
353 

 

P-ISSN: 2304-3075; E-ISSN: 2305-4360 
International Journal of Veterinary Science 

www.ijvets.com; editor@ijvets.com  
Research Article https://doi.org/10.47278/journal.ijvs/2022.200  

 

Using in-ovo injection of olive pulp extract and vitamin C to improve 
hatchability, post hatch growth performance, carcass traits and some 
biochemical blood analysis in broiler chickens 
 
Walaa H Khalifa*, MG Sallam, Nancy N Kamel, A Samy, SA Yassein, GM El-Mallah and GE 
Abusinaa 

 
Animal Production Department, Agricultural and Biology Research Institute, National Research Centre, Cairo, Egypt 
*Corresponding author: walaahussein10@gmail.com 
 

Article History: 22-657 Received: 10-July-22 Revised: 21-Sep-22 Accepted: 26-Sep-22 
 

ABSTRACT 
 

A total of 630 fresh hatching eggs containing live embryo at 14 day of incubation were distributed randomly into 
seven treatment groups (three replicates/treatment, 30eggs/each) and the fertile eggs were injected in the yolk sac as 
following groups: eggs were un –injected (T1), eggs were injected with hole only as negative control (T2), eggs were 
injected with distilled water as positive control (T3), eggs  were injected with OPE at 500 and 1000ppm/egg, T4 and 
T5), while  eggs were injected with Vit C at 4 and 8mg/egg (T6 and T7) respectively.  The newly hatched chicks 
resulting from previous treatments were raised till 5 weeks old. Results showed that hatchability %, hatched chicks 
weight significantly improved for OPE  (1000ppm/egg, T5) compared with vitamin C groups. However, performance 
of chicks resulting from injected eggs with (8 mg/egg, Vit C, T7) showed significantly (P≤0.001) increase in body 
weight (bwt), body weight gain (bwt) and feed intake than control groups. Measurements of carcass traits of OPE 
(1000ppm/egg) showed significant improvement in dressing weight when compared to those all injected control 
groups. Birds resulting from injected eggs with vit C treatments having higher plasma total protein and globulin level 
compared to others in non-injected control group. Additionally, in-ovo OPE (1000ppm/egg) injection resulted in 
boosted plasma antioxidants enzymes activities and significantly increased plasmaT4 concentrations compared with 
different control groups. In conclusion, in-ovo injection at day14 of incubation with either of OPE or vitamin C has 
positive effect on hatchability %, chick performance, dressing weight and anti-oxidative status of hatched chicks. 
Hence, in-ovo injection with OPE (1000ppm/egg) at14th day of incubation could be recommended for improving 
chick’s health. 
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INTRODUCTION 
 

Nutritional epigenetics using prenatal nutrition is 
important for fetal development and fetal health and even 
has ongoing consequences from the fetus to the adult 
offspring (Li et al. 2018; Li et al. 2018), where poultry 
differs from mammals in that the fetus is separated from 
the mother during the period of fetal development. 
Anything that affects the vitality and growth of the 
embryo inside the egg will affect the growth performance 
after hatch (Foye et al. 2007), the rapid oxidative 
metabolism during embryo development can produce 
large amounts of free radicals (Khan et al. 2014), which 
affect the vitality of the fetus (Cherian and Sim 1997). In-
ovo feeding (IOI) technique before hatch makes nutrient 

supplementation possible during embryonic stage like 
natural antioxidants which can protect the developing 
chick (Aygun 2016). Nutrients and other metabolic 
compounds such as vitamins, hormones and amino acids 
are being studied (Kadam et al. 2008; Zhai et al. 2008; 
Keralapurath et al. 2010a; 2010b). The immune status of 
chickens has also been improved by in-ovo inoculation of 
some plant extracts against infectious bursal virus, avian 
influenza virus (H5N1), and fowl poxvirus (Nyandoro et 
al. 2014). Olive pulp is the most important by-products of 
olive tree farming which acts as a good source of several 
biological active compound, and having antioxidant, 
antibacterial and antifungal properties (Al–Harthi 2014). 
In addition, this product contains important 
monounsaturated fatty acids and bioactive compounds 
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such as health promoting polyphenols, carotenoids or 
tocopherol and most of these compounds are effective 
antioxidants and thus can enhance broilers immunology, 
performance and carcass by reducing the damage resulting 
from cellular free radicals (Kidd et al. 2004; EL-Saadany 
et al. 2019; Shawky et al. 2020; Alshamiri et al. 2021). 

Fresh laid eggs don’t contain Vit C, but during the 
first stage of embryonic development the embryo can 
produce it by egg yolk sac membrane (Wilson 1990; Surai 
et al. 1996). During the second part of egg incubation, the 
embryos may be exposed to stress caused by immoderate 
production of metabolic heat and act as internal 
environmental stress and can prevent embryo to hatch 
successfully (Tullett 1990), so using in-ovo injection of 
Vit C as an anti-stress agent may be beneficial for chicks’ 
health. Therefore, the aim of this study was to evaluate the 
effect of in-ovo injection of olive pulp extract and Vit C 
on hatchability, post hatch growth performance, carcass 
traits and some biochemical blood analysis of broiler 
chickens. 
 

MATERIALS AND METHODS 
 
Ethical Approval 

The authors confirm that the ethical policies of the 
journal have been adhered to and the appropriate ethical 
review committee approval has been received. The 
authors followed EU standards for the protection of 
animals used for scientific purposes. The study was 
conducted at the Agricultural Research and Production 
Station of National Research Centre, Al-Nubaria, Al-
Beheira Governorate, Egypt. 
 
Preparation of olive pulp extracts for injection  

Olive pomace was extracted using a four-hour hot 
reflux extraction process with vigorous stirring (40°C), 
and the extract was isolated using a sterile deionized water 
rotary evaporator at 50°C (Loghmanifar et al. 2020; 
Elsherif et al. 2021). 
 
Experimental Design:  

A total of 630 fertilized eggs were obtained from 
broiler line (cobb 500) at 29 weeks of age. All eggs were 
taken from the same breeder flock with average weight of 
approximately 60g, incubated in an automatic incubator 
with 63% relative humidity; all eggs were tested on day 
14 of incubation to remove unfertilized eggs and recorded. 
All eggs were randomly distributed into seven groups, 
injection site on the egg was cleaned with 70% ethanol 
alcohol. The olive pulp extract was punctured with a thin 
hard stick, and vitamin C was injected into the yolk sac 
with an insulin syringe on day 14 of incubation. The seven 
treatments were: un–injected (T1), eggs were injected 
with hole only as negative control (T2), eggs were 
injected with distilled water (DW) as positive control 
(T3), eggs were injected with OPE at 500 and 
1000ppm/egg (T4 and T5), while eggs were injected with 
Vit C at 4 and 8mg/egg (T6 and T7), respectively. All 
treatments were moved out from the setter tray to the 
hatcher basket, which the temperature of incubation was 
37.5°C and relative humidity 70%, at day 21 of 
incubation, chicks’ weight (g) was recorded. Hatchability 

was calculated: Hatchability% = (Total hatched healthy 
chick's /Total fertile eggs) × 100. 
 
Management and feeding of birds  

On the first day, the room temperature was 32°C then 
decreased by 3°C every week until the end of the 3rd 
week and the room temperature was maintained at 22°C. 
Chickens were fed with a balanced diet according to 
National Research Council (1994) (Table 1). Diet was 
provided in the mash form, and fresh water was provided 
ad libitum. 

 
Growth performance 

The body weight of birds was recorded weekly from 
the day of hatch until 5th week of age. The body weight 
gain (bwtg) was calculated by this equation, bwt=Final 
bwt – Initial bwt. The weekly feed intake was recorded, 
and feed conversion ratio (FCR) was also calculated using 
the following equation: FCR= Feed intake (g)/bwt (g) 
 
Carcass traits  

At the end of experiment (5th week of age), four birds 
per each treatment were fasted for 8 hours before 
slaughter. The individual body weight was recorded as 
(pre slaughter weight). Then birds were slaughtered and 
when bleeding was completed, the slaughter weight was 
recorded and birds were scalded and plucked to remove 
the feather, after that the carcass was opened and edible 
and non-edible organs were removed to obtain the dressed 
carcass weight and calculate carcass and dressing % from  

 
Table 1: Composition and analysis of the experimental diet 

Ingredient % 
Yellow Corn  
Soybean meal (44%)  
Wheat bran  
Limestone  
Di calcium phosphate  
DL-Methionine  
NaCl  
Premix*  
Total  

67.0  
26.3  
3.0  
1.0  
2.0  
0.1  
0.3  
0.3  
100  

Calculated values 
ME (Kcal/Kg  ( 
Crude protein    (%)  
Crude fiber   (%)  
Crude fat    (%)  
Calcium   (%)  
Available phosphorus    (%)  
Methionine    (%)  
Lysine    (%)  
Sodium (%) 

 
2860 
19.04  
3.43  
2.65  
0.93  
0.45  
0.42  
0.93  
0.24 

Analyzed values 
Crude protein (%)  
Crude fiber (%)  
Crude fat (%)  
Crude ash (%) 

 
19.39  
3.97  
3.17  
5.73  

*Each kg of vitamin mineral premix: contains: vitamin 
A=1200000IU; vitamin D3=300000IU; vitamin E=700mg; 
vitamin K3=500mg; vitamin B1=500mg; vitamin B2=200mg; 
vitamin B6=600 mg; vitamin B12=3mg; folic acid=300mg; 
choline chloride=1000mg; Niacin=3000mg; Biotin=6mg; 
panathonic acid=670mg; manganese sulphate=3000mg; iron 
sulphate=10000mg; zinc sulphate=1800mg; copper 
sulphate=3000mg; iodine=1.868mg; cobalt sulphate=300mg; 
selenium=108mg. 
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live body weight. Also liver, spleen gizzard, heart and the 
weight of bursa were recorded. Moreover, length of small 
intestine was also measured. 
 
Biochemical analysis of blood samples  

During slaughter, blood samples from 5 chicks per 
treatment were collected in weatherman tubes, centrifuged 
at 4000rpm for 15min and serum samples were stored at -
20°C until analysis. Total protein (Armstrong and Carr 
1964), albumin and serum urea (Doumas and Maume 
1977 were measured using commercial kits. Globulin 
values were calculated and measured from the 
corresponding total protein and albumin/globulin ratios, 
while urea was measured using commercial kits according 
to the guidelines of Fawcett and Scott (1960). 

Serum samples were collected and analyzed for 
Aspartate aminotransferase (AST, U/L) and Alanine 
aminotransferase (ALT, U/L) concentrations using 
commercial kits (Linear chemicals, Barcelona, Spain) 
according to the manufacturing method. Serum thyroxin 
concentrations (T4) and triiodothyronine (T3) and their 
ratios were calculated according to the method of Abdel-
Fattah et al. (2011) using radioimmunoassay (RIA) 
technique. 
 
Antioxidant Capacity 

Catalase activity was measured colorimetrically at 
405 nm using prepared bird liver tissue, which was 
thawed and manually homogenized in cellular phosphate 
buffer, supernatant was removed after centrifugation, and 
used for measurement of serum enzymes. Plasma 
superoxide dismutase (SOD, U/L) and total antioxidant 
capacity (TAC) were determined according to the ability 
of SOD to inhibit the reduction of nitroblue tetrazolium 
superoxide (Martin et al. 1987; Koracevic et al. al. 2001). 
 
Statistical Analysis 

Statistical analysis of experimental data was 
performed using one-way analysis of variance (ANOVA) 
with the SPSS 11.0 Statistical software (2001). 
Differences between means were determined using 
Duncan’s multiple range test (Duncan 1955). 

 
RESULTS AND DISCUSSION 

 
Effects of different levels of olive pulp extract and 

Vit C on hatchability and fertility are given in Table 2. 
The results showed highly significant differences in 
hatchability among treatments. Moreover, the injected 
group with higher dose of OPE (1000ppm/egg) improved 
hatchability percentage than Vit C groups (90.03, 78.65 
and15.06 respectively) but there were no significant 
differences than control groups, the poorest hatchability 
percentage (15.06%) was obtained with higher dose of Vit 
C (8mg/Egg).  

The present results concerning the improvement on 
hatchability % of fertile eggs injected with higher dose of 
olive pulp extract on day 14 of incubation may be due to 
flavonoids compound in olive pulp extract which can 
reduce the production of free radicals that can cause 
severe damage to cell membranes (Surai 2000), and 
increase lipid utilization to generate more energy to 
improve hatchability (Schaal 2008). Therefore, the higher 

hatchability after injection of olive pulp extract may be 
due to the improved antioxidant status in the eggs, which 
helps the embryos to overcome oxidative stress during 
hatching. 
 
Performance of chicks 

Regarding results of bwt, bwt gain, FC and FCR, the 
results (Table 3) showed a significant (P≤0.001) decrease 
in chicks weight at hatch in OPE (500ppm/egg) group 
(T4) than other groups and it increased by increasing the 
level of OPE and it was significantly (P≤0.001) higher 
than Vit C and injected control groups (T2 and T3). 

Our results showed that in-ovo injection of large 
amounts of OPE on hatching day 14 resulted in increased 
chick body weight at hatch that can be attributed to the 
good antioxidant. 

However, by protecting skeletal muscle stem cells 
from oxidative damage, alleviation of hatch related 
oxidative stress may improve hatch weight and post 
hatching performance (Choi et al. 2016). Similar results 
were reported by Amina et al. (2019) who reported that 
child weight after hatch was significantly higher 
(P≤0.001) in resveratrol injected eggs (25 and 50μg/egg) 
compared to different control groups. 

As Table 3 shows, there was no significant 
differences in bwt of broilers during 3rd week of the 
experiment. But the results showed that bwt of broilers 
during 5th week was significantly higher (P≤0.001) in 
group treated with Vit C (8mg/egg) and was superior to 
OPE (1000ppm/egg) group. Moreover, there were no 
significant differences in bwt between two levels of OPE 
and control groups un-injected and with hole only (T2). 
Chickens body weight gain (bwt) was significantly 
affected due to in-ovo injection of OPE and Vit C during 
incubation period which Vit C (8mg/egg) group recorded 
a significant improvement in bwt than other in-ovo 
injection groups and was superior to group injected with 
OPE (1000ppm/egg) and control groups during the overall 
experimental period (1-5wks of age). Moreover, best FCR 
was recorded (1.77, 1.78) in group injected with Vit C (4 
and 8mg/egg) respectively during first three weeks of age. 
Concerning the overall experimental phase (5 wks of age), 
there were no significant differences in feed conversion 
between all groups. Our results showed that in-ovo 
administration of the higher dosage of both Vit C 
(8mg/egg) and OPE (1000ppm/egg) gave higher growth 
during delayed growth phase, which pronounced that 
sufficient time is needed for the effects of prenatal 
administration of Vit C to affect the growth performance 
of broilers. Also, the modulatory effect of Vit C on 
growth during a late incubation phase may persevere  
 
Table 2: Effect of in-ovo feeding by Olive pulp extract and 
Vitamin C on hatchability % 

Item Fertility % Hatchability % 
T1 88.94+2.85 92.33+1.45a 
T2 88.38+2.53 88.33+1.67a 
T3 91.99+0.88 90.08+0.79a 
T4 91.26+1.19 80.83+1.27b 
T5 89.82+0.93 90.03+1.28a 
T6 89.82+0.93 90.03+1.28a 
T7 90.94+1.76 75.06+1.44c 

In each column means having different alphabets are 
significantly different (P<0.05). 
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Table 3: Effect of in-ovo feeding by Olive pulp extract and Vitamin C on performance of the newly hatched chicks 
Item T1 T2 T3 T4 T5 T6 T7 Overall mean±SE 
Body weight 

1st Day 38.58a 35.40bc 36.42bc 35.25c 37.50ab 35.92bc 36.58abc 36.52±0.32 
3rd Week 665 627 626 639 629 646 716 650±12.58 
5th Week 1673b 1650bc 1585cd 1598bcd 1675b 1522d 1890a 1656±25.41 

Body weight gain 
1-3 Weeks 626 591 590 604 592 610 678.97 613±12.54 
4-5 Weeks 1008ab 1023ab 926b 926b 1046ab 876b 1175a 997±30.35 
1-5 Weeks 1635b 1614bc 1549cd 1563bcd 1637b 1486d 1854a 1620±25.34 

Feed intake 
1-3 Weeks 1.18 1.12 1.12 1.16 1.12 1.08 1.21 1.14±0.02 
4-5 Weeks 2.42ab 2.42ab 2.24b 2.33b 2.71ab 2.18b 2.92a 2.46±0.08 
1-5 Weeks 3.59ab 3.54b 3.35b 3.50b 3.83ab 3.26b 4.13a 3.60±0.08 

Feed conversion 
1-3 Weeks 1.88ab 1.90a 1.89ab 1.93a 1.89ab 1.77c 1.78bc 1.86±0.02 
4-5 Weeks 2.40b 2.36b 2.42ab 2.52ab 2.59a 2.49ab 2.49ab 2.47±0.02 
1-5 Weeks 2.20 2.19 2.16 2.24 2.33 2.20 2.23 2.22±0.03 

In each column means having different alphabets are significantly different (P<0.05). 
 
through the delayed growth phase. The results showed 
that the growth performance of broilers was improved 
which may be due to phenolic plants, the extracts of 
which can properly induce gut structure and endogenous 
digestive secretions to affect gut function (Jang et al. 
2007; Yang et al. 2019). Our results agree with (Al-
Hassani and Al-kafaje 2015). On the other hand, the 
broiler eggs or quail eggs injected with ascorbic acid 
showed no effect on performance of chicks (Babacanoğlu 
et al. 2018; Zhang et al. 2018). 
 
Carcass traits and digestive organs:  

Carcass traits of broiler chickens are shown in Table 
4. The results showed that in-ovo injection of different 
concentrations of   OPE and Vit C had no significant 
effect (P≤0.001) on spleen, gizzard weight and intestine 
length. Chicks from in-ovo injection group OPE had 
significantly (P≤0.001) higher dressing weight when 
compared to those in control DW and control with hole 
only groups. These results may be due to heavy body 
weight of the slaughtered birds than other found in all 
control groups. However, heart and liver weight score was 
significantly higher (P≤0.001) in the control DW among 
all treatments. Also, OPE (500, 1000ppm) group recorded 
a significant improvement in Bursa weight than in-ovo 
injection groups, groups injected with Vit C (4 and 
8mg/egg), and control DW. These results are consistent 
with Ravis et al. (1988) reporting that the relative weight 
of certain immune organs (burs glands) which greater 
immune organ weight were generally associated with 
stronger immune function but disagree with Toghyani et 
al. (2011) and Mohammad et al. (2019) who found that 

supplementation of different natural antioxidant diets 
(cinnamon) in 42-day-old broilers had no effect on bursa 
body weight. 
 
Biochemical analysis of blood 

Blood analysis results are presented in Table 5. These 
results found that there were no significant differences 
among all groups in urea, AST and ALT concentrations. 
On the contrary, total protein, globulin levels were 
significantly (P≤0.001) higher in groups injected with Vit 
C than other injected with OPE and control groups. This 
result may be due to the improvement in the immune 
response of chicks by in-ovo injection of Vit C at 14th day 
of incubation and this appeared by increasing levels of 
globulin and decrease in A/G ratio in chicks. Our results 
agree with those represented by Badran et al. (2017) and 
El-Kholy et al. (2019). 
 
Blood parameters 

Thyroid hormones of broiler chickens are recorded in 
Table 6. There were no high effects of different levels of 
OPE and Vit C on plasma T3 concentrations. However, 
plasmaT4 concentrations were significantly higher 
(P≤0.001) in birds injected with OPE and this 
improvement increased with increasing dose of OPE when 
compared to those in control groups (un-injected and with 
hole only). It has been decided that thyroid hormones play 
a great role in regulating oxidative metabolism of broiler 
chicks. The metabolically active thyroid hormone is tri-
iodothyronine (T3), which plays an active role in the 
metabolic rate and metabolism of energy. Metabolic rate 
could be changed by any announced changed in thyroid. 

 
Table 4: Effect of in-ovo feeding by Olive pulp extract and Vitamin C on Carcass of broiler chicks 

Item Dressing 
% 

Heart 
% 

Liver 
% 

Gizzard 
% 

Spleen 
% 

Persia 
% 

Intestine 
length 

T1 73.20ab 0.53ab 3.05ab 1.49 0.21 0.08c 158.25 
T2 72.33b 0.57ab 2.72b 1.29 0.17 0.08bc 188.75 
T3 72.61b 0.68a 3.39a 1.27 0.21 0.09a 181.25 
T4 75.45ab 0.60ab 3.26ab 1.25 0.23 0.09ab 168.75 
T5 76.12a 0.55ab 3.09ab 1.20 0.23 0.09ab 163.75 
T6 75.50ab 0.45b 2.95ab 1.04 0.21 0.08bc 161.25 
T7 73.76ab 0.54ab 3.29ab 1.17 0.20 0.08abc 160.00 
Overall mean±SE 74.14±0.43 0.56±0.02 3.11±0.08 1.24±0.05 0.21±0.01 0.08±0.00 168.86±3.85 

In each column mean+SE having different alphabets are significantly different (P<0.05). 
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Table 5: Effect of in-ovo feeding by Olive pulp extract and Vitamin C on some blood biochemicals of broiler chicks 
Item TP Albumin  globulin A/G Urea  AST  ALT  
T1 2.50bc 1.00b 1.15bc 1.25ab 2.65 200.40 13.79 
T2 2.82abc 1.61a 1.21bc 1.84a 2.56 201.58 13.55 
T3 2.92abc 1.33ab 1.58abc 0.85b 2.53 197.77 13.80 
T4 2.37c 1.42a 1.32abc 1.07b 2.52 208.58 13.85 
T5 2.54abc 1.44a 1.10c 1.33ab 2.54 197.08 13.82 
T6 3.40a 1.44a 1.75ab 0.83b 2.58 197.88 13.92 
T7 3.25ab 1.41a 1.85a 0.76b 2.51 197.29 13.89 
Overall mean±SE 2.83±0.12 1.38±0.05 1.42±0.09 1.13±0.10 2.56±0.02 200.08±1.69 13.80±0.06 

In each column mean+SE having different alphabets are significantly different (P<0.05). 
 
Table 6: Effect of in-ovo feeding by Olive pulp extract and 
Vitamin C on some blood hormones of broiler chicks 

Treatment 
T3 
(ng/mL) 

T4 
(ng/mL) 

T4/T3 

T1 6.55c 14.85c 2.27ab 
T2 7.20bc 16.55bc 2.28ab 
T3 8.05a 20.95ab 2.60ab 
T4 7.83ab 19.97abc 2.55ab 
T5 7.87ab 22.57a 2.89a 
T6 7.57ab 17.83abc 2.34ab 
T7 7.70ab 16.73bc 2.16b 
Overall mean±SE 7.54±0.13 18.49±0.77 2.44±0.08 

In each column mean+SE having different alphabets are 
significantly different (P<0.05).  
 
Table 7: Effect of in-ovo feeding by Olive pulp extract and 
Vitamin C on some antioxidant capacity of broiler chicks 
Treatment Muscle 

SOD 
(U/g) 

Plasma 
catalase 
(U/L) 

Muscle 
TAC 

Muscle 
catalase 
(U/g) 

T1 0.73d 0.65b 0.96c 0.67c 
T2 0.82cd 0.81a 0.98c 0.68bc 
T3 0.88bc 0.83a 1.26c 0.68abc 
T4 0.95b 0.91a 1.31bc 0.73ab 
T5 1.11a 0.91a 1.71a 0.74a 
T6 0.88bc 0.90a 1.03c 0.67c 
T7 0.88bc 0.81a 1.62ab 0.66c 
Overall 
mean±SE 

0.89± 
0.03 

0.83± 
0.02 

1.27± 
0.07 

0.69± 
0.01 

In each column mean+SE having different alphabets are 
significantly different (P<0.05). 
 
Antioxidants activities 

Plasma total antioxidants capacity (TAC) and 
Superoxide dismutase (SOD) of hatched chicks were 
recorded in Table 7. Whereas plasma TAC levels were 
significantly higher in OPE injected groups compared 
with different control groups and TAC values in OPE 
injected group (1000ppm/egg) were higher than other 
injected with Vit C groups (4 and 8mg/egg). The same 
trend was shown in the muscle SOD and catalase activity, 
which showed a significant (P≤0.001) increase by 
increasing OPE level. The amelioration of antioxidant 
degree for chicks in the current study may be related to 
the antioxidant activity of OPE which can inhibit the 
synthesis of relative oxygen species (ROS) and 
malondialdehyde (MDA) by the capability of hydroxyl 
group in OPE. So, we can associate the increase in 
antioxidant enzymes activity by the reduction in levels of 
lipid peroxides. This result is confirmed by Agah et al. 
(2019) who reported that olive leaf extract (OLE) 
administration could increase the level of SOD in OLE 
groups, and it can improve the overall antioxidant 
protection of birds under heat stress conditions and can 

enhance their ability to convert highly reactive hydrogen 
peroxide into water. 
 
Conclusion 

Therefore, it can be concluded from this study that in-
ovo injection of high OPE or Vit C levels on 14th day of 
incubation has a positive effect on hatchability, chick 
performance, dressing weight and antioxidant status of 
hatching chicks. It is recommended to use OPE 
(1000ppm/egg) on day 14 to improve chick health and 
performance.  
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