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Abstract | The use of antibiotics for non-therapeutic purposes has been prohibited in poultry production. Recent stud-
ies have suggested that turmeric could serve as a potential alternative to antibiotics in promoting growth in chickens.
Therefore, this study aimed to determine the effects of turmeric supplementation on the gene expression of growth-re-
lated peptide and mucin2, an indicator of intestinal health, in broilers. We added two percentages of turmeric (0.5%
and 1%) to the standard diet, categorizing them as turmeric 0.5% and turmeric 1%, and compared the results with the
control group (turmeric 0.0%). Gene expression analysis was conducted anterior pituitary (APit): liver, and intestine.
The results showed that body weight gain was higher in the turmeric-treated groups, and feed conversion ratio was
improved significantly, indicating that turmeric is more efficient in converting feed into body mass. Analysis of gene
expression by RT-qPCR revealed an increase in mucin2 gene expression in the turmeric-treated groups, suggesting
an enhancement of gut health. Furthermore, the study found overexpression of the growth hormone (GH) and thy-
roid-stimulating hormone mRNA expression in the APit. In the liver, an increase in the mRNA expression of the
GH receptor in the turmeric-treated groups could facilitate GH action on hepatocytes, leading to an increase in the
gene expression of insulin-like growth factors and their binding proteins, which supports muscle cell differentiation
and proliferation. Data suggested that turmeric might stimulate myoblast differentiation and satellite cell proliferation
to increase muscular growth. In summary, turmeric addition promoted body growth by activating certain genes and
inhibiting others. This effect could be due to an increase in the expression of genes that drive muscle cell proliferation.
Finally, turmeric enhances gut health through the mucin2 gene.
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INTRODUCTION numerous genes within the somatotropic and thyrotropic

axes are modulated by intrinsic dietary variables and meta-

he primary determinants of animal growth can be bolic interactions, influencing growth at the transcription-
broadly categorized into dietary and hormonal fac- allevel (Yoo ez al., 2021; Zhao et al., 2004; Beccavin e al.,
tors. Both play an essential role in influencing growth 2001). The somatotropic axis, encompassing the interplay
patterns, development, and health. To be more precise, between growth hormone (GH) and insulin-like growth
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factor I (IGF-I): is a vital mechanism in controlling animal
growth, illustrating the intricate link among nutrition, me-
tabolism, and gene expression. GH is released from soma-
totropic cells of the anterior pituitary (APit) into the cir-
culation, where it interacts with growth hormone receptors
(GHR) on hepatocytes, resulting in the release of IGF-I
(Vizquez-Borrego ez al., 2021; Gahete ez al., 2009). IGF-I
promoted the differentiation and proliferation of bone and
muscle cell, maintained skeletal muscle mass, and activated
myoblast cells (Bikle ez /., 2015; Anh ez al., 2015; Clem-
mons, 2009; Kita ez a/., 2002; Kuhn e al., 2002). Further-
more, it has been observed that peripheral IGFs regulated
GH negatively (Romero ¢7 a/., 2012). Additionally, the
IGF system comprises an IGF-binding protein (IGFBP)
that modulates IGF actions by inhibiting insulin-like ef-
tects, controlling the half-life of IGFs in circulation, redis-
tributing IGFs between extracellular fluids in tissues, bal-
ancing positive and negative signals, and managing muscle
development in birds (Kim, 2010). In addition, thyroid
stimulating hormone (T'SH) is an essential endocrine reg-
ulator of postnatal metabolism of broilers (Ellestad ez a/.,
2019; Decuypere and Buyse, 2005). It has been found that
thyroid hormone displayed a significant relationship with
body weight, suggesting the importance of in thyroid hor-
mone in maintaining normal growth (Mullur ez a/., 2014;

Lu et al., 2007).

In rapidly growing chicks, the digestive system must be ef-
ficient to meet development and maintenance demands. In
particular, goblet cells produce mucus in the intestinal lu-
men, which is crucial for preserving a suitable environment
for nutrient digestion and transportation to the underlying
layers. Goblet cells in the intestine develop quickly at an
early age and are affected by several variables such as die-
tary and ambient factors, gut microflora, and diet (Duang-
numsawang ef al., 2021). According to Horn ez a/. (2009),
an unsuitable diet can modify mucin2 (MUC2) gene ex-
pression in ducks, leading to alterations in mucin secretion
and eventually disruption of intestinal functions. Therefore,
maintenance of well-developed mucus-secreting cells and
intestinal layers is essential for growth and body weight gain.

Hormonal levels as well as intestinal health and compo-
nents influence avian growth. Previously, low levels of anti-
biotics have been added to animal diets to enhance growth
and productivity. However, these low levels of antibiotics
have resulted in an antibiotic-resistant population. Conse-
quently, the European Union has prohibited the use of an-
tibiotics as growth promoters since 2006. Studies have also
reported the effectiveness of turmeric with no adverse ef-
fects on public health (Dono, 2014). The main active com-
pound in turmeric is curcumin, which has a variety of roles
including antioxidant, anti-inflammatory, antimicrobial,
and anticancer activities (Amalraj ez a/., 2016; Aggarwal

and Harikumar, 2009; Al-Sultan, 2003). Al-Kassie ez al.

(2019) demonstrated that using turmeric powder in chick-
en feed decreased mortality and morbidity in fast-growing
chicks. Moreover, researchers have shown that turmeric
efficiently managed blood parameters and facilitated im-
mune system functions in chicks (Ayodele ez /., 2021; Raja
et al.,2017).

According to Kumari ez a/. (2007), turmeric significant-
ly improves broiler growth rates and body weights. The
growth-promoting effects of turmeric supplementation
can be attributed to stimulation of digestive enzyme se-
cretion (Li e£ al., 2023; Platel and Srinivasan, 1996; 2000).
However, little attention has been devoted to addressing
the effect of turmeric on growth performance at the mo-
lecular level. Therefore, this study aimed to investigate the
role of turmeric supplementation in the growth processes
of broiler chicks. Therefore, the relative mRNA expression
of growth-related and intestinal-related genes was evaluat-
ed using RT-qPCR after addition of different concentra-

tions of turmeric.

MATERIALS AND METHODS

BIRDS AND SAMPLING

Male broiler chickens (one-day-old, Cobb 500) were grown
on floor pens in a controlled house. They were fed and wa-
tered ad libitum. The temperature was set at 34 °C for the
first five days; thereafter, it reduced gradually to 23 °C until
the sampling day, which was on 42 days of the age. On the
first day, chicks were divided into three groups, with the
last two assigned as turmeric-treated groups that received
different percentages of turmeric, including 0.5% and 1%
in their standard die. The turmeric-treated groups were
categorized according to the turmeric percentages as fol-
lows: turmeric 0.5% and turmeric 1%. On the other hand,
the first group was fed a standard diet with no turmeric
and considered the control (turmeric 0.0%). The study in-
volved measuring body weight weekly in all groups and
calculating the feed-conversation ratio (FCR) at the end
through dividing total feed intake by weight gain. Birds
were cervical dissected at 42 and 43 days of age. APit, liv-
er, and intestine, were collected for growth-associated and
intestinal-related genes. Changes in the mRNA levels of
growth hormone (GH) and thyroid stimulating hormone
(TSH) mRNA levels were evaluated in the APit. In addi-
tion, growth hormone receptor (GHR): insulin-like factors
(IGF-I and IGF-II): and IGF binding protein (IGFBP)
genes were assessed in hepatic tissue. Finally, the mucin
(MUC2) gene was studied as an intestinal-related gene.

SAMPLE PREPARATION, REVERSE TRANSCRIPTION AND
REAL-TIME POLYMERASE CHAIN REACTION

Total RNA was extracted from the APit, liver, and intes-
tine using Trizol-chloroform (Kadhim ez a/., 2020). To
eliminate genomic DNA from the samples, the RNA was
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Table 1: Primers’ list for real time polymerase chain reaction.

Gene GeneBank # Primer sequences (5'-3') Size (bp) Annealing Tm (°C)

cGH NM_204359 F-CACCACAGCTAGAGACCCACATC 201 58
R-CCCACCGGCTCAAACTGC

TSH XM_025143670 F-CCACCATCTGCGCTGGAT 128 58
R- GCCCGGAATCAGTGCTGTT

GHR NM_001001293 F-CTTCAGTGCAAGCGACACAT 186 58
R-GGCCATGACTCTCTGCTTTC

IGF-1 NM_001004384 F: GAGCTGGTTGATGCTCTTCAGTT 148 58
R: CCAGCCTCCTCAGGTCACAACT

IGF-II NM_001030342.5 F-GGCGGCAGGCACCATCA 215 58
R-CCCGGCAGCAAAAAGTTCAAG

IGFBP2 NM_205359 F-CCAATGTCAGCCAGAGAAC 219 59
R-ACAGGCAGGACACAAGAG

MUC2 XM_040673077.2 F- CAGCACCAACTTCTCAGTTCC 102 58
R- TCTGCAGCCACACATTCTTT

18S NM_204305 F: TCCCCTCCCGTTACTTGGAT 128 59

R: GCGCTCGTCGGCATGTA

mixed with DNase I, and the RNeasy mini kit (Qiagen)
was used to purify the extracted RNA. The RNA concen-
tration in the samples was measured using nonodrop spec-
trophotometry. Then, 2pg of the RNA was used for cDNA
synthesis in 40 pl using Superscript® III as described in
our previous publications (Kadhim ez a/., 2021; 2019). The
housekeeping gene used in the experiment was 18S (Ka-
dhim and Kuenzel, 2022). Primer sets for these genes were
listed (Table 1). For RT-PCR, samples were obtained in
duplicate, and the average Ct and delta Ct values were de-
termined for all genes. Fold changes in mRNA expression
were calculated after normalization with housekeeping

genes using the 2% equation (Schmittgen and Livak,
2008).

STATISTICAL ANALYSIS

The results of the experiment were analyzed using the
JMP* 18.0. After validating the normal distribution, vari-
ations across groups were examined for the studied tissues,
including the APit, liver, and intestine. The findings were
first calculated by one-way ANOVA, followed by Tukey’s
HSD test to evaluate the relative variations in mRNA lev-
els across groups for each gene. The findings are reported as
the mean * standard errors of the mean (SEM). Statistical
significance was set at p< 0.05.

RESULTS AND DISCUSSION

TurMERIC PROMOTED BODY WEIGHT GAIN

The addition of turmeric to the diet resulted in weight
gain (Table 2). As the amount of turmeric in the diet in-
creased, bird body weight gradually increased in the tur-
meric-treated groups, but the total feed intake decreased
significantly as well. Specifically, the turmeric 1% group

showed the greatest increase in body weight, while the feed
intake was lower in the turmeric 0.5% group compared to
that in the control group. Furthermore, the increase in the
birds’ body weight in the turmeric 1% group was associ-
ated with a decrease in total feed consumption compared
with the control. Additionally, the feed conversion ratio
(FCR) decreased in the turmeric-treated groups compared
to the control group. Specifically, the turmeric 1% group
displayed the lowest FCR.

Table 2: Effect of different turmeric percentages on the
growth performance of broiler chickens.

Parameters Control Turmeric 0.5% Turmeric 1%
MeanzSEM (MeanxSEM) (Mean+SEM)

Starting 58.56 +1.614 56.06 +1.51%  60.125+1.804

weight (g/b)

Final Weight 1826.25 1990.125+9.148 2100.124+6.474

(g/b) +6.80¢

Net weight  1767.83 1934.81£9.194 2040.07 +6.834

gain (g/b) +7.48B

Total feed 3998.86 3767.43 +8.60% 3790.16+12.268

intake (g) +9.064

FCR 2.19+0.214  1.95+0.12B 1.86+0.178

Rows bear different letters indicating the significance

(P<0.05); SEM=The Standard Errors of the Mean.

GENE EXPRESSION DATA

GH AND TSH GENE EXPRESSION DATA IN THE ANTERIOR
PITUITARY (APIT): Turmeric supplementation in broiler
diets increased GH gene expression in the APit (Figure 1).
'The turmeric-treated groups showed a significant increase
in GH mRNA levels compared to the control group
(P<0.04). The turmeric 1% groups exhibited the highest
levels of GH gene expression (P<0.001). Furthermore,

March 2025 | Volume 13 | Issue 1 | Page 53

092 Links
“GResearchers



OPENaACCESS

Journal of Animal Health and Production

TSH gene expression displayed the highest mRNA levels
in the turmeric 1% group (P<0.01).

Anterior Pituitary

251 wcn

= TSH

Fold Changes

Turmeric 1%

Turmeric 0.5%

Control

Groups

Figure 1: Growth hormone (GH) and thyroid stimulating
hormone (TSH) mRNA expression in the anterior
pituitary (APit). Fold changes in the mRNA expression
were calculated by normalizing the results with the
housekeeping gene (18S) using the 2724t equation. Means
+ SEM were reported for each gene in each group. A
P-value less than 0.05 reflects the significant differences
across groups and is indicated by a distinct letter above
each histogram.

GHR, IGF-I, IGF-II anp IGFBP GENE EXPRESSION
DATA IN THE LIVER: Several genes in the hepatic tissue
displayed fold changes in their mRNA expression levels
(Figure 2). GHR gene expression increased significantly
in the turmeric-treated groups compared with that in
the control group (Figure 2A). Specifically, the turmeric
0.5% group documented the first significant increase in
GHR expression (P<0.01): but its peak expression was in
the turmeric 1% group (P<0.001). In the liver, IGF-I and
IGF-II were significantly upregulated in the turmeric-
treated groups (Figure 2B). Furthermore, the rise in IGF-I
mRNA levels was more prominent and higher than that
of IGF-II. Remarkably, the first significant upregulation
in IGF-I and IGF-II gene expression was in the turmeric
0.5% group (P<0.01). Additionally, both genes showed a
peak response in the turmeric 1% group (P<0.001). The
fourth gene measured in the hepatic tissue was IGFBP,
which was significantly upregulated in the turmeric-treated
groups (Figure 2C, P<0. 01). Moreover, the turmeric 1%
group showed a peak increase in IGFBP mRNA levels
(P<0.001).

MuciN 2 GENE EXPRESSION DATA IN THE INTESTINE
Examination of mucin 2 (MUC2) mRNA in intestinal tis-
sues revealed a unique pattern of expression (Figure 3). In
brief, the turmeric 0.5% group showed a significant increase
in MUC2 mRNA levels compared to the control group
(P<0.01). Remarkably, the turmeric 1% group (P<0.001)
exhibited the greatest MUC2 gene upregulation.
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Figure 2: Growth hormone receptor (GHR): insulin-like
growth factors I and II (IGF-F and IGF-II): and insulin-
like growth factor binding protein (IGFBP) mRNA
expression in liver tissue. Fold changes in the mRNA
expression were calculated by normalizing the results with
the housekeeping gene (18S) using the 2-44¢* equation.
Means + SEM were reported for each gene in each group.
A P-value less than 0.05 reflects the significant differences
across groups and is indicated by a distinct letter above
each histogram.

'This study sheds light on the molecular mechanism of the
effect of turmeric on growth performance by measuring
growth-related and intestinal-related genes. Body weight
and feed conversion ratio were also reported. Notably, the
birds’ body weight increased significantly in the turmer-
ic-treated groups as the turmeric percentages increased
in their diet. Importantly, growth-promoting genes were
upregulated in the turmeric-treated groups. Specifically,
an increase in mRINA levels of GH, T'SH, and IGFs was
observed in the turmeric treated groups, indicating that
turmeric may play a role in activating the somatotropic
and thyrotropic axes. However, this was dependent on the
turmeric concentration in the diet. Here, the fold changes

March 2025 | Volume 13 | Issue 1 | Page 54

35¢3 .
Qo Jinks
“OResearchers



OPENaACCESS

Journal of Animal Health and Production

in the mRNA expression of several genes within the axes
and intestine of broiler chicks were analyzed.

In this study, regardless of the decrease in feed consump-
tion, the body weight of birds increased dramatically as
the quantity of turmeric in the diet increased. Neverthe-
less, the data revealed significant variations in body weight
growth in the turmeric 0.5% and turmeric 1% groups. The
increase in body weight of birds in the turmeric-treated
groups could be related to the presence of curcumin in the
meal, which increases muscle mass. Furthermore, curcumin
has been shown to increase feed utilization by promoting
protein synthesis via the enzymatic system in birds (Hafez
et al.,2022; Al-Sultan, 2003). This resulted in improved di-
gestion, enhanced nutrient metabolism, and, eventually, an
increase in body weight (Aderemi and Alabi, 2023; Dur-
rani ez al., 2006). Furthermore, the increase in body weight
of the treated groups was possibly due to the activation of
digestive enzymes in the intestinal mucosa. In this con-
text, digestive enzymes can enhance the synthesis of bile
acids in the liver and their excretion in bile, which would
beneficially affect lipid digestion and absorption (Adegoke
et al., 2018). In another study, chicks fed a basal diet with
curcumin led to increase body weight gain by improving
the secretion of endogenous digestive enzymes (Reda ez
al., 2020; Srinivasan, 2005). However, we did not meas-
ure the digestive enzyme concentration and activity in the
current study, and we plan to follow our work in the next
experiment.

At the transcriptional level, curcumin induced changes in
the expression of several genes linked to growth and di-
gestive tract integrity. Specifically, an increase in GH and
TSH expression within the APit was observed (Figure
1). As a result, the increase in body weight in the turmer-
ic-treated groups might be due to activation of the GH
gene in the APit. Consistent with our findings, Liczbiriski
et al. (2020) and Gupta ez al. (2011) reported that curcum-
in can influence signaling molecules. Barry ez a/. (2009)
demonstrated that curcumin functions in a similar way to
vitamin D, modulating approximately 700 genes by insert-
ing itself into cells.

In the liver, GH acts on the hepatic tissue via a cell mem-
brane receptor called GHR. In the current study, GHR
mRNA was upregulated in the turmeric-treated groups,
allowing GH to act on hepatocytes more effectively (Fig-
ure 2A). The outcome was an increase in IGF gene ex-
pression in the liver tissue (Figure 2B). IGF overexpression
may have a positive influence on muscle cell differentiation
and growth via its receptors in skeletal muscle cells. In this
context, studies have demonstrated that IGF-I can induce
skeletal muscle growth and inhibit muscle atrophy (Yoshi-
da and Delafontaine, 2020; Timmer ef al.,2018; Wen ez al.,

2014; Lin et al., 2004). IGFs, via IGFR, promote muscle
cell proliferation and increase metabolism rates (Yoshida
and Delafontaine, 2020; Giachetto e a/., 2004). This could
be due to IGF activity on DNA and protein synthesis (Liu
and Zhao, 2014; Duclos, 2005). The increase in the body
weight of turmeric-treated groups could be attributed to
curcumin activity, which increases IGF expression.
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Figure 3: Mucin 2 (MUC2) mRNA expression in the
intestinal tissue. Fold changes in the mRNA expression were
calculated by normalizing the results with a housekeeping
gene (18S) using the 2724¢* equation. Means + SEM were
reported for each gene in each group. A P-value less than
0.05 states the significant differences across groups and is
indicated by a distinct letter above each histogram.

IGFs are carried in the blood by a protein called IGFBP,
which is essential for regulating the half-life and redistribu-
tion of IGFs between tissues and extracellular fluids (Kim,
2010). IGFBPs are sensitive to changes in dietary protein
levels (Lee ez al.,2005). Data showed IGFBP downregula-
tion in turmeric-treated groups, suggesting a negative rela-
tionship between IGFBP and IGFs that resulted in better
body weight gain (Figure 3C). Consistent with our results,
Hosnedlova ez a/. (2020) and Kita ez a/. (2005) reported a
negative correlation between IGFBP and growth perfor-
mance. In addition, no IGFBP-2 mRNA expression was
detected in the hepatic tissues of well-fed birds. However,
IGFBP-2 gene expression markedly increased after two
days of food deprivation (Kita ez a/.,2002).

In the intestine, goblet cells produce secretory mucin
(MUC?2): a major component of intestinal mucus that
provides a physical barrier against pathogens and preserves
a suitable milieu for GIT functions (Duangnumsawang
et al.,2021). In the turmeric-treated groups, upregulation
of MUC?2 gene expression indicated that the addition of
turmeric provided an appropriate milieu for digestion and
absorption. Furthermore, Rajput ez a/. (2013) reported that
villus area and absorption function of the small intestine of
broilers were increased when turmeric was added to their
diet. Eventually, growth has a positive correlation with gut

health.
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CONCLUSIONS AND
RECOMMENDATIONS

Dietary alterations influenced significantly on the body’s
performance and weight gain of broiler chickens. When
turmeric was added to their standard diet, the groups that
received turmeric supplementation in it demonstrated an
improvement in feed conversion ratio and an increase in
body weight. Data suggested that turmeric might be used
as an alternative to antibiotics in the poultry sector to pro-
mote growth. These alterations occur at the transcriptional
level, affecting both growth-related peptides within the
somatotropic axis and intestinal-related genes. Turmer-
ic positively influenced body weight gain and metabolic
processes by altering the expression of genes that regulate
muscle cell proliferation. Finally, turmeric plays an essen-
tial role in gut health maintenance by stimulating mucus
secretion, evidenced by the increased expression of the
MUC2 gene in the intestinal tract.

ACKNOWLEDGMENTS

We would like to thank College of Vet. Medicine and Sur-
gery/ Shatrah University for their help with animal hus-

bandry during animal experimentation.

NOVELTY STATEMENTS

'The study addressed the impact of turmeric on the mRNA
expression of growth-related peptides and mucin 2, a bio-
marker for gut health. The study found that turmeric sup-
plementation promoted body growth by activating genes
linked to muscle cell proliferation and differentiation. Ad-
ditionally, turmeric enhanced gut health. As a result, it is
recommended to add 1% of turmeric to the standard diet
of broilers.

AUTHOR’S CONTRIBUTIONS

Hakeem J. Kadhim conceptualized the study, collected the
samples, conducted the study, analyzed the data, and pre-
pared the initial draft of the manuscript. Furthermore, Ha-
keem J. Kadhim and Iman Jaber Hasan have contributed in
the revised version. All authors have read, improved, and
approved the submitted version of the manuscript.

CONFLICT OF INTEREST
We declare no conflict of interests.

REFERENCES

Adegoke AV, Abimbola MA, Sanwo KA, Egbeyale LT, Abiona
JA, Oso AO, Iposu SO (2018). Performance and blood

biochemistry profile of broiler chickens fed dietary turmeric

(Curcuma longa) powder and cayenne pepper (Capsicum
frutescens) powders as antioxidants. Vet. Anim. Sci., 6: 95—
102. https://doi.org/10.1016/j.vas.2018.07.005

Aderemi FA, Alabi OM (2023). Turmeric (Curcuma longa): an
alternative to antibiotics in poultry nutrition. Transl. Anim.
Sci., 7 (1): txad133. https://doi.org/10.1093/tas/txad133

Aggarwal BB, Harikumar KB (2009). Potential therapeutic
effects of curcumin, the anti-inflammatory agent, against
neurodegenerative, cardiovascular, pulmonary, metabolic,
autoimmune and neoplastic diseases. Int. J. Biochem.,
Cell Biol. 41(1): 40-59. https://doi.org/10.1016/j.
biocel.2008.06.010

Al-Kassie GA, Mohseen AM, Abd-AlL-Jaleel RA (2019).
Modification of Productive Performance and Physiological
Aspects of Broilers on the Addition of a Mixture of Cumin
and Turmeric to the Diet. ROAVS, 1: 31-34. http://www.
roavs.com

Al-Sultan ST (2003). The effect of Curcuma longa (turmeric) on
overall performance of broiler chickens. Int. J. Poult. Sci.,
2(5): 351-353. https://doi.org/10.3923/ijps.2003.351.353

Amalraj A, Pius A, Gopi S, Gopi S (2016). Biological activities of
curcuminoids, other biomolecules from turmeric and their
derivatives - A review. J. Tradit. Complement Med., 7(2):
205-233. https://doi.org/10.1016/j.jtcme.2016.05.005

Anh NT, 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-Australas J. Anim. Sci., 28(12):
1686—1695. https://doi.org/10.5713/ajas.15.0028

Ayodele AD, Tayo GO, Olumide MD, Adeyemi OA, Akanbi AS
(2021). Haematological and serum biochemical responses
of pullet chicks fed diets containing single and combined
levels of turmeric and clove. Nig. J. Anim. Prod., https://doi.
0rg/10.51791/njap.v48i3.2962

Barry J, Fritz M, Brender J R, Smith PE, Lee DK, Ramamoorthy
A (2009). Determining the effects of lipophilic drugs on
membrane structure by solid-state NMR spectroscopy:
the case of the antioxidant curcumin. J. Am. Chem. Soc.,
131(12): 4490-4498. https://doi.org/10.1021/ja809217u

Beccavin C, Chevalier B, Cogburn LA, Simon J, Duclos MJ
(2001). Insulin-like growth factors and body growth in
chickens divergently selected for high or low growth rate.
J. Endocrinol., 168(2): 297-306. https://doi.org/10.1677/
joe.0.1680297

Bikle DD, Tahimic C, Chang W, Wang Y, Philippou A, Barton
ER (2015). Role of IGF-I signaling in muscle bone
interactions. Bone, 80: 79-88. https://doi.org/10.1016/j.
bone.2015.04.036

Clemmons DR (2009). Role of IGF-I in skeletal muscle mass
maintenance. Trends Endocrinol. Metab., 20(7): 349-356:
https://doi.org/10.1016/j.tem.2009.04.002

Decuypere E, Buyse J (2005). Endocrine control of postnatal
growth in poultry. J. Poult. Sci., 42(1): 1-13. https://doi.
org/10.2141/jpsa.42.1

Dono ND (2014). Turmeric (Curcuma longa Linn.)
Supplementation as an alternative to antibiotics in poultry
diets. Wartazoa, 23, 41-49. https://doi.org/10.14334/
wartazoa.v23i1.958

Duangnumsawang Y, Zentek ], Goodarzi BF (2021).
Development and Functional Properties of Intestinal Mucus
Layer in Poultry. Front. Immunol. 12: 745849. https://doi.
org/10.3389/fimmu.2021.745849

Duclos MJ (2005). Insulin-like growth factor-I (IGF-I) mRNA

March 2025 | Volume 13 | Issue 1 | Page 56

Bt Links
~*GResearchers


https://doi.org/10.1016/j.vas.2018.07.005  
https://doi.org/10.1093/tas/txad133
https://doi.org/10.1016/j.biocel.2008.06.010  
https://doi.org/10.1016/j.biocel.2008.06.010  
http://www.roavs.com  
http://www.roavs.com  
https://doi.org/10.3923/ijps.2003.351.353
https://doi.org/10.1016/j.jtcme.2016.05.005 
https://doi.org/10.5713/ajas.15.0028
https://doi.org/10.51791/njap.v48i3.2962  
https://doi.org/10.51791/njap.v48i3.2962  
https://doi.org/10.1021/ja809217u
https://doi.org/10.1677/joe.0.1680297  
https://doi.org/10.1677/joe.0.1680297  
https://doi.org/10.1016/j.bone.2015.04.036  
https://doi.org/10.1016/j.bone.2015.04.036  
https://doi.org/10.1016/j.tem.2009.04.002  
https://doi.org/10.2141/jpsa.42.1  
https://doi.org/10.2141/jpsa.42.1  
https://doi.org/10.14334/wartazoa.v23i1.958  
https://doi.org/10.14334/wartazoa.v23i1.958  
https://doi.org/10.3389/fimmu.2021.745849  
https://doi.org/10.3389/fimmu.2021.745849  

OPENaACCESS

Journal of Animal Health and Production

levels and chicken muscle growth. J. Physiol. Pharmacol., 56
Suppl 3: 25-35.

Durrani FR, Ismail M, Sultan A, Suhail SM, Chand N, Durrani
Z (2006). Effect of different levels of feed added turmeric
(Curcuma longa) on the performance of broiler chicks.
JABS, 1(2): 9-11.

Ellestad LE, Cogburn LA, Simon J, Le Bihan-Duval E, Aggrey
SE, Byerly MS, Duclos MJ, Porter TE (2019). Transcriptional
profiling and pathway analysis reveal differences in pituitary
gland function, morphology, and vascularization in chickens
genetically selected for high or low body weight. BMC
Genomics, 20(1): 316. https://doi.org/10.1186/s12864-019-
5670-9

Gahete MD, Durdn-Prado M, Luque RM, Martinez-Fuentes
AJ, Quintero A, Gutiérrez-Pascual E, Cérdoba-Chacén
J, Malagén MM, Gracia-Navarro F, Castafio JP (2009).
Understanding the multifactorial control of growth
hormone release by somatotropes: lessons from comparative
endocrinology. Ann. N.Y. Acad. Sci., 1163: 137-153. https://
doi.org/10.1111/j.1749-6632.2008.03660.x

Giachetto PF, Riedel EC, Gabriel JE, Ferro MIT, Di Mauro
SMZ, Macari M, Ferro JA (2004). Hepatic mRNA
expression and plasma levels of insulin-like growth factor-I
(IGF-I) in broiler chickens selected for different growth
rates. Genet. Mol. Biol., 27: 39-44. https://doi.org/10.1590/
S1415-47572004000100007

Gupta SC, Prasad S, Kim JH., Patchva S, Webb L]J, Priyadarsini
1K, Aggarwal BB (2011). Multitargeting by curcumin as
revealed by molecular interaction studies. Nat. Prod. Rep.,
28(12): 1937-1955. https://doi.org/10.1039/C1NP0O0051A

Hafez MH, El-Kazaz SE, Alharthi B, Ghamry HI, Alshehri
MA, Sayed S, Shukry M, El-Sayed YS (2022). The Impact
of curcumin on growth performance, growth-related gene
expression, oxidative stress, and immunological biomarkers
in broiler chickens at different stocking densities. Animals,
12(8): 958. https://doi.org/10.3390/ani12080958

Horn NL, Donkin SS, Applegate T], Adeola O (2009). Intestinal
mucin dynamics: response of broiler chicks and White Pekin
ducklings to dietary threonine. Poult. Sci., 88(9): 1906-1914.
https://doi.org/10.3382/ps.2009-00009

Hosnedlova B, Vernerova K, Kizek R, Bozzi R, Kadlec ],
Curn V, Kouba F, Fernandez C, Machander V, Horna H
(2020). Associations between IGF1, IGFBP2 and TGFR3
genes polymorphisms and growth performance of broiler
chicken lines. Animals, 10(5): 800. https://doi.org/10.3390/
ani10050800

Kadhim HJ, Kuenzel W] (2022). Interaction between the
hypothalamo-pituitary-adrenal and thyroid axes during
immobilization stress. Front. Physiol., 13: 972171. https://
doi.org/10.3389/fphys.2022.972171

Kadhim HJ, Kang SW, Kuenzel W] (2019). Differential and
temporal expression of corticotropin releasing hormone and
its receptors in the nucleus of the hippocampal commissure
and paraventricular nucleus during the stress response in
chickens (Gallus gallus). Brain Res., 1714: 1-7. https://doi.
0rg/10.1016/j.brainres.2019.02.018

Kadhim HJ, Kang SW, Kuenzel WJ (2021). Possible roles of
brain derived neurotrophic factor and corticotropin releasing
hormone neurons in the nucleus of hippocampal commissure
functioning within the avian neuroendocrine regulation of
stress. Stress. 24(5): 590-601. https://doi.org/10.1080/1025
3890.2021.1929163

Kadhim HJ,Kidd M Jr, Kang SW, Kuenzel W] (2020). Differential

delayed responses of arginine vasotocin and its receptors in
septo-hypothalamic brain structures and anterior pituitary
that sustain hypothalamic-pituitary-adrenal (HPA) axis
functions during acute stress. Gen. Comp. Endocrinol., 286:
113302. https://doi.org/10.1016/j.ygcen.2019.113302

Kim JW (2010). The endocrine regulation of chicken growth.
Asian-Aust. J. Anim. Sci., 23(12): 1668-1676. https://doi.
org/10.5713/ajas.2010.10329

Kita K, Nagao K, Okumura J (2005). Nutritional and tissue
specificity of IGF-I and IGFBP-2 gene expression in
growing chickens - A review. Asian-Aust. J. Anim. Sci.,
18(5): 747-754. https://doi.org/10.5713/ajas.2005.747

Kita K, Nagao K, Taneda N, Inagaki Y, Hirano K, Shibata T,
Yaman MA, Conlon MA, Okumura J (2002). Insulin-like
growth factor binding protein-2 gene expression can be
regulated by diet manipulation in several tissues of young
chickens. J. Nutr., 132(2): 145-151. https://doi.org/10.1093/
in/132.2.145

Kuhn ER, Vleurick L, Edery M, Decuypere E, Darras VM
(2002). Internalization of the chicken growth hormone
receptor complex and its effect on biological functions.
Comp. Biochem. Physiol. B, Biochem. Mol. Biol., 132(1):
299-308. https://doi.org/10.1016/51096-4959(02)00037-4

Kumari P, Gupta MK, Ranjan R, Singh KK, Yadava R (2007).
Curcuma longa as feed additive in broiler birds and its
patho-physiological effects. IJEB. 45(3): 272-277. http://
nopr.niscpr.res.in/handle/123456789/5246

Lee HG, Choi Y], Lee SR, Kuwayama H, Hidari H, You SK
(2005). Effects of dietary protein and growth hormone-
releasing peptide (GHRP-2) on plasma IGF-1 and IGFBPs
in Holstein steers. Domest. Anim. Endocrinol., 28(2): 134—
146. https://doi.org/10.1016/j.domaniend.2004.07.001

Li S,Wu F,Zhao M, Chen B, Chen X (2023). Effects of curcumin
on the growth performance, apparent nutrient digestibility,
intestinal morphology, digestive enzyme activity, and
antioxidant capacity of meat rabbits. Ital. J. Anim. Sci., 22(1):
222-229. https://doi.org/10.1080/1828051X.2023.2178342

Liczbinski P, Michatowicz ], Bukowska B (2020). Molecular
mechanism of curcumin action in signaling pathways:
Review of the latest research. Phytother. Res., 34(8): 1992-
2005. https://doi.org/10.1002/ptr.6663

Lin H, Decuypere E, Buyse J (2004). Oxidative stress induced
by corticosterone administration in broiler chickens (Gallus
gallus domesticus) 1. Chronic exposure. Comp. Biochem.
Physiol. B, Biochem. Mol. Biol., 139(4): 737-744. https://
doi.org/10.1016/j.cbpc.2004.09.013

Liu W, Zhao J (2014). Insights into the molecular mechanism
of glucose metabolism regulation under stress in chicken
skeletal muscle tissues. Saudi J. Biol. Sci., 21(3): 197-203.
https://doi.org/10.1016/j.sjbs.2014.01.005

Lu JW, McMurtry JP, Coon CN (2007). Developmental changes
of plasma insulin, glucagon, insulin-like growth factors,
thyroid hormones, and glucose concentrations in chick
embryos and hatched chicks. Poult. Sci. 86(4): 673-683.
https://doi.org/10.1093/ps/86.4.673

Mullur R, Liu YY, Brent GA (2014). Thyroid hormone regulation
of metabolism. Physiol. Rev., 94(2): 355-382. https://doi.
org/10.1152/physrev.00030.2013

Platel K, Srinivasan K (1996). Influence of dietary spices or their
active principles on digestive enzymes of small intestinal
mucosa in rats. Int. J. Food Sci. Nutr., 47(1): 55-59. https://
doi.org/10.3109/09637489609028561

Platel K, Srinivasan K (2000). Influence of dietary spices and

March 2025 | Volume 13 | Issue 1 | Page 57

24t



https://doi.org/10.1186/s12864-019-5670-9  
https://doi.org/10.1186/s12864-019-5670-9  
https://doi.org/10.1111/j.1749-6632.2008.03660.x  
https://doi.org/10.1111/j.1749-6632.2008.03660.x  
https://doi.org/10.1590/S1415-47572004000100007  
https://doi.org/10.1590/S1415-47572004000100007  
https://doi.org/10.1039/C1NP00051A
https://doi.org/10.3390/ani12080958  
https://doi.org/10.3382/ps.2009-00009  
https://doi.org/10.3390/ani10050800  
https://doi.org/10.3390/ani10050800  
https://doi.org/10.3389/fphys.2022.972171  
https://doi.org/10.3389/fphys.2022.972171  
https://doi.org/10.1016/j.brainres.2019.02.018  
https://doi.org/10.1016/j.brainres.2019.02.018  
https://doi.org/10.1080/10253890.2021.1929163  
https://doi.org/10.1080/10253890.2021.1929163  
https://doi.org/10.1016/j.ygcen.2019.113302  
https://doi.org/10.5713/ajas.2010.10329  
https://doi.org/10.5713/ajas.2010.10329  
https://doi.org/10.5713/ajas.2005.747
https://doi.org/10.1093/jn/132.2.145  
https://doi.org/10.1093/jn/132.2.145  
https://doi.org/10.1016/s1096-4959(02)00037-4  
http://nopr.niscpr.res.in/handle/123456789/5246  
http://nopr.niscpr.res.in/handle/123456789/5246  
https://doi.org/10.1016/j.domaniend.2004.07.001  
https://doi.org/10.1080/1828051X.2023.2178342  
https://doi.org/10.1002/ptr.6663  
https://doi.org/10.1016/j.cbpc.2004.09.013  
https://doi.org/10.1016/j.cbpc.2004.09.013  
https://doi.org/10.1016/j.sjbs.2014.01.005  
https://doi.org/10.1093/ps/86.4.673  
https://doi.org/10.1152/physrev.00030.2013  
https://doi.org/10.1152/physrev.00030.2013  
https://doi.org/10.3109/09637489609028561  
https://doi.org/10.3109/09637489609028561  

OPENaACCESS

Journal of Animal Health and Production

their active principles on pancreatic digestive enzymes
in albino rats. Nahrung, 44(1): 42-46. https://doi.
org/10.1002/(SICI)1521-3803(20000101)44:1<42:AID-
FOOD42>3.0.CO;2-D

Raja L, Singh CK, Mondal M, Nety S, Koley KM (2017).
Evaluation of effect of curcuma longa supplementation
on production parameters and organ weights in induced
aflatoxicosis in broiler birds. Int. J. Curr. Microbiol.
App. Sci,, 6(10): 797-811. https://doi.org/10.20546/
ijcmas.2017.610.096

Rajput N, Muhammad N, Yan R, Zhong X, Wang T (2013).
Effect of dietary supplementation of curcumin on growth
performance, intestinal morphology and nutrients utilization
of broiler chicks. J. Poult. Sci., 50 (1): 44-52. https://doi.
org/10.2141/JPSA.0120065

Reda FM, El-Saadony MT, Elnesr SS, Alagawany M, Tufarelli
V (2020). Effect of dietary supplementation of biological
curcumin nanoparticles on growth and carcass traits,
antioxidant status, immunity and caecal microbiota
of Japanese Quails. Animals, 10(5): 754. https://doi.
org/10.3390/ani10050754

Romero CJ, Pine-Twaddell E, Sima DI, Miller RS, He L,
Wondisford F, Radovick S (2012). Insulin-like growth factor
1 mediates negative feedback to somatotroph GH expression
via POU1F1/CREB binding protein interactions. Mol.
Cell Biol., 32(21): 4258-4269. https://doi.org/10.1128/
MCB.00171-12

Schmittgen TD, Livak KJ (2008). Analyzing real-time PCR data
by the comparative C(T) method. Nat. Protoc., 3(6): 1101-
1108. https://doi.org/10.1038/nprot.2008.73

Srinivasan K (2005). Spices as influencers of body metabolism: an
overview of three decades of research. Int. Food Res., 38 (1):
77-86. https://doi.org/10.1016/]. FOODRES.2004.09.001

Timmer LT, Hoogaars WMH, Jaspers RT (2018). The role of
IGF-1 signaling in skeletal muscle atrophy. In J. Xiao (Ed.):
Muscle atrophy (pp. 109-137). Adv. Exp. Med. Biol., 1088.
Springer New York LLC. https://doi.org/10.1007/978-
981-13-1435-3_6

Vizquez-Borrego MC, Del Rio-Moreno M, Kineman RD
(2021). Towards understanding the direct and indirect
actions of growth hormone in controlling hepatocyte
carbohydrate and lipid metabolism. Cells. 10(10): 2532.
https://doi.org/10.3390/cells10102532

Wen C, Chen Y, Wu P, Wang T, Zhou Y (2014). MSTN, mTOR
and FoxO4 are involved in the enhancement of breast muscle
growth by methionine in broilers with lower hatching
weight. PloS one, 9(12): ¢114236. https://doi.org/10.1371/
journal.pone.0114236

Yoo ES; Yu J, Sohn JW (2021). Neuroendocrine control of
appetite and metabolism. Exp. Mol. Med., 53, 505-
516. https://doi.org/10.1038/s12276-021-00597-9

Yoshida T, Delafontaine P (2020). Mechanisms of IGF-
1-mediated regulation of skeletal muscle hypertrophy
and atrophy. Cells, 9(9): 1970. https://doi.org/10.3390/
cells9091970

Zhao R, Mucehlbauer E, Decuypere E, Grossmann R (2004).
Effect of genotype-nutrition interaction on growth and
somatotropic gene expression in the chicken. Gen. Comp.
Endocrinol., 136(1): 2-11. https://doi.org/10.1016/].
YGCEN.2003.11.009

March 2025 | Volume 13 | Issue 1 | Page 58



https://doi.org/10.1002/(SICI)1521-3803(20000101)44:1<42:AID-FOOD42>3.0.CO;2-D  
https://doi.org/10.1002/(SICI)1521-3803(20000101)44:1<42:AID-FOOD42>3.0.CO;2-D  
https://doi.org/10.1002/(SICI)1521-3803(20000101)44:1<42:AID-FOOD42>3.0.CO;2-D  
https://doi.org/10.20546/ijcmas.2017.610.096 
https://doi.org/10.20546/ijcmas.2017.610.096 
https://doi.org/10.2141/JPSA.0120065  
https://doi.org/10.2141/JPSA.0120065  
https://doi.org/10.3390/ani10050754  
https://doi.org/10.3390/ani10050754  
https://doi.org/10.1128/MCB.00171-12  
https://doi.org/10.1128/MCB.00171-12  
https://doi.org/10.1038/nprot.2008.73  
https://doi.org/10.1016/J.FOODRES.2004.09.001 
https://doi.org/10.1007/978-981-13-1435-3_6  
https://doi.org/10.1007/978-981-13-1435-3_6  
https://doi.org/10.3390/cells10102532
https://doi.org/10.1371/journal.pone.0114236  
https://doi.org/10.1371/journal.pone.0114236  
https://doi.org/10.1038/s12276-021-00597-9  
https://doi.org/10.3390/cells9091970  
https://doi.org/10.3390/cells9091970  
https://doi.org/10.1016/J.YGCEN.2003.11.009  
https://doi.org/10.1016/J.YGCEN.2003.11.009  

