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ABSTRACT

Supplementation of feed with turmeric (Curcuma longa) has been 
shown to be beneficial in poultry farming. The present study aimed at 
evaluating the effect of turmeric on the duodenal structure of broiler 
chickens during the first 42 days of life. A control and three treatment 
groups (turmeric powder added to feed at the following doses: E1 - 5; 
E2 - 10; E3 - 20 g/kg feed) were constituted (n = 8). Addition of turmeric 
powder in the feed resulted in an increase in intestinal villi height and 
a decrease in crypts depth in case of groups E1 and E2, while the villus 
height to crypt depth ratio generally did not differ significantly from 
the control. Turmeric also influenced the histological structure of the 
duodenum, as well as the presence of IL-6 and TNFα, as evidenced 
through staining. Addition of 0.5 and 1 % turmeric powder in the feed 
had evident results on body weight gain.

INTRODUCTION

Poultry farming has undergone a paradigm shift in regard to structure 
and operation, from a simple backyard activity to a major commercial 
activity. Sustained poultry farming requires use of medicines, including 
antibiotics. 

Phytogenic feed additives are available alternatives for replacing 
antibiotics and include prebiotics, probiotics, enzymes, organic acids 
and essential oils (Wang & Peng, 2008; Saeed et al., 2017; 2018a; 
2018b; 2019; 2020; 2022). Turmeric (Curcuma longa) is an herbaceous 
plant of Asian origin, related to ginger and cultivated in India, southern 
China, Taiwan, Japan, Indonesia and Africa. 

Curcuminoids such as curcumin, demethoxycurcumin, and bisdeme-
thoxycurcumin, which are used therapeutically for their anticancer, 
antibiotic and anti-inflammatory effects, are extracted from its root 
(Kotha & Luthria, 2019). 

According to the available reports, besides the fact that turmeric has 
significant antioxidant actions, it can be concluded that it could also 
be a genuine source of proteins and carbohydrates, while its beneficial 
properties lead to improved growth and production performance in 
birds fed turmeric as a feed supplement (Hafez et al., 2022). In addition, 
it has been reported that it could suppress inflammation by reducing 
TLR4, MyD88 and NFκB levels (Yoo et al., 2018).

In poultry, mRNA expression of IL-1β, IL-6, IL-12, IL-18 and tumor 
necrosis factor superfamily member 15 was enhanced in macrophages 
of chickens treated in vitro with organic turmeric extract (Lee et al., 
2010). 

Microarray hybridization results demonstrated that gene expression 
of myeloperoxidase, differentiation group 28 and lactotransferrin, 
which are associated with inflammatory response in chickens, was 
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down-regulated after treatment with organic turmeric 
extract (Gautam & Jachak, 2009).

Antioxidant activity offers great hope as a solution 
for heat stress in poultry, by increasing mitochondrial 
Mn-SOD activity and gene expression of thioredoxin-2 
and peroxiredoxin-3 (Zhou et al., 2015).

Curcumin, the most important active compound 
found in turmeric, can also decrease mitochondrial 
malondialdehyde levels (Zhang et al., 2014), increase 
mitochondrial glutathione levels (Park & Chun, 
2017) and increase glutathione peroxidase (GSH-
Px), glutathione S-transferase (GSST) and superoxide 
dismutase (SOD) activities (Zia et al., 2021). An increase 
in total antioxidant capacity in broilers leads to a 
reduction in oxidative stress and also in inflammation, 
with improved digestibility and therefore growth 
performance (Gowda et al., 2009).

Thus, it can be said that turmeric powder can be 
safely and economically used as a natural supplement 
in broiler chicken diets, due to the presence of bioactive 
substances responsible for the beneficial effects on the 
health of the chickens and on the quality of meat.

The intestinal epithelium is a natural barrier against 
pathogenic bacteria and toxic substances that are 
present in the intestinal lumen, which can cause 
disturbances in the normal microflora and intestinal 
epithelium. Thus, the permeability of this natural barrier 
can be altered, facilitating the invasion of pathogens 
and harmful substances, altering the metabolism 
and the ability to digest and absorb nutrients. All 
these factors lead to the development of chronic 
inflammatory processes in the intestinal mucosa. 
Eventually, reduction of villi and decrease in digestive 
activity and absorption capacity of enterocytes occur 
(Oliveira et al., 1999).

The mucosa of the duodenum undergoes an 
important physiological stress in order to neutralize 
the acidity of the content coming from the stomach. 
In a previous experiment (Bondar et al., 2022), which 
assessed the influence of Spirulina platensis extract 
(ZooBioR2) on the morphology of intestinal segments 
(duodenum, jejunum, ileum, cecum), it was found that 
the duodenum reacted most significantly.

The aim of this study is to assess the effect of 
turmeric (Curcuma longa) on health, and specially on 
the duodenal structure in broiler chickens during the 
first 42 days of life.

MATERIAL AND METHODS

One day after hatching, 32 male chickens were 
randomly divided into 4 treatment groups (n = 8; 

one replicate per group). Initial body weight did not 
differ between groups (average 49 ± 0.7 g/chick). 
Each group was reared for 42 days in cages on the 
ground (one collective cage for each group). Each bird 
from a particular group was individually marked for 
identification purposes. Throughout the experiment, 
conventional breeding and management procedures 
were applied in accordance with current legislation. 
The experimental protocol was evaluated and approved 
by the Ethics Committee of the Faculty of Veterinary 
Medicine, “Ion Ionescu de la Brad” University of Life 
Sciences.

Turmeric powder (brand: HerbalSana; country of 
origin: India) used in the experiment had the following 
nutritional value, according to the statement on the 
label: total fats – 9.7 g, of which 1.8 g were saturated 
fatty acids; carbohydrates – 44.4 g, of which 3.2 g were 
sugars; dietary fiber – 22.7 g; proteins – 9.7 g; salt – 
0.07 g / 100 g turmeric powder. Curcumin and total 
phenolic content were determined from the turmeric 
powder. Curcumin content was 1.13 ± 0.06 g / 100 g 
turmeric powder, as determined spectrophotometrically 
(Chauhan et al., 1999). The total phenolic content 
was 2.703 ± 0.110 g gallic acid equivalents (GAE) / 
100 g turmeric powder, as determined according to a 
previously described method (Luca et al., 2022).

Birds in the control group (C) were fed with a 
commercial diet based on corn and soybean: starter (1-
14 days), grower (15- 28 days), finisher (29 - 42 days), 
according to NRC (1994) guidelines. Birds in group E1 
were offered the same diet but supplemented with 
5 g turmeric powder/kg. At the same time, birds in 
group E2 were fed a diet with a total addition of 10 g 
turmeric powder/kg. Birds in group E3 were fed a diet 
with a total addition of 20 g turmeric powder/kg. 

All birds had access to food and water for 
consumption, ad libitum.

The feed was designed to meet the requirements of 
broilers at all stages of growth as recommended in the 
nutritional management guide for the hybrid studied 
(COBB 500). Three separate mixed feed diets were 
developed, specific to each period of chick rearing, 
namely starter, grower and finisher feed. Turmeric 
powder was thoroughly mixed with the free-flowing 
forage. All reagents used were of analytical grade.

After the birds were sacrificed, the intestines were 
removed. The duodenum samples were fixed in Bouin 
solution for 24 hours, dehydrated in a series of baths 
of increasing concentrations of ethanol, clarified in 
xylene and then included in paraffin. Two slices of 
5 µm were selected for each chicken, stained with 
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hematoxylin and eosin (HE) and examined with an 
Olympus CX41 microscope. For each field, 3 villi were 
measured (Kawalilak et al., 2010). 

For immunohistochemistry anti-IL-6 (manufacturer: 
Abbexa; code: abx177189), anti-TNFIP8 (supplier: 
Antibodies-online GmbH; code: ABIN2707009) and 
anti-Pax-7 (supplier: Antibodies-online GmbH; code: 
ABIN 27434880) antibodies were used.

For immunohistochemical staining, the slides 
were dewaxed with xylene, hydrated using ethanol 
and exposed to microwaves for 10 minutes at 95˚C 
in 10 mmol citrate buffer (pH 6), then cooled for 20 
minutes, then washed twice in phosphate buffer saline 
(PBS) for 5 minutes. Further on, the slices were treated 
with 3% hydrogen peroxide and rinsed with PBS, then 
incubated overnight at 4˚C in a humid atmosphere 
with primary antibodies, at dilutions of 1:100 for 
anti-TNFIP8, anti-IL-6 and 1:500 for antiPax-7. In the 
next day, the slides were washed 3 times in PBS for 5 
min, after which were incubated with the secondary 
antibodies. Goat anti-rabbit IgG secondary antibody 
was used to reveal TNFIP8 and IL-6, whereas goat anti-
mouse IgG secondary antibody was used for Pax-7. The 
slides were developed in 3,3’-diaminobenzidine (DAB) 
and then finally counter-stained with hematoxylin, 
prior to their microscopic examination. The incubation 
temperatures and concentrations for the antibodies 
were set according to the indications stated by the 
manufacturers in the datasheets of the products. 

Birds were periodically weighted and weight gain 
was calculated. 

Results for the morphometric analysis and weight 
gain were expressed as mean ± standard deviation. 
One-way ANOVA was employed, followed by Tukey’s 
post-hoc test, in order to assess data variance between 
groups. The level of significance was set as 0.05.

Regression analysis was performed in order to 
assess the relationship between the turmeric dose in 
feed as factor (independent variable) and parameters 
concerning duodenal histology as response (dependent 
variables). Linear, quadratic (second degree polynomial) 
and cubic (third degree polynomial) models were 
tested and the regression equations, coefficients 
of determination (R2) and the standard errors of the 
estimates were calculated.

IBM SPSS 20 and MS Excel 2007 were used for 
statistical analysis.

RESULTS AND DISCUSSION

The availability and nature of nutrients within the 
gut led to intestinal histological changes. The slides 

with tissue samples from the duodenum were subjected 
to morphometric analysis and the overall microscopic 
structure was typical for each section analyzed. Specific 
to the duodenum is the presence of leaf-like villi and 
longitudinal, straight crypts. Longer villi are generally 
the result of cell mitosis, which occurs in crypts, an 
area where stem cells divide in order to allow for 
renewal of the villi, a larger crypt area indicating more 
intense cell production (Samanya & Yamauchi, 2002). 
The presence of the meander-type structure may be 
due to the fact that nutrient uptake is more efficient 
when the villi are arranged in this way, as opposed to 
the case in which the villi are parallel. 

In the current study, the submucosa and muscularis 
externa had a typical, normal structure (Figure 1).

Figure 1 – Histological particularities of the duodenum in chickens from the control 
and experimental groups (HE staining).

The summarized results of the duodenal 
morphometric analysis are shown in Table 1. 
Morphometric parameters that characterize mucosal 
architecture underwent variations between the control 
group and the other groups. The morphometric para-
meters of the duodenal mucosa showed differences 
between the control group and the experimental 
groups.

In group E1, by adding 0.5% turmeric powder to 
the feed, the height of the villi increased by 23.24 % 
compared to the control group. In the case of group 
E2 (1% turmeric powder), the mean height of the villi 
increased by 35.17 % compared to the control group 
and 9.67 % compared to group E1. Group E3 is the 
only group in which a deepening of the intestinal crypts 
is observed, unlike group E1 or E2, where a decrease in 
the mean crypt depth is observed (Figure 1). Turmeric 
powder supplementation tended to reduce crypt 
depth.

The best villi height: crypt depth ratio was identified 
in group E2. In case of the control group, fed only with 
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the basic diet, a much lower ratio of villi height to crypt 
depth was observed. 

The villi height to crypt depth ratio is an indicator 
of the digestive capacity of the small intestine. An 
increase in this ratio corresponds to an increase in 
digestion and absorption. An increase in the height of 
the intestinal villi and the ratio of their height to crypt 
depth is an indicator of intense nutrient absorption 
area and better absorption function.

The largest diameters of the duodenal villi were 
identified in group E3, by adding 2% turmeric powder 
in the diet. Differences in the diameter of the duodenal 
villi between groups E1, E2 and E3 can only be observed 
at the base of the villi. The values increased with the 
addition of turmeric powder up to 2% in the diet.

In another study, the mean values of villus length, 
villus width and ileal crypt depth in birds ranged from 
943.81 to 1148.20 micrometers (villi length), 192.42 
to 213.29 micrometers (villi width) and 184.65 to 
213.79 micrometers (crypt depth), respectively. There 
was a significant increase (p<0.05) in the mean values 
of villi length, from 947.94 micrometers in the control 
group to 1145.77 micrometers in the treatment group 
fed with the highest level of turmeric powder (1.0%) 
(Kosti et al., 2018).

Some studies have already shown that the ileum 
was the most responsive site, where villi changed 

significantly with nutritional changes or an increase in 
nutrient content in the intestinal lumen was observed 
(Yamauchi et al., 1992).

The results of the experiment conducted by Kosti et 
al. (2018) showed that crypt depths also increased with 
villi height. There was a significant (p<0.05) increase in 
crypt depth from 189.32 micrometers in the control 
group to 213.79 micrometers in the highest dose in the 
experimental group (1.0% turmeric powder). Thus, it 
can be observed that the inclusion of turmeric powder 
in the diet resulted in an improvement in the villi length, 
villi width and crypt depth in the gastrointestinal tract 
of birds.

As shown in Table 2, the relationship between the 
turmeric dose added to feed and the villi height, as 
well as crypt depth, is best described by a quadratic 
regression model, based on the value of R2. The 
relationship between the turmeric dose added to 
feed and the villi height to crypt depth ratio, as well 
as the diameter of the intestinal villi is best described 
by a cubic regression model, based on the value of 
R2. In all cases, the coefficients of determination (R2s) 
are relatively low, so the proposed regression models 
partially predict the outcome.

Supplementation of the diet with turmeric powder 
also positively influenced weight gain (Table 3). The 
highest increase in body weight was observed for 

Table 1 – Effect of adding different levels of turmeric (Curcuma longa) in broilers diet on duodenal histology (mean ± 
standard error).
Group Diameter of duodenal villi 

(at base) (µm)
Villous height to crypt 

depth ratio
Villi height (µm) Crypts depth (µm)

C 139.65 ± 40.14a 6.52 ± 0.32 880.33 ± 73.14ab 135,33 ± 13.57

0.5 % turmeric (E1) 131.47 ± 38.98b 8.71 ± 2.00 1085.00 ± 79.56a 128.33 ± 24.58

1 % turmeric (E2) 155.25 ± 26.13 10.09 ± 1.50a 1190.00 ± 8.54bc 119.66 ± 17.03

2 % turmeric (E3) 199.51 ± 60.99ab 5.62 ± 2.06a 980.66 ± 130.90c 187.66 ± 56.63

a, b, c, d – within a column, means with the same letter differ significantly at 0.05.

Table 2 – Regression analysis between levels of added turmeric (Curcuma longa) in broilers diet and parameters concerning 
duodenal histology.

Independent variable Dependent variable
Regression 

model
Regression equation R2 Standard error of 

the estimate

Turmeric level in diet Villi height Linear Y = 34.21X + 1004.06 0.043 130.15

Turmeric level in diet Villi height Quadratic Y = -254.03X2 + 560.41X + 877.05 0.902 43.83

Turmeric level in diet Villi height Cubic Y = -40.11X3 – 139.16X2 + 488.94X + 880.33 0.869 45.96

Turmeric level in diet Crypts depth Linear Y = 27.21X + 118.93 0.215 34.82

Turmeric level in diet Crypts depth Quadratic Y = 37.72X2 – 50.93X + 137.79 0.369 31.22

Turmeric level in diet Crypts depth Cubic Y = 30.11X3 – 48.50X2 + 2.72X + 135.33 0.308 32.69

Turmeric level in diet Villous height to crypt depth ratio Linear Y = -0.62X + 8.28 0.044 2.36

Turmeric level in diet Villous height to crypt depth ratio Quadratic Y = -3.79X2 + 7.23X + 6.38 0.626 1.55

Turmeric level in diet Villous height to crypt depth ratio Cubic Y = -1.59X3 + 0.77X2 + 4.39X + 6.51 0.637 1.62

Turmeric level in diet Diameter of duodenal villi Linear Y = 33.07X + 127.52 0.251 43.37

Turmeric level in diet Diameter of duodenal villi Quadratic Y = 18.83X2 – 5.94X + 136.94 0.280 43.09

Turmeric level in diet Diameter of duodenal villi Cubic Y = -33.06X3 + 113.51X2 – 64.85X + 139.65 0.289 43.40
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the 1-14 days interval in broilers that received 0.5% 
turmeric powder (group E1). At the end of the 
experiment, it was observed that the addition of 1% 
turmeric powder in the diet had the best effects, which 
is in agreement with literature data (Mondal et al., 
2015).

The significantly increased body weight in the 
group fed 0.5% turmeric powder may be due to the 
optimal antioxidant activity of turmeric. This level 
could stimulate protein synthesis due to the bird’s 
enzyme system. One study showed that the inclusion 
of 0.5 or 1% turmeric powder resulted in significant 
improvement in body weight gain and feed conversion 
ratio compared to the control group (p<0.05) (Al-
Sultan & Gameel, 2004).

The significant effect of turmeric powder on body 
weight by day 28 was consistent with the findings of 
a previous report (Namagirilakshmi et al., 2010). They 
had found that inclusion of turmeric at the rate of 5g/
kg significantly increase body weight of broiler. 

Another study also showed that chickens fed 
with turmeric did not significantly increase in weight 
compared to the control group (Emadi et al., 2006). 
Negative effects on feed intake, live body weight and 
feed conversion ratio were observed by Abbas (2010) 
when turmeric was fed to birds at levels of 2.0 g/kg, 
5.0 g/kg (Yamauchi et al., 1992), 10.0 g/kg and 30.0 
g/kg.

At the end of the 42-day experiment, 1% curcumin 
in the diet resulted in the highest body weight.

Table 3 – Effect of adding different levels of turmeric (Curcuma longa) in broilers diet on weight gain (mean± standard error).
Time (days interval)

1-14 15-28 1-28 28-42 1-42

Control 302.50±7.04a 776.20±35.51 1079.00±41.70 1590.00±43.20a 2668.70±44.10a

0.5 % turmeric (E1) 358.10±10.64a 920.70±14.34 1279.00±20.73 1720.00±32.00a 2998.80±32.30a

1 % turmeric (E3) 325.40±11.96 811.50±15.35 1137.00±27.19 1800.00±35.20a 2936.90±38.40a

2 % turmeric (E3) 336.50±8.32 814.80±5.57 1151.00±14.18 1680.00±20.04 2831.30±22.90

a, b, c, d – within a column, means with the same letter differ significantly at 0.05.

Inclusion of more than 50 g/kg feed of turmeric 
powder is not recommended, in order to avoid 
induction of hyperemia and infiltration of the 
parenchyma and portal space with mononuclear cells 
(Al-Sultan & Gameel, 2004).

In the current experiment, the presence of IL-6 is 
positive in the control and E3 groups.

Presence of TNFα is more intense in the control, E1 
and E3 groups and moderate in the E2 group. Pax-7 
staining is positive in all groups (Figure 2).

Figure 2 – Presence of IL-6, TNFα and Pax-7 in the duodenum of chickens from the 
control and experimental groups.

Broilers are exposed to more than one stressor 
during animal farming. Inflammation could directly 

lead to compromised intestinal integrity (Olkowski 
et al., 2006). This contributes to impaired digestion 
and nutrient absorption. In addition, inflammation 
and gut damage will lead to an increase in nutrient 
consumption, in order to alleviate the inflammatory 
status and repair the gut. This cascade of events is 
responsible for reduced animal performance and 
severe economic losses due to disease (Lu et al., 
2014).

Cytokines are proteins secreted by cells that play an 
important role in activating and regulating other cells 
and tissues during inflammation and immune response. 
In recent years, advances in avian immunology and 
genetics have led to the discovery of a number of 
cytokines, mainly in chickens but also in turkey and 
other avian species.

IL-6 is a multifunctional cytokine that has 
proinflammatory activity through induction of acute 
phase protein synthesis and is important in the 
development of adaptive immune responses leading to 
differentiation of B lymphocytes, cytotoxic T cells and T 
cell growth (Kaiser et al., 2000). 

In this experiment, positive staining for IL-6 was 
observed in the control and E3 groups, suggesting 
the existence of an inflammatory process. Turmeric 
powder reduced inflammation, thus in the E1 and 
E2 groups immunostaining was negative for IL-6. In 
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another experiment, Alphamune® (an innovative 
dietary supplement rich in beta glucans) significantly 
reduced IL-6 expression in the ileum on both day 21 
and day 42, compared to the negative control group. 
Alphamune® contains β-glucans which have been 
shown to reduce the expression of pro-inflammatory 
cytokines such as IL-4, IL-6, IL-8 and IL-18 (Yoon et al., 
2009).

Yoon et al. (2009) showed that essential oils 
significantly reduce the production of IL-6 and TNFα. 
In the current experiment it was observed that TNFα 
presence is reduced in the E2 group and higher in all 
other groups, which can imply that turmeric powder 
reduces its expression. In agreement with the results 
of another study (Lu et al., 2014), in which various 
preparations with antioxidant effects were used, in 
the current experiment, by adding turmeric powder in 
the diet, a reduction in the expression of IL-6 in the 
intestine was observed; the best results were observed 
for a level of 1 % turmeric powder.

A previous study (Al-Sadi et al., 2016) has shown 
that proinflammatory cytokines, including tumor 
necrosis factor TNF-α, IL-1β, IL-6 and interferon-γ, 
cause an increase in intestinal junctional permeability 
and contribute to the inflammatory process, by 
allowing luminal antigenic penetration.

Tumor necrosis factor TNF-α, a key mediator 
of intestinal inflammation, causes an increase in 
intestinal epithelial tight junction permeability, through 
activation of the myosin light chain kinase gene 
(MLCK; official name MYLK3). It is also a pleiotropic 
cytokine that plays critical roles in host defense and in 
acute and chronic inflammation. Tumor necrosis factor 
TNF-alpha-induced protein 8 (TNFAIP8/TIPE) family of 
proteins are known to be involved in the maintenance 
of immune homeostasis. Deficiency in these proteins 
increased splenic CD4+ cell levels, serum cytokine 
levels (IL-17A, TNF and IL-6) and expression of active 
caspase-3 in the small intestine, while expression of 
the cell survival factor Ki-67 was significantly decreased 
in small intestinal epithelial cells, suggesting that 
TNFAIP8 (TNF) might be involved in gastrointestinal 
tract pathology. However, the exact function of 
TNFAIP8 in regulating the immune response in chronic 
inflammatory diseases is still unknown. The biological 
role of modulating inflammation, altering the immune 
response and regulating cell survival or death appears 
to be dependent on the cellular context and disease 
(Yoon et al., 2009).

The mediated signaling also plays an important role 
in maintaining the colonic epithelial barrier and wound 

healing. The signaling promotes cell proliferation 
and wound repair, by activating epithelial Wnt/β-
Catenin signaling, which is an important pathway for 
maintaining intestinal villi/ crypt architecture (Flanagan 
et al., 2018).

In general, elevated levels of TNFα are induced 
during inflammation or infection, possibly perpetuating 
intestinal inflammation. In the present study, by 
adding turmeric powder to the diet, a reduction in 
the presence of TNFα was observed, which again 
indicates the positive effects of turmeric powder on 
the intestinal structure and ultimately on the whole 
body (Visek, 1978).

Paired box (Pax) proteins 3 and 7 are members of the 
PAX gene family and are important for the commitment 
of cells to a myogenic lineage during muscle 
development or regeneration (Charytonowicz et al., 
2014). It has been shown that the Pax genes also play 
key roles in the formation of tissues and organs during 
embryogenesis in mammals (Buckingham & Relaix, 
2007). In chicken, Pax3 and Pax7 negatively regulate 
the expression of each gene in the dermomyotome 
and have essential roles in the development of chick 
somites and limbs (Galli et al., 2008).

The expression of Pax3/7 and MyoD genes occurs 
in different bird tissues. Besides skeletal muscle 
tissues, these three genes are also expressed in the 
heart, spleen, fat, brain etc. They have coordinative 
roles in heart, spleen and brain, which is similar with 
the situation found in skeletal muscle. Moreover, the 
tissue expression patterns of Pax3 and Pax7 also have 
differences in other tissues such as gut tissues (Relaix 
et al., 2005).

In duck, both Pax3 and Pax7 are expressed in breast 
muscle, heart, spleen, kidney, small intestine, abdomen 
fat, brain and pancreas, and their expression levels are 
significantly correlated, indicating the overlapping 
roles of Pax3 and Pax7 (Vorobyov & Horst, 2006).

Thinner intestinal epithelium improves nutrient 
absorption and reduces the metabolic needs of 
the gastrointestinal system. The thinning of the 
gastrointestinal wall might be due to an inhibition of 
microbial production of polyamines and volatile fatty 
acids, known to increase the rate of cellular turnover 
and enterocyte activity (Ferket et al., 2002). It was 
found that the diameter of the duodenal villi was 
significantly larger in birds fed turmeric at 200 mg/kg 
at 21 days, while at 42 days, the control group and the 
group to which additionally turmeric was fed at 100 
mg/kg showed greater width (Durrani et al., 2006).
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CONCLUSIONS

Our experiment demonstrated that the addition of 
Curcuma longa powder at 0.5-1 % in feed of broiler 
chickens exerted intestinal anti-inflammatory effects, 
revealed by decreased expression of some interleukins 
(IL6 and TNFα) and positively influenced weight gain, 
by increasing the absorption surface of the duodenal 
mucosa.

REFERENCES
Abbas RJ. Effect of using fenugreek, parsley and sweet basil seeds as 

feed additives on the performance of broiler chickens. International 
Journal of Poultry Science 2010;9:278-82. https://doi.org/10.3923/
ijps.2010.278.282

Al-Sadi R, Guo S, Ye D, et al. TNF-α modulation of intestinal tight junction 
permeability is mediated by NIK/IKK-α axis activation of the canonical 
NF-κB pathway. American Journal of Pathology  2016;186:1151-65. 
https://doi.org/10.1016/j.ajpath.2015.12.016

Al-Sultan SI, Gameel AA. Histopathological changes in the livers of broiler 
chicken supplemented with turmeric (Curcuma longa). International 
Journal of Poultry Science 2004;3:333-6. https://doi.org/10.3923/
ijps.2004.333.336

Bondar A, Macari V, Rudic V, Pistol G, Putin V, Rotaru A, Solcan G, Solcan 
C. Effects of ZooBioR2 product as feed supplement in laying hens on 
the morphofunctional state of intestinal mucosa. Arquivo Brasileiro 
de Medicina Veterinária e Zootecnia 2022;74:626-32. https://doi.
org/10.1590/1678-4162-12592 

Buckingham M, Relaix F. The role of Pax genes in the development of tissues 
and organs: Pax3 and Pax7 regulate muscle progenitor cell functions. 
Annual Review of Cell and Developmental Biology 2007;23:645-673. 
https://doi.org/10.1146/annurev.cellbio.23.090506.123438

Charytonowicz  E,  Matushansky  I,  Castillo-Martin  M,  et al. Alternate 
PAX3 and PAX7 C-terminal isoforms in myogenic differentiation and 
sarcomagenesis. Clinical and Translational Oncology 2011;13:194-203. 
https://doi.org/10.1007/s12094-011-0640-y

Chauhan SK, Singh BP, Agrawala S. Estimation of curcuminoids in Curcuma 
longa by HPLC and spectrophotometric methods. Indian Journal of 
Pharmaceutical Sciences 1999;61:58-60.

Durrani FR, Ismail M, Sultan A, et al. Effect of different levels of feed 
added turmeric (Curcuma longa) on the performance of broiler chicks. 
American Journal of Agricultural and Biological Science 2006;1:9-11.

Emadi M, Kermanshahi H, Maroufyan E. Effect of varying levels of turmeric 
rhizome powder on some blood parameters of broiler chickens fed 
corn-soybean meal based diets. International Journal of Poultry Science 
2006;6:345-8. https://doi.org/10.3923/ijps.2007.345.348

Ferket PR, Parks CW, Grimes JL. Benefits of dietary antibiotic and 
mannanoligosaccharide aupplementation for poultry [Multi-State 
Poultry Meeting 2002]. Raleigh: North Carolina State University; 2002.

Flanagan DJ, Austin CR, Vincan E, et al. Wnt signalling in gastrointestinal 
epithelial stem cells. Genes (Basel) 2018;9:178. https://doi.org/10.3390/
genes9040178

Galli LM, Knight SR, Barnes TL, et al. Identification and characterization of 
subpopulations of Pax3 and Pax7 expressing cells in developing chick 
somites and limb buds. Developmental Dynamics 2008;237:1862-74. 
https://doi.org/10.1002/dvdy.21585

Gautam R, Jachak SM. Recent developments in anti-inflammatory natural 
products.  Medicinal Research Reviews 2009;29:767-820. https://doi.
org/10.1002/med.20156

Gowda NK, Ledoux DR, Rottinghaus GE, et al. Antioxidant efficacy of 
curcuminoids from turmeric (Curcuma longa L.) powder in broiler 
chickens fed diets containing aflatoxin B1. British Journal of Nutrition 
2009;102:1629-34. https://doi.org/10.1017/S0007114509990869

Hafez MH, El-Kazaz SE, Alharthi B, et al. The impact of curcumin on growth 
performance, growth-related gene expression, oxidative stress, and 
immunological biomarkers in broiler chickens at different stocking 
densities. Animals (Basel) 2022;12:958. https://doi.org/10.3390/
ani12080958

Hang L, Sunday AA, Layi A, et al. Ajuwon, Anti-inflammatory effects of 
non-antibiotic alternatives in Coccidia challenged broiler chickens. 
Journal of Poultry Science 2014;51:14-21. https://doi.org/10.2141/
jpsa.0120176

Kaiser P, Rothwell L, Galyov EE, et al. Differential cytokine expression in avian 
cells in response to invasion by  Salmonella typhimurium,  Salmonella 
enteritidis  and  Salmonella gallinarum. Microbiology 2000;146:3217-
26. https://doi.org/10.1099/00221287-146-12-3217

Kawalilak LT, Ulmer Franco AM, Fasenko GM. Impaired intestinal villi growth 
in broiler chicks with unhealed navels. Poultry Science 2010;89:82-7. 
https://doi.org/10.3382/ps.2009-00284

Kosti D, Dahiya DS, Dalal R, et al. Effect of supplementing different levels 
of turmeric powder on ileal morphology in laying hens. International 
Journal of Current Microbiology and Applied Sciences 2018;7:1524-
32. https://doi.org/10.3382/ps.2009-00284

Kotha RR, Luthria DL. Curcumin: biological, pharmaceutical, nutraceutical, 
and analytical aspects.  Molecules 2019;24:2930. https://doi.
org/10.3390/molecules24162930

Lee SH, Lillehoj HS, Hong YH, et al. In vitro effects of plant and mushroom 
extracts on immunological function of chicken lymphocytes and 
macrophages. British Poultry Science 2010;51:213-21. https://doi.
org/10.1080/00071661003745844

Lu H, Adedokun SA, Adeola L, et al. Anti-inflammatory effects of non-
antibiotic alternatives in Coccidia challenged broiler chickens. The 
Journal of Poultry Science 2014;51:14-21. https://doi.org/10.2141/
jpsa.0120176

Luca SV, Kulinowski L, Ciobanu C, et al. Phytochemical and multi-biological 
characterization of two Cynara scolymus L. varieties: A glance into 
their potential large scale cultivation and valorization as bio-functional 
ingredients. Industrial Crops and Products 2022;178:114623. https://
doi.org/10.1016/j.indcrop.2022.114623

Mondal MA, Yeasmin T, Karim R, et al. Effect of dietary supplementation 
of turmeric (Curcuma longa) powder on the growth performance 
and carcass traits of broiler chicks. SAARC Journal of Agriculture 
2015;13:188-99. https://doi.org/10.3329/sja.v13i1.24191

Namagirilakshmi S, Selvaraj P, Nanjappan K, et al. Turmeric (Curcuma 
longa) as an alternative to in-feed antibiotic on the gut health of 
broiler chickens. Tamilnadu Journal of Veterinary and Animal Sciences 
2010;6:148-50.

Oliveira MACL, Monteiro MPC, Robbs PG, et al. Growth and chemical 
composition of Spirulina maxima and Spirulina platensis biomass at 
different temperatures. Aquaculture International 1999; 7:261-75. 
https://doi.org/10.1023/A:1009233230706

Olkowski AA, Wojnarowicz C, Chirino-Trejo M, et al. Responses of broiler 
chickens orally challenged with  Clostridium perfringens  isolated 
from field cases of necrotic enteritis. Research in Veterinary Science 
2006;81:99-108. https://doi.org/10.1016/j.rvsc.2005.10.006



eRBCA-2022-1738

8

Bondar A, Slencu BG, Popovici I, Solcan C Effect of Turmeric (Curcuma Longa) on Duodenal 
Structure in Broiler Chickens

Park E, Chun HS. Protective effects of curcumin on manganese-induced 
BV-2 microglial cell death. Biological & Pharmaceutical Bulletin 
2017;40:1275-81. https://doi.org/10.1248/bpb.b17-00160

Relaix  F,  Rocancourt  D,  Mansouri  A, et al.  A Pax3/Pax7-dependent 
population of skeletal muscle progenitor cells. Nature 2005;435:948-
53. https://doi.org/10.1038/nature03594

Saeed M, Naveed M, Arif M, et al. Green tea (Camellia sinensis) and 
l-theanine: Medicinal values and beneficial applications in humans - A 
comprehensive review. Biomedicine & Pharmacotherapy 2017;95:1260-
75. https://doi.org/10.1016/j.biopha.2017.09.024

Saeed M, Kamboh AA, Syed SF, et al. Phytochemistry and beneficial impacts 
of cinnamon (Cinnamomum zeylanicum) as a dietary supplement in 
poultry diets. World’s Poultry Science Journal 2018;74:331-46. https://
doi.org/10.1017/S0043933918000235

Saeed M, Yatao X, Hassan F, et al. Influence of graded levels of l-theanine 
dietary supplementation on growth performance, carcass traits, meat 
quality, organs histomorphometry, blood chemistry and immune 
response of broiler chickens. International Journal of Molecular 
Sciences 2018;19:462. https://doi.org/10.3390/ijms19020462

Saeed M, Yatao X, Tiantian Z, et al. 16S ribosomal RNA sequencing reveals 
a modulation of intestinal microbiome and immune response by 
dietary L-theanine supplementation in broiler chickens. Poultry Science 
2019;98:842-54. https://doi.org/10.3382/ps/pey394

Saeed M, Khan MS, Kamboh AA, et al. L-theanine: an astounding sui 
generis amino acid in poultry nutrition. Poultry science 2020;99:5625-
36. https://doi.org/10.1016/j.psj.2020.07.016

Saeed M, Khan MS, Amir K, et al. Lagenaria siceraria fruit: A review of 
its phytochemistry, pharmacology, and promising traditional uses. 
Frontiers in nutrition 2022;9:927361. https://doi.org/10.3389/
fnut.2022.927361

Samanya M, Yamauchi K. Histological alterations of intestinal villi in chickens 
fed dried Bacillus subtilis var. natto. Comparative Biochemistry and 
Physiology Part A: Molecular & Integrative Physiology 2002;133:95-
104. https://doi.org/10.1016/s1095-6433(02)00121-6

Visek WJ. The mode of growth promotion by antibiotics. Journal of Animal 
Science 1978;46:1447-69. https://doi.org/10.2527/jas1978.4651447x

Vorobyov E, Horst J. Getting the proto-Pax by the tail. Journal of Molecular 
Evolution 2006;63:153-64. https://doi.org/10.1007/s00239-005-
0163-7

Wang JX, Peng KM. Developmental morphology of the small intestine of 
African ostrich chicks. Poultry Science 2008;87:2629-35. https://doi.
org/10.3382/ps.2008-00163

Yamauchi K, Iida S, Isshiki Y. Post-hatching developmental changes 
in the ultrastructure of the duodenal absorptive epithelial 
cells in 1, 10 and 60-d-old chickens, with special reference to 
mitochondria. British Poultry Science 1992;33:475-88. https://doi.
org/10.1080/00071669208417487

Yoo S, Kim K, Nam H, et al. Discovering health benefits of phytochemicals 
with integrated analysis of the molecular network, chemical properties 
and ethnopharmacological evidence. Nutrients 2018;10:1042. https://
doi.org/10.3390/nu10081042

Yoon WJ, Kim SS, Oh TH, et al. Cryptomeria japonica essential oil inhibits 
the growth of drug-resistant skin pathogens and LPS-induced nitric 
oxide and pro-inflammatory cytokine production. Polish Journal of 
Microbiology 2009;58:61-8. 

Zhang J, Xu L, Zhang L, et al. Curcumin attenuates D-galactosamine/
lipopolysaccharide-induced liver injury and mitochondrial dysfunction in 
mice. Journal of Nutrition 2014;144:1211-8. https://doi.org/10.3945/
jn.114.193573

Zhou Y, Zhag T, Wang X, et al. Curcumin modulates macrophage 
polarization through the inhibition of the toll-like receptor 4 expression 
and its signaling pathways. Cellular Physiology and Biochemistry 
2015;36:631-41. https://doi.org/10.1159/000430126

Zia A, Farkhondeh T, Pourbagher-Shahri AM, et al. The role of curcumin 
in aging and senescence: Molecular mechanisms. Biomedicine & 
Pharmacotherapy 2021;134:111119. https://doi.org/10.1016/j.
biopha.2020.111119.


