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Abstract

Background and Objective: Exposure of breeder hens to hyperthermia causes disturbances in the breeder’s eggs due to insufficient
nutrient deposition from heat-stressed heninto the egg. Therefore, this experiment was conducted to test the hypothesis that the adverse
effects of heat stress on hatchability, embryonic growth and hatchling health status could be ameliorated by /n ovo injection of certain
vitamins. Materials and Methods: A total of 270 fertile eggs from Fayoumi breeders (45 weeks) were randomly assigned to 6 groups
(45 eggs/group). During the egg collection period in the summer season, birds were maintained at 9-13°C above the standard thermo-
neutral temperature. The experimental groups were: negative control (eggs not injected either with vitamins or Sterile Deionized Water
(SDW)), positive control (eggs injected with 0.1 mL of SDW/egg) and four other treatments in which vitamins A, E, D; and folic acid were
injected (1 mg of each vitamin dissolved in 0.1 mL of SDW/egg). The eggs were incubated at 37.7°C and 65% relative humidity in an
automatic incubator. Results: The residual yolk, embryo length and weight and hatchability% were improved (p<0.01) in all vitamins
/n ovo injected groups compared with both controls. Hatchling weight and the assessed health status indices were increased (p<0.01)
in all vitamins /n ovo injected groups compared with both controls. Conclusion: It is concluded that direct injection of vitamins into eggs
laid by heat-stressed breeders is an effective way of reducing the disturbance in eggs resulting from inadequate nutrient deposition from
hen to egg.
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INTRODUCTION

Recently, poultry production has grown dramatically with
most of this growth as a result of demand intensification’.
Normally developed and grown avian embryos are considered
as aworthy possession for the poultry industry as they are the
future flock stock. For normal embryonic development and
growth, all needed nutrients should be available in the egg.
Nutrient supply begins with the utilization of maternal diet,
further, it is entirely depending on the efficiency of these
nutrients being deposited into the egg? Indeed, extreme
challenges threaten the poultry production in terms of
adverse effects on growth performance and general health
which in turn affects the eggs’ fertility and hatchability®. One
challenge, particularly, Heat Stress (HS), is one of the most
significant environmental stressors that stresses breeder
hens, reflecting low hatchability and aberrant embryonic
development®. Moreover, under normal environmental
conditions, earlier literature reported that the newly hatched
chicks are often over-stressed because of the rapid growth of
the immune system at the critically early stage of their lives®.
Hence, from a nutritional point of view, the nutritional status
of embryos is very crucial to maintain their healthy
development, growth andimmunocompetence. Thus, “/novo
feeding” as one of the egg manipulation technologies is
entirely a valuable approach used to assure an effectively
available supply of nutrients to sustain and enhance enteric
embryonic growth and general health®. Earlier research on
/in ovo injection with different nutrients such as minerals,
vitamins, amino acids and fatty acids was conducted with
findings that suggested an improvement in embryonic
development, post-hatch growth and immune response’®.
Nevertheless, in the case of hens exposed to HS due to the
metabolic peroxidation to yolk lipids, the accumulated
fat-soluble vitamins in the egg yolk were found to be of lower
concentrations®. likewise, high levels of malondialdehyde as a
lipid-peroxidation indicator, were detected in eggs from
heat-stressed hens, which in turn results in eggs of low
nutritional value'®. So far, the supply of embryos from heat
stressed breeders for the nutrients has to be precisely
controlled™. Chicks from Egypt’s local strains are weak relative
to other strains, besides, Egyptis known forits almost hot-arid
climate throughout the year, which causes breeders to suffer
from maternal hyperthermia, which in effect increases
nutritional insufficiency from the eggs into embryos'. This
experiment was therefore performed to test the hypothesis
that vitamin A, E, D; and folic acid /n ovo administration could
improve the hatchability and health status of newly hatched
embryos from eggs laid by local Fayoumi stain chickens raised
at high ambient temperatures.
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MATERIALS AND METHODS

Study area: The current experiment was carried out at the
Research Poultry Farm, National Research Center, Egypt from
July-August, 2019. The animal protocol was approved by the
Institutional Animal Care and Use Committee of the National
Research Center, Egypt.

Experimental design and treatments: A total of 270 freshly
laid eggs by a flock of 45-weeks-old Fayoumi breeders
were used in this experiment at the summer season. The
breeders were reared at an average minimum and maximum
temperature ranged from 86.62-94.80°F (in comparison with
the standard 70°F at the age of 45-weeks-old).

The eggs were individually weighed and divided into
6 groups (45 eggs/group) in a completely randomized design.
The experimental treatments were: negative control (eggs not
injected, either with the vitamins or sterile deionized water),
positive control (eggs were injected with 0.1 mL sterile
deionized water/egqg) and four other treatments in which
vitamin A, vitamin E, vitamin D; and folic acid were injected (1
mg of each vitamin dissolved in 0.1 mL sterile deionized
water/egg). Retinol >95%, o-Tocopherol >95.5%,
Cholecalciferol >98% and Folicacid >97% were obtained from
Sigma (Sigma-Aldrich, Inc,, St. Louis, MO, USA). The eggs were
set for incubation in an automatic incubator with a
temperature 37.7°Cand 65% Relative Humidity (RH). The
in ovo injection was done by using 18-G sterile needle in a
laminar flow system before the incubation of the eggs’.

Embryo and hatchling measurements: On the 12th day of
incubation, fertility was verified through candling the eggs
with a hand ultraviolet lamp. On the 17th day of incubation, a
total of 10 eggs per treatment were selected randomly
for embryo weight, embryo length™ and residual yolk
determination’.

For chick’s identification at the time of hatch, on the
morning of the 19th day of incubation, eggs were transferred
into hatching sections in the incubator which were adjusted
at 37.2°C and 70% RH till the end of the incubation period
(embryonic day 21.5). Chicks that were still quite wet down,
revealing they had just hatched, were selected randomly for
the measurements. This was obtained at 3 points during the
hatching period: early, (465 hrs), mid-term, (480 hrs) and late,
(493 hrs) period of incubation. The hatched chicks/hatching
time/treatment were collected and named a hatch group. A
total of 10 chicks/hatch group were selected randomly for
hatchling body weight determination just after the down
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dried, then, the hatchability was determined as “the number
of healthy chicks hatched as a percentage of injected eggs
with living embryos”S.

Blood collection and hematological analysis: Total 10 chicks
per hatch group were decapitated and blood was collected
into 3 mL vacutainer tubes (BD Vacutainer, Becton Dickinson,
Franklin Lakes, NJ) forhematological and biochemical analysis.
About 10 pL of heparin was added to the tubes before the
blood collection to prevent blood from coagulation. For
hematological analysis, few drops of blood were taken for
hemoglobin (Hb) and Packed Cell Volume (PCV) determination
according to the methods of Tietz'’. The remaining of the
blood was then centrifuged for 13 min at 3000 xg. The plasma
samples were collected into Eppendorf tubes and stored at
-20°C until further biochemical analysis.

Plasma Health Indicators: Total Protein (TP) and albumin
were determined in plasma according to Weichselbaum'
and Bartholomew and Delaney', respectively. Globulin was
calculated by the difference between TP and albumin. Plasma
triiodothyronine (T;) and thyroxin (T,) concentrations were
determined using the available commercial kits (Byk-Sangtec
Diagnostica, Dietzenbach-Germany, Immulite 2000, DPC, LA)%.
The immune-reactive insulin-like growth factor1 (IGF1) was
determined using the commercially available kits (Elabscience,
Wuhan, Hubei, China)?'.

Statistical analysis: The analysis of variance on all the data
was conducted using the SAS General Linear Model (GLM)
procedure (SAS Institute)?2. Individual embryo or hatchling
was considered the experimental unit. Tukey’'s honestly
significant difference test was used to test the significant

differences among the mean values. For all analysis, the
pooled Standard Error of the Mean (SEM) was listed. The
significant level for differences was set as p<0.05.

RESULTS

Hatchability, embryo and hatchling characteristics: As
showninTable 1,all vitamins /n ovoinjected groups improved
the embryo and hatchling characteristics. Compared with
both control groups, all /n ovo injected treatments with
vitamin A, E, D; and folic acid at a level of 1 mg/egg led to an
increase (p<0.01) in the embryo length, residual yolk, embryo
weight, percent of hatchability and hatchling weight. The
highest (p<0.01) significant increase in hatchability
percentage was observed in folic acid /n ovo-njected
treatment (84.4 compared with 65.4 and 66.6 in negative and
positive controls, respectively).

Hematological and plasma health indices: The effects of
different vitamins /n ovo injection on the assessed
hematological and plasma health indicators are presented in
Table 2 and 3. An increase (p<0.01) in blood Hb and PCV was
observed in all /n ovoinjected treatments with vitamin A, E, D;
and folic acid, compared with both control groups (Table 2).
The highest (p<0.01) significant increase in Hb was observed
in folic acid /n ovodnjected treatment (9.9 compared with 8.6
and 8.7 in negative and positive controls, respectively).

On the other hand, plasma TP, aloumin, globulin, thyroid
hormones and IGF1 were assessed as indicators of the
hatchling health status. The results showed that all in ovo
injected treatments with vitamin A, E, D; and folic acid
increased (p<0.01) the plasma TP, globulin, T;, T, and IGF1, in
comparison with both controls (Table 3). T, level showed

Table 1: Effects of /n ovoinjection of vitamin A, E, D; and folic acid on embryo measurements

Treatments
Items Control (-) Control (+) Vitamin A Vitamin E Vitamin D, Folic acid SEM p-value
Embryo length (cm) 8.9 9.0 12.4° 12.7° 13.10 13.5° 0.25 <0.0001
Residual yolk (% egg weight) 25.2° 26.4° 3242 33.2¢ 34,22 34.9 0.84 <0.0001
Embryo weight (% egg weight) 26.0¢ 27.0¢ 38.2° 39.8% 40.7° 41.1° 0.72 <0.0001
Hatchability (%) 65.4¢ 66.6¢ 75.6¢ 80.1° 82.2° 84.4° 0.76 <0.0001
Hatchling weight (g) 22.3¢ 22.7¢ 25.5¢ 27.0° 28.8° 29.1° 0.34 <0.0001
“Means with different superscripts within the same row differ significantly (p<0.05), 'SEM: Standard error of the means
Table 2: Effects of /n ovoinjection of vitamin A, E, D; and folic acid on hematological measurements

Treatments
Items Control (-) Control (+) Vitamin A Vitamin E Vitamin D; Folic acid SEM p-value
Hb (g dL™") 8.6¢ 8.7¢ 9.2¢ 9.4b¢ 9.7 9.9° 0.16 <0.0001
PCV (%) 0.330¢ 0.331° 0.340% 0.341% 0.342° 0.345° 0.003 0.0052

*dMeans within a row with different superscripts are significantly different (p<0.05). SEM: Standard error of the means, Hb: Hemoglobin, PCV: Packed cell volume
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Table 3: Effects of /n ovoinjection of vitamin A, E, D; and folic acid on plasma measurements

Treatments
Iltems Control (-) Control (+) Vitamin A Vitamin E Vitamin D, Folic Acid SEM p-value
Total protein (g dL™") 4.20¢ 4.34¢ 522 5.46% 5.78® 5.972 0.23 <0.0001
Albumin (g dL™") 1.79¢ 1.87° 2.09b¢ 2.31%® 2.41%® 249 0.13 0.0005
Globulin (g dL™") 2.41° 2.48° 3.132 3.152 3372 3.49* 0.18 <0.0001
T;(ngdL™) 2.38¢ 2.44¢ 2.96° 3.01° 3.30° 3.36? 0.05 <0.0001
T,(ngdL™) 12.169 12.26¢ 13.69° 13.76¢ 14.53° 15.03? 0.16 <0.0001
IGF-I (ng mL™") 11.48¢ 11.67¢ 15.42° 15.90° 17.612 17.742 034 <0.0001

““Means with different superscripts within the same row differ significantly (p<0.05). SEM: Standard error of the means, T;: Triiodothyronine, T,: Thyroxin, IGF1: Insulin-

like growth factor1

highest (p<0.01) significant increase in folic acid /n ovo-
injected treatment compared with all other experimental
groups.

DISCUSSION

Inthe currentstudy, ourinvestigations demonstrated that
/in ovoinjections of vitamins A, E, D; and folic acid significantly
improved hatchability percentage, embryo and hatchling
characteristics and health status indices of hatchlings that
originated from eggs laid by heat-stressed hens. Itis generally
agreed that eggs from heat-stressed breeders are of low
nutritional value, in particular, they are found to have a lower
concentration of fat-soluble vitamins due to the metabolic
peroxidation of yolk lipids™. Such deleterious changes will
adversely affect the embryonic development and hatchability
evenifthefollowing eggincubation periodis normal. Previous
research reported beneficial effects on hatchability traits,
production performance and immune status as a result of
/in ovo injections of various nutrients such as vitamins, fatty
acids, amino acids, trace minerals?*?*, however, eggs used in
earlier research were laid under normal environmental
conditions. To our best knowledge, our study was the first
attempt to test the hypothesis that embryonic growth and
hatchling health status from eggs laid by heat-stressed hens
could be enhanced by /n ovoinjection with specific vitamins.
The first step towards explained our positive findings in
vitamins injected treatments over the control ones may be
the failure of stressed breeders to deposit all the components
essential for normal embryonic development and growth in
their eggs due to the disturbance in body metabolism and
temperature regulation under heat stress conditions'!, thus,
our injected vitamins aid in correcting the disturbance in the
laid eggs, which is reflected in the normal development and
hatching of viable chicks. Vitamin A, E, D; and folic acid are
well-known as essential nutrients for normal hatchability
and hatchling quality?, even in certain limits, hatchability
improves in proportion to the amount of these vitamins'

271

supplementation to maternal diet®. Along with the
established notion of the disturbed body metabolism of the
stressed dam that could adversely affect their nutrients
utilization and the deposition of these nutrients into eggs, it
would be better to in ovo supplement the embryos by these
essential vitamins to ensure normal embryonic development
and growth, which was truly attained in our study.

In addition, our findings showed an improvement in the
measured biochemical and hematological parameters of the
vitamins-/in ovoinjected treatments. The previous findings?
about response to folic acid /n ovo injection agree with ours
regarding the plasma T, T, and IGF1 levels. As far as we know,
no previous data were recorded regarding impacts of /n ovo
injections of vitamin A, E and D; on T;, T,, IGF1, TP, albumin
and globulin blood levels. IGF1 is well-known for its ability to
boost growth through its crucial role in regulating cell
differentiation and proliferation?’. Besides, T; and T, are
recognized for their role in controlling metabolic processes
that are critical for normal development and growth, also, the
thyroid hormone profile found to correlate with body weight
and general health status?®. Accordingly, our enhanced
embryo and hatchling characteristics may be owed to the
improvement in these assayed hormones as a health status
indicatorin response to vitamins /n ovoinjection. Likewise, our
results regarding the increase in TP, albumin and globulin
levels in the blood of hatchling from vitamins-/in ovoinjected
treatments agree with El-Azeem et a/*, who reported
improvement in these parameters in response to folic acid
in ovo injection. As mentioned earlier, there is a lack of
previous data on hematological and biochemical blood
parameters for in ovoinjected vitamins A, E and D;. However,
these fat-soluble vitamins are well-known by wide variety of
physiological functions in the animal body, ranging from the
critical vitamin A to embryonic stem cell development and
differentiation?, the regulation of the metabolism of
macronutrients®, into the essential vitamin E for normal
erythrocytes morphology®'. So far, increasing of such
measured parameters in the current study may provide
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indications of the role of the used fat-soluble vitamins in
regulating different physiological functions in the body,
besides, the specific function of folic acid as a methyl donorin
one-carbon metabolism that plays a vital role in regulating
protein metabolism32,

CONCLUSION

Based on the obtained findings, supplementing the
embryo by different vitamins via /n ovo injection improved
the hatchability percentage, embryo and hatchling
characteristics and hatchling blood parameters. Thus, direct
injection of vitamin A, E, D; and folic acid into eggs laid by
heat-stressed Fayoumi breeders at a level of 1 mg/egg is an
effective method to mitigate the disturbance in the eggs
caused by inadequate nutrient deposition from the damtothe
egg. These findings could have implications for /n ovo
injection to boost poultry production. Further still, different
doses of the injected vitamins need to be tested

SIGNIFICANCE STATEMENT

This study revealed that /n ovoinjection of vitamins A, E,
D; and folic acid into eggs laid by heat-stressed breeders may
be considered as an effective method for early nutritional
manipulation which provides the potential for increased
poultry production efficiency. These findings will aid
researchers to uncover the crucial research area forimproving
hatchability percentage, embryo and hatchling characteristics
and health status and suggest a possible notion of the
ameliorative effect of vitamins /n ovo injection for egg
disturbanceresulting frominadequate deposition of nutrients
from the heat stressed-hen into the egg.
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