder on physiological parameters of broilers

Malyar et al. Animal Advances  2024, 1: e005   13

https://doi.org/10.1111/asj.13258
https://doi.org/10.1016/S0165-2427(96)05698-X
https://doi.org/10.1016/S0165-2427(96)05698-X
https://doi.org/10.1007/s00580-015-2210-0
https://doi.org/10.1016/j.micpath.2022.105692
https://doi.org/10.3389/fneur.2011.00067
https://doi.org/10.3390/ani12223127
https://doi.org/10.1111/j.1740-0929.2012.01045.x
https://doi.org/10.3390/antib8040057
https://doi.org/10.1016/S0955-2863(02)00208-5
https://doi.org/10.1016/S0955-2863(02)00208-5
https://doi.org/10.1016/j.anifeedsci.2022.115297
https://doi.org/10.1016/j.anifeedsci.2022.115297
https://doi.org/10.1093/jas/skac391
https://doi.org/10.3390/ani9090699
https://doi.org/10.1038/s41598-023-30895-3
https://doi.org/10.1038/nn.4104
https://doi.org/10.1073/pnas.0812859106
https://doi.org/10.1073/pnas.0812859106
https://doi.org/10.1186/1471-2164-15-729
https://doi.org/10.1038/nrn3745
https://doi.org/10.1016/j.molmet.2021.101366
https://doi.org/10.1016/j.neuroscience.2019.01.057
https://doi.org/10.1016/j.neuroscience.2019.01.057
https://doi.org/10.1523/JNEUROSCI.1202-15.2016
https://doi.org/10.1523/JNEUROSCI.1202-15.2016
https://doi.org/10.1523/JNEUROSCI.1202-15.2016
https://doi.org/10.1172/jci.insight.141670
https://doi.org/10.1053/j.gastro.2007.02.036
https://doi.org/10.1038/mp.2016.50
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Materials and methods
	Animal and experimental design
	Diet composition and source
	Data collection and sampling
	Determination of growth and thyroid peptides
	Determination of immune parameters in serum
	Biochemical analysis of sera
	Reverse transcription polymerase chain reaction (RT-PCR)
	Real-time quantitative PCR analysis
	Statistical analysis

	Results
	Impact of FBP supplementation on growth and thyroid hormone concentrations
	Impact of FBP supplementation on serum biochemical index levels
	Impact of FBP supplementation on immune indicators
	Effects of FBP supplementation on antioxidant gene expression in broiler chickens
	Expression of OR genes in yellow broiler chicken tissues
	Expression profile of OR genes in gizzard of yellow broiler chickens tissues
	Expression profile of OR genes in proventriculus of yellow broiler chickens tissues
	Expression profile of OR genes in small intestines of yellow broiler chickens tissues
	Expression profile of OR genes in hypothalamus of yellow broiler chickens tissues
	Heatmap analysis
	Correlation matrix of the samples
	Effects of FBP supplementation on immune-related gene expression
	Effects of FBP supplementation on growth-related gene expression
	Heat map analysis of gene expression related to antioxidant, growth, and immunity in broilers

	Discussion
	Conclusions
	Ethical statements
	Author contributions
	Data availability
	References

