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ABSTRACT 
A study was conducted to evaluate the influence of in ovo feeding of clove and cinnamon on broilers. The experiment used 700 broiler (Ross 308) 
hatching eggs that were incubated at the recommended temperature of 37.8 °C. On day 17.5 of incubation, 100 eggs were randomly assigned 
to each of the following seven treatments: uninjected eggs (OE), eggs injected 0.5 mL distilled water (DH), 2 mg of clove, 4 mg of clove, 2 mg 
of cinnamon, 4 mg of cinnamon, and 3 mg of ascorbic acid (AC). During the posthatch period, the chicks were raised for 56 days. Data on physi-
ological parameters, growth performance, and intestinal histomorphology were collected. Results revealed that the plasma triiodothyronine (T3) 
of AC and CV2 chicken was higher than the others. Additionally, the plasma malondialdehyde levels of the chickens of AC, CV2, and CM2 were 
improved significantly (P < 0.05). The initial weights of CV2 birds were comparable with AC CV4, CM4, and CM2 birds but heavier than those 
of OE and DW. The bodyweight gain in the CV2 group was similar to AC, CV4, and CM2 groups but heavier than OE, DW, and CM4 birds. Feed 
intake of OE and DW groups was similar to AC, CV2, CV4, and CM2 but higher than CM4. The feed conversion ratio of OE and DW chickens 
was comparable but higher than the value obtained in chickens of other treatments. The intestinal morphology of the birds did not follow a par-
ticular trend. The study concluded that the in ovo injection of 2 mg of clove improved broiler birds’ metabolic and antioxidant status at hatch. 
The high and low doses of clove and the low dose of cinnamon improved the performance of broiler chickens at the market age in a hot tropical 
environment.
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INTRODUCTION
Climate change is causing more severe and more frequent 
effects of heat stress due to seasonal changes, and the intensity 
of this is likely to increase in the years ahead. Neuroendocrine 
alterations are activated by the hypothalamus when an an-
imal is exposed to stressful conditions, resulting in poor pro-
ductivity, morbidity, or death. The impact of heat stress is a 
serious concern in the tropics. Tropical regions are mainly 
located around the equator, where the ambient temperatures 
are rarely below 18 °C for the entire year (Sachs, 2001; 
Habibu et al., 2016; Meteyake et al., 2020; Oke et al., 2021a, 
2022). High ambient temperatures encumber broiler produc-
tion in tropical environments as most farmers rear their birds 
in open-sided poultry houses with no control over the harsh 
environmental variables. However, developing countries in 
the tropics can benefit from the rapid growth of broilers as a 
partial solution to widespread protein malnutrition.

The broiler industry is susceptible to heat stress, espe-
cially in hot climates. Hartlova et al. (2002) indicated that 
the absence of sweat glands in broilers increases breathing 
frequency and core temperature, resulting in an increase in 
alveolar ventilation and cooling of chickens via evapora-
tion. An environmental temperature above 30 °C adversely 
affects broiler productivity by reducing feed efficiency, weight 
gain. and feed intake (Borges et al., 2004). When chickens 

are thermally challenged, oxidative stress occurs because the 
tissue’s antioxidant capacity is overwhelmed by free radical 
generation (Wahab et al., 2010). Due to the peculiarity of 
broiler production in developing countries in the tropics, sus-
tainable interventions are needed to ameliorate the effect of 
thermal challenges on birds.

To ameliorate the impacts of thermal stress in birds, dietary 
modifications with commercial feed additives are considered 
the most practical and favored methods. Phytogenic feed 
additives rich in antioxidants have been advocated as possible 
viable options to alleviate the influence of the heat challenges 
on chickens (Sharbati et al., 2013; Oke et al., 2017, 2021a, 
2021b; Oke, 2018; Kpomasse et al., 2021). Hence, broilers’ 
growth and immunity could also be enhanced when some 
medicinal feed additives are included in their diets during 
periods of heat stress. Beneficial effects of medicinal plants 
on chickens during stress are known (Hossain et al., 2014; 
Chegini et al., 2018; Oke et al., 2021b) as they are high in 
aromatic acids and flavonoid which possess antioxidant 
antifungal, antibacterial, and anti-inflammatory properties 
(Al-Sultan et al., 2019; Tokofai et al., 2021).

Apart from its digestion- and appetite-stimulant properties 
(Tabak et al., 1999), cinnamon (Cinnamomum cassia) has been 
shown to contain many essential oils, including l-borneol, 
eugenol, caryophyllene oxide, cinnamate, cinnamic acid, and 
cinnamaldehyde (Tung et al., 2008), possessing antioxidant 
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and antibacterial activities (Singh et al., 2007; Qotbi, 2016). 
Faixová and Faix (2009) indicated that the antioxidant 
properties of cinnamon are attributed to its polyphenolic and 
phenolic compounds. Additionally, there is a growing interest 
in the use of clove bud (Syzygium aromaticum) as an effective 
antioxidant phytogenic additive (Najafi et al., 2010; Agostini 
et al., 2012; Gaikwad et al., 2019). The bioactive components 
of clove are eugenyl acetate, α-humulene, caryophyllene, 
isoeugenol, and eugenol (Jirovetz et al., 2006). Further, the 
antioxidant properties of eugenol have been documented 
(Mil-Homens et al., 2012).

Although there is a plethora of findings on the beneficial 
dietary impacts of these medicinal plants (Coskun et al., 2017; 
Mokarrami et al., 2020; Oke et al., 2016, 2020), it is not clear 
whether the in ovo feeding of different doses of cinnamon and 
clove extracts will confer thermotolerance and improve the 
performance of broilers in the hot tropical environments. In 
light of this, this study aimed to investigate the influence of 
in ovo feeding of cinnamon and clove on antioxidant status, 
posthath growth performance, and intestinal morphology of 
broiler chickens.

MATERIALS AND METHODS
Preparation of the Extracts
The clove seeds and cinnamon buds were bought from a local 
store. The description of N’nanle et al. (2017) was followed 
to obtain the extracts. Briefly, the samples were thoroughly 
pulverized into powder, sieved with 0.5-mm mesh, and weighed. 
A sample of 425 g was soaked in a mixture of 2 L ethanol (100%) 
and 2 L distilled water for 72 h. The mixture was homogenized 
and sieved. The evaporation of the solution was done using 
Heating bath B-491 and Rotavapor R-210 as described by the 
phytochemical screening manual (Debale, 2002).

Egg Collection, Incubation, and Candling
A reputable breeder farm provided 1,000 fertile eggs from its 
Ross 308 flock (38 wk old). The eggs were placed randomly 
in a single-stage incubator setup tray (SY-7680, Sanyuan 
Incubation Ltd, China). The incubator was configured to keep 
the environment at a temperature of 37.8 °C and relative hu-
midity of 60%. A total of 700 fertile eggs were selected from 
the fertile eggs for the in ovo injection procedure on incuba-
tion day 17.5.

Experimental Design
Seven hundred viable eggs in total were weighed and given in-
dividual labels. The 700 hatching eggs were allocated to seven 
treatments (100 eggs in each treatment having five replicates 
of 20 eggs each: 0 (uninjected eggs; OE), eggs injected with 
clove extract at 2 and 4 mg per egg (CV2), cinnamon at 2 
and 4 mg peregg (CM2), and 3 mg per egg ascorbic acid (AC) 
dissolved in 0.5 mL of distilled water (CM2) and sterile water 
(0.5 mL) (DH). A 1-mL syringe with a sterile needle was used 
for the in ovo feeding of the extracts.

Egg Injection Procedure
On embryonic day 17.5, in ovo feeding was carefully done 
through the air chamber of the incubating hatching eggs. Prior 
to in ovo injection, the sites of injection on the broad ends of 
the eggs were cleaned with methylated spirit to avoid contam-
ination. The eggs were drilled above the air space with a sterile 

needle (18G.) and sealed immediately after the in ovo injec-
tion with sterile paraffin wax. The hatching eggs were then 
transferred to the hatching basket according to the treatment.

Posthatch Management
The chicks hatched were raised in a disinfected poultry pen 
until day 56 in line with the in ovo treatments. Upon arrival 
in the experimental pen, the chicks were tagged, weighed, 
and replicated, and were reared on an open-sided deep litter 
housing type having wood shavings as litter materials. There 
were 70 birds in each treatment, having five replicates of 
14 chickens each. The temperature of the poultry pen was 
maintained between 32 and 33 °C for 7 d. The chickens 
were fed according to the nutrient requirement of broilers as 
prescribed by NRC (1994). The average relative humidity and 
ambient temperature recorded (at 1 pm) during the experi-
ment were 73.4% and 29.5 °C, respectively.

Data Collection
Plasma thyroid hormones, superoxide dismutase, 
and malondialdehyde.  Samples of blood were taken from 
four randomly selected chickens per replicate at hatch and 
56th day via the brachial vein into ethylene diaminetetraacetic 
acid (EDTA) anticoagulant and immediately mixed gently 
to avoid clotting. After centrifuging the heparinized blood 
for 15  min (3,500  rpm), the plasma was collected and 
malondialdehyde (MDA) concentrations and superoxide 
dismutase (SOD) activity was measured as using the methods 
of Zheng et al. (2020). As described by Tachibana (2007), 
plasma triiodothyronine concentrations were assayed using 
immunoenzymatic ELISA kits (CTK Biotech, San Diego, CA). 
The biochemical indices were determined using the method of 
Oke et al. (2021b).

Determination of physiological indices.  The birds 
were gently captured randomly from each replicate to de-
termine their rectal temperature. A digital thermometer was 
gently inserted into the rectum of the birds, following the de-
scription of Yahav and McMurtry (2001). Heart rate (HR) 
was determined using a stethoscope. Body surface tempera-
ture (wing and eye) was determined using an infrared ther-
mometer. Data on body surface temperature, HR, and rectal 
temperature were collected from 10 chicks per treatment (2 
chicks per replicate) weekly.

Growth performance.  The body weights of the chickens 
were determined using a sensitive scale (Camry EK 5055-005, 
Zhongshan Camry Electronic Co. Ltd., China) in each repli-
cate every week. Feed intake and weight gain were recorded 
on a replicate basis throughout the experiment. The feed con-
version ratio was calculated as the ratio of the feed consumed 
and the weights gained by the chickens.

Hematolgogical parameters.  Samples of blood were 
collected from two birds per replicate on day 56 to deter-
mine the hematological parameters. The samples were col-
lected from the brachial vein into heparinized tubes, and the 
parameters were determined according to the methods of 
Zanu et al. (2020).

Histomorphology of the small intestine.  Fragments of 
approximately 4 to 5 cm (in length) were taken from the middle 
region of the jejunum, duodenum, and ileum sections. The 
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excised fragment from each bird was washed in saline (0.9% 
NaCl) to remove intestinal content and then immersed in nat-
ural formaldehyde solution (10% buffered) for fixation. Each 
segment of the intestine was opened and washed in saline so-
lution, fixed in Bouin solution for 24 h on polystyrene sheets, 
and was analyzed following the description of Dahlhoff (2008). 
Morphological examination of the small intestine was done 
using a light microscope (at 40X magnification) that captured 
images and a system that analyzed computerized images. The 
height of eight intact well-oriented villi and the depth of the 
crypt were determined from each intestinal cross-section as 
described by Cheled-shoval et al. (2011). Villus height (µm) was 
measured as the tipoff of the villus crypt junction, and crypt 
width was taken as the midline of the villus. The mucosa wall 
thickness was measured from the muscularis layer to the serosa.

Statistical Analysis
Using the SAS (2008) statistical program, the analysis of var-
iance was performed on the data obtained using a completely 
random design. Tukey’s HSD was used to separate the means 
(P < 0.05).

RESULTS
Physiological Responses at Hatch
The physiological indices of the chicks at hatch are shown in 
Table 1. There was a similarity in the SOD and thyroxine of the 
birds at hatch. However, the plasma T3 of the birds of AC and 
CV2 was similar but higher than those of other treatments whose 
values were comparable. Also, the plasma MDA of the birds of 
OE, DH, CV4, and CM4 was higher than those of CV2, CM2, 
and AC chicks, whose values were not significantly different.

Growth Performance
Responses of broiler chicken to in ovo feeding of aqueous 
extracts of clove and cinnamon on growth performance are 

shown in Table 2. The initial weights of CV2 and AC birds 
were comparable with CV4, CM4, and CM2, but were higher 
(P < 0.05) than OE and DH. The body weight gain of birds 
in the CV2 group was similar to AC, CV4, and CM2 groups 
but higher than OE, DH, and CM4 chickens. The feed in-
take of the OE and DH group was similar to AC, CV2, CV4, 
and CM2, but significantly (P < 0.05) higher than CM4. The 
feed conversion ratio of OE and DH birds was (P < 0.05) 
higher than the values obtained in the birds of other treat-
ment groups.

Physiological Parameters at the Starter and 
Finisher Phases
In ovo feeding of the aqueous extract did not have a signif-
icant (P > 0.05) influence on wing temperature, eye temper-
ature, and HR at the starter phase (Table 3). However, the 
rectal temperature of CM4 birds was similar to the other 
treatment group, except for CM2, which had a lower value. 
At the finisher phase, rectal temperature, wing temperature, 
and HR were not influenced by in ovo injections. However, 
the eye temperature of OE was similar to other treatment 
groups but higher than CM4.

Hematological Parameters
The chickens’ RBC, PCV, hemoglobin, eosinophil, lympho-
cyte, monocyte, neutrophil, and platelet were not influenced 
(P > 0.05; Table 4). However, the CV2 birds had a comparable 
WBC value with AC, CV4, OE, and CM2 but higher than DH 
and CM4. The heterophil of the OE birds was similar to CV2, 
DH, CV4, and CM4 but higher (P < 0.05) than AC and CM2. 
The H:L ratio of OE birds was similar to DH, CV4, CM2, and 
CM4 but higher (P < 0.05) than AC and CV2 birds.

Serum Biochemical Parameters
Responses of broiler chickens to serum biochemical 
parameters at the finisher phase are shown in Table 5. In ovo 

Table 1. Physiological responses of chickens to in ovo cinnamon and clove at hatch

Parameter OE DH AC CV2 CV4 CM2 CM4 SEM P value 

SOD 1.63 1.42 2.28 2.25 2.10 1.48 1.75 0.160 0.6747

T3 3.03b 3.01b 3.92a 3.68a 3.21b 3.16b 3.09b 0.068 0.0001

T4 9.58 10.57 10.08 11.10 10.80 10.53 12.35 0.356 0.5635

MDA 1.42a 1.49a 0.71b 0.79b 1.51a 0.88b 1.48a 0.069 0.0001

a,b:Different superscripts signify difference along the row at P < 0.05. AC = 3 mg ascorbic acid; CM4 = 4 mg cinnamon; CM2 = 2 mg cinnamon; CV4 = 4 mg 
clove; CV2 = 2 mg clove; DH = eggs injected with distilled water; OE = uninjected eggs.

Table 2. Responses of broilers to in ovo cinnamon and clove on performance

Parameter OE DH AC CV2 CV4 CM2 CM4 SEM P value 

I WG, g 33.75c 36.75bc 45.50a 43.50a 38.75abc 42.25ab 42.25ab 1.78 0.0001

F W G, g 2236.00b 2255.00b 2449.25ab 2567.50a 2374.50ab 2335.50ab 2203.25b 93.06 0.0002

B W G, g 2202.25b 2218.25b 2404.75ab 2524.00a 2335.75ab 2293.25ab 2161.00b 93.47 0.0002

F I, g 5638.40a 5583.30a 5355.40ab 5513.70ab 5255.40ab 5276.10ab 5128.50b 188.80 0.0078

F C R, g/g 2.56a 2.51a 2.22b 2.18b 2.25b 2.30b 2.30b 2.08 0.0001

a,b,c:Different superscripts signify difference along the row at P > 0.05. AC = 3 mg ascorbic acid; BWG = body weight gain; CM4 = 4 mg cinnamon; 
CM2 = 2 mg cinnamon; CV4 = 4 mg clove; CV2 = 2 mg clove; DH = eggs injected with distilled water; FCR = feed conversion ratio; FI = feed intake; FWG 
= final weight gain; IWG = initial weight gain; OE = uninjected eggs.
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feeding of the extracts did not significantly affect total pro-
tein, creatinine, ALT, albumin, globulin, and triglyceride at 
the finisher phase. However, the serum glucose (P < 0.05) of 
the chickens on OE and DH was similar to those of CV4, 
CV2, and CM4, but higher than the birds in AC and CV2.

Intestinal Histomorphology
Table 6 shows the responses of broilers to in ovo feeding of 
cinnamon and clove extracts on ileal, jejunal, and duodenal 
histomorphology at day 56. Duodenal, jejunal, and ileal villus 
heights were similar (P < 0.05) across the treatments. Ileal 
villus width not influenced by the treatments. The duodenal 
villus width of CV2 and AC chickens was higher (P < 0.05) 
than those of OE, DH, CV4, CM2, and CM4. Jejunal villus 
width of AC birds was comparable with those of OE, DH, 
CV2, CV4, and CM2 but significantly higher (P < 0.05) than 
CM4. Duodenal, jejunal, and ileal crypt depth showed com-
parable values across all treatments, except for CV2 and AC 
birds, which had significantly lower (P < 0.05) values. For je-
junal crypt depth, CM4 and OE birds had comparable values 
with CV4, DH, and CM2, but were significantly higher 
(P < 0.05) than AC and CV2. The ileal crypt depth of DH 
and CM4 was similar to OE and CV4 but significantly higher 
(P < 0.05) than AC, CV2, and CM4 birds.

DISCUSSION
This study evaluated the in ovo feeding with clove and cin-
namon on broilers’ perinatal and posthatch growth in a hot 
climate. During incubation, various physiological processes 
of chick embryos are regulated by thyroid hormones during 
the transition to the lung from allantoic respiration and 
hatching events (McNabb, 2000; Reyns et al., 2003; de 
Smit et al., 2008). To meet the need for more energy during 
hatching, T3 plays a crucial role (Piestun et al., 2009). The 
higher plasma T3 recorded in the hatched chicks of CV2 
eggs in the present study can be ascribed to the clove’s bi-
oactive constituents for inducing the chicks’ energy metab-
olism (El-Kholy et al., 2019). Similar to the CV2 chicks, the 
improved plasma T3 observed in the AC birds is congruent 
to the findings of El-Kholy et al. (2019), who demonstrated 
that the hatched chicks from vitamin C in ovo injection had 
higher plasma T3 than the control group. The significant 
increase in plasma T3 may be attributed to the enhanced ac-
tivity of the thyrotrophic axis of the birds. The similarity of 
the plasma SOD of the birds recorded in this study aligns 
with the observations of Zhu et al. (2019), who demonstrated 
that in ovo ascorbic acid, injection did not affect the plasma 
SOD of chickens.

Table 3. Responses of broiler chicken under hot-humid season to in ovo cinnamon and clove on physiological parameters at starter and finisher phases

Starter phase          

Parameters OE DH AC CV2 CV4 CM2 CM4 SEM P value

Rectal temperature (°C) 41.15ab 41.27ab 41.07ab 41.22ab 41.12ab 41.00b 41.67a 0.28 0.055

Wing temperature (°C) 38.00 37.50 38.75 38.00 37.75 37.00 38.50 0.91 0.177

Eye temperatures (°C) 36.00 36.00 35.50 36.25 34.00 36.75 35.75 1.33 0.172

Heart rate (beats/min) 336.00 339.00 324.00 322.50 319.50 337.50 339.00 14.31 0.226

Finisher phase

Rectal temperature (°C) 41.45 41.45 41.72 41.12 41.32 41.47 41.77 0.357 0.207

Wing temperature (°C) 36.55 36.25 36.78 37.08 36.20 36.65 36.80 0.782 0.363

Eye temperatures (°C) 37.45a 35.80ab 36.67ab 36.45ab 36.20ab 36.57ab 35.60b 0.751 0.044

Heart rate (beats/min) 356.12 370.17 356.77 358.45 368.50 360.13 361.80 12.05 0.564

a,b,cDifferent superscripts signify difference along the row differ at P < 0.05. AC = 3 mg ascorbic acid; CM4 = 4 mg cinnamon; CM2 = 2 mg cinnamon; 
CV4 = 4 mg clove; CV2 = 2 mg clove; DH = eggs injected with distilled water; OE = uninjected eggs.

Table 4: Responses of broiler chickens under hot-humid season to in ovo cinnamon and clove on hematological parameters

Parameters OE DH AC CV2 CV4 CM2 CM4 SEM P value 

PCV (%) 27.67 25.00 26.67 26.00 23.66 30.67 26.33 3.17 0.264

RBC(×106/µL) 1.29 1.21 0.98 1.53 1.36 1.48 1.21 0.34 0.531

WBC(×106/µL) 2.61ab 1.16c 2.51abc 3.10a 2.66ab 2.08abc 1.316b 0.50 0.002

HM(g/dl) 12.17 11.10 11.90 11.67 10.63 13.23 11.80 1.10 0.202

Eosinophil (%) 0.33 1.66 0.33 0.66 1.33 1.33 1.33 0.78 0.269

Lymphocyte (%) 66.67 63.67 70.33 73.33 68.00 67.00 70.67 4.90 0.609

Monocyte (%) 1.67 1.66 2.333 2.33 1.33 2.67 1.66 0.95 0.592

Neutrophil (%) 31.33 32.33 34.33 29.00 29.33 29.00 27.33 4.01 0.423

Heterophil (%) 31.67a 30.00ab 27.00b 28.33ab 28.00ab 27.00b 29.33ab 1.38 0.015

Platelet (%) 64.00 78.00 60.33 66.00 106.00 106.00 88.00 19.66 0.046

H/L (%) 0.47a 0.47ab 0.38b 0.38b 0.41ab 0.41ab 0.41ab 0.03 0.013

a,b:Different superscripts signify difference along the row at P < 0.05. AC = 3 mg ascorbic acid; CM4 = 4 mg cinnamon; CM2 = 2 mg cinnamon; CV4 = 4 mg 
clove; CV2 = 2 mg clove; DH = eggs injected with distilled water; OE = uninjected eggs.
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A nutritional supplement that could potentially attenuate 
oxidative stress could ameliorate the adverse effects of stress 
on the posthatch growth performance of broilers (Ebeid et 
al., 2013; Hajati et al., 2014), and the protection provided 
by antioxidants at hatching is essential for the survival of 
chickens in the early period following hatching (Surai et al., 
2016). The lower MDA of CV2 and AC chickens in this study 
indicates a better antioxidant status. The plasma triiodothyro-
nine of the birds may explain the improved antioxidant status 
as Laurberg et al. (2005) and Lin et al. (2008) demonstrated 
that antioxidant enzymes are largely controlled by thyroid 
hormones. The similarity in the plasma MDA of the birds 
treated with cinnamon extract and the control group in the 
present study suggests that the bioactive compounds of the 
extract did not upregulate the antioxidant activity.

There is a nexus between the performance of broilers and 
intestinal microbiota, which may be modified to provide 
favorable conditions for increased growth. A healthy gas-
trointestinal tract is critical for nutrient digestion and ab-
sorption (Mitchell et al., 2006; Hajati et al., 2014). Eugenol 
(in clove) has antioxidant properties comparable to syn-
thetic antioxidants (Dorman et al., 2000). The amelioration 

of oxidative stress at the late stage of incubation might have 
led to the higher weight gain and performance of the chicks 
(Choe et al., 2019). The improved performance of the birds 
in CV2 and AC in this study could be attributed to improved 
intestinal development. Antioxidants offer oxidative defense 
mechanisms to the gut of developing embryos, shielding 
them from free radicals (Surai, 1999; Choe et al., 2019). The 
improved final body weight of CV2 and AC birds in this study 
indicates that the clove’s bioactive constituents enhanced 
broiler performance. Dietary administration of clove has 
been reported to improve the body weight of birds (Ertas et 
al., 2005; Najafi and Torki, 2010). However, Al-mufarrej et 
al. (2019) reported that the inclusion of dietary supplemen-
tation of clove at 2% and 6% resulted in a decline in body 
weight. Our findings in this study revealed that there was a 
higher feed intake by CV2 and AC birds. There is an incon-
sistency in the dietary effect of clove on the feed intake of 
chickens. Milind and Deepa (2011) reported a higher feed 
intake, while other authors reported that there was no effect 
(Mukhtar, 2011; Petrovic et al., 2012; Mahrous et al., 2017), 
whereas other authors reported a decline in the feed intake 
(Mohammadi et al., 2014; Al-mufarrej et al., 2019). The 

Table 5. Responses of broiler chicken to in ovo cinnamon and clove on serum biochemical parameters

Parameters Total protein 
mg/dL 

Creatinine 
mg/dL 

ALT (U/L) 
mg/dL 

Albumin 
mg/dL 

Globulin 
mg/dL 

Glucose 
mg/dL 

Triglyceride 
mg/dL 

OE 6.26 0.3 55.5 3.76 2.4 143.67a 88.86

DH 7.3 0.35 45 3.73 3.4 142.67a 96.93

AC 7.2 0.45 60.5 3.53 3.7 98.50b 91.36

CV2 6.76 0.45 48 3.63 3.2 95.65b 93.83

CV4 6.3 0.3 56.5 3.3 3.06 125.67ab 101.4

CM2 5.93 0.35 65.5 3.56 3.06 134.00ab 84.06

CM4 6.8 0.45 51 3.56 3.03 123.33ab 101.1

SEM 0.61 0.01 1.75 0.23 0.53 14.9 6.93

P value 0.129 0.087 0.452 0.33 0.087 0.027 0.069

AC = 3 mg ascorbic acid; CM4 = 4 mg cinnamon; CM2 = 2 mg cinnamon; CV4 = 4 mg clove; CV2 = 2 mg clove; DH = eggs injected with distilled water; 
OE = uninjected eggs.

Table 6. Responses of broilers to in ovo cinnamon and clove on intestinal histomorphology on day 56

Parameters OE DH AC CV2 CV4 CM2 CM4 SEM P value 

Duode-
num

 VH (μm) 1,288.67 1,336.33 1,330.67 1,433.33 1,158.00 1,262.00 1,228.00 103.86 0.111

 VW (μm) 117.66b 123.33b 141.67ab 156.66a 118.33b 118.00b 123.00b 11.84 0.007

 CD (μm) 156.00abc 181.00a 133.33c 145.00bc 170.00ab 154.67abc 180.33a 11.60 0.001

Jejunum

 VH (μm) 1,623.00 1,440.30 1,743.70 1,814.70 1,592.70 1,417.00 1,481.00 175.25 0.097

 VW(μm) 184.67ab 195.67ab 229.33a 199.00ab 184.67ab 188.33ab 188.33b 27.18 0.117

 CD (μm) 262.67a 173.67ab 162.67b 163.67b 176.33ab 177.67ab 258.33a 2.36 0.007

Ileum

 VH (μm) 2,140.00 2,059.6 2,115.4 2,365.5 1,907.5 1,621.7 1,954.5 269.39 0.104

 VW (μm) 242.74 277.82 278.27 213.34 222.03 213.34 205.52 42.89 0.581

 CD (μm) 229.70ab 365.61a 211.46b 213.43b 236.28ab 200.86b 313.50a 50.37 0.009

a,b.cMeans having different superscript in the row differ significantly at P < 0.05. AC = 3 mg ascorbic acid; CD = crypt depth; CM4 = 4 mg cinnamon; 
CM2 = 2 mg cinnamon; CV4 = 4 mg clove; CV2 = 2 mg clove; DH = eggs injected with distilled water; OE = uninjected eggs; VH = villus height; VW = 
villus width.
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discrepancy in the results may be attributed to variations in 
management, breeds of chickens, and methods of processing 
phytogenic feed additives. Nevertheless, the in ovo injection 
of CV2 and AC resulted in a higher feed intake. There is a 
need to take caution in comparing in ovo with dietary sup-
plementation, as in ovo injection involves the assimilation of 
substances at different growth phases. The improved perfor-
mance of the CV2 birds in this trial is consistent with the 
results obtained in dietary treatment (Park, 2008; Gbenga 
et al., 2009). Most of the hematological parameters of the 
chickens in this study were somewhat similar, indicating 
the safety of the phytogenic additives via in ovo route. This 
corroborates the recent findings of Oke et al. (2021b), which 
showed that in ovo black cumin did not alter the hematology 
of broilers.

The present study indicates that the glucose levels were 
substantially different in CL2 and vitamin-C-treated birds, 
with a lower value than the other groups. High blood glucose 
has been established during fasting and stressful conditions 
(Maduka et al., 2015). The lower glucose levels suggest 
that the birds offered clove 2  mg and AC injections had 
better thermotolerance under the hot season in combating 
the effect of heat stress. According to Zhang et al. (2015), 
phytochemicals can prevent hypoglycemia by modulating 
glycosidase and lipase activities, lowering glycemic levels, 
enhancing pancreatic function, and having a synergistic effect.

The small intestine is a highly specialized organ for nu-
trition breakdown and absorption. It is a barrier between 
the host’s exterior and internal environments (Sobolewska 
et al., 2017). Digestive enzyme secretion increases as crypts 
go deeper (Xu et al., 2003). As a result, the villi surface 
area, crypt depth, and the ratio of villi height to crypt depth 
are typical indicators of intestinal functional and devel-
opmental conditions (Xu et al., 2003). Increasing any of 
these morphometric characteristics will improve the brush 
border membrane’s digestive and absorptive capacities. The 
observed intestinal morphology of the broilers in the present 
study suggests that the modulation of the gut did not follow 
a particular trend, and the similarity in some of the intestinal 
morphological parameters of the birds may be due to the 
effects of the in ovo feeding fading with time. The depth of 
the crypts is one of the factors determining the health and 
function of the intestine in chickens, and their size can in-
dicate the intensity of intestinal epithelial cell regeneration 
(Samanya and Yamauchi, 2002). The duodenal and ileal 
crypt depth of CV2 and AC birds in this study suggests a 
healthy gut with an efficient tissue turnover, indicating better 
nutritional absorption. This observation corresponds to the 
better growth performance of the birds.

In conclusion, our findings in the present study have shown 
that in ovo injection of cinnamon and clove aqueous extracts 
at low levels (2 mg) improved the plasma triiodothyronine, 
antioxidant status and the final body weights than the con-
trol group. Although the duodenal villus width of the CV2 
chickens was better than the control birds, the different 
doses of the extract did not elicit a specific trend in the in-
testinal morphology of the broilers. The chickens offered in 
ovo feeding of 2 mg cinnamon competed favorably with AC 
in plasma MDA, the rectal temperature at the starter phase, 
and FCR. It is suggested that in ovo injection of cinnamon or 
clove at 2 mg per egg could be beneficial for the performance 
of broilers in tropical environments.

Acknowledgment
The authors appreciate the support of the Tertiary Education 
Trust Fund provided for this experiment.

Conflict of Interest
The authors declare no conflict of interest.

Ethical Approval
The Federal University of Agriculture, Abeokuta, Nigeria, 
Institutional Animal Ethics Committee regulations were 
followed in conducting the experiment. The experimental 
birds were given care throughout the trial without causing 
undue discomfort.

Literature Cited
Agostini, P. S., D. Sola-Oriol, M. Nofrarías, A. C. Barroeta, J. Gasa, 

and E. G. Manzanilla. 2012. Role of in-feed clove supplementation 
on growth performance, intestinal microbiology, and morphol-
ogy in broiler chicken. Livest. Sci. 147:113–118. doi:10.1016/j.
livsci.2012.04.010

Al-Mufarrej, S. I., M. M. Qaid, E. H. Fazea, and H. A. B. Al-Baadani. 
2019. Effects of clove powder supplementation on performance, 
blood biochemistry, and immune responses in broiler chickens. S. 
Afr. J. Anim. Sci. 49(5):835–844. doi:10.4314/sajas.v49i5.6

Al-Sultan, S. I., S. M. Abdel-Raheem, S. Abd-Allah, and A. M. Edris. 
2019. Alleviation of chronic heat stress in broilers by dietary sup-
plementation of novel feed additive combinations. S. Vet. Res. 
56:269–279. doi:10.26873/SVR-766-2019

Borges, B., A. F. Da Silva, A. Majorka, D. M. Hooge, and K. R. Cum-
mings. 2004. Effects of diet and cyclic daily heat stress on elec-
trolyte, nitrogen and water intake, excretion and retention by 
colostomized male broiler chickens. Int. J. Pout Sci. 3(5):313–321. 
doi:10.3923/ijps.2004.313.321

Chegini, S., A. Kiani, and H. Rokni. 2018. Alleviation of thermal and 
overcrowding stress in finishing broilers by dietary propolis supple-
mentation. Ital. J. Anim. Sci. 17(2):377–385. doi:10.1080/182805
1X.2017.1360753

Cheled-Shoval, S. L., E. Amit-Romach, M. Barbakov, and Z. Uni. 2011. 
The effect of in ovo administration of mannan oligosaccharide on 
small intestine development during the pre-and posthatch periods 
in chickens. Poult. Sci. 90:2301–2310. doi:10.3382/ps.2011-01488

Choe, G., S. W. Kim, J. Park, J. Park, S. Kim, Y. S. Kim, Y. Ahn, D. W. Jung, 
D. R. Williams, and J. Y. Lee. 2019. Anti-oxidant activity reinforced 
reduced graphene oxide/alginate microgels: mesenchymal stem cell 
encapsulation and regeneration of infarcted hearts. Biomaterials. 
225:119–513. doi:10.1016/j.biomaterials.2019.119513

Coskun, I., F. Korkmaz, A. Altop, H. Cayan, G. Filik, A. Sahin, and H. 
E. Samli. 2017. The effects of in ovo pollen extract injection on 
growth parameters, ileal histomorphology and caecal microflora 
in fasted broiler chicks. Indian J. Anim. Sci. 51:1–5. doi:10.18805/
ijar.B-718.

Dahlhoff, M. 2008. Actions of betacellulin in the gastrointestinal tract: 
studies in transgenic mouse lines [doctoral dissertation]. München 
University.

De Smit, L., V. Bruggeman, M. Debonne, J. K. Tona, B. Kamers, N. 
Everaert, A. Witters, O. Onagbesan, L. Arckens, J. De Baerdemaeker, 
et al. 2008. The effect of nonventilation during early incubation on 
the embryonic development of chicks of two commercial broiler 
strains differing in ascites susceptibility. Poult. Sci. 87:551–560. 
doi:10.3382/ps.2007-00322

Debale, A. 2002. Manual for phytochemical screening of medicinal 
plants. Addis Ababa, Ethiopia: Department of Drug Research, 
EHNRI; p. 15–24. 

https://doi.org/10.1016/j.livsci.2012.04.010
https://doi.org/10.1016/j.livsci.2012.04.010
https://doi.org/10.4314/sajas.v49i5.6
https://doi.org/10.26873/SVR-766-2019
https://doi.org/10.3923/ijps.2004.313.321
https://doi.org/10.1080/1828051X.2017.1360753
https://doi.org/10.1080/1828051X.2017.1360753
https://doi.org/10.3382/ps.2011-01488
https://doi.org/10.1016/j.biomaterials.2019.119513
https://doi.org/10.18805/ijar.B-718
https://doi.org/10.18805/ijar.B-718
https://doi.org/10.3382/ps.2007-00322


In ovo phytogenic additives on broilers 7

Dorman, H. D., and S. G. SuraiDeans. 2000. In vitro antioxidant ac-
tivity of a number of plant essential oils and phytoconstituents. J. 
Essent. Oil Res. 12:241–248. doi:10.1080/10412905.2000.96995
08

Ebeid, T. A., H. S. Zeweil, M. M. Basyony, W. M. Dosoky, and H. Badry. 
2013. Fortification of rabbit diets with vitamin E or selenium 
affects growth performance, lipid peroxidation, oxidative status 
and immune response in growing rabbits. Livest. Sci. 155:323–331. 
doi:10.1016/J.LIVSCI.2013.05.011

El-Kholy, M. S., Z. A. E. G. Ibrahim, M. M. El-Mekkawy, and M. 
Alagawany. 2019. Influence of in ovo administration of some wa-
ter-soluble vitamins on hatchability traits, growth, carcass traits 
and blood chemistry of Japanese quails. Ann. Anim. Sci. 19:97–
111. doi:10.2478/aoas-2018-0041

Ertas, O. N., T. Guler, M. Çiftçi, B. DalkIlIç, and U. G. Simsek. 2005. 
The effect of an essential oil mix derived from oregano, clove 
and anise on broiler performance. Int. J. Poult. Sci. 4:879–884. 
doi:10.3923/ijps.2005.879.884 

Faix, S., Z. Faixová, I. Plachá, and J. Koppel. 2009. Effect of 
Cinnamomum zeylanicum essential oil on antioxidative status 
in broiler chickens. Acta Vet. Brno. 78:411–417. doi:10.2754/
avb200978030411

Gaikwad, D. S., Y. G. Fulpagare, U. Y. Bhoite, D. K. Deokar, and C. 
A. Nimablkar. 2019. Effect of dietary supplementation of ginger 
and cinnamon on growth performance and economics of broiler 
production. Int. J. Curr. Microbiol. App. Sci. 8(3):1849–1857. 
doi:10.20546/IJCMAS.2019.803.219

Gbenga, E. O., E. A. Oluwatoyin, N. F. Adebowale, V. A. D. O. A. P. 
Ayodeji, U. O. T. Federal, and S. Ondo. 2009. Response of broiler 
chickens in terms of performance and meat quality to garlic (Al-
lium sativum) supplementation. Afr. J. Agric. Reso. 4:511–517.

Habibu, B., M. U. Kawu, H. J. Makun, T. Aluwong, and L. S. Yaqub. 
2016. Seasonal variation in body mass index, cardinal physio-
logical variables and serum thyroid hormones profiles in relation 
to susceptibility to thermal stress in goat kids. Small Rum. Res. 
145:20–27. doi:10.1016/J.SMALLRUMRES.2016.10.023

Hajati, H., A. Hassanabadi, A. Golian, H. Nassiri-Moghaddam, and M. 
R. Nassiri. 2014. The effect of in ovo injection of grape seed extract 
and vitamin C on hatchability, antioxidant activity, yolk sac weight, 
performance and ileal micro flora of broiler chickens. Res. Opin. 
Anim Vet. Sci. 4:633–638.

Härtlová, H., J. Blaha, M. Koubkova, J. Draslarova, and A. Fucikova. 
2002. Influence of heat stress on the metabolic response in broiler 
chickens. Sci. Agric. Bohem. 33:145–149.

Hossain, M. M., Howlader, A. J., Islam, M. N. and M. A. H. Beg. 2014. 
Evaluation of locally available herbs and spices on physical, bio-
chemical and economical parameters on broiler production. Int. J. 
Plant, Anim. Env. Sci. 4(1):317–323.

Jirovetz, L., G. Buchbauer, I. Stoilova, A. Stoyanova, A. Krastanov, 
and E. Schmidt. 2006. Chemical composition and antioxidant 
properties of clove leaf essential oil. J. Agric. Food Chem. 54:6303–
6307. doi:10.1021/jf060608c

Kpomasse, C. C, O. E. Oke, F. M. Houndonougbo, and K. Tona. 2021. 
Broilers production challenges in the tropics: a review. Vet. Med. 
Sci. 7:831–842. doi:10.1002/vms3.435

Laurberg, P., S. Andersen, I. B. Pedersen, and A. Carlé. 2005. Hypothy-
roidism in the elderly: pathophysiology, diagnosis and treatment. 
Drugs Aging. 22:23–38. doi:10.2165/00002512-200522010-00002

Lin, H., E. Decuypere, and J. Buyse. 2008. Effect of thyroid hormones 
on the redox balance of broiler chickens. Asian-Australas. J. Anim. 
Sci. 21:794–800. doi:10.5713/AJAS.2008.70305

Maduka, I. C., E. E. Neboh, and S. A. Ufelle. 2015. The relationship be-
tween serum cortisol, adrenaline, blood glucose and lipid profile of 
undergraduate students under examination stress. Afr. Health Sci. 
15(1):131–136. doi:10.4314/ahs.v15i1.18

Mahrous, H. S., A. H. El-Far, K. M. Sadek, and M. A. Abdel-Latif. 2017. 
Effects of different levels of clove bud (Syzygium aromaticum) die-
tary supplementation on immunity, antioxidant status, and per-

formance in broiler chickens. Alex. J. Vet. Sci. 54. doi:10.5455/
ajvs.272231

Meteyake, H. T., A. Bilalissi, O. E. Oke, K. Voemesse, and K. Tona. 
2020. Effect of thermal manipulation during incubation and heat 
challenge during the early juvenile stage on production parameters 
of broilers reared under a tropical climate. European Poult. Sci. 
84:1–16. doi:10.1399/eps.2020.318

McNabb, F. M. A. 2000. Thyroids. In: Whittow, G., editor. Sturkie’s 
avian physiology. New York (NY): Academic Press; p. 461–471.

Mil-Homens, D., N. Bernardes, and A. M. Fialho. 2012. The anti-
bacterial properties of docosahexaenoic omega-3 fatty acid a-
gainst the cystic fibrosis multiresistant pathogen Burkholderia 
cenocepacia. FEMS Microbiol. Lett. 328:61–69. doi:10.1111/
j.1574-6968.2011.02476.x

Milind, P., and K. Deepa. 2011. Clove: a champion spice. Int. J. Res. 
Ayurveda Pharm. 2:47–54. doi:10.12691/jnh-7-1-4

Mitchell, M. A. and M. Moretó. 2006. Absorptive function of the small 
intestine: adaptations meeting demand. In: Perry, G. C., editor. A-
vian gut function health and disease. Wallingford: CAB Interna-
tional; p. 43–63. doi:10.1079/9781845931803.004

Mohammadi, Z., S. Ghazanfari, and M. A. Moradi. 2014. Effect of 
supplementing clove essential oil to the diet on microflora popula-
tion, intestinal morphology, blood parameters and performance of 
broilers. Eur. Poult. Sci. 78:1–7. doi:10.1399/eps.2014.51

Mokarrami, T., B. Navidshad, N. Hedayat Evrigh, and F. Mirzaei 
Aghjehgheshlagh. 2020. The effect of in ovo injection of aromatase 
inhibitors on the performance of broilers. Iran. J. Appl. Anim. Sci. 
10:113–118. doi:20.1001.1.2251628.2020.10.1.14.9

Mukhtar, M. A. 2011. The effect of dietary clove oil on broiler perfor-
mance. Aust. J. Basic Appl. Sci. 5(7):49–51.

N’nanle, O., A. Tété-Bénissan, K. Tona, A. Teteh, K. Voemesse, E. 
Decuypere, and M. Gbeassor. 2017. Effect of in ovo inoculation of 
Moringa oleifera leaves extract on hatchability and chicken growth 
performance. Euro. Poult. Sci. 81:1–8. doi:10.1399/eps.2017.213

Najafi, P. and M. Torki. 2010. Performance, blood metabolites and im-
munocompetence of broiler. J. Anim. Vet. Adv. 9(7):1164–1168. 
doi:10.3923/javaa.2010.1164.1168

NRC. 1994. Nutrient requirements of poultry. Washington (DC): 
National Academies Press.

Oke, O. E., F. O. Sorungbe, M. O. Abioja, O. Oyetunji, A. O. Onabajo. 
2016. Effect of different levels of honey on physiological, growth 
and carcass traits of broiler chickens during dry season. Acta Agric. 
Slov. 108: 45–53. doi:10.14720/aas.2016.108.1.5

Oke, O. E. 2018. Evaluation of physiological response and performance 
by supplementation of Curcuma longa in broiler feed under hot hu-
mid tropical climate. Trop. Anim. Health Pro. 50(5):1071–1077. 
doi:10.1007/s11250-018-1532-8

Oke, O. E., U. K. Emeshili, O. S. Iyasere, M. O. Abioja, J. O. Daramola, 
A. O. Ladokun, J. A. Abiona, T. J. Williams, S. A. Rahman, S. O. 
Rotimi, et al. 2017. Physiological responses and performance of 
broiler chickens offered olive leaf extract under a hot humid trop-
ical climate. J. Appl. Poult. Res. 26(3):376–382. doi:10.3382/japr/
pfx005

Oke, O. E., E. T. Alo, F. O. Oke, Y. A. Oyebamiji, M. A. Ijaiya, M. 
A. Odefemi, R. Y. Kazeem, A. A. Soyode, O. M. Aruwajoye, R. T. 
Ojo, S. M. Adeosun, O. M. Onagbesan. 2020. Early age thermal 
manipulation on the performance and physiological response of 
broiler chickens under hot humid tropical climate. J. Therm. Biol. 
88. https://doi.org/10.1016/j.jtherbio.2020.102517.

Oke, O. E., O. M. Oso, M. Logunleko, V. Uyanga, F. Akinyemi, F. 
Okeniyi, O. Akosile, J. Baloyi, and O. Onagbesan. 2022. Adaptation 
of the White Fulani cattle to the tropical environment. J. Therm. 
Biol. 110:103372. https://doi.org/10.1016/j.jtherbio.2022.103372

Oke, O. E., O. B. Oyelola, O. S. Iyasere, C. P. Njoku, A. O. Oso, O. M. 
Oso, and J. O. Daramola. 2021b. In ovo injection of black cumin 
(Nigella sativa) extract on hatching and post hatch performance of 
thermally challenged broiler chickens during incubation. Poult. Sci. 
100:100831. doi:10.1016/j.psj.2020.10.072

https://doi.org/10.1080/10412905.2000.9699508
https://doi.org/10.1080/10412905.2000.9699508
https://doi.org/10.1016/J.LIVSCI.2013.05.011
https://doi.org/10.2478/aoas-2018-0041
https://doi.org/10.3923/ijps.2005.879.884
https://doi.org/10.2754/avb200978030411
https://doi.org/10.2754/avb200978030411
https://doi.org/10.20546/IJCMAS.2019.803.219
https://doi.org/10.1016/J.SMALLRUMRES.2016.10.023
https://doi.org/10.1021/jf060608c
https://doi.org/10.1002/vms3.435
https://doi.org/10.2165/00002512-200522010-00002
https://doi.org/10.5713/AJAS.2008.70305
https://doi.org/10.4314/ahs.v15i1.18
https://doi.org/10.5455/ajvs.272231
https://doi.org/10.5455/ajvs.272231
https://doi.org/10.1399/eps.2020.318
https://doi.org/10.1111/j.1574-6968.2011.02476.x
https://doi.org/10.1111/j.1574-6968.2011.02476.x
https://doi.org/10.12691/jnh-7-1-4
https://doi.org/10.1079/9781845931803.004
https://doi.org/10.1399/eps.2014.51
https://doi.org/20.1001.1.2251628.2020.10.1.14.9
https://doi.org/10.1399/eps.2017.213
https://doi.org/10.3923/javaa.2010.1164.1168
https://doi.org/10.14720/aas.2016.108.1.5
https://doi.org/10.1007/s11250-018-1532-8
https://doi.org/10.3382/japr/pfx005
https://doi.org/10.3382/japr/pfx005
https://doi.org/10.1016/j.jtherbio.2020.102517
https://doi.org/10.1016/j.jtherbio.2022.103372
https://doi.org/10.1016/j.psj.2020.10.072


8 Akosile et al.

Oke, O. E., V. A. Uyanga, O. S. Iyasere, F. O. Oke, B. C. Majekdunmi, 
M. O. Logunleko, J. A. Abiona, E. U. Nwosu, M. O. Abioja, J. A. 
Daramola, et al. 2021a. Environmental stress and livestock produc-
tivity under hot-humid tropics: alleviation and future perspectives. 
Therm. Biol. 100:103077. doi:10.1016/j.jtherbio.2021.103077

Park, B. S. 2008. Effect of dietary cinnamon powder on savor and qual-
ity of chicken meat in broiler chickens. J. Korean Soc. Food Sci. 
Nutr. 37:618–624. doi:10.3746/jkfn.2008.37.5.618

Petrovic, V., S. Marcincak, P. Popelka, J. Simkova, M. Martonova, J. 
Buleca, D. Marcincakova, M. Tuckova, L. Molnar, and G. Kovac. 
2012. The effect of supplementation of clove and agrimony or clove 
and lemon balm on growth performance, antioxidant status and 
selected indices of lipid profile of broiler chickens. J. Anim. Physiol. 
Anim. Nutr. 96:970–977. doi:10.1111/j.1439-0396.2011.01207.x

Piestun, Y., O. Halevy, and S. Yahav. 2009. Thermal manipulations of 
broiler embryos—the effect on thermoregulation and development 
during embryogenesis. Poult. Sci. 88:2677–2688. doi:10.3382/
ps.2009-00231

Qotbi, A. A. A. 2016. The effect of cinnamon powder and cinnamon 
extract on performance, blood parameters and microbial popula-
tion of broiler chicks. J. Bab Uni/ Pure Appl. Sci. 9(24):2654–2660.

Reyns, G. E., K. Venken, G. M. de Escobar, E. R. Kuhn, and V. M. 
Darras. 2003. Dynamics and regulation of intracellular thyroid 
hormone concentrations in embryonic chicken liver, kidney, brain, 
and blood. Gen. Comp. Endocrinol. 134:80–87. doi:10.1016/
S0016-6480(03)00220-X

Sachs, J. D. 2001. Tropical underdevelopment [NBER Working Paper 
No. 8119]. http://www.nber.org/papers/w8119.

Samanya, M., and K. E. Yamauchi. 2002. Histological alterations of 
intestinal villi in chickens fed dried Bacillus subtilis Var. natto. 
Comp. Biochem. Physiol. A: Mol. Integr. Physiol. 133:95–104. 
doi:10.1016/s1095-6433(02)00121-6

SAS. 2008. User’s guide. Version 9.2. Cary (NC): SAS Institute Inc.
Sharbati A. A., M. Daneshyar, and A. Aghazadeh. 2013. The effect of die-

tary sumac fruit powder (Rhus coriaria L.) on performance and blood 
antioxidant status of broiler chickens under continuous heat stress 
condition. Ital. J. Anim. Sci. 12:39–43. doi:10.4081/ijas.2013.e6

Singh, G., S. Maurya, M. P. Cesar, and A. M. Catalan. 2007. A compari-
son of chemical, antioxidant and anti microbial studies of cinnamon 
leaf and bark volatile oils, oleoresins and their constituents. Food 
Chem. Toxicol. 45:1650–1661. doi:10.1016/J.FCT.2007.02.031

Sobolewska, A., J. Bogucka, A. Dankowiakowska, G. Elminowska-
Wenda, K. Stadnicka, and M. Bednarczyk. 2017. The impact of 
synbiotic administration through in ovo technology on the micro-
structure of a broiler chicken small intestine tissue on the 1st and 
42nd day of rearing. J. Anim. Sci. Biotechnol. 8:61. doi:10.1186/
s40104-017-0193-1

Surai, P. F. 1999. Tissue-specific changes in the activities of antioxidant 
enzymes during the development of the chicken embryo. Br. Poult. 
Sci. 40:397–405. doi:10.1080/00071669987511.

Surai, P. F., V. I. Fisinin, and F. Karadas. 2016. Antioxidant systems in 
chick embryo development. Part 1.Vitamin E, carotenoids and se-
lenium. Anim. Nutr. 2(1):1–11. doi:10.1016/j.aninu.2016.01.001.

Tabak, M., R. Armon, and I. Neeman. 1999. Cinnamon extract inhibi-
tory effect on Helicobacter pylori. J Ethnopharmacol. 67:269–277.

Tachibana, T., D. Oikawa, H. Takahashi, T. Boswell, and M. Furuse. 
2007. The anorexic effect of alpha-melanocyte-stimulating 
hormone is mediated by corticotrophin-releasing factor in 
chicks. Comp. Biochem. Phys. A. 147:173–178. doi:10.1016/J.
CBPA.2006.12.044

Tokofai, B.M., K. Idoh, O.E. Oke, and A. Agbonon. 2021. 
Hepatoprotective effects of Vernonia amygdalina (Astereaceae) ex-
tract on CCl4-induced liver injury in broiler Chickens. Anim. 11, 
3371. https://doi.org/10.3390/ani11123371.

Tung, Y. T., M. T. Chua, S. Y. Wang, and S. T. Chang. 2008. Anti-in-
flammatory activities of essential oil and its constituents from in-
digenous cinnamon (Cinnamon osmophloeum) twigs. Bioresour. 
Technol. 99:3908–3913. doi:10.1016/J.BIORTECH.2007.07.050

Wahab, A. A., M. A. A. Mabrouk, J. O. Ayo, A. F. Sulaimon, S. Muftau, A. 
A. Yahaya, and S. E. Oluwatobi. 2010. Effects of co-administration 
of antioxidants on erythrocyte osmotic fragility of wistar rats dur-
ing the hot-dry season. Eur. J. Sci. Res. 46:73–79.

Xu, Z., C. Hu, M. Xia, X. Zhan, and M. Wang. 2003. Effects of die-
tary fructooligosaccharide on digestive enzyme activities, intestinal 
microflora and morphology of male broilers. Poult. Sci. 82:1030–
1036. doi:10.1093/ps/82.6.1030.

Yahav, S., and J. P. McMurtry. 2001. Thermotolerance acquisition in 
broiler chickens by temperature conditioning early in life—the ef-
fect of timing and ambient temperature. Poult. Sci. 80:1662–1666. 
doi:10.1093/ps/80.12.1662.

Zanu, H. K., C. Keerqin, S. K. Kheravii, N. Morgan, S.-B. Wu, M. R. 
Bedford, and R. A. Swick. 2020. Influence of meat and bone meal, 
phytase, and antibiotics on broiler chickens challenged with sub-
clinical necrotic enteritis: 2. Intestinal permeability, organ weights, 
hematology, intestinal morphology, and jejunal gene expression. 
Poult. Sci. 99:2581–2594. doi:10.1016/j.psj.2019.12.049

Zhang, Y. J., R. Y. Gan, S. Li, Y. Zhou, A. N. Li, D. P. Xu, and H. B. 
Li. 2015. Antioxidant phytochemicals for the prevention and 
treatment of chronic diseases. Molecules. 20:21138–21156. 
doi:10.3390/molecules201219753.

Zheng, Y., J. Zhang, H. Zhou, Y. Guo, Q. Ma, C. Ji, and L. Zhao. 
2020. Effects of dietary pyrroloquinoline quinone disodium 
supplementation on inflammatory responses, oxidative stress, 
and intestinal morphology in broiler chickens challenged with 
lipopolysaccharide. Poult. Sci. 99:5389–5398. doi:10.1016/j.
psj.2020.08.007

Zhu, Y. F., S. Z. Li, Q. Z. Sun, and X. J. Yang. 2019. Effect of in 
ovo feeding of vitamin C on antioxidation and immune func-
tion of broiler chickens. Animals. 13:1927–1933. doi:10.1017/
S1751731118003531.

https://doi.org/10.1016/j.jtherbio.2021.103077
https://doi.org/10.3746/jkfn.2008.37.5.618
https://doi.org/10.1111/j.1439-0396.2011.01207.x
https://doi.org/10.3382/ps.2009-00231
https://doi.org/10.3382/ps.2009-00231
https://doi.org/10.1016/S0016-6480(03)00220-X
https://doi.org/10.1016/S0016-6480(03)00220-X
http://www.nber.org/papers/w8119
https://doi.org/10.1016/s1095-6433(02)00121-6
https://doi.org/10.4081/ijas.2013.e6
https://doi.org/10.1016/J.FCT.2007.02.031
https://doi.org/10.1186/s40104-017-0193-1
https://doi.org/10.1186/s40104-017-0193-1
https://doi.org/10.1080/00071669987511
https://doi.org/10.1016/j.aninu.2016.01.001
https://doi.org/10.1016/J.CBPA.2006.12.044
https://doi.org/10.1016/J.CBPA.2006.12.044
https://doi.org/10.3390/ani11123371
https://doi.org/10.1016/J.BIORTECH.2007.07.050
https://doi.org/10.1093/ps/82.6.1030
https://doi.org/10.1093/ps/80.12.1662
https://doi.org/10.1016/j.psj.2019.12.049
https://doi.org/10.3390/molecules201219753
https://doi.org/10.1016/j.psj.2020.08.007
https://doi.org/10.1016/j.psj.2020.08.007
https://doi.org/10.1017/S1751731118003531
https://doi.org/10.1017/S1751731118003531

