JWPR

Journal of World’s
Poultry Research

2023, Scienceline Publication
J. World Poult. Res. 13(1): 71-80, March 25, 2023

Research Paper, Pll: S2322455X2300007-13
License: CC BY 4.0

Poultry Research

DOI: https://dx.doi.org/10.36380/jwpr.2023.7

Effects of a Vitamins D and C Supplement on
Performance, Hatchability, and Blood Profiles of

Broiler Breeders

Nanik Setiyaningsih'* ', Sumiati*~’, Anuraga Jayanegara®"~', and Wira Wisnu Wardani®

'Graduate Student of Nutrition and Feed Science, IPB University, JI. Agatis Kampus IPB Dramaga, Bogor 16680, Indonesia

®Nutricell R&D, Cibis Nine 12™ Floor Unit Gl, JI. TB Simatupang No. 2, Jakarta 12560, Indonesia

*Corresponding author’s Email: nafaky@gmail.com

Received: 21 December 2022
Accepted: 13 February 2023

ABSTRACT

Vitamin D is a fat-soluble vitamin that plays a crucial role in controlling Calcium and Phosphor homeostasis,
bone mineralization, and modulation of immune responses. Vitamin C is a cofactor of enzymatic reactions
with anti-inflammatory and antioxidant properties to prevent and repair damage to cells in the body from
exposure to free radicals and the immune system. The current study aimed to investigate the effects of dietary
supplementation of 25(OH)D3 with vitamin C at different doses on broiler breeders’ blood profile, egg quality,
and hatchability. The adaptation process before collecting the data was 2 weeks. A total of 6200 females and
620 male broiler breeders in the laying period aged 32-46 weeks were divided into 4 treatment groups with 5
replicates (each peach contained 310 female and 31 male breeders). The treatments included control as TO (0
g/ton Nutricell HyC®), T1 (100 g/ton Nutricell HyC®), T2 (200 g/ton Nutricell HyC®), T3 (400 g/ton
Nutricell HyC®) supplemented in feed. The observed variables were performance in breeding farms and
hatcheries. The treatments with experimental doses indicated significant differences in the performance of
broiler breeders, including feed intake, body weight, egg weight, egg mass, hen day production, hen house
production, feed conversion ratio, and parameters of blood profile. The results showed a significant difference
between the treatments and the control group in terms of hatch performance, clear eggs, exploding eggs,
hatchability eggs, fertile eggs, salable chicks, and hatching of fertile eggs. However, no significant effects on
fertility, culling of chicks, and embryonic mortality in the treatment groups were indicated. In conclusion,
Nutricell HyC® with a dose of 400 g/ton in feed has indicated the best result in breeding farm and hatchery
performance of broiler breeders in the laying period.
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INTRODUCTION

Broiler breeder operations aim to optimize the hatchability
rate as well as saleable chicks and high-quality chicks. The
success of a hatchery depends on the number of high-
quality day-old chicks (DOC). Fertility and hatchability
are the main factors that could affect the supply of DOC
and are influenced by two factors, including breeder and
hatchery management (Cobb, 2021). According to Lare et
al. (2021), feed quality plays a vital role in broiler breeder
performance, and it could affect egg quality, embryo
growth, fertility, and egg hatchability.

Egg yolk provides a nutrient supply for embryo
development during incubation and is a secondary nutrient

resource for DOCs (Romanoff, 1960; Dayan et al., 2020).
Meanwhile, eggshells provide minerals and trace elements
supply for embryo development and become a major
contributor of calcium (Ca) to support the skeletal
mineralization of the embryo during the second half of the
incubation or development phase (Yair and Uni, 2011;
Halgrain et al., 2022). One of the egg criteria related to the
incubation process and time to hatch is the porosity of the
eggshell, which affects the exchange of oxygen (O,),
carbon dioxide (CO,), and dihydrogen monoxide (H,O)
vapor in the shell (Narushin et al., 2002). The amount and
size of the pores determine the eggshell quality. Eggshell
thickness affects the activity of the embryo and the loss of
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moisture conditions in the external environment of the egg
(Bergoug et al., 2013). Extreme porosity and shell
thickness have the potential to inhibit embryo
development through pathogenic bacteria contamination or
might be lethal to embryo development even with little
contamination of pathogenic bacteria (Dzoma, 2010).

Vitamin D has an important role in the absorption of
Ca and phosphorus (P), regulation of parathyroid hormone
(PTH), immune system, mineralization, bone mobilization,
and control concentrations of Ca in the blood and muscles
(Garcia et al., 2013). The Ca and P storage depends on the
availability of minerals in the diet that affects bone
development and mineralization (Regassa et al., 2015).
The formation of eggshells and maintenance of plasma Ca
levels in chickens depend on the availability and use of Ca
in the diet and minerals in bone, especially the medullary
bone of breeders (Kerschnitzki et al., 2014).

The body response that is not specific and adaptive to
any condition is a symptom of stress in chickens that is
influenced by various factors, from external and internal
pressure, such as climate change, transportation, as well as
changes in drinking water and types of feed and infections
(Etim et al., 2013). Stress conditions in chickens might
activate the pituitary-adrenal axis and cause the secretion
of adrenocorticotropin hormone (ACTH), which affects
the blood homeostasis system (Scanes, 2016). The ratio of
heterophile to lymphocytes (H/L) describes the body’s
response to various stress conditions as a marker to assess
poultry’s welfare and health status (Huth and Archer,
2015).

Vitamin C is a water-soluble vitamin synthesized by
liver cells, functions as a cofactor for several enzymes, is
an antioxidant, and can improve immune function (Abidin
and Khatoon, 2013). Ascorbic acid is a powerful natural
antioxidant that could reduce stressful conditions’ adverse
effects and improve performance (Rao et al., 2011;
Whitehead and Keller, 2019). Under normal conditions,
poultry could synthesize AA in their liver cell to meet
their needs, but if under stress conditions, supplementation
in feed was required (Van Hieu et al., 2022). when
chickens are under stress, supplementation of AA in the
feed could improve health and oxidative status (Gouda et
al., 2020). Fletcher et al. (2021) reported that intake of AA
during stressful conditions could control many brain
activities due to the increased production of
neurotransmitters and norepinephrine. The purpose of this
study was to evaluate the effect of combined
supplementation of 25(OH)D; with vitamin C in Nutricell
HyC® products at different doses on broiler breeder
performance, blood profile, egg quality, and hatchability.
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MATERIALS AND METHODS

Formulation of experimental diets
The experimental diets are formulated and
presented in Table 1.

Table 1. The analysis of experimental diets of broiler
breeders Cobb strain aged 32-46 weeks

TO T1 T2 T3

Raw material (%0)

Yellow corn 45 45 45 45
Wheat flour 15 15 15 15
Soybean meal 16.6 16.6 16.6 16.6
Rice bran 4 4 4 4
Wheat pollard 2 2 2 2
Full fat soya 5 5 5 5
Salt 0.3 0.3 0.3 0.3
Limestone grit 7.1 7.1 7.1 7.1
Monodicalcium phosphate 2 2 2 2
Vitamin E 0.2 0.2 0.2 0.2
Choline chloride 0.5 0.5 0.5 0.5
Vitalink 0.3 0.3 0.3 0.3
Crude Palm Oil 0.2 0.2 0.2 0.2
Methionine 0.1 0.1 0.1 0.1
Lysine 0.2 0.2 0.2 0.2
Threonine 0.1 0.1 0.1 0.1
Calculation in formulation
Metabolizable 2835 2835 2835 2835
Energy (kcal/kg)
Vitamin D3 (1U/g) 0 3750 4000 4500
Vitamin C (g) 0 95 190 380
Nutrition composition (%)
Crude protein 16.54 16.88 16.46 16.37
Ash 1114 1112 1030 1043
Crude fat 6.05 5.92 5.83 5.79
Crude fiber 3.42 3.48 3.63 3.54
Moisture 11.01 1098 1090 11.20
Starch 3429 3340 3485 36.69
Calcium 2.79 3.04 2.95 2.61
Phosphor 0.41 0.44 0.46 0.42

TO/Control: 0 g/ton Nutricell HyC® T1:100 g/ton Nutricell HyC®;
T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC®

Ethical approval

The study was conducted under the supervision of the
animal health manager in PT Peternakan Ayam Manggis,
Indonesia. Following the SOP and Guidelines of Cobb, so
no need the ethical approval.

Experimental design
The study was carried out from July to October 2021

in a broiler breeder farm and hatchery of PT Peternakan
Ayam Manggis in Tenjo Ayu, Sukabumi, West Java,
Indonesia. Feed was produced at the feed mill PT Megah
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Prayasa Sentosa, Cikupa, Tangerang, Banten, Indonesia.
The DOCs were purchased from the hatchery PT Hybro
Indonesia, Cianjur, Indonesia. The study was conducted
using 6200 female broiler breeders Cobb strain aged 32-46
weeks. The chickens were distributed randomly into 20
pens (310 female and 31 male broiler breeders were
added). The trial feed adaptation period was performed in
two weeks. The treatments included basal diet without
Nutricell HyC® supplementation as control (T0), basal
diet with 100 g/ton (T1), 200 g/ton (T2), 400 g/ton (T3) of
Nutricell HyC®. Each treatment consisted of five
replication (Cobb, 2021). Nutricell HyC® contains a
combination of 25(OH)D3 and vitamin C to improve
broiler breeder performance.

Trial feed was produced by mixing Nutricell HyC®
supplied by PT Nutricell Pasific with soybean meal in a
premix mixer. Mixed additives were then transferred into
the main mixer to be mixed with the whole formulation,
then pelleted and crumbled under feed mill standard
operation. The formulation included HyD 62.500 g,
vitamin C 950.000 mg, and filler.

The cages used were openside with size 8 x 9 (m),
lined with fibrocement tiles, had a concrete floor with rice
husk litter, and were equipped with polypropylene side
curtains, feeder tubs for females and tube feeders for
males, and nipple drinking holder. Drinking water was
given ad libitum and fed once daily at 05.45 am. The light
was supplied by natural light from the sun and artificial
light by lamps for 17 hours from 03 pm until 08 am with
lux 15. The ambient temperature was around 25-29°C, and
relative humidity was around 72-75%.

Blood profile analyses were conducted at IPB
University Bogor, Indonesia, and proximate analysis was
conducted at PT Nutricell Pasific, Jakarta, Indonesia.

Production performance

Eqggs were collected four times a day, and the number
of released and rejected eggs from each pen was recorded
every day until the end of the experiment. Random
sampling was performed weekly for each cage to monitor
the body weight (BW) of broiler breeders. Briefly, BW of
broiler breeder in the laying period was evaluated twice a
week to determine the broiler breeder restricted feeding
based on its BW relative to its target BW. Broiler breeder
performance parameters, such as egg mass, feed
conversion ratio (FCR), hen day production (HDP), and
hen house production (HHP) were calculated as follows:

Egg mass (g) = HDP (%) x Average egg weight (g)
(Formula 1)
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Feed intake (g)

FCR (per gegg maSS) = Egg production (g)

(Formula 2)

Number of egg produced during the period

0, =
HDP (%) Number of hens at the early egg produced x 100
(Formula 3)
Number of e, roduced during the period
HHP (%) = SEP B P X100
Number of hens at the early egg produced
(Formula 4)

Incubation responses

The hatching process lasted for 21 days, where the
incubation process was 18 days in the setter machine and 3
days hatching in the hatcher machine. Eggs were collected
3-4 times daily and transferred to the hatchery when
graded a satisfactory quality. In the hatchery, eggs were
classified into two groups, namely indubitable and non-
indubitable. The indubitable eggs were fumigated at 25°C
with 70% humidity for 15 minutes. After that, they were
stored in an environmentally controlled room (18-21°C
and 60-70% relative humidity) for a maximum period of 5
days. Indubitable eggs were transferred into a pre-heating
room for 8-12 hours at a temperature of 25-26°C before
being transferred into the setter machine. The non-
indubitable eggs, such as cracked, shell-less, double yolk,
abnormally shaped, were recorded and separated.

A total of 9900 eggs from broiler breeders within the
age range of 34 to 46 weeks were set for incubation twice
a week. The eggs were set with the same temperature,
humidity, and turning conditions in the setter machine.
The temperature was 37.5°C, relative humidity was 83%,
and turning occurred automatically every hour at a 90°
angle. After ten days of incubation, several eggs from each
treatment were candled to determine fertility and
embryonic mortality. The unclear eggs were returned to
the setter machine to follow incubation. Clear eggs were
separated and recorded. A random sampling of each
treatment (< 7 days) was done to determine early embryo
mortality and infertility. The candling process was carried
out after 18 days of incubation to determine clear eggs and
unclear eggs. The clear eggs were then separated and
recorded. The unclear eggs detected during the candling
process were then transferred to the hatch basket and kept
in the hatchery machine at a temperature of 36.5°C and
relative humidity of 85% until 21 days of incubation.

To determine percentages of early embryo mortality
(1-7 days), middle embryo mortality (8-14 days), and late
embryo mortality (15-21 days), the eggs which could not
be hatched were sampled. The clear eggs were assumed
infertile, and the rest were recorded separately as fertile
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eggs with the early dead embryo and dead embryonic
eggs.

Fertility data were collected, and fertility percentage
was obtained from the number of fertile eggs to the
number of eggs set in the incubator and was calculated as

Formula 5.

Number of fertile eggs
88 100

(Formula 5)
After 21 days of incubation, DOCs were pulled out
from the incubator and visually selected according to
commercial hatchery standards. Abnormal DOCs,
including missing eyes, legs with cuts, splayed legs, cross
beak, and poor feathering, as well as chicks that could not
flip over in less than 10 seconds, were counted as culling
chicks and separated according to the Cobb hatchery
management guide (Cobb, 2021). All unhatched eggs were
subjected to random sampling to predict estimated days of
embryo mortality.
Hatchability data were collected, and hatchability
percentage was obtained from the number of hatched eggs
to the number of eggs set in the incubator and was

calculated as Formula 7.
Number of chick hatched

Number of eggs incubated ©

Fertil %) =
ertile eggs (%) Number of eggs incubated

Hatchability (%) = 100

(Formula 6)
The percentage of the hatch of fertile is an indicator of
the effectiveness of the hatchery. The calculation method
is indicated in Formula 7.
Percentage of hatchability

Hatch of fertile (%) = !
atch of fertile (%) Percentage of fertile X100

(Formula 7)

The embryo mortality was observed and divided into

three groups, namely early embryo mortality (1-7 days),

middle embryo mortality (8-14 days), and late embryo

mortality (15-21 days) incubation. The calculation of the

percentage of embryonic mortality is indicated in Formula
8.

Number of embryo mortality

Embryonic mortality (%) = x100

Number of fertile eggs
(Formula 8)

Hematology determination

The process of taking blood samples was carried out
on broiler breeders aged 45 weeks on the underside of the
wings. The blood sample was taken using a syringe of as
much as 2 ml and put in an anticoagulant tube. The
collecting blood sample was at 06.00 am, and the
anticoagulant tube was included in the ice flask, after
finished direct sent to the laboratory of Bogor Agriculture

74

University (IPB), Bogor, Indonesia. For analysis of Ca and
P, blood plasma was separated in a tube containing fresh
blood spiked with anticoagulant substances. Centrifuged
until the red blood cells fell to the bottom of the tube, the
white blood cells were on top and formed a layer of buffy
coat, and the blood plasma was on top of the layer
yellowish. Hematological analysis of blood consisted of
the hemoglobin, hematocrit, leukocyte, erythrocyte,
eosinophil, basophil, monocyte, heterophile, lymphocyte,
Ca, and P.

The erythrocyte measurement method used was
microvisual. Accordingly, the blood was diluted in an
erythrocyte pipette with an isotonic solution, then put into
the counting chamber. The number of erythrocytes was
calculated in a certain volume using a conversion factor.
The leukocyte measurement was the same with
erythrocyte, and differential white blood cell (WBC)
counts were made on monolayer blood films, fixed and
stained with erythrocyteGiemsa-Wright’s stain. The total
WBC count was determined by a manual method using a
hemacytometer. The method used to measure hemoglobin
was Sahli’s method (Van Lerberghe et al., 1983).
According to Sahli’s method, hemoglobin was converted
into acid hematin with the help of 0.1 N HCL solution
then the resulting color was compared visually with the
standard color. The tool used is Sahli’s hemoglobinometer.
The method used to measure hematocrit was a microtube.
Therefore, when the blood was centrifuged, heavier cells
(erythrocytes) fell to the bottom of the tube, while the
lighter cells (leukocytes and platelets) were above the
heavier cells. The tool used in this method was a
microcapillary tube with heparin and a microhematocrit
centrifuge (Sastradipradja et al., 1989).

Statistical analysis

The IBM statistical SPSS version 26 was used for
data analysis. The observed data showed as mean +
standard deviation in the table. One-way analysis of
variance (ANOVA) was used to analyze the data. The
differences among treatments at a significant level of (p <
0.05) followed by the Tukey test. All percentage data were
performed as quadratic transformation for statistical
analysis.

RESULTS AND DISCUSSION

Broiler breeder performance fed Nutricell HyC® are shown
in Table 2. Supplementation of Nutricell HyC® at various
levels (T1-T3) significantly decreased feed intake of
broiler breeder in comparison to control group (p < 0.05,
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Table 2). With regard to body weight, egg weight, egg
mass, HDP and HHP, only T3 was significantly higher
than that of TO (p < 0.05). Similarly, T3 decreased FCR of
the broiler breeders significantly as compared to TO (p <
0.05). Meanwhile, a non-significant effect was observed
on the parameter of broiler breeder depletion. It could be
seen that the BW of broiler breeders is still within the
standard range, and they were not overweight. The older
brooders need to reduce their feed intake to minimize
reproductive problems during the egg-laying phase;
therefore, it is necessary to limit feed because body weight
gain in broiler breeders must be limited throughout
production (Richards et al., 2010). Fritts and Waldroup
(2003) observed that male broiler strain cobb fed
25(0OH)D3 could better support body weight gain than
vitamin D;. The supplementation of Nutricell HyC®
increased the egg weight, compared to control feed, but all
treatments showed egg weight in the range required for

hatching. Standard egg weight at the age of 34-46 weeks
was 60.7-66.5 g. According to Ummer-Franco et al.
(2010), egg weight was not affected by fertility, early and
middle embryo death, culling of chicks, feed intake, or
FCR. Wang et al. (2020) indicated that 25(OH)D3
increased the relative weight and thickness of the
eggshells. The corticosterone hormone increases energy
supply when chickens experience stress, where vitamin C
has a vital role in the biosynthesis of this hormone (Siegel
and Kampen, 1984). Heat stress conditions at various
levels significantly affect egg production, egg weight,
eggshell quality, weight gain, and mortality (Lin et al.,
2006). The supplementation of Nutricell HyC® in this
study might increase feed efficiency. According to Araujo
et al. (2019), supplementary feed canthaxanthin +
25(0OH)D3 increased egg production and FCR but did not
affect feed intake.

Table 2. Effect of Nutricell HyC® supplementation supplementation added in feed on broiler breeder performance at the age of

34-46 weeks
Treatments
TO (control) T1 T2 T3 p-value

Production Performance

Feed intake (g/day) 159.07 £ 0.04° 158.96 + 0.04° 158.90 + 0.07% 158.93 + 0.02° 0.001
Body weight (g) 3727.45+4.81%° 372937 +4.82°  373426+4.12%  3736.34 +4.03" 0.021
Egg weight (g) 65.63 + 0.53% 65.89 + 0.33% 66.03 + 0.37% 66.58 + 0.24° 0.009
Egg mass (q) 49.35 +0.91° 49.62 +0.41° 50.13 + 0.35% 50.81 + 0.44° 0.005
HDP! (%) 75.18 + 0.86° 75.31 +0.53% 75.92 + 0.24% 76.31 + 0.56° 0.026
HHP?® (%) 71.85 +0.82° 71.96 + 0.50° 72.65 + 0.23% 73.02 + 0.54° 0.013
Depletion® (%) 0.28 +0.02 0.25 +0.04 0.25 +0.02 0.23+0.03 0.065
FCR 3.23+0.07° 3.21+0.02%® 3.17 +0.07® 3.14 £0.03° 0.012

¥ The data were performed as quadratic transformation; *> Value in the same row with different superscript letters significantly differ (p < 0.05). T0/Control:
0 g/ton Nutricell HyC®; T1:100 g/ton Nutricell HyC®; T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC® ; HDP: Hen day production, HHP: Hen

house production; FCR: Feed conversion ratio.

Table 3. Effect of Nutricell HyC® supplementation in feed on broiler breeder eggshell porosity at the age of 34-46 weeks*

Treatments
: TO (control) T1 T2 T3 p-value
Eggshell porosity
Score 1 (%) 0 0.22+0.31 0.11+0.25 0.261
Score 2 (%) 0.11 £0.25° 1.56 +0.82° 4,22 +1.45° 6.22 * 2.16° <0.001
Score 3 (%) 8.11 +3.01° 22.22 + 4.76° 34.00 + 3.08° 40.11 + 3.25° <0.001
Score 4 (%) 91.78 +2.87¢ 76.11 + 5.42° 61.55 + 4.55° 53.56 + 3.82° <0.001

L All data were performed as quadratic transformation. *>* Value in the same row with different superscripts letters a significantly differ (p < 0.05);
T0/Control: 0 g/ton Nutricell HyC®; T1: 100 g/ton Nutricell HyC®; T2: 200 g/ton Nutricell HyC®; T3: 400 g/ton Nutricell HyC®; Score 1 : Excellent eggshell
quality; Score 2: Good eggshell quality; Score 3: Average eggshell quality; Score 4: Poor eggshell quality.

The Nutricell HyC® supplementation in broiler breeder
diet generally demonstrated an improvement in the
eggshell quality (Table 3). The supplementation of
Nutricell HyC® could significantly decreased the poor
eggshell quality (score 4), increased the average eggshell
quality (score 3), and also enhanced the good eggshell
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quality (score 2) compared to control group (p < 0.05).
However, Nutricell HyC® supplementation did not cause a
significant effect on the excellet eggshell quality (score 1,
p > 0.05). The combination of 25(OH)D3 with vitamin C
contained in Nutricell HyC® might increase Ca and P
absorption in the small intestine and Ca deposition at
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bones which played a role in the formation of CaCOs,,
during the formation of the eggshell inside the uterus
which lasts for 20 to 21 hours (Fritts and Waldroup, 2003).
Calcium and P intake could not decrease eggshell quality,
ascorbic acid availability also play an important role in the
regulation of Ca metabolism, and eggshell formation,
which is required for the conversion of 25(OH)D3 to
1.25(0OH)2D; was limited (Bains, 1995; Lohakare et al.,
2005). Nutricell HyC® contains vitamin C formed as
sodium ascorbate, which is very important for
synthesizing the eggshell’s organic matrix. The calcified
eggshell play as a barrier of eggs and embryos against
physical damage and contamination from pathogenic
bacteria. The eggshell serves as a Ca resource in embryo
development and the exchange of water and gases between
the embryo and environment during extra-uterine

development through the eggshell structure (Nys et al.,
2004). Saunders-Blades and Korver (2014) mentioned
Vitamin D; is very important for the absorption of Ca and
P from the intestine during eggshell formation. Although
Ca be absorbed passively from the intestine, vitamin D3
allows chickens to absorb Ca in sufficient quantities to
maintain eggshell formation and normal medullary bone
reserves. Wang et al. (2020) observed that
supplementation of 25(OH)D3 in a laying hen diet
increased serum 25(OH)D3, the content of carbonic
anhydrase (CA) serum, which is an enzyme that plays a
major role in the deposition of calcium carbonate in
eggshell formation. Supplementation of vitamins C and E
in feed can prevent the deterioration of eggshell quality
and reduce the effects of stress due to high environmental
temperatures in broiler breeders (Chung et al., 2005).

Table 4. Effect of Nutricell HyC® supplementation in feed on performance hatchability of broiler breeders at the ages of 34-46

weeks!
Treatments

TO (control) T1 T2 T3 p-value
Performance
Clear eggs (%) 4,07 £0.11° 3.87+0.12® 3.92 +0.06™ 3.72£0.12° 0.001
Exploding eggs (%) 0.49 +0.05° 0.42 +0.02° 0.29 +0.03° 0.28 +0.02° <0.001
Dis eggs (%) 4.82 +0.05° 472 +0.16® 4.81+0.11° 454 +0.18° 0.014
Hatchability eggs (%) 90.62 + 0.13? 90.99 +0.12° 90.97 £ 0.16° 91.46 +0.11° <0.001
Fertile eggs (%) 95.48 +0.11° 95.79 +0.13° 95.81 +0.07° 96.01 + 0.12° <0.001
Infertile egss (%) 1.62 +£0.54 1.29+0.16 1.49 +£0.16 1.27 £0.37 0.353
Culling chicks (%) 0.55 + 0.07 0.58 £0.10 0.57 £0.10 0.48 +0.05 0.236
Chicksalable (%) 90.13 £ 0.15° 90.51 + 0.26% 90.41+0.2° 91.03 £ 0.16° <0.001
Hatching of fertile eggs (%) 94.91 +0.08° 94.99 +0.16° 94.96 +0.12° 95.27 +0.18° 0.005
Early embryo mortality (%) 2.22+0.48 1.76 £0.22 2.22+0.39 1.88 £0.46 0.200
Intermediate embryo mortality (%) 0.55+0.24 0.68 + 0.28 0.56 £0.33 0.60 £ 0.35 0.902
Late embryo mortality (%) 3.15+0.82 3.22+£0.64 412 +0.43 2.98£0.70 0.063

=

All data were performed as quadratic transformation. *®© Value in the same row with different superscripts letters a significantly differ (p < 0.05);

TO/Control: 0 g/ton Nutricell HyC®; T1: 100 g/ton Nutricell HyC®; T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC®

The treatments (T1, T2, and T3) showed higher (p <
0.01) hatchability, fertile eggs, hatching fertile,
chicksalable, and reduce clear eggs, exploding eggs, and
dis eggs compared with TO (p < 0.05). However, Nutricell
HyC® supplementation had no significant effect on
infertile, culling chicks, early, intermediate, and late
embryonic death (p > 0.05). The supplementation with
Nutricell HyC®, which contains 25(OH)D3 could repair
the quality of eggshell pores so the rate of O, and CO,
transport during the incubation period becomes better,
which might reduce clear eggs, exploding eggs and dis
eggs (Akbari Moghaddam et al., 2019). Coto et al. (2010)
and Saunders-Blades and Korver (2015) observed an
improvement in eggshell thickness and hatchability of
fertile eggs fed 25(OH)D3 supplementation. The result of
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the present study showed a significant difference in
increasing hatchability of eggs, fertile eggs, chick salable,
and hatching of fertile eggs (p < 0.05). Dietary
supplementation of Nutricell HyC® contains 25(0OH)D3,
metabolically active vitamin D3, which does not need to
be hydroxylated in the liver. Then, it enters into the
bloodstream and bounds to Vitamin D protein (BDP), and
undergoes hydroxylation in kidneys, epithelial cells, and
immune cells are converted into 1,25 (OH),D; (calcitriol),
which works like a hormone (Pande et al., 2015).
According to Brown et al. (1999) and Brandi (2008),
active metabolite synergizes with parathyroid hormone
(PTH) to increase intestinal Ca absorption and Ca
deposition in bone, decreases Ca excretion in the excreta
and maintain bone homeostasis, cell differentiation and
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proliferation, central nervous system, and modulates
immune response so that it can influence on hatchability,
eggshell thickness, bone structure, and DOC immunity.
Vitamin C affects many tissues because of its primary
function as an important component of collagen synthesis
and an antioxidant. Ascorbit acid is involved in the
synthesis of collagen by influencing the function of prolyl
hydroxylase domain (PHD) protein as an antioxidant and
important cofactor for catalyzing many biochemical
reactions (Aghajanian et al., 2015). In bone formation,
Vitamin C increases the production of hydroxyproline,
which is required for collagen synthesis. A network of
collagen fibrils is necessary for proper bone and eggshell

formation (Lohakare et al., 2005). Vitamin D3
supplementation in the form of 25(OH)D3 metabolism
involved in Ca and P metabolism could increase bone
growth, egg-laying rate, shell quality, and reproduction
(Torres et al., 2009; Rosa et al., 2012). Feeds
supplemented with canthaxanthin + 25(OH)D3 showed an
increase in hatchability, hatchability of fertile and
decreased early embryo death (Araujo et al., 2019).
However, the current study showed that the results were
not significantly different (p > 0.05) for infertile eggs,
culling chicks, and early, intermediate, and late embryo
mortality.

Table 5. Effect of Nutricell HyC® supplementation in feed on broiler breeder blood profile in laying period (32-46 weeks of

age)
Treatments
TO (control) T1 T2 T3 p-value

Performance

Hemoglobin (g/dI) 11.76 £1.01® 10.71  0.45° 10.64 + 1.05° 12.08 £ 0.76° 0.035
Hematocrit* (%) 30.00 +2.83 30.20 £1.92 30.00 +3.32 33.00+1.87 0.218
Leukocyte! (x 103/mm®) 23.10 £ 4.76 23.78 £ 2.70 20.60 +3.12 22.04 +3.88 0.607
Erythrocyte (x 108/mm?) 2.35+0.59 2.25+0.78 2.72 £0.95 2.37 £0.60 0.765
Eosinophil® (%) 479 +1.17 5.62 +2.90 8.14 +2.51 6.52 + 3.54 0.268
Basophil® (%) 3,83+1,89 3.39+1.03 5.29 +1.45 3.55 +1.07 0.167
Monocyte® (%) 1.84+0.77 1.13+0.41 2.45 +1.50 2.03+1.15 0.280
Heterophile® (%) 34.39 +6.52 38.59 + 3.66 35.89 £ 4.22 38.64 3.43 0.406
Lymfocyte® (%) 55.16 + 4.58 51.28 +3.75 48.23 + 2.49 49.25 +5.33 0.081
Heterophil/Lymphocyte® (%) 0.69+0.17 0.77 £0.13 0.79 £0.14 0.69 +0.081 0.500
Calcium (mg/dl) 10.76 + 1.48 9.88+0.83 10.89 +0.11 9.78 £0.97 0.197
Phosphor (mg/dl) 6.53 +1.80 456 +0.67 5.50 + 0.46 5.43 +1.49 0.138

=

Data were performed as quadratic transformation. ™ Value in the same row with different superscripts letters a significantly differ (p < 0.05); T0/Control:

0 g/ton Nutricell HyC®; T1: 100 g/ton Nutricell HyC®; T2:200 g/ton Nutricell HyC®; T3:400 g/ton Nutricell HyC®

Table 5 showed that Nutricell HyC® supplementation
had no significant effect on most of blood parameters (p >
0.05). However, the amount of hemoglobin for T3 was
significantly higher than that of T1 and T2 (p < 0.05). In
this research, the hemoglobin levels among treatments
ranged from 10.64 g¢/dl to 12.08 g/dl, where the
hemoglobin level was still within normal limits.
According to Weiss et al. (2010), the amount of
hemoglobin in chickens (gallus domesticus) ranged from 7
to 13 g/dl. This is similar to the research conducted by
Roy and Mishra (2011) examining the effects of antistress
agents on broiler breeders. The findings indicated that
hemoglobin levels in different groups ranged from 9 to
10.13 g/dl.

The findings of the current study showed the ratio of
heterophile/lymphocyte (H/L) in broiler breeders ranged
from 0.69% to 0.79%, indicating that the levels were still
normal. Hachesoo et al. (2011) reported that H/L ratio of
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indigenous broiler breeders was 0.70 %, and H/L ratio of
Ross-308 was 0.71%. According to Gross and Siegeh
(1983), the level of stressors in poultry could be indicated
by the ratio of Heterophils/Lymphosytes, about 0.2% (low
level), 0.5% (normal level), and 0.8% (high level) to
environmental adaptation. Therefore, it can be concluded
that the levels of blood parameters were in normal ranges
and H/L ratio of broiler breeders in the production phase
obtained in this research can be interpreted as appropriate
health and immune status. This shows that the
supplementation of Nutricell HyC® with different levels
can maintain the H/L ratio of broiler breeders in the
production phase in the normal range. Table 5 shows that
the supplementation of Nutricell HyC® in the feed has no
significant difference in Ca and P levels of the broiler
breeders’ blood plasma (p > 0.05). In this research, blood
plasma Ca levels ranged from 9.78 to 10.76 mg/dl, and P
levels in blood plasma ranged from 4.56 to 6.53 mg/dl.
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The results of the present study are in the same line with
the findings of Hachesoo et al. (2011), who reported Ca
and P levels in the blood plasma of indigenous chickens
were 9.36 mg/dl and 4.23 mg/dl, respectively, while Ca
and P levels for Ross-308 chickens were 9.28 mg/dl and
4.44 mg/dl, respectively.

CONCLUSION

In conclusion, the obtained results of the current study
indicated that Nutricell HyC® supplementation with doses
of 400 g/ton (T3) gave the best results in increasing egg
production, eggshell porosity, hatchability, and immunity
of broiler breeders aged 34-46 weeks. Future studies can
investigate the effect of supplementation of Vitamin D3
more than 4500 1U/g on broiler breeder performance.
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