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Abstract: Firstly, this study aimed to evaluate the effects on hatchability and relative weights of yolk, metabolic organ (heart, liver, 

breast muscle, and thigh muscle) and total digestive system (GUT) of in ovo feeding of cinnamon, ginger or anise extract. Secondly, it 

was investigated to determine the appropriate dose of cinnamon, ginger or anise extract in in ovo feeding. For this purpose, 480 

fertilized broiler eggs were randomly distributed into 12 groups with four replicates as a factorial arrangement of three extracts 

(cinnamon, ginger, anise) x 4 doses (0, 3, 9, 12 mg/egg) to hatching trays. On the 18th day of incubation, 1 ml of 0.9% saline solution 

containing 0, 3, 9, 12 mg of cinnamon, ginger or anise extract was injected into the eggs with a 19 mm and 27-gauge needle. The 

cinnamon and ginger groups had higher hatchability, chick quality and proventriculus weight, while the anise group had higher thigh 

muscle weight. Chick weight was 12 mg/egg, chick quality was 0 and 3 mg/egg, breast muscle weight was 9 mg/egg, and liver, gizzard 

and GUT weights were higher at 0, 3 and 9 mg/egg in ovo extract doses. In ovo anise injection increased the number of non‐pipped 

dead embryos. The interaction effect of factors on the hatchability and chick quality were found significant. The results of this study 

indicate that 9 mg/egg cinnamon, 12 mg/egg ginger, and 3 mg/egg anise extract can be used in in ovo injection without negative 

effects on the investigated parameters. The role of in ovo cinnamon, ginger or anise extract injection in broiler needs further research. 
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1. Introduction 
In recent years, the use of medicinal plants and their 

derivatives in combination with feeding practices has 

been adopted as an alternative to antibiotics due to the 

multiple beneficial effects on productivity, immunity, gut 

development and disease resistance in poultry nutrition 

(Pathak et al., 2016; Oke et al., 2017; Oke, 2018; Al-

Ashoor and Al-Salhie, 2020; Al-Mosawy and Al-Salhie, 

2021). A large number of studies have reported that 

phytobiotics have antimicrobial, anti-inflammatory and 

transcription modulation potential (Liu, 2004; Kikusato, 

2021), have beneficial effects such as inhibiting and 

reducing pathogenic bacteria (Alcicek et al., 2004; 

Alshelmani et al., 2021) and can be used as a non-

antibiotic growth promoter by virtue of their effects on 

reducing the inflammatory process, improving 

gastrointestinal function, increasing growth and 

production performance and modulating the immune 

system (Saeed et al., 2020; Kairalla et al., 2022a, 2022b). 

Among these phytobiotic plants, the effects on broiler 

growth and physiological responses of cinnamon (Ahmed 

et al., 2019; Mohammed and Amin, 2019), ginger 

(Qorbanpour et al., 2018; Daramola et al., 2020; Thomas 

et al., 2020; Gupta et al., 2021) and anise (Al-Kassie, 

2008; Soltan et al., 2008) have been studied and the 

benefits on performance, immune response, feed 

digestibility, gut health, meat quality and some blood 

parameters have been demonstrated. Cinnamon contains 

various compounds such as sinnamaldehyde, eugenol 

and carvacrol which have biological activities such as 

medical treatment, anti-inflammatory, antimicrobial and 

antioxidant properties (Chang et al., 2013). Ginger 

contains various compounds and enzymes including 

gingerdiol, gingerol, gingerdion and shogaols which have 

antimicrobial, antioxidant and pharmacological effects 

(Ali et al., 2008; Zhao et al., 2011; Kairalla et al., 2022b). 

In addition, anise contains various compounds such as 

sesquiterpene (Wang et al., 2011) anethole, estragole, 

limonene, linalool and cis-anethole (Dzamic et al., 2009) 

which have biological activities such as digestive 

stimulant, antibacterial, antiviral, antifungal, anticancer 

and antioxidant properties (Mugnaini et al., 2012). 

In recent years, in ovo feeding, which offers beneficial 

biochemical and physiological balances including 

improved oxidative protection to embryos, has become 

widespread due to the development of science, 

technology and breeding in poultry farming and its lower 

cost (Kadam et al., 2013; Kop-Bozbay et al., 2019; 

Karamik and Kop-Bozbay, 2020; Atan and Kop-Bozbay, 

2021; Kop-Bozbay and Ocak, 2019, 2022). Given that the 

use of medicinal plants and their derivatives has been 

proven to have many benefits, in ovo feeding with 
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bioactive compounds can provide developments for the 

poultry industry by studying the effects of these 

compounds on post-hatching immune responses, 

antioxidant defense and performance as a strategy to 

improve the health and production performance of 

poultry. For this purpose, many phytogenic compounds 

have been tested (Morovat et al., 2016; Zarei et al., 2016; 

Faseleh Jahromi et al., 2017; Elsaadany, 2019; Ranjbar et 

al., 2019; Taha et al., 2019; Oladokun and Adewole 2020; 

Oke et al., 2021; Shehata et al., 2021). However, it is 

necessary to individually examine each of the numerous 

phytogenic compounds as alternatives to antibiotics to 

determine their effectiveness in poultry feeding. 

Although there are various studies in the literature on 

the supplementation of cinnamon, ginger or anise to 

animal rations, there is a lack of information regarding 

the effect of forementioned extracts at different doses in 

the same or different studies. For this purpose, in this 

study aimed, firstly, to evaluate the effects on hatchability 

and relative weights of yolk, metabolic organ (heart, 

liver, breast muscle, thigh muscle) and total digestive 

system (GUT) of in ovo feeding of cinnamon, ginger, or 

anise extract. Secondly, it was investigated to determine 

the appropriate dose of cinnamon, ginger or anise extract 

in in ovo feeding. 

 

2. Material and Method 
A total of 480 fertile chicken eggs were collected from a 

36-week-old ROSS 308 breeders and were incubated 

under routine conditions (Çimuka T1280, Ankara, 

Türkiye). 

The eggs were distributed with four replicates of 10 eggs 

each with an average egg weights as a factorial 

arrangement of three extracts (cinnamon, ginger, anise) x 

four doses (0, 3, 9, 12 mg/egg) to hatching trays. On the 

18th day of incubation after the fertility control, 1 ml of 

0.9% saline solution containing 0, 3, 9, 12 mg of 

cinnamon, ginger or anise extract was injected into the 

eggs with a 19 mm and 27-gauge needle. Plant extracts 

were obtained from a commercial company (Alfasol). 

Within two hours of upon hatch all measurements were 

ascertained. The chicks were weighed and recorded. The 

hatchability and the number of pipped and non‐pipped 

dead embryos were calculated according to Kop-Bozbay 

and Ocak (2019). The chick quality (Tona score; Tona et 

al., 2003) and relative asymmetry (Yalcin et al., 2005) 

were determined for four randomly selected chicks from 

each replication. One male and one female chick were 

selected from each replication to obtain samples from the 

digestive system and metabolic organs and were 

euthanized by cervical dislocation. The contents of each 

chick were opened and the yolk sac, heart, liver, muscles 

(breast and thigh) and digestive system were carefully 

removed from the abdominal cavity (Kop-Bozbay and 

Ocak, 2019) and were weighed and standardized 

according to live weight. 

The collected data was analyzed using the GLM 

procedure in the SPSS statistical package (SPSS 17.0; 

SPSS Inc., Chicago, IL, USA). The effect of in ovo plant 

extract injection, dose and their interaction on all data 

were analyzed in a randomized block design as a factorial 

arrangement (3 x 4) of treatments. 

 

3. Result 
3.1. Effect of Extract 

In ovo feeding with anise extract decreased the 

hatchability and chick quality compared to other herbal 

extracts while increased the number of pipped dead 

embryos (P<0.05, Table 1). According to Table 2 in ovo 

anise extract feeding, increased the relative thigh muscle 

weight compared to other herbal extracts and decreased 

the relative proventriculus weight compared to 

cinnamon extract (P<0.05). 

3.2. Effect of Extract Dose 

Table 1 shows that chick weight was affected by in ovo 

herbal extract feeding at different doses (P<0.05), while 

hatchability and chick quality were not affected (P>0.05). 

The highest chick weight was found at the 12mg/egg in 

ovo extract dose (P<0.05). The highest relative breast 

muscle weight was found at the 9mg/egg dose, while the 

lowest was found at the 0mg/mg dose (P<0.05, Table 2). 

The relative liver and gizzard weights at the 12 mg/egg 

dose were lower than the other doses and the relative 

GUT weight was lower than the 0 and 3mg/egg doses 

(P<0.05, Table 2). 

3.3. Effect of Interactions 

Table 1 shows that extract x dose interaction was 

observed for hatchability and tona score (P<0.05). 

Increasing the in ovo anise extract dose led to decrease 

the hatchability and tona score in the anise groups and 

only tona score in the cinnamon group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Black Sea Journal of Agriculture 

BSJ Agri / Canan KOP BOZBAY and Beste GÖNECI      228 
 

Table 1. The influence of in ovo injection of herbal extracts on the weights of chick (g, CW) and hatchability traits 

   Hatchability of*  EM*  Chick quality** 

Extract Dose CW 
Set 

eggs 
Fertile 

eggs 
 Pipped 

Non-
pipped 

 
Tona 
score 

Relative 
asymmetry 

Cinnamon Control 40.03 86.39 86.39ab  2.78 10.75  99.50a 1.12 
 0.3% 38.93 85.00 89.44ab  5.00 5.00  97.75ab 1.70 
 0.9% 39.79 85.00 89.44ab  2.50 7.50  100.00a 1.54 
 1.2% 40.77 75.00 92.86a  0.00 5.00  97.38ab 1.03 
Ginger Control 39.92 86.95 88.89ab  0.00 10.50  97.50ab 1.258 
 0.3% 39.53 82.50 93.75a  0.00 5.00  98.75a 1.46 
 0.9% 39.44 80.00 93.75a  2.50 2.50  99.25a 1.15 
 1.2% 40.34 85.00 97.22a  2.50 0.00  99.75a 1.65 
Anise Control 40.078 86.67 86.67ab  2.78 10.50  99.25a 0.95 
 0.3% 39.42 85.00 92.22a  7.50 0.00  98.63a 1.20 
 0.9% 40.28 62.50 74.11bc  12.50 10.00  86.00c 1.73 
 1.2% 41.33 60.00 66.96c  17.50 10.00  92.88b 1.16 
Extract           
 Cinnamon 39.88 82.85 89.53a  2.57b 7.06  98.66a 1.35 
 Ginger 39.81 83.6 93.40a  1.25b 4.50  98.81a 1.38 
 Anise 40.27 73.54 79.99b  10.07a 7.63  94.19b 1.26 
Dose           
 Control 40.01b 86.67 87.31  1.85 10.58  98.75 1.11 
 0.3% 39.30b 84.17 91.81  4.17 3.33  98.38 1.46 
 0.9% 39.84b 75.83 85.77  5.83 6.67  95.08 1.47 
 1.2% 40.81a 73.33 85.68  6.67 5.00  96.68 1.28 
SEM  0.146 2.209 1.758  1.157 1.003  0.635 0.089 
Main effect of Extract 0.301 0.093 0.002  0.002 0.364  0.001 0.860 
 Dose 0.002 0.075 0.411  0.353 0.059  0.062 0.446 

 
Extract x 

Dose 
0.834 0.341 0.039  0.253 0.354  0.000 0.502 

a,b,c Within a row, means with different superscripts differ significantly (P<0.05). EM= embryonic mortality, SEM= standard error of the 
mean. *The values are means of the four replicates (trays). **The values are means of the eight chicks. 

 

Table 2. The influence of in ovo injection of herbal extracts on relative yolk‐sac, metabolically organ, total 

gastrointestinal tract (GUT) and some digestive system segments weights (g/100 g live weight) 
 

Extract Dose Yolk 
Breast 
muscle 

Thigh 
muscle 

Heart Liver Gizzard Proventriculus GUT 

Cinnamon Control  9.66 3.24 11.19 0.77 2.42 4.80 0.90 13.76 
 0.3% 9.26 3.36 11.32 0.77 2.29 4.53 0.87 13.46 
 0.9% 11.41 6.02 11.57 0.87 2.42 4.54 1.00 13.49 
 1.2% 12.20 4.72 11.38 0.75 1.99 3.84 0.84 11.31 
Ginger Control  11.66 3.36 10.65 0.67 2.16 4.59 0.91 12.99 
 0.3% 12.68 3.87 11.08 0.77 2.18 4.48 0.80 13.04 
 0.9% 11.97 4.31 10.67 0.81 2.39 4.49 0.87 12.68 
 1.2% 11.01 3.40 10.79 0.77 1.99 4.31 0.85 12.27 
Anise Control  9.56 3.52 11.53 0.82 2.41 4.57 0.80 13.20 
 0.3% 10.26 3.96 12.20 0.83 2.46 4.57 0.85 13.32 
 0.9% 13.77 5.18 12.01 0.86 2.42 4.42 0.74 11.53 
 1.2% 12.04 4.93 12.34 0.79 2.11 4.02 0.63 10.95 
Extract          
 Cinnamon 10.63 4.33 11.37b 0.79 2.28 4.43 0.90a 13.01 
 Ginger 11.83 3.73 10.80b 0.76 2.18 4.47 0.86ab 12.75 
 Anise 11.41 4.40 12.02a 0.83 2.35 4.39 0.75b 12.25 
Dose          
 Control  10.29 3.37c 11.12 0.75 2.33a 4.65a 0.87 13.32a 
 0.3% 10.73 3.73bc 11.53 0.79 2.31a 4.53a 0.84 13.27a 
 0.9% 12.38 5.17a 11.42 0.85 2.41a 4.48a 0.87 12.57ab 
 1.2% 11.75 4.35ab 11.50 0.77 2.03b 4.06b 0.77 11.51b 
SEM  0.402 0.187 0.134 0.015 0.049 0.068 0.024 0.209 
Main 
effect of 

Extract 0.479 0.191 0.001 0.159 0.356 0.892 0.032 0.256 

 Dose  0.261 0.002 0.628 0.111 0.044 0.016 0.384 0.004 

 
Extract x 
Dose 

0.541 0.384 0.965 0.821 0.967 0.825 0.584 0.542 

a,b,cWithin a row, means with different superscripts differ significantly (P<0.05). SEM= standard error of the mean. The values are 

means of the four chicks. 
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4. Discussion 
The embryonic development and post-hatch 

performance of poultry can be manipulated by applied 

various nutrients (carbohydrates, amino acids, etc.), 

phytochemicals, vaccines, and immune system 

stimulators to eggs using the in ovo technique (Kop-

Bozbay et al., 2019; Kop-Bozbay and Ocak, 2019; Hajati et 

al., 2021; El-Kholy et al., 2021). The application of 

phytochemicals in in ovo feeding technique has also been 

shown to have the potential to support these features 

(Moghaddam et al., 2014; Morovat et al., 2016; Faseleh 

Jahromi et al., 2017; N'nanle et al., 2017; Khaligh et al., 

2018; Al-Shammari et al., 2019; Elsaadany, 2019; Ranjbar 

et al., 2019; Araujo et al., 2020; El-Kholy et al., 2021; 

Hajati et al., 2021). These studies demonstrated that 

phytochemicals can improve antioxidant defense and 

immunity. However, these effects are influenced by a 

variety of factors, such as the chemical composition of the 

extract, extraction method, dose and in ovo injection 

technique. In the current study, cinnamon and ginger 

extracts were found to have increased the hatchability by 

12-17% compared to the anise group. This result may be 

attributed to the safrole content of anise. Indeed, the 

pipped rate was higher than the other groups and the 

chick quality was lower, which supports this conclusion. 

Ebrahimnezhad et al. (2011), emphasized that the 

negative effects of in ovo feeding may be caused by the 

allergenic properties of the substance used. 

In the current study, although the extract factor had no 

effect in in ovo feeding, the dose (12mg/egg) caused an 

increase in the hatching weight of the chicks. This 

increase may be due to the enhanced antioxidant status 

of the embryos with increasing dose. In addition, plant 

extracts with high antioxidant content used in our study 

may have reduced oxidative stress during incubation and 

thus protected the muscles from oxidative damage (Choi 

et al., 2016). As a result, this led to an increase in 

hatchling weight, as well as the relative metabolic organ 

and GUT weights. Relative thigh muscle weight in the 

anise group was highest which may be explained by the 

increase in pipped rate, that is, the survival of strong 

embryos. When the relative breast muscle, liver and 

gizzard weights were evaluated together, the most 

appropriate dose was found to be 3 or 9 mg/egg. This 

effect may be due to the beneficial effects of 

phytochemicals on the digestive system, due to their 

antimicrobial and antioxidant effects (Valenzuela-

Grijalva et al., 2017; Yang et al., 2019). When all these 

physiological changes are evaluated together, it can be 

said that animals can perform better after hatching. 

 

5. Conclusions 
In this study, two important findings were obtained. 

Firstly, the study has shed light on the usability of 

cinnamon, ginger or anise extracts in in ovo feeding. 

Secondly, it has been shown that the use of 9 mg/egg 

cinnamon, 12 mg/egg ginger and 3 mg/egg anise extract 

in in ovo feeding can be used without negatively affecting 

the parameters studied. However, the role of in ovo 

cinnamon, ginger or anise extract injection in broiler 

needs further research on the health and performance of 

chickens. 

 

Author Contributions 

The percentage of the author(s) contributions is 

presented below. All authors reviewed and approved the 

final version of the manuscript. 
 

 C.K.B B.G. 

C 100  

D 100  

S 100  

DCP 50 50 

DAI 50 50 

L 40 60 

W 50 50 

CR 50 50 

SR 100  

PM 100  

FA 50 50 

C=Concept, D= design, S= supervision, DCP= data collection 

and/or processing, DAI= data analysis and/or interpretation, L= 

literature search, W= writing, CR= critical review, SR= 

submission and revision, PM= project management, FA= funding 

acquisition. 

 

Conflict of Interest 

The authors declared that there is no conflict of interest. 

 

Ethical Consideration 

The authors confirm that all the procedures with animals 

were approved by the Local Ethics Committee of Animal 

Experiments of the Eskişehir Osmangazi University 

(protocol code: HAYDEK-880/2021, date: January 15, 

2021). 

 

Acknowledgments 

The authors are grateful for the support of the staff and 

facilities of Education, Research and Application Farm, 

Faculty of Agriculture, Eskişehir Osmangazi University 

and HasTavuk. 

 

References 
Ahmed EM, Attia AI, Ibrahem ZA, El-Hack A. 2019. Effect of 

dietary ginger and cinnamon oils supplementation on 

growing Japanese quail performance. Zagazig J of Agric Res, 

46: 2037-2046. 

Al-Ashoor DS, Al-Salhie KC. 2020. Effect of adding broccoli 

leaves (Brassica oleracea L. var. italica) extract to drinking 

water on eggs production and intestinal microflora of 

Japanese quail coturnix japonica Temmink & Schlegel, 1849. 

Basrah J Agric Sci, 33:42-51. 

Alcicek A, Bozkurt M, Çabuk M. 2004. The effect of a mixture of 

herbal essential oils, an organic acid or a probiotic on broiler 



Black Sea Journal of Agriculture 

BSJ Agri / Canan KOP BOZBAY and Beste GÖNECI      230 
 

performance. S Afr J Anim, 34: 217-222. 

Ali BH, Blunden G, Tanira MO, Nemmar A. 2008. Some 

phytochemical, pharmacological and toxicological properties 

of ginger (Zingiber officinale Roscoe): a review of recent 

research. Food Chem Toxicol, 46: 409-420. 

Al-Kassie GAM. 2008. The effect of anise and rosemary on 

broiler performance. Int J Poult Sci, 7: 243-245. 

Al-Mosawy AM, Al-Salhie KC. 2021. The effect of alcoholic 

extract of rhizomes of greater galangal (Alpinia galanga L.) on 

the serum antioxidant enzymes for Japanese Quail during 

oxidative stress induced by hydrogen peroxide. Basrah J 

Agric Sci, 34: 171-179. 

Alshelmani MI, Abdalla EA, Kaka U, Basit MA. 2021. 

Nontraditional feedstuffs as an alternative in poultry feed. In: 

Patra AK, editors. Advances in poultry nutrition research. 

IntechOpen, London, UK, 1st ed., pp: 214. 

Al-Shammari KI, Batkowska J, Drabik K, Gryzińska MM. 2019. 

Time of sexual maturity and early egg quality of Japanese 

quails affected by in ovo injection of medicinal plants. Arch 

Anim Breed, 62: 423-430.  

Araujo IC, Café MB, Mesquita MA, Caiado BN, Faria AM, Mello 

HH, Stringhini JH, Leandro NS. 2020. Effect of a commercial 

product containing canthaxanthin for in ovo feeding to 

broiler embryos on hatchability, chick quality, oxidation 

status, and performance. Poult Sci, 99: 5598-5606.  

Atan H, Kop-Bozbay C. 2021. Beta alanine effects immediately 

pre- and post hatch on chick quality, carcass yield and meat 

quality in broilers. S Afr J Anim, 51: 65-73.  

Chang ST, Yeh FH, Luo YC, Lin YC, Cheng SS, Hsu RY. 2013. 

Methods for thermal stability enhancement of leaf essential 

oils and their main constituents from indigenous Cinnamon 

(C. osmophloeum). J Agric Food Chem, 61: 6293-698. 

Choi MH, Ow JR, Yang ND, Taneja R. 2016. Oxidative stress 

mediated skeletal muscle degeneration: molecules, 

mechanisms, and therapies. Oxid Med Cell Longev, 2016: 

6842568.  

Daramola OT, Jimoh OA, Akinnate AS. 2020. Herbal effects of 

ginger in turkey poults. Nigerian J Anim Sci, 22: 122-127. 

Dzamic A, Sokovic M, Ristic MS, Grijic-Jovanovic S, Vukojevic J, 

Marin PD. 2009. Chemical composition and antifungal activity 

of Illicium verum and Eugenia caryophyllata essential oils. 

Chem Nat Compd, 45: 259-261. 

Ebrahimnezhad Y, Salmanzadeh M, Aghdamshahryar H, 

Beheshti R, Rahimi H. 2011.The effects of in ovo injection of 

glucose on characters of hatching and parameters of blood in 

broiler chickens. Annals Bio Res, 2: 347-351. 

El-Kholy KH, Sarhan DMA, El-Said EA. 2021. Effect of in-ovo 

injection of herbal extracts on post-hatch performance, 

ımmunological, and physiological responses of broiler 

chickens. J Worlds Poult Res, 11: 183-192. 

Elsaadany AS. 2019. Effect of in ovo injection with resveratrol 

on hatching traits and physiological response of mandara 

chicks. Egypt Poult Sci J, 39: 973-991. 

Faseleh Jahromi M, Shokryazdan P, Idrus Z, Ebrahimi R, Liang 

JB. 2017. In Ovo and dietary administration of 

oligosaccharides extracted from palm kernel cake influence 

general health of pre-and neonatal broiler chicks. PLoS One, 

12: e0184553.  

Gupta T, Tiwari DP, Narayana KP, Mondal BC, Lata M. 2021. 

Effect of dietary incorporation of aniseed (pimpinella anisum) 

and ginger (zingiber officinale) rhizome powder and their 

combination on haematobiochemical parameters and carcass 

trait in broiler chicken. J Anim Res, 11: 547-553. 

Hajati H, Zaghari M, Noori O, Negarandeh R, de Oliveira HC. 

2021. Effects of in ovo injection of microalgae on hatchability, 

antioxidant and immunity-related genes expression, and 

post-hatch performance in broilers and Japanese quails. Ital J 

Anim Sci, 20: 985-994. 

Kadam MM, Barekatain, MR, Bhanja SK, Iji PA. 2013. Prospects 

of in ovo feeding and nutrient supplementation for poultry: 

The science and commercial applications-A review. J Sci Food 

Agric, 93: 3654-3661. 

Kairalla MA, Alshelmani MI, Aburas AA. 2022a. Effect of diet 

supplemented with graded levels of garlic (Allium sativum L.) 

powder on growth performance, carcass characteristics, 

blood hematology, and biochemistry of broilers. Open Vet J. 

12: 595-601. 

Kairalla MA, Aburas AA, Alshelmani MI. 2022b. Effect of diet 

supplemented with graded levels of ginger (Zingiber 

officinale) powder on growth performance, hematological 

parameters, and serum lipids of broiler chickens. Arch Razi 

Inst. 77: 2077-2083. 

Karamik S, Kop-Bozbay C. 2020. Response of broiler chicks to L-

Glutamine feeding in the ımmediate pre- and post-hatch 

periods. S Afr J Anim, 50: 786-792.  

Khaligh F, Hassanabadi A, Nassiri‐Moghaddam H, Golian A, 

Kalidari GA. 2018. Effects of in ovo injection of chrysin, 

quercetin and ascorbic acid on hatchability, somatic 

attributes, hepatic oxidative status and early post‐hatch 

performance of broiler chicks. J Anim Physiol Anim Nutr, 102: 

e413-e420. 

Kikusato M. 2021. Phytobiotics to ımprove health and 

production of broiler chickens: functions beyond the 

antioxidant activity. Anim Biosci, 34: 345-353.  

Kop-Bozbay C, Ocak N. 2019. In ovo injection of branched‐chain 

amino acids: Embryonic development, hatchability and 

hatching quality of turkey poults. J Anim Physiol Anim Nutr, 

103: 1135-1142.  

Kop-Bozbay C, Ocak N. 2022. Administration of branched-chain 

amino acids in the pre- or post-hatch period ımproves the 

fiber characteristics of pectoralis major muscle in turkey 

poults subjected to early or delayed feeding. Turkish J Food 

and Agric Sci, 10: 1142-1148.  

Kop-Bozbay C, Yilmaz B, Karabacak H, Dugme M, Atan H, Akdag 

A. 2019. Hatching weight and development of metabolically 

active organs of broiler chicks obtained from carbohydrate 

injected-eggs. J Agric Vet Sci, 12: 41-46.  

Liu RH. 2004. Potential synergy of phytochemicals in cancer 

prevention: mechanism of action. J Nutr, 134: 3479S-3485S. 

Moghaddam AA, Borji M, Komazani D. 2014. Hatchability rate 

and embryonic growth of broiler chicks following in ovo 

injection royal jelly. Br Poult Sci, 55: 391-397. 

Mohammed AQ, Amin AMQH. 2019. Effects of supplementation 

cinnamon cassia and zingiber officinale powder on 

reproductive performance of broiler breeder male. Plant 

Arch, 19: 567. 

Morovat M, Chamani M, Zarei A, Sadeghi AA. 2016. Dietary but 

not in ovo feeding of Silybum marianum extract resulted in 

an improvement in performance, immunity and carcass 

characteristics and decreased the adverse effects of high 

temperatures in broilers. Br Poult Sci, 57: 105-113. 

Mugnaini L, Nardoni S, Pinto L, Pistelli L, Leonardi M, Pisseri F, 

Mancianti F. 2012. In vitro and in vivo antifungal activity of 

some essential oils against feline isolates of Microsporum 

canis. J Mycol Med, 22: 179-184. 

N’nanle O, Tété-Bénissan A, Tona K, Teteh A, Voemesse K, 

Decuypere E, Gbeassor M. 2017. Effect of in ovo inoculation of 

Moringa oleifera leaves extract on hatchability and chicken 

growth performance. Europ Poult Sci, 81: 1-9. 

Oke OE, Emeshili UK, Iyasere OS, Abioja MO, Daramola JO, 



Black Sea Journal of Agriculture 

BSJ Agri / Canan KOP BOZBAY and Beste GÖNECI      231 
 

Ladokun AO, Adejuyigbe AE. 2017. Physiological responses 

and performance of broiler chickens offered olive leaf extract 

under a hot humid tropical climate. J Appl Poult Res, 26: 376-

382. 

Oke OE. 2018. Evaluation of physiological response and 

performance by supplementation of Curcuma longa in broiler 

feed under hot humid tropical climate. Trop Anim Health 

Prod, 50: 1071-1077. 

Oke OE, Oyelola OB, Iyasere OS, Njoku CP, Oso AO, Oso OM, 

Daramola JO. 2021. 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. 

Oladokun S, Adewole DI. 2020. In ovo delivery of bioactive 

substances: an alternative to the use of antibiotic growth 

promoters in poultry production-a review. J Appl Poult Res, 

29: 744-763. 

Pathak M, Mandal GP, Patra AK, Samanta I, Pradhan S, Haldar S. 

2016. Effects of dietary supplementation of cinnamaldehyde 

and formic acid on growth performance, intestinal microbiota 

and immune response in broiler chickens. Anim Prod Sci, 57: 

821-827. 

Qorbanpour M, Fahim T, Javandel F, Nosrati M, Paz E, Seidavi A, 

Tufarelli V. 2018. Effect of dietary ginger (Zingiber officinale 

Roscoe) and multi-strain probiotic on growth and carcass 

traits, blood biochemistry, immune responses and intestinal 

microflora in broiler chickens. Anim, 8: 117. 

Ranjbar Z, Torki M, Karimi Torshizi AA. 2019. In ovo injection 

of flavanone on bone quality characteristics, biochemical 

parameters and antioxidant enzyme status of blood in daily 

chicks. J Anim Physiol Anim Nutr, 103: 1418-1426. 

Saeed M, Khan MS, Kamboh AA, Alagawany M, Khafaga AF, 

Noreldin AE, Chao S. 2020. L-theanine: an astounding sui 

generis amino acid in poultry nutrition. Poult Sci, 99: 5625-

5636. 

Shehata AM, Paswan VK, Attia A, Abdel-Moneim AME, 

Abougabal MS, Sharaf M, Alagawany M. 2021. Managing gut 

microbiota through in ovo nutrition influences early-life 

programming in broiler chickens. Anim, 11: 3491. 

Soltan MA, Shewita RS, El-Katcha MI. 2008. Effect of dietary 

anise seeds supplementation on growth performance, 

immune response, carcass traits and some blood parameters 

of broiler chickens. Int J Poult Sci, 7: 1078-1088. 

Taha AE, AbdAllah OA, Attia KM, Abd El-Karim RE, Abd El-Hack 

ME, El-Edel MA, Swelum AA. 2019. Does in ovo injection of 

two chicken strains with royal jelly impact hatchability, post-

hatch growth performance and haematological and 

immunological parameters in hatched chicks? Anim, 9: 486. 

Thomas KS, Jayalalitha V, Jagatheesan PR. 2020. Effect of 

dietary supplementation of turmeric (Curcuma longa), ginger 

(Zingiber officinale) and their combination as feed additives 

in Gramapriya chicks. Int J Curr Microbiol App Sci, 9: 3132-

3135. 

Tona K, Bamelis F, de Ketelaere B, Bruggeman V, Moraes VM, 

Buyse J, Onagbesan O, Decuypere E. 2003. Effects of egg 

storage time on spread of hatch, chick quality, and chick 

juvenile growth. Poult Sci, 82: 736-741. 

Valenzuela-Grijalva NV, Pinelli-Saavedra A, Muhlia-Almazan A, 

Domínguez-Díaz D, González-Ríos H. 2017. Dietary inclusion 

effects of phytochemicals as growth promoters in animal 

production. J Anim Sci Biotechnol, 59: 1-17. 

Wang GW, Hu WT, Huang BK, Qin LP. 2011. Illicium verum: A 

review on its botany, traditional use, chemistry and 

pharmacology. J Ethnopharmacol, 136: 10-20. 

Yalcin S, Ozkan S, Cabuk M, Buyse J, Decuypere E, Siegel PB. 

2005. Pre- and postnatal conditioning induced 

thermotolerance on body weight, physiological responses 

and relative asymmetry of broilers originating from young 

and old breeder flocks. Poult Sci, 84: 967-976. 

Yang YF, Zhao LL, Shao YX, Liao XD, Zhang LY, Lu L, Luo XG. 

2019. Effects of dietary graded levels of cinnamon essential 

oil and its combination with bamboo leaf flavonoid on 

immune function, antioxidative ability and intestinal 

microbiota of broilers. J Integ Agri, 18: 2123-2132.  

Zarei A, Morovat M, Chamani M, Sadeghi A, Dadvar P. 2016. 

Effect of in ovo feeding and dietary feeding of silybum 

marianum extract on performance, ımmunity and blood 

cationanion balance of broiler chickens exposed to high 

temperatures. Iran J Appl Anim Sci, 6: 697-705. 

Zhao X, Yang ZB, Yang WR, Wang Y, Jiang SZ, Zhang GG. 2011. 

Effects of ginger root (Zingiber officinale) on laying 

performance and antioxidant status of laying hens and on 

dietary oxidation stability. Poult Sci, 90: 1720-1727. 

 


