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ABSTRAT: A total number of 180 Sinai laying hens at 25 weeks — old were used, weighed
and divided into six treatments of three replicates each and housed in individual layer cages
to investigate the effect of using two levels of energy (2760 or 2660 Kcal/Kg diet) and
synthetic (s) or natural source (n) of Coenzyme Q10 (CoQ10) at levels of (0, 7.5 mg/kg diet
CoQ10i) or 7.5 mg/kg diet CoQ10 (y ) in 2x3 factorial design on the productive
performance, profile fatty acids in egg yolk, nutrients digestibility and economical
efficiency of local laying hens. Resulted obtained could be summarized in the following:

1-

Egg weight of hens fed diet contained low ME significantly increased (P<0.05) as
compared to control diet. While, no significant influence (P>0.05) of dietary CoQ10
and interaction between CoQ10 and ME on egg weight.

Egg production % and egg mass for hens with low ME was significantly (P<0.05)
higher than hens fed diet with the control diet.

Hens fed 7.5 mg CoQ10¢ had significantly higher (P<0.05) egg mass by about
5.76% than CoQ10 (o) (control diet). The best egg mass was recorded by the
interaction between 2660 Kcal / Kg and 7.5 mg CoQ10¢).

Feed intake was increased by about 7.49% for hens fed the low level of ME
(2760Kcal/Kg) as compared the control diet. While, the diet with CoQ10(s) was the
highest amount of feed intake comparing with CoQ10 (n).

Feed conversion was improved by 6.20% for hens fed diets with 2660 Kcal /Kg
compared to 2760 Kcal /Kg. But, no significant influence of dietary CoQ10 and
interaction between CoQ10 and ME on feed conversion ratio.

The dietary supplemented with CoQ10(s) and the interaction between dietary
CoQ10¢) or (n) + the low level of ME resulted in a significant increase (P<0.05) in
shell thickness compared to the control diet.

The diet contained low level of ME caused a significant decrease (P<0.05) in
heterophil (H) % and heterophil / lymphocyte (L) compared to the control diet.

The percentage of C18:2w6 and C18:2m3 with7.5 mg/Kg CoQ10 (n is significantly
higher (P<0.05) than those of the control diet. On the other hand the percentages of
C20:406 was significantly reduced (P<0.05) in response to the diet contained
with7.5 mg/Kg CoQ10) comparing with the control and CoQ10 (n).
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The interaction between 2760 or 2660 Kcal/Kg diet and 7.5 mg/Kg CoQ10 () recorded
the best percentage of C18:2w6 and C18:2w3 as compared to control and other groups.
While, the diet contained ME 2760 Kcal/Kg diet+ 7.5 mg/Kg CoQ10 (s recorded
significantly the lowest (P<0.05) value of C20:406 compared to the control diet.

9- Generally SFA (C14:0, C16:0 and C18:0) were decreased in response to the low
dietary ME, Co Q10 and by the interaction between ME and CoQ10 compare to the

control diet.

10-The percentage of CIl8:1w9, Cl6:109 and Cl18:107 of yolks from diet
supplemented with 7.5mg CoQ10¢) /Kg diet were significantly higher (P<0.05) than
the control diet. The interaction between low ME and 7.5 mg CoQ10 () had the
highest value of C18:109 by about 13.15% comparing with the control. Layers fed
diet contained low ME, 7.5mg CoQ10 (), and interaction between low ME
and7.5mg CoQ10¢) or 7.5mg CoQ10 (n) haa Significantly lower in SFA/UPFA ratio

than control.

11-The best (P<0.05) value of EE for egg production was produced by interaction
between the low level of ME +7.5 mg CoQ10 ) /kg diet followed by the diet
contained the requirement of ME+ 7.5 mg CoQ10 () / kg diet.

It could be concluded that supplementation 7.5 mg CoQ10 ) / kg diet contained low
level of ME (2660 Kcal/Kg /diet) could be used a functional feed additive in Sinai laying
hens during the period from 25 to 40 weeks of age to maximize the productive
performance, economic efficiency and improve the internal egg quality in respect of the

profile fatty acids.
INTRODUCTION

Coenzyme Q10 (CoQ10) is natural
lipophilic compounds present in each and
every living cell; due to its ubiquitous
occurrence in nature they are also called
Ubiquinone (Haas et al., 2007). Coenzyme
Q10 is 2, 3-dimethoxy, 5-methyl, 6-
polyisoprene Para benzoquinone.
Coenzyme Q10 is distributed in all
membranes throughout the cell (Kalen et
al., 1987). Coenzyme Q10 is chiefly found
in the most active organs like the heart,
kidney, and liver, where an even greater
decline can be observed with increasing
age (Kalen et al., 1989). But, relatively
high concentrations of CoQ10 are found in
the mitochondria of cells where it has a
critical role in energy production (Ernster
et al., 1995). In the following years the
fundamental role of CoQ10 in the
mitochondrial respiratory chain and in
oxidative phosphorylation was determined
and Peter D. Mitchell was awarded the
Nobel Prize in Chemistry in 1978 for his
contribution to the understanding of the
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role of CoQ10 for biological energy
transfers at the cellular level (Crane,
2007). Coenzyme Q10 is an essential part
of the cellular machinery used to produce
ATP which provides the energy for muscle
contraction and other vital cellular
functions. The major part of ATP
production occurs in the inner membrane of
mitochondria, where coenzyme Q is found.
The coenzyme Q has a unique function
since it transfers electrons from the primary
substrates to the oxidase system at the same
time that it transfers protons to the outside
of the mitochondrial membrane. This
transfer results in a proton gradient across
the membrane. As the protons return to the
interior through the enzymatic machinery
for making ATP, they drive the formation
of ATP. The coenzyme Q10 is bound to the
oriented enzymatic protein complexes. It is
oxidized and releases protons to the outside
and picks up electrons and protons on the
inside of the mitochondrial membrane
(Brandt 1999 and Yu et al., 1999). Thus,
CoQ10 is well defined as a crucial
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component of the oxidative
phosphorylation process in mitochondria
which converts the energy in carbohydrates
and fatty acids into ATP to drive cellular
machinery and synthesis (Crane 2001).
Coenzyme Q10 is also known as a very
effective antioxidant (Bentinger et al.,
2007), protecting against lipid
peroxidation, DNA, and protein oxidation
and capable of functioning synergistically
with other antioxidants (Challem, 2005).
Scientific publications illustrated that
the poultry is quite convenient for
fortification with CoQ10 where, Geng et
al., (2004) showed that the effective dose
of CoQ10 may be as low as 20 mg / kg in
poultry, also found that CoQ10 protects the
cell membrane and cell structure against
peroxidation and thus more tolerant to the
metabolic stress. Two major functions are
attributed to CoQ10: it acts as an electron
carrier in the mitochondrial respiratory
chain and as a lipid-soluble antioxidant
(Bhagavan and Chopra 2006). Honda et
al. (2013) reported that CoQ10 transferred
into the egg yolk, thus it might be used to a
functional feed additive in dietary of laying
hens. Kikusato et al. (2015) indicates that
dietary CoQ10 attenuates the muscular
oxidative damage, suggesting that this may
be due to the suppression of mitochondrial
reactive oxygen species (ROS) production.
The production of eggs which are of good
egg shell quality and good internal quality
is critical to the economic viability of the
industry, in chickens, only a few studies
have been performed in laying hens for
example, scientific publication stated that
CoQ10 did not affect egg production rate,
the weights of egg and egg yolk, and feed
efficiency, but significantly increased
CoQ10 content in the egg yolk thus CoQ10
can be promising candidates for feed
additives to improve the egg quality
(Hasegawa et al., 2009). The findings by
Kamisoyama et al. (2010) suggest that, in
CoQ10 -fed laying hens, dietary CoQ10 did
not affect average egg production rate, feed
efficiency, egg weight, and egg yolk weight
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but Co Q10 content in the egg yolk was
increased significantly In study by Tercic
et al. (2011) showed that dietary CoQ10
supplementation had no effects on egg
weight, albumen height and Haugh units.
Beside endogenous synthesis, CoQ10 is
also supplied to the organism by various
foods.

The results of CoQ10 contents by Italian
studies on soybean oil illustrated that the
CoQ10 concentration was 221-279 mg / Kg
soybean oil (Cabrini et al., 2001 and
Pregnolato et al., 1994). The effects of
dietary CoQ10 on laying hens fed diet with
low ME content have not yet been
examined. Thus the current study was
conducted to investigate the effect of
dietary CQ10 as a functional feed additive
in layer diet with low ME on the laying and
economical performance as well as on the
profile fatty acids in egg yolk.

MATERIALS AND METHODS

Bird's management and diets:

This study was conducted at EIl-Serw
Poultry Research Station, Animal Poultry
Research Institute, Agriculture Research
Center, Ministry of Agriculture, Egypt.
One hundred and eighty Sinai laying hens
25 weeks of age were randomly assigned to
fed six dietary treatments in an experiment
that was conducted from 25 to 40 wks of
age. At the onset of the experiment, hens
were weighed and assigned to 2x3
completely randomized design based on
two levels of energy (2760 or 2660
Kcal/Kg diet) and synthetic source (s) of
Coenzyme Q10 (CoQ10) or natural (n) at
levels of (0, 7.5 CoQ10¢) or 7.5 CoQ10 ()
Three replicates of 10 hens replicate were
fed one the six dietary treatments. Each
replicate comprised ten adjacent cages with
one hen /cage (60 cm long x 50cm wide X
60cm high). Birds were provided with
programmed lighting (16L: 8D). The
experimental diets were as the following:-
The control dietary contained 2760 Kcal
/Kg diet, The control with 7.5 mg COQ10
synthetic (7.5 mg CoQ10¢), the control
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with 7.5 mg CoQ10 from soybean oil at
3.0% (7.5 mg CoQ10¢y), the dietary low
level of ME (2660 Kcal/ Kg diet), the
dietary low ME with 7.5 mg COQ10
synthetic (7.5 mg CoQ10s), and the
dietary low level ME with 7.5 mg CoQ10
from soybean oil at 3.0 % (7.5 mg
CoQ10)). The birds were fed a layer diet
of soybean meal and yellow corn according
to Hussein et al.,, (2010) recommend.
Composition and calculated nutrients of
experimental diets presented in Table 1.
Laying performance traits:

Body weights of hens were recorded
during the experiment period (25 — 40 wks
of age). Egg number and mass and feed
consumption were recorded then were
averaged and expressed per hen / four wks
through the four periods and the overall
experimental period (25-40 wks of age).
Laying rate and feed conversion ratio were
calculated through the same periods as well
as change body weight was calculated
through the whole experimental period.
Egg quality and profile fatty acid:

At 337 and 40" Wk of age of the
experiment, the eggs (6 from each
treatment) were randomly taken to
determine some egg quality parameters
such as shape index, yolk index, yolk,
albumen and shell weights as a percentage
of egg weight, shell thickness and Haugh
units. Quantification of FA was done after
preparation of FA methyl esters and
subsequent fatty acids profiles were
obtained by gas-liquid chromatography and
reported as percentages.

Nutrients digestibility:

At the end of experiment, 18 Sinai cocks
(three each treatment) were taken to
evaluate the digestibility of nutrients for all
experimental diets. Cocks were fed their
experimental diets for seven days as a
preliminary period, followed by three days
collection period, where excreta were
quantitatively collected. Simultaneously,
records of daily feed consumption for each
cock were maintained. The daily excreta
was voided from males in each treatment,
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pooled and thoroughly mixed. Then,
representative excreta samples were taken
and dried immediately in a forced oven at
65 C° for 48 hours for chemical analysis
(AOAC, 1995). The procedure described
by Jakobsen et al. (1960) was used for
separating fecal protein from excreta
samples. Urinary organic matter was
determined according to Abou-Raya and
Galal (1971). Digestion coefficients were
calculated according to the following
equation:  Digestion  coefficient%
[(Nutrient intake (g) — Fecal nutrient
content (g)) / Nutrient intake (g)] x100.
Hematological parameters:

Blood samples were collected randomly
in vial tubes containing EDTA as
anticoagulant. Differential white blood
cells (WBC) counts were performed by
using standard avian guidelines introduced
by Ritchie et al. (1994). Total white blood
cells were determined by the Unopett
method (Campbell, 1995). Heterophils (H)
and lymphocytes (L) were counted in
different microscopic fields in a total of
200 WBC by the same person, and the H: L
ratios were calculated (Gross and Siegel,
1986).

Economical efficiency:

At the end of the study, economical
efficiency for egg production was
expressed as hen-production thought the
study and calculated using the following
equation: Economic efficiency (%) = (Net
return LE/Total feed cost LE) x 100.
Statistical analysis:

Data were statistically analyzed using
General Linear Models Procedure of the
SPSS program (1997). Differences
between treatments were subjected to
Duncan” s Multiple Range- test (Duncan,
1955). A factorial design 3x2 was used,
considering the ME and CoQ10 levels as
the main effects and the following model
was used to study the effect of main factors
and interaction between ME and CoQ10
on parameters investigated as follows:
Yijk=p+Ti+Rj+(TR)ij+eij
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Where :Yijk=An observation;u = overall
mean ; T= effect of ME level; ME= (1 and 2
); R= effect of CoQ10 level; j=(1,2 and 3);
TR= effect of interaction between ME and
CoQ10 ; and ejik= Experimental error.

RESULTS AND DISCUSSION

The effect of different levels of ME,
CoQ10 and interaction between them on
body weight for Sinai laying hens are
shown in Table (2). Change body weight
for Sinai laying hens was significantly
increased by 1.89% for hens fed diet with
low of energy (E2) than those fed diet with
high level of energy (E1). No significant
(P>0.05) influence of CoQ10 on body
weight for Sinai laying hens during
experimental periods. Interaction between
energy levels and Co enzyme Q10 had no
significant effect (P>0.05) on body weight
at different ages Body weight gain was
higher significantly (P<0.05) for low
energy (E2) than high energy (E1l) by
9.55%. The hens fed diets supplements
with Co enzyme Q10 natural or syncretic
had insignificantly  (P>0.05) effect,
although the heights value of body weight
gain was calculated with CoenzymeQ10 ().
Interaction between energy levels and Co
enzymeQ10 sources had insignificantly
(P>0.05 affected on body weight gain
during the experimental periods. The low
level of ME (E2) with CoQ10 () had
insignificantly higher (P>0.05) body weight
gain than other treatments under condition
of the study.

Regarding ME, this result disagreement
with Balnave and Robinson (2000) who
observed that body weight gain increased
with increasing dietary ME level (2500,
2700 and 2900 kcal ME/kg) in the diet for
Brown layer strains, this difference may be
du to the usage stain in study. But, in
respect of the effect of CoQ10, these results
are consist with Geng et al., (2004) who
found that BW gain, was not influenced
significantly by CoQ10 supplementation in
broilers.

Laying performance:
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Data in Table (3) showed that egg weight
affected by different levels of energy,
supplementation of enzyme Q10 and their
interactions. Results demonstrated that
there is significant (P<0.05) difference
between different levels of energy on egg
weight for all experimental periods except
age the period 25-28 week of age. Hens
receiving low energy feed (E2) recorded
the highest egg weight 34.86gm during age
from (25-40) weeks of age compared with
high energy diet (E1) (42.72gm).
Concerning the effects of different sources
of Co enzyme Q10 on egg weight no
significance  effect (P>0.05) between
Dietary  CoenzymeQ10  during all
experimental periods except the period
from 25-28 weeks of age, where, it was
differ significantly. Egg weight was
significantly increased by 2.37 % for hens
fed diet supplemented with
CoenzymeQ10¢) than those fed diet
supplemented with Co enzymeQ10 (). Egg
weight for hens fed diet with Co
enzymeQ10(0) was higher (P<0.05) than
those fed diet with Co enzyme Q10 at
ages of (25-28) weeks, but these increasing
of weight was not significant . Interaction
between energy levels and sources of Co
enzyme Q10 had no significant effect
(P>0.05) on egg weight.

Hens fed low energy diet had
significantly higher (P<0.05) egg number
by 7.66%, 14.1%, 25.02% and 5.99 % than
others fed diet with high level of energy
during 29-32, 33-36, 37-40 and 25-40
weeks of age respectively (Table 3). On the
other hand, egg number for hens with (E1)
was significantly higher than hens with
(E2) during (25-28) weeks of age. Hens fed
diets supplemented with CO Q10¢) had
significantly higher egg number than those
fed diets with Co Q100 and Co
enzymeQ10¢) during experimental periods.
The improvement of egg number was
11.98% ,2.52% ,4.87% ,10.32% and 8.14%
for hens received diet with Co
enzymeQ10s) as compared to those fed diet
with Co enzymeQ10p during (25-28) ,(
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29-32) ,(33-36) ,( 37-40) , and ( 25-40)
weeks of age respectively , while this
improvement of egg number was
5.97%,5.29% , 7.01% ,4.04% and 7.22% %
for hens received diet with Co Q10¢) as
compared to those fed diet with CoQ10)
during (25-28) ,( 29-32) ,(33-36) ,( 37-40)
, and ( 25-40 ) weeks of age respectively.
Interaction between hens fed diet with
different levels of energy and different
sources of CoQ10 had no significant
(P>0.05) effect on egg number during
different experimental periods expect (37-
40) and (25-40) weeks of age which hens
with CoQ10¢) had higher egg number than
other treatments at different levels of
energy.

Egg production % during most interval
periods and overall experimental period
was significantly affected by levels of
energy and sources of CoQ10 (Table 4).
The differences between hens fed diet with
different level of energy were highly
significant. The improvement of egg
production % for the group fed 2660 Kcal
ME/Kg diet was significantly increased by
9.57% as compared to those fed 2760 Kcal
ME/ Kg diet.

On the other hand, supplemented diet
with CoQ10 had significant (P<0.05)
effects on egg production% during all the
experimental periods except of (29-32) and
(33-36) weeks of age (Table 4). The group
fed diet with CoQ10¢) had significantly
(P>0.05) increasing egg production%. Egg
production % was insignificantly (P>0.05)
affected due to the interaction between
level of energy and sources of CoQ10 in
the diet during all experimental periods,
except of the periods (37 -40) and (25 - 40)
weeks which showed significant effect. The
best records of egg production (65.37 %)
occurred by the group fed diet contained
ME 2660 Kcal /Kg and CoQ10 () followed
by those fed diets containing 2660 Kcal
ME / Kg with CoQ10 (n) during the overall
experimental period ( 25-40)weeks of age.

A significant (P<0.05) difference was
observed among the experimental groups in
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egg mass per hen during experimental
periods due to varying ME levels in the diet
(Table 4). Egg mass was improved
(P<0.05) for the group fed 2660 Kcal
ME/Kg diet by 12.54% as compared to
hens fed recommended ME diet low ME
during overall experimental periods.

On the other hand, hens fed dietary
CoQ10 (5 in the diet had significantly
(P<0.05) higher egg mass by 5.76% and
8.4% than dietary CoQ10 () and CoeQ10 ()
respectively during the all experimental
periods. Egg mass was significantly
(P<0.05) affected due to the interaction
between energy levels and sources of
CoQ10 in the diet during all experimental
periods, except at the period (29 -32) weeks
which showed insignificant (P<0.05) effect.
In general the best (P<0.05) egg mass
(3210.8) was recorded by the group fed diet
contained 2660 Kcal / Kg and CQ10g)
during the overall experimental periods.

Initially, these results in line with Ciftci
et al. (2003) who found that decreasing the
energy content of feed from 2,751 to 2,641
kcal of ME/kg increased the laying rate
from 86.44 to 88.27%. But, Mathlouthi et
al. (2002) reported that the best laying rates
at was recorded when layers fed dietary
2,753 kcal of ME/Kkg of diet compared with
2,653 kcal of ME/Kkg of feed. Responses of
insignificant egg weight to changes in feed
energy content are parallel to the find of
(Mathlouthi et al., 2002 and Ciftci et al.,
2003). However, some authors have
reported  significant, although small,
increases in egg weight caused by
increased dietary energy (Peguri and
Coon, 1991).

Regarding supplementation CoQ10 and
interaction between ME and CoQ10, the
likely reasons for the improvement in
laying performance results  from
supplementation 7.5 mg CoQ10(s) and
interaction between low dietary ME level
+7.5 mg CoQ10(s) are discussed by the
study of Geng and Gue (2005) who
suggested that supplementation CoQ10
may be improved the hepatic mitochondrial
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function and some respiratory chain-related
enzymes activities. Coenzyme Q10 as a
lipid-soluble  compound  present in
endomembrane of cells as well as in
mitochondria, it takes part in the
mitochondrial respiratory chain, accepts
and transports electrons to oxygen, and at
the same time the proton gradient promotes
ATP synthesis (Ernster and Dallner,
1995). The study by Kikusato et al.,
(2015) indicates that dietary
supplementation with CoQ10 attenuates the
muscular oxidative damage, suggesting that
this may be due to the suppression of
mitochondrial reactive oxygen species
(ROS) production. Bhagavan and Chopra
(2006) reported that two major functions
are attributed to CoQ10: it acts as an
electron carrier in the mitochondrial
respiratory chain and as a lipid-soluble
antioxidant. CoQ10 efficiently prevents
lipid, protein, and DNA from oxidation,
and is continuously regenerated by an
intracellular reduction system in animal
tissues (Andre’e et al., 1998). In addition,
the amount of CoQ10 in many membranes
is from three to 30 times the tocopherol
content (Turunen et al., 1999). Since
much of the coenzyme Q in cell
membranes is in the quinol form
(Takahashi et al., 1993), it can be a very
effective antioxidant (Quinn et al., 1999).
Even more important is the presence of
enzymes in all membranes which can
reduce any coenzyme Q quinone radical
generated by reaction with lipid or oxygen
radicals. Furthermore, CoQ10 s also
known as a very effective antioxidant
(Bentinger et al., 2007), protecting against
lipid peroxidation, DNA, and protein
oxidation and capable of functioning
synergistically with other antioxidants
(Challem, 2005).

Feed intake and feed conversion ratio:

Feed intake was significantly (P<0.05)
affected during some experimental periods
due to varying levels of energy and
Coenzyme Q10 and their interaction in the
diet (Table5). Hens fed 2760Kcal/kg diet
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consumed lower feed than those fed 2660
Kcal/Kg during the (25-40) weeks of age.
Daily feed intake was decreased by about
7.49% for hens fed 2760Kcal/Kg as
compared to those fed 2660 Kcal/Kg
during the overall experimental period.

Also, feed intake was significantly
(P<0.05) affected due to supplementation
of Co Q10 to hen's diets during all studied
periods except (29-32) weeks of age
(Table5). The hens fed diet with CoQ10¢)
had the highest amount of feed intake
comparing with those fed the control and
CoQ10 () diets during overall experimental
period. The increment in feed intake was
3.28% for hens fed diet with C0Q10¢) as
compared to control, while the feed intake
decreased by 0.43% for hens fed diet with
CoenzymeQ10 (ny than the control group.
Interaction between energy level and
sources of CoQ10 supplementation had
significantly (P<0.05) affected on fed
intake during all experimental period
except (25-28) weeks of age. Hens fed diet
with low energy had higher (P<0.05) fed
intake than high energy at different sources
of CoQ10 supplementation during all
experimental periods. Hens fed diets
contain 2660 Kcal /Kg + CoQ10s) recorded
higher (P<0.05) amount of feed intake
during (25-40) weeks of age than control
diet.

Feed conversion ratio was significantly
(P<0.05) affected by energy level in the
diet during all experimental periods except
(29-32) and (37-40) weeks of age (Tableb).
It is noticed that feed conversion was
decreased by 6.20% for hens fed diets
with 2760 Kcal/Kg than 2660 Kcal / Kg
during the overall experimental periods
(25-40) weeks of age. Hens fed diet
supplementation ~ with  CoQ10  was
insignificantly (P>0.05) affected on feed
conversion during all experimental period
except (25-28) and (37-40) weeks of age
which  showed significantly (P<0.05)
influence. Feed conversion ratio was not
significantly (P>0.05) affected by the
interaction between energy level and Co
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Q10 sources during all the experimental
periods except during (37-40) weeks of age
which was significantly affected. Hens fed
diet contain low energy had the best
(P<0.05) feed conversion than high level
energy as a result of supplementation of Co
Q10 or Co Q10 (v to diet during the
overall experimental period.

Regarding the effect of ME on feed
intake, hens could fit their feed intake to
satisfy their energy requirements; then, an
increase in energy concentration leading to
a reduced feed intake (Perez-Bonilla et al.,
2012) while increasing dietary protein
could increase (Gunawardana et al.,
2008) or have no effect (Mohiti-Asli et al.,
2012) on feed intake. According to these
results the feed consumption was increased
by decreasing ME content, where with
decreasing dietary energy levels from 2760
to 2660 Kcal/Kg diet, feed intake increased
from 96.67 to 140.5 g/hen/day, therefore, a
decrease of 100 kcal / kg dietary energy
increased feed intake by 8.1 %. In addition,
this is in agreement with Harms et al.
(2000) who showed that hens fed the diets
containing 2519 kcal/kg had 8.5% more
feed intake than hens fed the diets
containing 2798 kcal/kg.

The present study illustrated that there
were differences in dietary energy required
to produce one gram egg among hens fed
two dietary energy levels (control and 2660
Kcal/Kg diet) as shown in Table (4) where,
decreasing dietary energy level from 2760
to 2660 kcal/kg, hens adjusted feed intake
from 96.67 to 104.5 g/hen/day, so that
11.09 and 10.27 Kcal /day was used to
produce one gram egg for hens fed diet
2760 and 2660kcal/Kg diet respectively.
Such finding is to be expected, as hens
adjust feed intake when ME content
decreasing to achieve a constant energy
intake, but this was only up to decreasing
dietary energy 100 Kcal / Kg diet as
compared to the control diet in respect of
laying performance. These result are
consist with Wu et al.(2005) who reported
that when dietary energy level increased
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from 2719 to 2956 kcal/kg, hens adjusted
feed intake from 107.6 to 101.1 g/hen/day
so that the same amount of dietary energy
(5.8 kcal) was used to produce one gram
egg. In addition, the results is consist with
Gunawardana et al. (2009) who found
that as dietary energy increased feed intake
would decrease Also, it seems from the
present results that decreasing dietary
energy to 2660Kg /Kg diet resulted in a
significant improve to feed conversion by
about 6.61% comparing with the control
diet. Similarly , Wu et al.(2005) reported
that as dietary energy content increased
from 2719 to 2956 kcal/kg, feed conversion
linearly decreased from 2.14 to 1.97 (g
feed/g egQg), resulting in a net decrease of
7.94%. This difference relating to feed
conversion values could be attributed to
differences in strain of bird's age, amount
of decreasing in ME and housing system.
According to this study, the economical
level of energy depends on the feed intake,
feed conversion and cost of feed, and it is
different about the recommendation (2750
Kcal/kg) where the results illustrated that
2660 Kcal /Kg diet was the economical
level of ME.

Egg quality:
The results in Table (6) showed that
insignificant (P>0.05) effect of diets

contained different levels of ME, Co Q10
and interaction between ME and Co Q10
on shape index, shell weight%, yolk and
albumin weight%, yolk index and Haugh
units. However, significant (P<0.05) effect
on shell thickness was observed due to
supplementation of CoQ10(s) irrespective
the level of ME in the diet, also the
interaction ~ between  supplementation
CoQ10¢) Or CoQ10 () + the low level of
ME significantly (P<0.05) increased the
shell thickness comparing with the control
diet and other treatments. On the other
hand, the interaction between E2 and
CoQ10 (o) resulted in the lower value of
shell thickness than control and other diets.

This is in line with findings of Tercic
et al. (2011) who found that the CoQ10
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dietary supplementation did not affect on
albumen height, Haugh units and shell
weight, whereas was shown no significant
differences in shell thickness compared
with control group. Williams (1992)
concluded that albumen quality is not
greatly influenced by bird nutrition.
However, a number of nutritional factors
have been reported to affect albumen
quality. Also, Kamisoyama et al., (2010)
found that egg quality did not influenced by
CoQ10 supplementation.
Profile fatty acids in egg yolk:
Results of egg yolk analysis for

polyunsaturated fatty acids (PUFA)
contents are presented in Table (8).
Polyunsaturated  fatty acids showed

different response to dietary treatments
where, yolk of hens fed diet contained E2
(2660Kcal/Kg diet) showed significantly
(P<0.05) higher percentage of C18:2w6 and
C18:4mw6 by about 18.8 and 26.9% than
yolk of hens fed the control diet, while the
percentage of C18:2w3 was not influenced
by decreasing the ME in the diet.

Regarding the effect of CoQ10
supplementation, the percentage of
Cl18:20w6 and C18:20w3 showed similar
trends but varied in the magnitude of
change as both of them from diet
supplementation with7.5 mg/Kg CoQ10 (n
being significantly (P<0.05) higher than
those of the diet with7.5 mg/Kg CoQ10y)
and control diet. On the other hand the
percentages of C20:4w6 was significantly
(P<0.05) reduced in response to the diet
contained with7.5 mg/Kg CoQ10(
comparing with the control and CoQ10 (n).

Yolk content of C18:2w6 and C18:2m3
were affected by the interaction between
ME and CoQ10 investigated. Where, yolks
of hens fed diet ME 2760 or 2660 Kcal/Kg
diet+ 7.5 mg/Kg CoQ10 (n recorded the
best(P<0.05) percentage of C18:2w6 and
C18:2w3 as compared to control and other
groups. Also, the interaction between ME
2760 Kcal/Kg diet and 7.5 mg/Kg CoQ10
) recorded significantly (P<0.05) the
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lowest value of C20:4w6 compared to the
control diet

In fact, the results in the current study
illustrated that the egg is an excellent
source of essential fatty acid mainly
belonging to the n-6 series (linoleic and
arachidonic acids) and also contains
moderate amounts of n-3 polyunsaturated
fatty acids (PUFA), which are essential for
many biological functions. The previous
remarks about fatty acids were confirmed,
and the increase of total n-6 and n-3 fatty
acids was more evident in the yolks of hens
fed diet contained ME 2660Kcak/Kg
diet+7.5mg CoQ10 () comparing with the
control diet, where the percentage of n-6
was 14.62% vs 7.28 % as well as the count
of n-3 was 0.37% vs 0.11%. From the
nutritional standpoint, the increment in
percentage of essential fatty acids
(C18:2w6 and Cl18:2w3) due to the
supplementation 7.5 mg/Kg CoQ10 () is to
be expected, as soybean oil is rich in n-6
PUFA (Simopoulos and Robinson, 1998),
the most common lipid supplements in
commercial vegetable diets is soybean,
mostly for economical and nutritional
reasons (Meluzzi et al., 2001). Enrichment
of hen diets with sources rich in linoleic
acid has resulted in production of eggs
with significantly increased levels of yolk
linolenic acid (LNA) and small but
significantly higher increases in the 20-
carbon family of PUFA n- 3 (Cherian and
Sim, 1991). In addition, the diet contained
ME 2760 Kcal/Kg diet +7.5 mg CoQ10 ()
significantly reduced the percentage of
arachidonic acid , the decrease in
arachidonic acid content could be important

for human health, as this acid is a
precursor of some pro inflammatory
eicosanoids (British Nutrition

Foundation, 1992). This phenomenon is
probably due to the greater utilization of 4-
6-desaturase in the n-3 fatty acid pathway
with respect to the n-6 pathway, as this
enzyme acts in both pathways. High
concentrations of dietary n-3 fatty acids
reduce the activity of the enzyme in the n-6
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pathway and the conversion of linoleic into
arachidonic acid (Meluzzi, et al., 2000).
Also, Hasegawa et al. (2009) reported that
coQ10 can be promising candidates for
feed additive to improve egg quality.

Yolk content of saturated fatty acids
(SFA) was significantly affected by the
dietary ME, where all USFA (C14:0, C16:0
and C18:0) were significantly decreased in
response to the low dietary ME compare to
the control diet. While, the percentage of
C14:.0 was not affected by dietary
supplementation of CoQ10, But the C16:0
and C18:0 content significantly (P<0.05)
reduced by the diet contained 7.5 mg
CoQ10 () comparing with the control diet.
The interaction between ME and CoQ10
significantly influenced on C14:0 and
C16:0 as all treatments caused significant
decrease (P<0.05) in yolk content of these
acids except for the yolks from hens fed
diet with ME 2760Kcal +7.5mg CoQ10¢s)
/Kg diet, on the other hand , no significant
(P>0.05) influence of interaction on C18:0
as compared to the control diet.

In respect of monounsaturated fatty
acids (MUFA) the results showed that
yolks of hens fed the low level of ME had
4.53% higher C18:09 than control diet,
also both Cl16:107 and C18:1w7 content
had the same manner. In contrast, the low
level of ME significantly (P<0.05) reduced
yolk content of C16:1m9 as compared to
the control diet. The percentage of
Cl18:1m9, C16:109 and C18:1w7 of yolks
from diet supplemented with 7.5mg
CoQ10is /Kg diet were significantly
(P<0.05) higher than yolks of hens fed the
control diet. But, the C16:10w7 percentage
significantly (P<0.05) decreased in yolks
from hens fed diet with7.5mg CoQ10) /Kg
diet comparing with the control diet. Also,
the results showed that yolks from hens fed
diet contained ME2760Kcal/Kg +7.5mg
CoQ10g) resulted in a significant (P<0.05)
decrease in Cl6:1m7 compared to the
control and other groups. While, yolks of
hens fed the low level of ME +7.5 mg
CoQ10 (n) had the highest (P<0.05) value of

186

C18:1m9 by about 13.15% comparing with
the control. On the other hand, no
significant (P>0.05) influence of interaction
between dietary ME and CoQ10
supplementation on the percentage of
Cl18:107 and C16:1®9.

Regarding the results of SFA/PUFA
ratio, they indicated that all treatments did
not actually differ (P>0.05) from control
diet in the value of SFA/PUFA ratio except
for the diet contain low ME, 7.5mg
CoQ10¢) , and the diet contain low ME
+7.5mg CoQ1l0s or 7.5mg CoQ10()
where, these diets was significantly
(P<0.05) lower in SFA/UPFA ratio than
control. While, the other diets were similar
as compared to the control diet. American
Heart Association (1996) has
recommended a ratio of 1/1, as several
nutritional studies have reported the
relationship between SFA and the risk of
cardiovascular diseases. The reduction in
C18:0 by the diets with E2, CoQ10) or (n)
and E2+ CoQ10) or (ny could indicate an
additional health advantage for these eggs,
as C18:0 is considered hyper cholesterol
emic, although much less than C16:0
(Katan et al., 1995). Compared with the
control diet, inclusion of CoQ10 with low
level of ME in diets at 7.5mg/Kg improved
the FA profile as evidenced by the
relationship of SFA/ PUFA.

The hematology parameters:

Results concerning the changes in white
blood cells (WBC) count, differential
leucocytes counts and viability of hens in
response the diets contained different levels
of ME, CoQ10 and interaction between
them are presented in Table (7). It is
evident that WBC count was significantly
affected by the level ME in layer diet
where, hens fed the requirements of ME
had the highest value of WBC count
compared to those fed the low level of ME.
Also, the lower level of ME caused a
significant (P<0.05) decrease to both
heterophil (H) % and heterophil /
lymphocyte (L) ratio, While, the
lymphocyte % and viability were not
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affected by decreasing dietary ME. In
respect of the effect of CoQ10 on blood
hematology, the WBC count and viability
were not affected by supplementation
CoQ10 to the diet, while the heterophil %
and H/L ratio were significantly (P<0.05)
increased due to the diet supplemented
with7.5 mg/Kg CoQ10¢) compared to the
control diet. No significant (P>0.05)
influence of interaction between dietary
ME and CoQ10 supplementation on blood
hematology traits and viability%.

These results may be supported by
Fathi (2015) who showed that blood
hematocrit and hemoglobin (hematology
traits) were not affected by
supplementation 40 mg/Kg CoQ10 to
dietary of broilers with pulmonary
hypertension syndrome. But the same
author found that viability decreased by
C0Q10 supplementation. From these results
it could be mentioned that under conditions
of the current study, the major function of
dietary CoQ10 supplementation that it is an
electron carrier in the mitochondrial
respiratory chain more than as a lipid —
soluble antioxidant (Bhagavan and
Chopra 2006) thus it acts as compensating
the decrease in dietary ME.

Nutrients digestibility:

The results in Table (10) indicated that
no alteration among the nutrients
digestibility due to the decreasing ME
content from 2760to 2660 Kcal/Kg diet
except for the digestion coefficient of ether
extract (EE) digestibility where EE
significantly (P<0.05) decreased by the diet
contained ME 2660 compared to 2760
Kcal/Kg diet. Also, the results illustrate
that all values of nutrients digestibility and
ash retention were nearly and no significant
(P>0.05) influence was observed as a
results of supplementation CoQ10,
however, the digestibility of EE tend to
significantly (P<0.05) increased for the
diet supplemented with 7.5 mg CoQ10 (n).
Conversely, the birds fed diet with 7.5 mg
CoQ10 (v recorded the lowest (P<0.05)
value of NFE than control by about 4.66%.
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On the other hand, supplementation of
CoQ10 ( insignificantly  (P>0.05)
increased both the digestibility of OM and
NFE compared to the control diet.

It is clear from the results that digestion
coefficient of all nutrients were not affected
(P>0.05) by the interaction between ME
and CoQ10 with exception EE and NFE
where the results showed that the
interaction between ME 2760 or 2660
Kcal/Kg diet and 7.5mg CoQ10 () resulted
in a significant increase in EE while NFE
was significantly (P<0.05) increased by the
interaction between ME 2760 Kcal/Kg diet
and 7.5mg CoQ10 @ by about 9%
compared to control diet. Conversely, the
interaction between the low level of ME
and CoQ10 resulted in insignificantly
(P>0.05) improve in respect of digestibility
CF and ash retention comparing with the
control diet.

Generally, the decreasing ME content
from 2760 to 2660 Kcal/Kg diet resulted in
a significant (P<0.05) increase in feed
intake/ hen as shown in Table (5) thus
results in the current study showed that no
alteration among the nutrients digestibility
results from the decreasing ME content in
the diet where, According to Wu et al.
(2005) when dietary energy decreased from
2,956 to 2,719 kcal of ME/kg, hens
adjusted feed intake from 101.1 to 107.6
g/hen per day to achieve a constant energy
intake so that the same amount of dietary
energy (5.8 kcal) was used to produce 1 g
of egg. But in our study, hens adjusted feed
intake from 96.67 to 104.5 g/hen/day, so
that 11.09 and 10.27 Kcal /day was used to
produce one gram egg for hens fed diet
2760 and 2660 kcal / Kg diet respectively.
In addition, with decreasing dietary energy,
nutrient intake such as protein, total sulfur
amino acids and lysine linearly increased
where, nutrient contents, except dietary
energy level as a main factor, were the
same values. The increase of nutrient intake
might explain why decreasing dietary
energy levels from 2,760 to 2,660 kcal of
ME/kg had no effect on nutrients
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digestibility and supports the hypothesis
that this probably is an ideal energy/protein
(lysine) ratio for optimal performance. In
addition, the beneficial effect on
digestibility of CF perhaps due to the low
dietary ME resulted in increase the feed
intake (Table 5) and consequently increase
the consumption of crude fiber, this due to
increase grinding activity of the gizzard
together with a better mixing of digestive
juices with the digesta attributable to the
increase in  antiperistaltic movements
within the GIT, might explain the positive
effects on the digestibility of crude fiber
(Jiménez-Moreno et al., 2009).

The digestion coefficient of CF and ash
retention closely correlated with the
productive performance where, these traits
were improved by supplementation 7.5 mg
CoQ10¢) to the diet contained low ME
(2660 Kcal/Kg diet) this improvement may
be attributed to the beneficial effect of
C0Q10. Two major functions are attributed
to this compound, namely as an electron
carrier in the mitochondrial respiratory
chain and as a lipid-soluble antioxidant
(Bhagavan and Chopra 2006). These
results agree with an earlier report by
(Geng et al.,2004) who showed that the
effective dose of CoQ10 may be as low as
20 mg/kg, also who reported that CoQ10
protects the cell membrane and cell
structure against peroxidation and thus
more tolerant to the metabolic stress.
Economic efficiency (EE):

Results concerning the EE of egg
production as influenced by the dietary
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treatments are shown in Table (11). The
results illustrated that the low level of ME
(2660 Kcal/Kg diet) resulted in a
significantly (P>0.05) higher EE than the
control by 8.81%. Also, the greatest value
of EE was produced by hens fed diet
supplemented with 7.5 mg CoQ10¢) / kg
diet which was significantly (P>0.05)
higher than control by about 13.4%. In
contrast, hens fed diet with 7.5 mg c0 Q10
m from 3% soybean oil produced the
lowest value of EE compared to the control
diet. In respect of the interaction between
ME and CoQ10, the greatest (P>0.05)
value of EE was produced by hens fed diet
contained the low level of ME +7.5 mg
CoQ10 () / kg diet followed by the diet
contained the requirement of ME+ 7.5 mg
CoQ10 () / kg diet. It is the most
remarkable is that the hens fed diet
contained 2760 kcal ME + 7.5 mg CoQ10
m / Kg diet.

CONCLUSION
The results in the current study
illustrated that laying hens is quite

convenient for fortification with CoQ10
and supplementation 7.5 mg CoQ10 ) / kg
diet contained low level of ME (2660
Kcal/Kg /diet) could be used a functional
feed additive in Sinai laying hens from 25
to 40 weeks of age which housed in laying
cages to maximize the productive
performance, economic efficiency and
improve the internal egg quality in respect
of the profile fatty acids.
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Table (1): Composition and calculated nutrients of experimental diets

Dietary ME (Kcal/Kg diet)

Diets Control Low energy diet

Ingredients CoQ10@ | CoQl0y | COQLO(n | CoQlOp | CoQlOy | COQL0(
Yellow corn 67.4 67.4 57.5 63.0 63.0 53.0
Soybean meal (44%) 22.15 22.15 21.15 21.0 21.0 20.35
Wheat bran 0.8 0.8 8.7 6.35 6.35 14
Soybean oil 0.0 0.0 3.0 0.0 0.0 3.0
Limestone 7.5 7.5 7.5 7.5 7.5 7.5
Dicalcium phosphate 1.5 1.5 1.5 1.5 1.5 1.5
Salt 0.3 0.3 0.3 0.3 0.3 0.3
Premix! 0.3 0.3 0.3 0.3 0.3 0.3
DI-methionine 0.05 0.05 0.05 0.05 0.05 0.05
Total 100 100 100 100 100 100
Calculated nutritional values 2
Crude protein% 15.10 15.10 1510 15.10 15.10 15.16
ME (Kcal / Kg) 2764 2764 2764 2663 2663 2664
Crude fat% 2.93 2.93 5.85 2.96 2.96 5.88
Crude fiber% 3.25 3.25 3.82 3.68 3.68 4.24
Calcium % 33.22 33.22 3.22 3.22 3.22 3.23
Av. phosphorus% 0.398 0.398 0.416 0.412 0.412 0.428
T. phosphorus% 0.595 0.595 0.636 0.627 0.627 0.667
Methionine% 0.328 0.328 0.322 0.326 0.326 0.322
Methionine + cystin% 0.584 0.584 0.586 0.589 0.589 0.592
Lysine % 0.819 0.819 0.817 0.811 0.811 0.818
Price (LE/kg)® 292.46 | 292.68 309.47 288.98 | 289.2 | 306.98

1- Each 3kg of Vit .and Min. premix contains 100 million 1UVit A;2 million IU Vit.D3;10 g Vit.E;
19 VitKs;1g Vit By 59 Vit B2 ;10 mg Vit.Biz ; 1.5 g Vit Bg; 30 g Niacin ;10 g Pantothenic
acid ;1g Folic acid;50 mg Biotin ; 300 g Choline chloride; 50 g Zinc; 4 g Copper; 0.3 g lodine ;
30 g Iron; 0.1 g Selenium; 60g Manganese ;0.1 g Cobalt; and carrier CaCO3 to 3000 g .

2- According to feed composition Tables of animal and poultry feedstuffs used in Egypt (2001)

3- Price of one kg (LE) at time of experiment for different ingredients : yellow corn, 2.27; Soy been
meal, 5.05; Corn gluten, 6.50; Wheat bran, 2.22; Olive cake, 0.80; sunflower meal, 2.75; Di-
calcium, 4.55; limestone, 1.50; Vit. & Min., 20.0; Na cl, 0.50 and Meth, 32.0
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Table (2): Effect of different levels of Metabolizable energy and

Body weight for Sinai laying hens

Coenzyme Q10 on

Factors Variables
Initial Body Final body weight Change body
weight weight
Energy(ME) Kcal/Kg diet
E1 (2760) 1238.8 1553.7° 314.9°
E2(2660) 1238.0 1583.0% 345.02
+SE mean 4.29 7.12 7.12
Significant NS * *
CoQ10
C0 Q10 (0) 1237.3 1570.5 333.1
Co Q10 (s) 1241.3 1562.7 321.3
Co Q10 (n) 1236.5 1571.9 335.35
+ SE mean 5.27 8.72 8.71
Significant NS NS NS
Interaction
S CoQ (0) 1234.7 1545.9 311.3
E CoQ (7.55) 1244 1554.3 310.3
CoQ(7.51) 1237.7 1560.7 323.1
o CO0Q (0) 1240. 1595.0 355.0
§ CoQ (7.55) 1238.7 1571.0 332.3
CoQ(7.5n) 1235.3 1583.0 347.6
+SE mean 7.43 12.33 13.32
Significant NS NS NS

SE mean= standard error mean; a,b :means in the same column bearing different
superscripts are significantly different (P<0.05). NS = non-significant; * = P<0.05
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Table (3): Egg weight and egg number of local Sinai hens fed diets containing different levels of Metabolizable energy(ME)and Coenzyme Q10

Factors egg weight -Age(weeks) Egg number -Age(weeks)
25-28 29-32 33-36 37-40 25-40 25-28 29-32 33-36 37-40 25-40
Energy(ME) Kcal/kg diet
E1 (2760) 39.1 42.09° 44.47° 45.45b 42.72b 15.212 18.66b 16.05° 12.55° 62.48b
E2 (2660) 39.61 43.132 45.882 47.46a 43.86a 14.28° 20.09a 18.31% 15.69? 68.47a
+SE mean 0.20 0.32 0.36 0.40 0.36 0.17 0.24 0.26 0.19 0.48
Significant NS * * * * * * * * *
Co Q10 mg/Kg diet
0 39.72 43.11 45,51 46.68 43.75 14.72° 18.87° 16.68° 13.86b 64.11b
7.5 mg (s) 39.592 42.31 44.67 45.97 43.1 15.6% 19.872 17.85% 15.42a 68.74a
7.5mg (n) 38.67° 42.41 45.36 46.72 43.03 13.93° 19.38%® 17.02%® 13.07c 63.56b
+SE mean 0.24 0.40 0.44 0.49 0.45 0.21 0.30 0.32 0.23 0.59
Significant * NS NS NS NS * * * * *
Interaction CoQ10*Energy
C0Q (0) 40.01 43.25 45.45 46.4 43.66 15.43 18.4 15.93 13.29« 63.06°
§ CoQ (7.5s) 39.34 41.13 43.44 44.52 41.95 16.1 18.83 16.23 13.77« 64.94°¢
N
CoQ(7.5n) 37.94 41.88 44,52 45.44 42.56 14.1 18.73 15.9 10.60¢ 59.444
CoQ (0) 39.57 42.97 45.56 46.97 43.84 14.0 19.33 17.43 14.43 65.17"
2 | CoQ (7.55) 39.84 43.48 45.90 47.41 44.25 15.1 20.9 19.47 17.09? 72.552
©
N 1 CoQ(7.5n) 39.41 42.94 46.19 48.01 43.49 13.77 20.03 18.04 15.54° 67.68°
+SE mean 0.34 0.56 0.62 0.70 0.63 0.30 0.42 0.45 0.33 0.84
Significant NS NS NS NS NS NS NS NS * *

SE mean= standard error mean ; a,b :means in the same column bearing different superscripts are significantly different
(P<0.05). NS = non-significant ; * = P<0.05
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Table (4): Egg production and egg mass of laying hens fed diets containing different levels of Metabolizable energy and Coenzyme Q10
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Factors egg production % -Age(weeks) Egg mass -Age(weeks)
25-28 29-32 33-36 37-40 25-40 25-28 29-32 33-36 37-40 25-40
Energy Kcal/kg diet
2760 56.31° | 66.63° 57.32° 44.86b 56.28° 595.12 785.1 709.0° 570.8° 2669.3
2660 52.92° [ 71.79° 65.412 56.02a 61.672 566.1° 867.5 840.6% 742.5 3004.1
+SE mean 0.62 0.68 0.92 0.68 0.43 6.33 12.30 11.61 12.04 36.22
Slgnlflcant * * * * * * * * * *
Co Q10 mg/Kg diet
0 54.,51° 67.38 59.58 49.51b 57.75° 585.7b 815.1 759.3 647.6° 2805.6°
7.5 mg (s) 57.742 71.01 63.75 55.1a 61.93° 617.3a 841.6 799.2 708.32 2967.3°
7.5 mg (n) 51.6° 69.23 60.77 46.71c 57.24° 538.7c 822.2 765.8 614.0° 2737.2°
+SE mean 0.76 0.83 1.12 0.83 0.53 7.75 15.19 14.22 14.0 44.37
Significant * NS NS * * * NS NS * *
Interaction CoQ10*Energy
- C0Q (0) | 57.16 65.71 56.91 47.48% 56.81° 617.5% 796.0 724.2% 616.8% 2753.2b¢
g CoQ7.5s | 59.54 67.26 57.97 49.18% 58.50"¢ 6332 774.6 704.7¢ 613.1% 2723.8™
CoQ7.5n | 52.22 66.91 57.09 37.91° 53.53¢ 534.9% 784.7 698.0 482.4¢ 2530.9°
- C0Q (0) | 51.85 69.05 62.26 51.54¢ 58.69 553.9%¢ 834.2 794.42 678.3% 2857.9°
§ CoQ7.5s | 55.93 74.76 69.52 61.022 65.372 601.7¢ 908.6 893.7¢ 803.5% 3210.8°
CoQ7.5n | 51.0 71.55 64.45 55.50° 60.95° 542.5¢ 895.7 833.6% 745.7% 2943 5%
+SE mean 1.08 1.17 1.59 1.17 0.74 10.96 21.31 20.11 20.9 62.75
Significant NS NS NS * * * NS * * *

SE mean= standard error mean; a,b,c :means in the same column bearing different superscripts are significantly different (P<0.05) NS = non-
significant ; * = P<0.05
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Table (5): Feed intake and feed conversion ratio of hens fed diets containing different levels of Metabolizable energy and Coenzyme Q10

Factors Feed intake / hen -Age(weeks) Feed conversion -Age(weeks)
25-28 29-32 33-36 37-40 25-40 25-28 29-32 33-36 37-40 25-40
Energy Kcal/kg diet
2760 93.12b 94.98° 96.54 102.04° 96.67b 4.24° 3.39 3.82 5.07 4.03°
2660 96.24a 106.0? 105.05 110.72 104.5a 4.6, 3.43 3.51 412 3.78P
+SE mean 0.58 0.42 0.48 0.63 0.35 0.03 0.05 0.05 0.09 0.05
Significant * * * * * * NS * NS *
Co Q10 mg/Kg diet
0 95.11b 100.81 99.13 103.46° 99.63° 4.40° 3.47 3.66 4.382 3.95
7.5 mg (s) 97.85a 101.07 103.33 109.472 102.9 4.29P 3.37 3.65 4.38° 3.86
7.5 mg (n) 91.08c 99.61 99.92 106.21° 99.2° 4572 3.40 3.68 5.04° 4.04
+SE mean 0.71 0.73 0.59 0.77 0.43 0.04 0.06 0.07 0.11 0.06
Significant * NS * * * * NS NS * NS
Interaction CoQ10*Energy
o coQ @) 94.82 96.992° 96.22 101.73° 97.44° 4.15 3.41 3.72 4.62 3.93
(o]
N CQ7% | gp01 93.95¢ 96.92 10361° | 97.63° 4.10 3.4 3.86 4740 3.98
L
CoQT3n | gg 53 94.0¢ 96.48 100775 | 9495 4.47 3.36 3.88 5.87a 4.18
3 CoQ (0) 95.40 104.622 102.03 105.19° 101.81° 4.65 3.52 3.60 4.14 3.96
& | CoQ75; 99.69 108.18¢ 109.75 115.33% 108.2% 4.48 3.33 3.44 4.03¢ 3.74
L
CoQ7.5, 93.62 105.2% 103.36 111.64%® 103.46% 4.66 4.43 3.48 4.20 3.91
+SE mean 1.0 0.73 0.83 1.10 0.61 0.06 0.08 0.10 0.15 0.09
Significant NS * * * * NS NS NS * NS

SE mean= standard error mean; a,b,c :means in the same column bearing different superscripts are significantly different (P<0.05). ; * = P<0.05
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Table (6): Egg quality of local Sinai hens fed diets containing different levels of
Metabolizable energy and Coenzyme Q10

Variables
Shape Shgll Yo_Ik Alt_)umin _Yolk Sh_ell Haugh
Factors index \é}:lght \gflght \(%alght index thickness | u.

Energy Kcal/kg diet
2760 0.777 12.07 29.72 58.21 0.218 0.311 91.22
2660 0.780 12.38 30.45 57.17 0.214 0.313 89.33
+SE mean 0.01 0.28 0.39 0.54 0.002 0.004 0.98
Significant NS NS NS NS NS NS NS
Co Q10 mg/Kg diet
0 0.778 12.24 29.71 58.05 0.213 0.305° 91.33
7.5 mg (s) 0.782 12.54 30.56 56.89 0.213 0.3222 89.50
7.5 mg (n) 0.775 11.88 29.98 58.14 0.222 0.310%® 90.00
+SE mean 0.007 0.34 0.47 0.66 0.003 0.005 1.21
Significant NS NS NS NS NS * NS

Interaction CoQ10*Energy

coQ©) | 0777 | 1230 | 29.19 5851 | 0.213 | 0317° | 91.33
CoQ 0.78 1245 | 30.66 56.89 0217 | 0317° | 91.00
(7.5:)

3 |coQ 0773 | 1145 29.29 59.25 0223 | 0300° | 91.33
~ | (7.5)
coQ© | o780 | 1219 | 3022 57.59 0213 | 0203 | 91.33
CoQ 0783 | 1263 | 3047 56.90 0210 | 0.327° | 88.00
(7.5)
2 | coQ 0777 | 1231 | 3067 57.02 0220 | 0.320° | 88.67
| (7.5,
+SE mean 0.010 0.48 0.67 0.94 0.004 | 0.007 1.71
Significant NS NS NS NS NS * NS

SE mean= standard error mean ; a,b,c :means in the same column bearing different superscripts are
significantly different (P<0.05). NS = non-significant ; * = P<0.05
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Table (7): Blood hematology and viability (%) of local Sinai laying hens fed diets
containing different levels of Metabolizable energy and Coenzyme Q10

Traits WBC Count, % o
H/L | Viability, %

Factors (x103/mm?d) H L

Energy Kcal/Kg of diet

E1 2760 23a 21.11b 77.44 0.27a 96.67
E2 2660 20b 23.67a | 75.00 | 0.32b 96.67
Pooled SEM 0.71 0.89 0.83 0.01 1.93
Significance * * NS * NS
CO0 enzyme Q10 (Co Q10) (mg/kg)

0.0 22 20.67b 78.17 0.27° 96.67
75s 20 23.50a 75.00 0.32% 96.67
7.7n 225 23..00ab | 75.00 | 0.31% 96.67
Pooled SEM 0.87 0.84 1.02 0.02 2.36
Significance NS * NS * NS

Interaction Energy*Co Q10

0.0 24 1933 | 7933 | 0.24 96.67
8 | CoQ(75) 21 2200 | 77.00 | 0.29 96.67
| CoQ(7.50) 24 2200 | 76.00 | 0.29 96.67

0.0 20 2200 | 77.00 | 0.29 96 67
3 | CoQ(75) 19 2500 | 73.00 | 0.34 96.67
1 CoQ(7.50) 21 2400 | 75.00 | 032 96.67
Pooled SEM 1.23 1.19 144 | 0.02 3.33
Significance NS NS NS NS NS

HB= hemoglobin; WBC = white blood cells; H= heterophils cells; L = lymphocyte cells;
SEM= standard error mean ; a,b :means in the same column bearing different superscripts are
significantly different (P<0.05). NS = non-significant ; * = P<0.05
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Table( 8): Polyunsaturated fatty acids(%) of eggs from local Sinai laying hens fed diets
containing different levels of Metabolizable energy and Coenzyme Q10

Traits Polyunsaturated fatty acids (%)

Factors Cl8:2m®6 Cl8:2®3 C20:4 »6

Energy Kcal/Kg of diet

E1 2760 9.56" 0.164 1.04°
E2 2660 11.36% 0.203 1.322
Pooled SEM 0.40 0.02 0.07
Significance * NS *

CO0 enzyme Q10 (mg/kg diet)

0.0 8.64° 0.127° 1.192
7.5 syncretic(7.5s) 8.56° 0.066° 0.97°
7.7 natural (7.5y) 14.18% 0.3572 1.38?
Pooled SEM 0.49 0.03 0.09
Significance * *

Interaction Energy*Co Q10

0.0 7.28 0.110 0.89

3 CoQ(7.5) 7.65 0.037 0.81

~ CoQ(7. 1) 13.75 0.345 1.41

0.0 10.00 0.145 1.48

3 CoQ(7.54) 9.00 0.095 1.13

N CoQ(7.51) 9.46 0.370 1.36
Pooled SEM 14.62 0.04 0.11
Significance NS NS NS

C18:2 6= Linolnic acid ; C18:2 o 3=Lenolenic acid ; C20:4 6= Arachidonic acid
SEM= standard error mean ; a,b :means in the same column bearing different superscripts are
significantly different (P<0.05). NS = non-significant; * = P<0.05
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Table( 9): Saturated and monounsaturated fatty acids (%) of eggs from local Sinai laying
hens fed diet containing different levels of Metabolizable energy and Coenzyme Q10

C14:0=Myristic acid ; C16:0=Pametic acid ; C18:0=Stearic acid C18:109= Oleic acid C18:1
®7=Vaccinic acid; C16:1®9= Palmitoleic acid; SEM= standard error mean ; a,b,c,d,e :means in the

same column bearing different superscripts are significantly different (P<0.05); NS = non-
significant; * = P<0.05
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Table (10): Nutrients digestibility coefficient of local Sinai laying hens fed diets containing
different levels of Metabolizable energy and Coenzyme Q10

Nutrients digestibility coefficient

Traits
Factors DM CP EE CF QSh oM NFE TDN
Energy Kcal/Kg of diet
E1 2760 71.14 95.29 | 42.89* | 19.95 | 48.31 | 74.18 | 78.83 | 61.68
E2 2660 70. 46 94.75 | 36.91° | 24.01 | 54.85 | 72.71 | 78.66 | 60.45
Pooled SEM 0.64 0.50 1.87 1.57 1.43 058 0.81 0.57
Significance NS NS * NS NS NS NS NS
CO0 enzyme Q10 (Co Q10) (mg/kg)
0.0 70.52 9496 | 27.57° | 21.03 | 49.62 | 73.34 | 79.64% | 60.47
75s 71.63 94.83 | 28.42° | 19.93 | 49.62 | 74.41 | 80.67% | 61.06
7.7n 70.26 95.27 63.71% | 24.97 | 54.34 | 7259 | 75.93° | 61.67
Pooled SEM 0.78 0.61 2.29 1.92 1.75 0.71 0.99 0.70
Significance NS NS * NS NS NS * NS
Interaction Energy*Co Q10
0.0 70.67 95.37 31.77p | 17.54 | 45.38 | 73.96 | 80.58% | 61.56
S 75s 73.33 95.52 32.52° | 18.64 | 49.33 | 76.33 | 82.75% | 62.77
N 7.5n 69.42 94.97 64.38% | 23.67 | 50.21 | 72.24 | 73.32° | 60.70
0.0 70.36 | 94.54 | 23.37° | 24.52 | 53.87 | 72.71 | 78.70% | 59.37
3 75s 69.92 94.14 | 24.33° | 21.22 | 52.21 | 72.48 | 78.77% | 59.35
N 7.5n 71.10 95.57 63.03% | 26.28 | 58.46 | 72.94 | 78.53%° | 62.64
Pooled SEM 1.10 0.86 3.24 2.71 2.48 1.01 1.39 0.99
Significance NS NS * NS NS NS * NS

SEM= standard error mean

significantly different (P<0.05). NS = non-significant; * = P<0.05
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Table (11): Economic efficiency of egg production from local Sinai laying hens fed diets
containing different levels of Metabolizable energy and Coenzyme Q10

ltems Total Price
Total feed feed Egg Total Net
of one EEF
consumed/ | consumed | number/ o return | return (%) 2
hen (Kg) [ cost/ hen hen 99 (LE) (LE)
Factros (LE): (LE)
Energy Kcal/Kg of diet
b
E1 2760 10.73 31.99 62.48 0.70 43.72 11.73 36.88
E2 2660 116 34.21 68.47 0.70 47.93 13.72 40.132
Pooled SEM 0.92
Significance *
CO0 enzyme Q10 (Co Q10) (mg/kg)
b
0.0 10.06 32.15 64.11 0.70 44.88 12.74 39.62
75s 11.42 33.22 68.74 0.70 48.12 14.91 44,932
C
7.7n 11.01 33.93 63.56 0.70 44.47 10.53 30.96
Pooled SEM 1.12
Significance *
Interaction Energy*Co Q10
b
0.0 10.82 31.63 63.06 0.70 44.14 12.51 39.572
§ 75s 10.84 31.72 64.94 0.70 45.46 13.74 43.55%
N
7.5n 10.54 32.61 59 44 0.70 41.55 8.94 27.52°
b
0.0 11.30 32.66 65.17 0.70 45.62 12.96 39.67°
% 75s 1201 34.72 79 55 0.70 50.79 16.07 46.31°
N b
7.5n 11.48 35.25 6768 0.70 47.38 12.13 34.41
Pooled SEM 1.59
Significance *

LE= Egyptian pound. ! According to price at the experimental time
EEF (%) = economic efficiency (%) = (Net return LE /Total feed cost LE) x 100 2
a,b,c,.. : means in the same column bearing different superscripts are significantly different ( p <
0.05)
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