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ABSTRACT: This study aimed to assess the effects of in ovo injection with vitamin D5 on Norfa
chick’s performance. All fertile eggs were kept at incubation room temperature for 12 hours and then
incubated in a forced draft incubator at 37.8°C with 55 - 60% relative humidity. Eggs were turned every
two hours from the 2™ to 18" day of incubation. In the 1% group, 40 eggs were not injected and
considered as negative control, while in the 2" group, 40 eggs were injected with distilled water (positive
control). In the 3" and 4™ groups, 160 and 180 eggs were injected with 50 and 100pL vitamin D; (VD3),
respectively. Eggs were injected on the 18" day of incubation to deposit test material in the air sac
through the wide end of the egg then the hole was closed by wax.

During the last 3 days of incubation, all eggs were transferred to a separate hatcher at 36.5°C and 75 -
80% relative humidity. At hatch, the chicks were wing-banded, weighed and kept in the brooding house.
The results showed that the chicks produced from eggs injected with 100 pL VD3 exhibited significantly
greater live body weight and body weight gain compared to other groups at different ages. Moreover, the
feed conversion ratio and embryonic mortality rate were significantly affected during experimental
period. The embryonic mortality rate was significantly increased in all treated-groups compared to
negative control group. Immune response at 7 days and 28 days for Norfa chicks injected with VD,
significantly improved compared to control groups. The highest value for femur and sternum bone length
was recorded in chicks injected with 100uL VD3, while tibia bone length was significantly decreased.
Blood AST and ALT levels for chicks injected with 100uL VDj significantly increased compared to
negative control group. In ovo injected VD of 50 and 100 pL increased total serum calcium compared
with the control groups. These results indicated that the in ovo injection of different levels of vitamin Ds
had a significant effect on white blood cells, lymph count, neutrophil, red blood cells and platelets.
However, there was no significant effect of the in ovo injection on the levels of hemoglobin and
hematocrit. In conclusion, early in ovo injection of different levels of vitamin D; might be considered a
feasible technique for increasing Norfa chicks performance, hatchability, blood parameters, immunity and
decreasing mortality.
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INTRODUCTION

Vitamin D is required for proper embryonic
development in chickens. Vitamin D3 levels in
the maternal diet are linked to vitamin D3 and

development of vitamin D; metabolism
exemplifies the relevance of vitamin D; to the
developing embryo. Commercial in ovo
injections of 25(0OH) D; has been shown to

25-hydroxy vitamin D3 (25-OH Ds) levels in the
egg yolk (Mattila et al., 1999). The enzyme 25-
hydroxyvitamin D-1-hydroxylase, which
converts 25-OH D; to 1,25(0OH)2 D, can be
found as early as day 12 of incubation and rises
in specific activity as embryonic development
advances (Turner et al., 1987). The chick’s early

increase the hatchability of fertile broiler
hatching eggs without compromising the
hatchling quality (Bello et al., 2013).

Chicks at hatch have an underdeveloped
immune system, making them more susceptible
to infection and sickness than adult birds
(Lowenthal et al., 1994; Wells et al., 1998). In
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the embryogenesis and growth rates of birds, a
range of nutrients perform crucial physiological,
nutritional, and immunological  functions.
Injecting these nutrients into the embryo's eggs
may be able to assist overcome any constraints
imposed by inadequate egg nutrition (Selim et
al., 2012). Furthermore, in ovo nutrition, such as
vitamins and amino acids, might be a different
way to improve hatchability and bird quality at
hatch, as well as the innate immune system (Ohta
etal., 2001).

The importance and necessity of vitamin Dj
for chicken embryonic development, as well as
the availability of vitamin D3 in eggs, are critical
for supporting embryo calcium metabolism and
maintaining an acceptable level of blood calcium
and phosphorus during incubation. Narbaitz et al.
(1987), Holick and Garabedian (2006) found that
calcium and phosphorus absorption varies, with
10 - 15% of dietary calcium and roughly 60% of
phosphorus absorption without vitamin D. As a
result, vitamin D is essential for the formation
and maintenance of healthy bones. Vitamin D
receptors have been found in a variety of cells,
demonstrating that it affects more than mineral
metabolism (Zhang and Naughton, 2010).

Additionally, vitamin Ds; has been found to
play a role in calcium absorption and bone
mineralization in broiler chickens, as well as
having regulatory effects for the immune
response and muscle growth (Bronner, 2003;
Morris et al., 2014; Vignale et al., 2015, Nordin,
2010, Saunders-Blades and Korver, 2014). The
studies concerning the injection of the important
vitamins into chicken eggs during the incubation
period are scarce. Therefore, the aim of the
present experiment was to evaluate the effect of
in ovo injections with vitamin D3 on immunity,
bone development, blood characteristics, and
productivity of Norfa chicks.

MATERIALS AND METHODS

This study was approved by the Department
of Poultry and Fish Production, Faculty of
Agriculture,  Shibin  ElI-Kom,  Menoufia
University, Egypt. Norfa strain was used as a
synthetic local breed of chickens and details of

the formation history of this breed was described
by Abdou (1996).

Mating system, experimental design
and treatments:

In order to reproduce the next generation,
artificial insemination was utilized as the
followed mating system. Each family contained
one male and three randomly assigned females.

The fertile eggs were collected twice daily
and numbered according to their females. All
cracked, dirty, and misshapen eggs were culled.
The eggs were then kept in the egg storage
chamber for 7 days at 15 - 17 °C and 75 - 80%
relative humidity.

At 18" day of incubation, 480 eggs were
sorted with optical sorting method to determine
fertile eggs, 420 fertile eggs were divided into
four groups as follow:

1* group: consisted of 40 eggs were not
injected and used as a negative control group, 2™
group: consisted of 40 eggs were in ovo injected
with distilled water (50pL) and used as a positive
control group, 3" group: consisted of 160 eggs
were in ovo injected with 50 pL vitamin D3 and
4™ group: consisted of 180 eggs were in ovo
injected with 100 pL vitamin Ds.

Eggs were injected on the 18" day of
incubation to deposit test material in the air sac
through the wide end of the egg then the hole
was closed by wax.

All fertile eggs were incubated in a forced
draft incubator at 37.8°C with 55 - 60% relative
humidity. The eggs were turned every two hours
from the 2™ to 18" day of incubation, then
transferred to the hatcher at 36.5°C and 75 - 80%
relative humidity. The hatched chicks were
wing-banded,  weighed individually  and
transferred to the brooder. The basal diet in this
experiment was used to cover the nutrient
demands of growing Norfa chicks during 1 - 28
days of age as recommended by (Zanaty and
Ibrahim, 2005). The structure and calculated
composition of the basal diet are presented in
Table 1.
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Table 1. Composition of the experimental diet fed growing Norfa chicks during 1 — 28 days of age.

Ingredients % Calculated values®

Yellow corn (8.8%) 63.84 Crude protein (%) 18.00
Soybean meal (44%) 25.39 ME, kcal/ kg diet 2808
Wheat bran 7.66 C/ P ratio 156.0
Bone meal steamed 2.08 Lysine (%) 0.90
Limestone, ground 0.50 Methionine (%) 0.33
Vit. & Min. Mix.! 0.25 Met + cystine (%) 0.62
DL-methionine? 0.03 Calcium (%) 0.90
Sodium chloride 0.25 Av. phosphorus (%) 0.40
Total 100

Vit. & Min. Mix, at 0.25% of the diet supplies the following per Kg of the diet: Vit. A, 12000 IU; VD3, 2500 IU;
Vit. E, 10 mg; Vit.Ks, 3 mg; Vit. B;, 1 mg; Vit.B,, 4 mg; Pantothenic acid ,10 mg; Nicotinic acid, 20 mg; Folic acid, 1
mg; Biotin 0.05 mg; Niacin 40 mg; Vit.Bg, 3 mg; Vit.B;,, 20 mg; Choline Chloride, 400 mg; Mn, 62 mg; Fe, 44 mg;

Zn, 56 mg; Cu, 5 mg and Se, 0.01 mg.
DL — methionine: 98% feed grade (98% methionine).
®Calculated according to NRC (1994).

Studied traits:
1. Live body weight:

Individual live body weight was recorded
(every two weeks) from hatch to 28 days of age
in grams.

2.Feed intake (FI) and feed conversion
ratio (FCR):

Feed intake (FI) was measured as the
difference between the residual and offered feed
The amount of feed intake per bird per
experimental periods were calculated by dividing
the total feed intake during the experimental
periods (hatch-14, 14-28 and hatch-28 days of
age) on the receiving bird number.

The feed conversion ratio was calculated as
follows:
feed
FCR (g—weight gain)
The f%ed intake (g)/bird/d
- Body weight gain (g)/bird/d

Body weight gain was measured as
subtraction between the body weights (in gram)
at experimental periods (hatch-14, 14-28 and
hatch-28 days of age).

3. Hatchability percentage:

Hatchability percentage was calculated for
each treatment as follows:

no of hached chicks

Hatchability (%) = X 100

no of fertile eggs

4. Embryonic mortality rates:

The numbers of fertile eggs were determined
by candling of all eggs on the day 18" of
incubation and cracking the remaining eggs after
hatching. The percentage of the embryonic
mortality was calculated for as follows:

Embryonic mortality (%) =

no of dead embryos
no of dead embryos 100

no of fertile eggs

5. Mortality percentage:

The mortality percentage of hatched chicks
was calculated during the brooding period for 28
days by using the following formula:

no of dead chicks

Mortality (%) = x 100
ortality (%) no of hatched chicks

6. Titration of antibodies:

Antigen immunization:

The SRBC antigen was immunized using a
modified version of the method of Siegel and
Gross (1980). At 4 weeks of age, the primary
antibody response was assessed for each
individual at 7 days post-immunization. To
stimulate the initial antibody response, each
chick was given an intravenous vaccination via
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the branchial vein with 0.1 ml of 2.5 % SRBC
solution.

Calculation of antibody titers:

The secondary antibody response was
measured at 7 and 28 days of chick age. The
antibody in the blood serum of chicks was
evaluated using microtiter hemagglutinin test
assay described by Siegel and Gross (1980).
Individual titrations of serum samples were
performed in -96 well (8 rows by 12 columns,
round (U) bottom) assay plates. Only, 50 ul of
physiological saline (0.9% NaCl) was added to
all 96 - well plates followed with 50 pl of serum
sample to first well (row 1). From the first
through the eleventh wells, serial dilutions of
each serum sample were prepared. This result in
dilution ranging from 1:1 to 1:1024, and 50 pl of
2.5% SRBCs suspension was added to all wells.
After that, plates were incubated in 37° C for 90
minutes. The last positive dilution exhibiting
each behavior expressed a Log, values for the
reciprocal of highest titer were complete.

7. Blood samples and
parameters:

Seven birds of average weight from each
treatment were randomly chosen at the end of the
7" day and blood was collected from the wing.
Whole blood samples obtained were used
immediately to determine haematological
parameters in the whole blood. The
haematological analysis was performed by using
Hemavet 950 (Drew Scientific Inc., Waterbury,
CT) immediately after blood collection. The
hematological analysis included white blood cell
(WBC), lymph count (LYM), heterophil count
(Het), red blood cells (RBC), hemoglobin
(HGB), hematocrit (HCT), (RDW-CV) and liver
function tests, ALT and AST according to Kim
et al. (2013).

serum

Serum calcium:

For serum calcium measurement, blood
samples corresponding to one millilitre of blood
were taken from the axillary vein of randomly
selected birds at 7 days of age. To extract the
serum, blood was deposited in 1.5 ml Eppendorf

tubes and centrifuged at 3000 rpm for 15
minutes. A commercial kit (Labtest ®) was used
to assess serum calcium levels.

8. Bone length:

The average length of femur, sternum and
tibia (cm) were measured at 28" days after
slaughter for 5 chicks from each group.

Statistical analysis:

Data were examined for normality using the
Shapiro-Wilk test prior to the analysis and all
percentages were subjected to  arcsine
transformation. According to the following
statistical model, data were analyzed using one-
way analysis of variance:

YVij=u+ T +e;

where: Yij — observation, x — overall mean, Ti
— treatment fixed effect T; to T, and eij — residual
of the model. Duncan’s Multiple Range Test
(Duncan, 1955) checked the significance (P <
0.01) of the differences between treatment
means. Statistical analyses were performed by
using SPSS software (SPSS, 1999).

RESULTS AND DISCUSSIONS
Productive Performance:

The productive performance of the Norfa
chicks injected with different levels of VDj; is
presented in Tables 2 and 3. The live body
weight and body weight gain of chicks was
significantly increased by in ovo injection of 100
pL /egg VDs levels at different ages.

Chicks hatched from eggs injected with 100
ML VD3 exhibited a significantly greater LBW
than chicks in the other groups at all different
ages. Nevertheless, the lowest LBW and BWG at
different ages were obtained in chicks produced
from eggs injected with distilled water. These
findings agreed with those of Yarger et al.
(1995) and Fritts et al. (2003), they found
significant increase in body weight and breast
muscle yield for broiler chickens treated with
vitamin Ds.

Atencio et al. (2005) found that dietary
vitamin D3 levels increased from 125 IU/kg to
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2,000 1U/kg for broiler hens resulting in
improved body weight gain for their chicks from
hatch to 16 days of age. Moreover, Papesova et
al. (2008) found that broilers supplied with
250H D5 in the food gained much more weight
than those in the control groups. Contrarily,
Bello et al. (2014) found that 25 (OH) Dj
dissolved in vaccine diluent buffer had no effects
on growth after hatch and that the hatchability

was significantly higher than those in the control
group. Supplementing broiler chicks with 25
(OH) D; also boosted pectoral muscle growth
(Hutton et al., 2014). Other studies have shown
that vitamin D, affects embryonic and future
development, with this action most likely linked
to the vitamin's structure (Chen and Bosmann
1965; Imrie et al., 1967).

Table 2. Live body weight and body weight gain of Norfa chicks as affected by in ovo injection with VD3
at different ages (Means £ S.E.).

Live body weight (g) Body weight gain (g)
Groups
one day 14d 28d 1-14d 14-28d 1-28d

Negative control b . c be be b

. 31.5+0.7 151.7+1.7% | 430.845.7° | 120.1+10.7™ | 279.2+2.9™ | 399.3+£3.8
(not injected)
Positive control b c d c c c
(distilled water) 31.5+0.6 149.7£1.7% | 425.3£9.0" | 118.3+10.3" | 275.51+3.0" | 393.8+3.9
VD; (50 L fegg) | 32.80.3° | 157.9+0.5" | 444.2+2.8" | 125.1+10.2% | 286.23+3.3° | 411.3+4.4°
VD; (100 pL /egg) | 35.2+0.2° | 166.8+0.8° | 488.5+1.6* | 131.6+10.54° | 301.6+2.9° | 433.2+4.5°
P-Value 0.000 0.000 0.022 0.000 0.031 0.001
Significance o *ox * wox * *

P.¢ Means in the same column bearing different superscripts are significantly different at P < 0.01.
* Significant differences at P = 0.05. ** Highly Significant differences at P = 0.01.

Table 3. Feed intake and feed conversion ratio of Norfa chicks as affected by in ovo injection with
different levels of vitamin D; (Means + S.E.).

Feed intake (g) Feed conver5|_on ratio (g feed/g
Groups gain)

1-14d 14-28d 1-28d 1-14d | 14-28d 1-28d
Negative control 288.3+2.3" | 795.6+3.9° | 1046.245.3° | 2.4+0.1° | 2.85+0.2° | 2.62+0.2°
(not injected)
Positive control 281.5+2.9° | 768.7+4.2% | 1015.945.29 | 2.440.2% | 2.79+0.3° | 2.58+0.3"
(distilled water)
VD; (50 pL /egg) 287.7+2.0° | 778.5+4.1° | 1028.3+5.4° | 2.30+0.2°| 2.7240.2° | 2.50+0.2°
VD, (100 pL fegg) | 296.1+2.3% | 802.3+4. 6% | 1044.145.6% | 2.25+0.1°| 2.66+0.2¢ | 2.41+0.2°
P-Value 0.000 0.034 0.012 0.000 0.000 0.000
Significance ** * * ** ** **

aP.¢ Means in the same column bearing different superscripts are significantly different at P < 0.01.
* Significant differences at P < 0.05. ** Highly Significant differences at P < 0.01.
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Feed intake and feed conversion ratio:

Feed intake and feed conversion ratio for
Norfa chicks injected with 100 puL VD3 were
significantly increased at different age compared
with those in the other groups (Table 3).

From different period of age, chicks produced
from eggs injected with tested vitamin Dj
exhibited a better feed conversion ratio than
those in the control groups. In contrast, feed
conversion ratio for chicks produced from eggs
injected with 100 UL VD3 was significantly best
throughout different experimental periods.

From 1 to 14 and 14 to 28 days of age, the
feed intake produced from eggs injected with
100uL of VD5 was increased by about 2.7% and
0.8 %, while feed intake from 1 to 28 days of age
for those injected with 100uL of VD; was
decreased by 0.2 %, also 50uL VD3 and distilled
water was decreased by 1.7 and 2.9 %,
respectively with those of the control groups,
which could explain why the current study's
results are different.

These findings are consistent with those of
Saunders-Blades and Korver (2014), who
discovered that broiler breeder chicks
supplemented with 34.5g 25-OH Dsfliter water
outperformed control chicks. They also found
that supplementing the diet with 3,000 1U/kg
vitamin D3 had no influence on body weight or
feed efficiency at 7 days of age.

Yarger et al. (1995); Mitchell et al. (1997);
and Aburto et al. (1998) observed similar results,
reporting that feed efficiency and breast muscle
yields for broilers given a diet supplemented
with 25-OH D; were considerably enhanced
when compared to control groups.

Hatching traits:

The hatchability and embryonic mortality
rates are presented in Table 4. The results
showed a significant increase in the hatchability
percentage in the control groups compared to in
ovo injected groups. The early embryonic
mortality rate was significantly increased for

embryos produced from eggs injected groups
compared to control groups. Generally, the
negative control and distilled water-injected
groups exhibited the highest hatchability
percentage and the lowest early embryonic
mortality rate.

Contrarily, the late embryonic mortality was
increased via in ovo injection of 100uL VD3
compared to control groups. Moreover, 50uL
VD; injected group showed a significant increase
in late embryonic mortality and piped dead
compared to positive control group (Table 4).
This may be due to the infection resulted from
the manual injection of the eggs.

Vitamin D; is widely recognized for its
importance and requirement in chicken embryo
development, and its presence in eggs is
important for regulating embryo calcium
metabolism during incubation (Narbaitz, 1987).
As a result of the lack of vitamin D in the
hatching eggs, there is an increase in embryonic
mortality and chick deformities (Sunde et al.,
1978; Elaroussi et al., 1993). Stevens et al.
(1984) linked vitamin Ds; insufficiency to
decreased hatchability and higher late embryo
mortality, which might contribute to poor post-
hatch chick performance. The widely variable
hatchability percentages seen in the diluent-
injected control groups might be another factor
contributing to the differences in the research’
outcomes. In this study, the diluent-injected
treatment group had a lower percent hatchability
than the 250H Ds-injected treatment group,
which had a hatchability of 90%. Similar trend
were also observed by Bello et al. (2013).

The studies did not indicate at what stage of
embryo development the losses occurred or why
the hatchability was already decreased in similar
study, Saunders-Blades and Korver, (2014)
found that the adding 25-OH D; decreased early
embryonic mortality in broiler breeders fed a diet
containing 3,000 1U/kg D3 from 6.22 % to 4.37
% when compared with non-treated group. As a
result, 25-OH D; appears to have some
embryonic development protective effects.
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Table 4. Percentages of hatchability, embryonic mortality, piped dead and dead in shell of Norfa chicks as
affected by in ovo injection with different levels of vitamin D; (Means + S.E.).

Hatchability Embryonic mortality (%) Piped dead | Dead in shell
Groups 0 0 0
(%) Total Early 0-7d | Late 7-14d (%) (%)

Negative control | 5 6 762 | 10,040.23°¢ 75+0.17% | 2.5+0.06°
(not injected)
Positive control 825:0.98" | 17.5+1.2" 5.00.5° | 10.0£0.6° | 2.5+0.06°
(distilled water)
VD; (50 L /egg) | 81.24+0.98" | 18.76+0.16° 3.13+0.02%|5.63+0.02" | 6.88+0.05¢ | 3.13+0.08"
VDs (100 pL /fegg) | 77.78+1.22° | 22.22+0.00° |2.22+0.00°| 8.33+0.0* |7.22+0.00*| 4.44+0.00°
P-Value 0.000 0.000 0.000 0.000 0.000 0.000
SIgnIfIC&nCe *%* *%* *%* *%* *%* *%*

ab.¢ Means in the same column bearing different superscripts are significantly different at P < 0.01.
* Significant differences at P < 0.05. ** Highly Significant differences at P < 0.1

Mortality rate (%):

The weekly mortality rate for embryos was
altered by in ovo injection with different levels of
vitamin D;, this was due to the reduced
cumulative mortality percentage of the 100uL of
VD; injected group (Table 5). The chicks that
had 50puL of VDj injection had a higher percent
mortality rate than the negative and positive
control groups on a weekly basis (Table 5). In
contrast to the current findings, embryonic
mortality and chick abnormalities increased
when hatching eggs were low in vitamin D.
(Sunde et al., 1978; Stevens et al., 1984,
Elaroussi et al., 1993). Dietary 25-OH-D; had a
linear influence on mortality in 1 to 21-day-old
broiler chicks (Han et al., 2016). Wang et al.
(2016) found that level of D; or 1-OH- Ds
reduced mortality (P < 0.05). As a consequence,
when diets were supplied with varying VD;
levels, there was no substantial improvement in
mortality overall (0 — 31 d), and there was no
correlation between mortality rates and dietary
VD3 levels in both stages, Cho et al. (2020).

Immunological Assessment:

The antibody titers of SRBCs estimated 7 and
28 days of age were significantly (P<0.05)
improved in the chicks hatched from eggs
injected with different levels of vitamin Dj
compared to control groups. Higher levels of
primary and secondary antibody titers were

recorded in chicks hatched from eggs injected
with 50pL and 100uL of V D3 in comparison
with both control groups (Table 6).

Different vitamin D3 sources have an impact
on humoral immunity. According to prior
studies, the ability of macrophages to
phagocytize sheep red blood cells in vitro was
decreased in chicks deficient in vitamin D.
(Aslam et al., 1998). Chou et al. (2009) reported
no significant change in percent phagocytosis
when fed vitamin D and 25-OH Dj; levels similar
to those reported in the present study while
reporting a 10% difference between the two
treatments. Vitamin D and its metabolites have a
role in phagocytosis in chicks, although the
reasons behind this remain unclear. Furthermore,
maternal age appears to impact the effect of
vitamin D on chicks' early phagocytic
capabilities. These findings imply that vitamin
D3 levels and metabolites have an impact on
chicken immunity. Additionally, changes in
small intestine morphology and humoral
immunity are connected to higher breast meat
yield and improved broiler growth performance
(Wang et al., 2019). As a consequence, better
small intestine shape and immunology in birds
might explain an improvement in breast meat
yield and growth performance in response to an
in ovo injection of 250H D;. In ovo injection of
a 0.5 ml solution containing 0.4 mg of 250H D,
and 6 mg of vitamin K resulted in an increase in
antibody titers against Newcastle Disease in
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hatchlings (Abbasi et al., 2017). As a result,
increasing Ig levels in early-hatch broilers during
their first two weeks of life may be beneficial to
their immunity. These findings imply that giving
early post-hatch broilers 2.4 mg of 250H Ds in
ovo may be an effective way to boost humoral
immunity.

Haematological parameters:

The haematological parameters affected by
the in ovo injection of different levels of vitamin
D; are presented in Table 7. No significant
differences in HGB and HCT were found in
chicks treated with different levels of vitamin D3

and the control groups. However, significant
increments in WBCs and LY M were noted in the
chicks hatched from eggs injected with 100uL of
VD; compared with the negative and positive
control groups.

Moreover, in ovo injection of 100uL VD3
administration elevated the WBC count and
LYM to a higher level in comparison to both
control groups. The highest RBCs, HCT and
RDW-CV values were recorded in the chicks
hatched from eggs injected with 50uL of VD,
and positive control groups among other
experimental groups (Table 7).

Table 5. Percentages of weekly mortality (%) of Norfa chicks as affected by in ovo injection with
different levels of vitamin D; (Means = S.E.).

Mortality rate at Cumulative
Groups . 0
7 days 14 days 21days 28 days | mortality rate (%)

Negative control (ot | ¢ 35,5 056 | 1714+003" | 5.50£0.07" | 8.33+0.02% | 33.30+0.13"
injected)
Positive control 15.15+0.03% | 15.15%0.00 | 6.06+0.03° | 6.06+0.03" | 42.42+0.18°
(distilled water)
VDs (50 L /egg) 2.31+0.01° | 6.92+0.01° | 3.85+0.03° | 3.08+0.05° | 16.16+0.09°
VD; (100 L /egg) 429+001° | 5.00+0.01° | 2.86+0.01° | 3.57+0.01° | 15.71+0.01°
P-Value 0.000 0.000 0.000 0.000 0.000
Significance e ok e e o

aP.¢ Means in the same column bearing different superscripts are significantly different at P < 0.01.
* Significant differences at P < 0.05. ** Highly Significant differences at P < 0,01

Table 6. Antibody titter at 7 and 28 days of age of Norfa chicks as affected by in ovo injection with
different levels of vitamin D; (Means + S.E.).

Titterat7 | comparedto g iog |  Compared to
Groups days of age primary antibody days of age primary antibody
titers (%) titers (%)

Negative control (not injected) 3.26+1.16° 33.61 8.00+1.60° 82.47
Positive control (distilled water) | 2.74+0.73°¢ 28.25 8.00+1.60°¢ 82.47
VD; (50 pL /egg) 3.94+1.07° 40.62 12.80%3.20° 131.96
VD; (100 pL /egg) 5.49+1.14° 56.60 25.6+6.43° 264.23
P-Value 0.049 0.032 -

Significance * * -

aP.¢ Means in the same column bearing different superscripts are significantly different at P < 0.05.

* Significant differences at P < 0.05.
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Table 7. Haematological parameters of Norfa chicks as affected by in ovo injection with different levels
of vitamin D3 (Means £ S.E.).

—_ (WBC) (LYM) (Het (RBC) | (HGB) | (HCT) |(RDW-CV)
(10%/ul) @0%uL) | @0y | (ol | (g/d) (L/L) (%)

?:\f)gte}tr:}’:cfe%’;”o' 24759463 | 633.0° +11.5 | 12.7° +1.93 1%7_5 6.1404 | 1135+6.9 | 15.7°+1.97

E’d"é'ttl'l‘l’:dcv‘;gfe‘;; 305.7°+18.0 | 673.2° 7.8 |18.2° +0.48| 126.2° +5.3 | 7.040.1 |124.508.9 | 21.0°+1.29

VD; (50 pL fegg) | 278.7°+9.7 |651.2° +18.7 | 18.22+0.6 | 116.2° +5.7 | 6.4+0.6 |116.25+2.6 | 18.0%°+0.82

VD, (100 pL /egg) | 320.0° £16.2 | 682.5? 8.5 |17.7°+0.25|111.2% +4.6 | 6.6£0.23 | 113.00£3.6 | 16.5°+0.87
P-Value 0.01 0.05 0.007 0.05 0.37 0.53 0.05
Significance * * il * N.S. N.S. *

D¢ Means in the same column bearing different superscripts are significantly different at P < 0.01.
* Significant differences at P < 0.05. ** Highly Significant differences at P < 0.01.

N.S. = No Significant differences.

These finding suggest that thrombocyte
concentration and heterophil to lymphocyte ratio
were not significantly influenced by source or
level of vitamin D, with no interaction between
source and level of vitamin D, in contrast to the
present study. At 42 days, the number of white
blood cells (10°/L of blood) in birds fed diets
supplemented with 25-OH- D3 was significantly
greater than in birds fed VIT- Ds;. However, there
was no consistent pattern in the effects of
vitamin D on white blood cell concentration
(Fritts et al., 2004). The major impacts of source
and level could not be determined due to
significant source by level interactions.

Total calcium and liver function:

Serum total calcium was lower in both
negative and positive control groups in
comparison to different levels of vitamin Dj
groups (Table 8). In ovo injection of 50uL VD3
administration elevated the serum calcium to a
higher level in comparison to both control
groups. Moreover, in ovo injection with different
levels of VD; administration elevated the liver
enzymes were highly significant in comparison
with the positive control. The highest AST and
ALT values were recorded in the chicks hatched
from eggs injected with 100uL of VD3 among all
experimental groups (Table 8).

The present findings were consistent with the
results of Whitehead et al. (2004) discovered that
with 5 mg vitamin Da/ kg, blood serum calcium
concentrations adjusted to pH 7.4 were lower

than with higher vitamin D3 concentrations, and
that this depression was higher in the diet with
lower Ca/ av P. With increasing dietary vitamin
D intake, plasma 25-hydroxyvitamin Dj
concentrations increased.

According to Lohakare et al. (2005), blood
calcium levels were greater in chicks fed a diet
containing supplemental VC and 1,800 1U of VD
during the first week than in chicks fed 200 IU of
VD. The reverse tendency was noticed during the
second week, and it remained unaffected during
the third week. During the first and second
weeks, there was a significant interaction
between VC and VD levels and blood calcium
levels. As a result, this could indicate a larger 25-
OH Dj reserve at hatch. According to Jamroz et
al. (2004), stored 25-OH Dj3 (yolk sac or tissue)
may be readily available to the fast-growing
chick, implying a delay in the development of
the mechanisms for liver 25-OH D3 production
by dietary vitamin Ds.

As a result, it is well known that adding 1-
OH Djs increased plasma phosphorus content, Ca
and Pi absorption is enhanced by 1-OH Ds.
Improved phatate utilisation by promoting
calcium absorption and lowering calcium
restriction on endogenous phytase are two
possible effects of 1-OH Dz on phosphorus
(Ebrahimi et al., 2016). According to Kalantar et
al. (2019), in ovo injection of Q10 at 0.1 and 0.2
mL per egg resulted in substantial increases in
serum enzyme activity in both 1 - 21 and 22 - 42
day old mice .
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Table 8. Total calcium and liver enzymes of Norfa chicks as affected by in ovo injection with different
levels of vitamin D3 (Means + S.E.).

Groups Tozﬂgﬂﬁi)”m AST (UIL) ALT (U/L)
Negative control (not injected) 8.1+0.06° 213.0+0.58° 45.0+0.29¢
Positive control (distilled water) 8.7+0.12° 63.0+0.43 ¢ 73.0+0.35°
VDj; (50 pL /egg) 15.340.17° 241.0+0.87° 56.0+0.23
VDj; (100 pL /egg) 10.30.14° 283.0+0.29° 77.0+0.40°
P-Value 0.000 0.000 0.000
Significance ** ** **

aP:¢ Means in the same column bearing different superscripts are significantly different at P < 0.01.

** Highly Significant differences at P < 0.01.

Bones length:

Data in Table 9 revealed that the femur and
sternum length in the 100uL of VDj; injected
group were significantly longer than that of the
control groups, while insignificantly affected
tibia bone length.

The obtained findings were consistent with
the results of the current study, rapid bone
formation and production occurs in broilers up to
28 days of age (Leslie et al., 2006), and BMD,
BMC, and cross-sectional bone areas in chicks
increase rapidly from 2 to 3 weeks of age (Kim
et al., 2011). Han et al. (2016) discovered a
correlation between 25-OH- D; or vitamin D3
levels and the weight, length, ash weight, and
percentage of ash, Ca, and P in the tibia. The
weight, length, ash weight, and percentage of
ash, Ca, and P of the metatarsus increased
linearly when the 25-OH- D5 or vitamin D3 level
increased. In 1- to 21-day-old broilers, levels of
D3 or 1-OH- D3 had a significant impact on bone
quality (tibia, femur, and metatarsus) (Wang et
al., 2016).

As a result, Mustafa et al. (2019) found that
tibia length was significantly (P < 0.05) higher in
the groups of in ovo injected with Cole VD3 and
their mix at 0 and 35 days post-hatch, indicating
that breaking strength was increased in the Ca,

Cole VD3 and their mix groups at both ages
when compared to the control group and eggs
injected with SDW. However, there were no
significant variations in tibia width across any of
the groups. Tibia bone was remarkably
influenced by in ovo injection of Ca, Cole VDs.
According to Salim et al. (2019), bone mineral
content (BMC) and bone mineral density (BMD)
from both the tibia and femur of broiler chicks
were significantly higher in HY-D2, HY- D3, and
PC treatments than in NC and HY-D1
treatments; however, bone area from both the
femur and tibia of broiler chicks was
significantly improved in only HY-D2 at 14- d.

Even though there were no variations in bone
length or diameter, vitamin Ds injection
significantly increased bone strength and relative
weight (Zamani et al., 2019). At day 14, both
tibia and toe ash content did not respond to
changes in dietary VD5 levels above 500 1U/kg,
according to Cho et al. (2020). Only the group of
birds given VD; at 200 1U/kg of diet had a
significant effect on tibia ash. Only the tibia ash
content was affected by dietary VD; levels at 31
d. Tibia ash did not respond to an increase in
dietary VD3 concentration above 500 IU/Kkg. In
response to dietary VDjs levels, a linear trend in
tibia ash was found.
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Table 9. Bone length (cm) of Norfa chicks as affected by in ovo injection with different levels of vitamin

D;(Means = S.E.).

Groups Femur bone length Sternum bone Tibia bone
(cm) length (cm) length (cm)
Negative control (not injected) 5.50+0.06 * 7.57+0.23"° 6.100.15
Positive control (distilled water) 5.37+0.03" 7.23+0.15° 5.43+0.03
VD; (50 pL /egg) 5.50+0.06 * 7.70+0.15%® 5.63+0.34
VD; (100 pL /egg) 5.67+0.09° 8.13+0.07° 5.90+0.23
P-Value 0.046 0.026 0.227
Significance * * N.S.

aP.¢ Means in the same column bearing different superscripts are significantly different at P < 0.01.
* Significant differences at P < 0.05. ** Highly Significant differences at P < 0.01.

N.S. = No significant differences.

Conclusion and applications:

The present results imply that early in ovo
treatment of different amounts of vitamin D;
may be a viable technique for increasing Norfa
chick performance, hatchability, decreased
mortality, and improved several blood
parameters, as well as immunity. At 7 and 28
days of age, chicks produced from eggs injected
with 100 pL of vitamin Ds/ egg had a
substantially higher body weight, femur, sternum
bone length, WBCs, LYM, heterophil, RBCs,
and enhanced immunological response than
chicks in the other treatments. During the trial,
the feed conversion ratio and cumulative
embryonic death rate were also considerably
influenced. When compared to the control, in
ovo injection of 100 pL of VD3 enhanced liver
enzyme and serum calcium levels.
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