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immune response and intestinal morphology in broiler chickens
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ABSTRACT

An experiment was conducted to study the effect of different levels of cinnamon essential oil (CEO) on the 
oxidative stress indices, immune response and intestinal morphology of broiler chickens. Day old broiler chicks 
(n=180) were randomly allocated to six dietary groups. Control group (T0) was fed basal diet without antibiotic 
growth promoter (AGP), Group 2 basal diet with AGP (T1) while basal diet containing graded level of CEO (200, 
300, 400 and 500 mg/kg) was fed to Groups T2, T3, T4 and T5 respectively. Significantly lower concentration of 
Malondialdehyde (MDA) was reported in birds fed CEO supplemented diet as compared to control. Significantly 
increased villi height was observed in histological section of duodenum and jejunum due to increase in concentration 
of CEO in T3, T4 and T5 as compared to control. No significant change in the histo-morphology of liver was 
observed due to supplementation of CEO at different levels in the diet of broiler chicken. It is concluded that dietary 
supplementation of cinnamon essential oil @ 400 mg/kg improved the immune response and intestinal morphology 
of broiler chickens without any adverse effect.
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Several feed additives including antibiotic growth 
promoters (AGPs) are usually included in poultry feeds to 
improve the efficiency of production, product quality and to 
prevent diseases (Brenes and Roura 2010). In recent years, 
the use of antibiotics has been restricted due to the growing 
concerns regarding development of antibiotic-resistant 
bacteria and transfer of antibiotic residues in meat and eggs, 
which may cause side-effects in humans (Tehseen et al.  
2016). The restriction on the use of antibiotics as feed 
additives has driven nutritionists and feed manufacturers to 
develop alternatives such as enzymes, probiotics, prebiotics, 
synbiotics, organic acids and plant extracts (phytobiotics) as 
feed additives in diets of monogastric animals (Zeng et al. 
2015). Various natural substitutes of AGP have been found 
efficacious with different mechanisms of action, including 
use of dietary plant derived natural bioactive compounds 
(phytobiotics) like essential oils (EOs). Essential oils are 
complex compounds, and their chemical composition and 
concentrations of various bioactive compounds are variable 
(Torki et al. 2015). Studies have revealed that EOs exhibit 
anti-microbial, antiviral, antifungal, immune-modulatory, 
hypolipidemic, digestive stimulation effect and growth-
promoting properties (Gopi et al. 2014). Due to positive 

modulation of gastrointestinal microbiota of birds, essential 
oils are recently being used in poultry feed as growth 
promoters (Wade et al. 2018). Cinnamon (Cinnamomum 
zeylanicum) commonly known as ‘dalchini’ is one of the 
oldest medicinal plants, widely used as condiment in India. 
Cinnamon is commonly used in food industry because of 
its special aroma. Additionally, it has strong antibacterial 
properties, anti-candidal, antiulcer, analgesic, antioxidant, 
hypo-cholesterolemic activities and regulates the 
lipogenesis (Ciftci et al. 2010). Cinnamon bark oil contains 
505–977 g/kg of cinnamaldehyde (Mohamed et al. 2020), 
an aromatic aldehyde that has greater antibacterial activity 
than the other oils of phenolic nature such as carvacrol and 
thymol. Recent studies have shown that cinnamaldehyde 
alone or in combination with other essential oils had a 
wide array of beneficial effects in poultry. The knowledge 
regarding the application of cinnamon essential oil as feed 
additives is quite rudimentary. Thus the present study was 
designed to evaluate the effect of different dietary levels 
of cinnamon essential oil on the oxidative stress indices, 
immune response and histo-morphology of small intestine 
and liver of broiler chicken.

MATERIALS AND METHODS

Birds, housing and management: Day-old Ross AP 
strain broiler chicks (180) from the same hatch were 
procured and reared under deep litter system for 35 days. 
The chicks were divided randomly into 6 dietary treatment 
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groups (T0-T5). Each treatment group had three replicates 
of 10 chicks. Similar management practices were followed 
in all the groups.

Experimental diet: The diets were formulated as per 
ICAR (2013) specification for pre-starter (0-14 days), 
starter (15-21 days) and finisher (22-35 days) stages using 
maize, soy DOC, soy oil along with minerals and vitamin 
premixes. Control group (T0) was fed basal diet without 
antibiotic growth promoter (AGP), Group 2 basal diet 
with AGP (T1) while basal diet containing graded level of 
CEO (200, 300, 400 and 500 mg/kg) was fed to Groups 
T2, T3, T4 and T5 respectively. The cinnamon bark oil used 
for the dietary supplementation was purchased from Allin 
Exporters, Noida. All the diets were made iso-caloric and 
iso-nitrogenous. At 28 d, blood samples were collected 
from three birds per replicate in eppendorf tubes containing 
anti-coagulant acid citrate dextrose for oxidative stress 
indices. Lipid peroxidation in haemolysate was measured 
by the method of Placer et al. (1966). Reduced Glutathione 
in RBC suspension was measured by 5,5′-dithiobis-2-
nitrobenzoic acid (DTNB) method as per Prins and Loos 
(1969). For immunological studies, the blood was collected 
from three birds each replicate in non-heparinized clean test 
tube on 28 and 35 day of experiment. The mean serum HI 
titre was evaluated against Newcastle disease virus as per 
method described by Allan and Gough (1974). The in vivo 
cell mediated immune response to PHA-P was evaluated in 
nine birds per treatment as per method described by Cheng 
and Lamont (1988). For histo-morphological evaluation, 
three birds per replicate were slaughtered on 35th day and 
representative sample of duodenum, jejunum and liver were 
collected. The tissue samples were fixed, processed and 
stained with Haematoxylin and Eosin as per the procedure 
of Singh and Sulochana (1997). Measurements of height 
of the villi and depth of crypt were based on at least 10 
well-oriented villi per section under 10× objectives using 
an inverted microscope (T capture software). The slides 
of liver were examined to assess the histo-pathological 
changes, if any. For interpretation of the results, the data 
were analyzed by one-way Analysis of Variance and mean 
value were compared using SPSS package (SPSS ver 26.0) 
and significant difference was expressed as 1 and 5% of 
probability.

RESULTS AND DISCUSSION

Oxidative stress indices: The dietary supplementation 

of CEO accrued significant (P<0.05) effect on MDA 
irrespective of CEO level. The lowest concentration of 
MDA was observed in Group T5 followed by T1, T4, T3, T2 
and T0 (Table 1). Malondialdehyde (MDA) is a degraded 
product of lipids that can be used as a biomarker of lipids 
peroxidation and oxidative stress (Yang et al. 2019). The 
reduced glutathione concentration in erythrocyte did 
not vary significantly among the groups due to dietary 
supplementation of CEO or AGP. The result corroborates 
with the findings of previous researchers (Faix et al. 2009, 
Ciftci et al. 2010, Yang et al. 2019) who reported that the 
plasma or serum MDA levels of broilers decreased after 
CEO supplementation in diets.

Cell mediated immune response: The results indicated 
no significant difference in the foot index (FI) in response 
to PHA-P among the dietary treatment groups, though the 
thickness was non-significantly higher in all the treatment 
groups as compared to control group (Table 1). 

Humoral immune response: The mean serum HI titre 
against NCDV at 28th and 35th day indicated significant 
(P<0.05) improvement in HI titre with the increase in CEO 
concentration in Groups T3 and T4 as compared to control 
(Table 1). The findings of present study are in line with 
previous researchers (Sadeghi et al. 2012, Sang-oh et al. 
2013, Chowdhury et al. 2018, Parveen et al. 2020) who 
reported increased antibody titer in CEO supplemented birds.

Histo-morphological study: There was improvement 
(P<0.05) in villus height of duodenum due to increase in 
concentration of CEO in T4, T5 and T3 Groups as compared 
to T0 (Table 2, Figs 1 and 2). No significant effect of AGP 
or CEO supplementation on crypt depth and villus height 
to crypt depth ratio was observed in the present study. In 
jejunum also, the maximum villus height was recorded 
in Group T4 which was significantly higher (P<0.05) as 
compared to T0. No significant impact of CEO was observed 
on CD and VH:CD ratio. The results corroborated with 
the findings of previous researchers (Chowdhury et al. 
2018, Abudabos et al. 2018, Reis et al. 2018, Parveen et 
al. 2020) who reported significantly (P<0.05) increased 
height of villi of duodenum and jejunum as compared to the 
control due to essential oil supplementation. The increase 
in villi height leads to more surface area for absorption 
of nutrients, which, in turn, results in better digestion and 
absorption of nutrients (Murugesan et al. 2014). In contrast 
to present finding, Yang et al. (2019) concluded that 50 to 
400 mg CEO per kg diet did not affect villus height in the 

Table 1. Effect of cinnamon oil supplementation on oxidative stress indices, cell mediated and humoral immune response
Particular T0 T1 T2 T3 T4 T5 P value
Lipid peroxidation (MDAT nM/mg Hb) 4.52a±0.23 3.42b±0.23 3.72b±0.31 3.56b±0.24 3.55b±0.37 3.32b±0.26 0.006
GSH (M /g Hb) 0.27±0.01 0.29±0.03 0.28±0.01 0.27±0.01 0.27±0.02 0.27±0.01 0.688
FI (mm) in response to PHA-P at 24 h 0.44±0.10 0.60±0.10 0.48±0.08 0.55±0.16 0.65±0.07 0.53±0.06 0.756
HI titer (log 2)  at 28 d 2.00c±0.58 3.67ab±0.33 3.00bc±0.58 3.67ab±0.67 4.67a±0.33 4.67a±0.33 0.018
HI titer (log 2)  at  35 d 2.33c±0.33 3.67abc±0.33 3.00bc±0.58 4.00ab±0.58 4.33a±0.33 2.67bc±0.33 0.040

T0, Control; T1, C + AGP; T2, CEO @ 200 mg/kg; T3, CEO @ 300 mg/kg; T4, CEO @ 400 mg/kg; T5, CEO @ 500 mg/kg. Means in 
the same row with different superscript (a, b, c) are significantly different (*P<0.05, **P<0.01).
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duodenum, jejunum and ileum as compared to the control. 
The supplementation of CEO at different levels (200, 300, 
400, 500 mg/kg) in the diet did not reveal any significant 
change in the histo-morphology of liver. No pathological 
changes in liver samples was observed due to increased 
concentration of CEO in Groups T4 and T5. The present 
finding is in line with Toghyani et al. (2011) who reported 
that supplementation of cinnamon, caused no significant 
difference, pathological lesion and damages in heart, 
gizzard, liver, pancreas, caecum and small intestine.                          

The results of the current study indicated that dietary 
supplementation of cinnamon essential oil @ 400 mg/kg  
improved the immune response and intestinal histo-
morphology of broiler chickens without any adverse 
effect. It is clear that cinnamon can be used as a potential 
alternative to antibiotics for more safety in the health, 
environmental and economic aspects of poultry industries.
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Fig. 1. Micrograph of duodenum showing height of villi (A) and crypt depth (B). (H & E, 10×)

  Fg. 2. Micrograph of jejunum showing height of villi (A) and crypt depth (B). (H & E, 10×)
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