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ABSTRACT

This experiment aimed to study effects of metabolizable energy and protein levels on the productive and reproductive
performance of Sinai laying hens from 24 to 40 wk. A total of 180 Sinai laying hens was randomly assigned to six experimental diets of
2,850 (Hwe = high ME), or 2,700 = low ME) kcal of ME/kg, each containing CP levels of 18% (Hcp = high CP), 16% (Mcp = medium
CP), or 14% (Lcp = low CP) in a 2x 3 factorial arrangement of treatments. Each dietary treatment contained 30 single-caged birds. The
results were obtained as follows: final body weight (FBW), change in body weight (CBW), daily protein intake, daily energy intake,
protein efficiency ratio (PER), energy efficiency ratio (EER), feed conversion ratio (FCR), egg number (EN), egg weight (EW), daily
egg mass (EM), hen-day egg production rate (HDEP), were significantly improved in birds fed the high-energy-diets (P<0.01) compared
with those fed the low-energy-diets. However, birds fed the low-ME diets consumed more feed compared with fed on high-energy-diets.
Birds fed the diets termed as (Hcp or Mcp) displayed significantly higher (P<0.01) final body weight (FBW) and change in body weight,
egg number and hen-day egg production rate than those received the low-CP diet (P<0.01). Increasing dietary protein level led to a
gradual improvement in FBW (g), CBW, daily protein intake, EER, FCR, egg number, egg weight, daily egg mass and hen-day egg
production rate. Interactions between ME and CP levels in the previously mentioned criteria were significant (P<0.05). Plasma
cholesterol was significantly increased as a result of feeding on the high-ME diets compared with those given the low-ME diets. The
same trend was also observed in respect of protein levels where there were significant differences on plasma activity of ALT which
significantly increased (P<0.01) when hens were fed on the high-CP diets compared with those fed on the diets containing Lcp and Mcp.
Plasma cholesterol was significantly increased (P<0.01) by increasing ME level in the diet with any dietary protein level compared with
other treatment groups.The present results revealed that the diets containing ME level of 2,850 kcal/kg with 18 or 16% protein can
improve egg production characteristics of Sinai laying hens. From the economic view point it can be suggested that a diet containing
16% protein with 2850 kcal/kg is optimal for Sinai laying hens to achieve the highest profitability compared with other treatments during

studied period from 28-40 weeks of age.
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INTRODUCTION

It is well known that dietary energy and protein are
the most important nutrients in layer diets. The laying hens
utilize the nutrients provided in their diets to produce eggs,
so, the formulation of the diets is very important to
producers since feed cost account for 65 to 75% of the cost
of egg production (Bell and Weaver, 2002). Dietary energy
levels can affect the cost of the production, because
increasing energy by the addition of fat can significantly
decrease feed intake, increase egg weight, and improve feed
conversion ratio (Grobas et al., 1999, Wu G. et al., 2005).
Feeding inadequate energy levels may result in a reduction
in egg production and body weight, and poor egg quality
(Araujo and Peixoto, 2005). In this respect of Hussein et al.
(2010) reported that productive performance, egg quality or
eqg fertility and hatchability of Sinai laying hens were not
significantly affected as a result of increasing protein content
from 14-18% in the diets. Meanwhile, Mareiy et al. (2009)
fed local laying hens from 24-40 wks of age on diet with
different nutrient densities (CP, ME, lysine, methionine, Ca
and available P) and observed that body weight gains, feed
intake of hens were significantly affected by experimental
treatments. They also reported that egg production, egg
mass, egg weight and feed intake were (P<0.05) improved
with increasing nutrient density of diet by 5 or 10% over the
control diet. They also found that fertility %, hatchability %
and chick weight at hatch were positively affected by
elevating the dietary nutrient density. Tesfaye et al. (2019)
observed no significant variations in final body weight, egg
production, egg weight, FC, egg quality, fertility and
hatchability when hens fed on diets different protein-energy
levels (16-2750, 16.5-2800, 17-2900 and 16% CP-2700 ME
kcal/kg diet) but egg mass, feed efficiency and profitability
were significantly better in hens fed the diet had at 16.5%
CP and ME at 2800 kcal /kg compared with other diets.

Technically laying hens, like other organisms, do not
have a requirement for the molecule of crude protein itself.
However, adequate CP content must be available in the diet
to provide them with the essential amino acids (NRC, 1994).
A lot of nutritionists have studied how the egg weight is
influenced by diet characteristics. Increasing diet protein has
resulted in an improvement in egg size (Keshavarz and
Nakajima, 1995). Shim et al. (2013) demonstrated that
dietary protein level is a limiting factor for body weight,
daily feed intake, egg weight, egg production, and feed
conversion ratio.

Numerous studies have been carried out on the
nutrient requirements of laying hens, but few studies have
been done using the local chickens Sinai. Therefore, the aim
of this experiment was to study effects of different
concentrations of dietary ME and CP on productive and
reproductive performance of Sinai laying hens from 24 - 40
weeks of age.

MATERIALS AND METHODS

An experiment was conducted at Gimmizah Research
Station, Animal Production Research Institute, Agriculture
Research Center, Ministry of Egypt. One hundred and eighty
Sinai laying hens (24-wk-old) were used in this experiment.
The hens were distributed at random to six equal
experimental treatments, each with 30 hens. All birds were
weighed individually and kept in wire cages (40 x 35 x 60
cm) under the same managerial condition. The experimental
design used was completely randomize with factorial
arrangement of treatments (2X3). Six experimental diets
containing two metabolizable energy (ME) levels 2700 (Lye
= low ME) and 2850 (Hye = high ME) kcal/kg, and three
crude protein levels being 18% (Hcp = high CP), 16% (Mcp =
medium CP), or 14% (Lcp = low CP) were formulated as
shown in Table 1. The suggested dietary energy and protein
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levels for Sinai laying hens were intended to define the
optimal levels of dietary energy and protein which can
optimize their productive and reproductive performance. The
experiment period was terminated at 40 weeks of age. Feed
and water was offered ad-libitum through the entire
experimental period. A constant daily photoperiod of 16
hours was used.

Table 1. The composition and calculated analysis of the

experimental diets fed to Sinai laying hens
Experimental diets

Ingredients 1 5 3 7 5 6

Yellow corn 62.00 62.00 57.40 63.50 62.75 59.30
Soy bean meal 44% CP 1850 18.00 25.40 19.40 20.50 25.32
Corn gluten meal 629 CP  0.00 4.00 3.00 0.00 3.00 3.70
Wheat bran 830 610 360 450 210 00
Limestone 770 770 770 770 7.70 7.60
Di-calcium phosphate 160 160 160 160 160 1.60
Soya Qil 130 000 070 270 175 188
NaCl 030 030 030 030 030 030
*Vit. + Min. Premix 030 030 030 030 030 0.30
Total 100 100 100 100 100 100

**Calculated analysis
1416 16.09 179 14.10 16.00 17.92
2701 2702 2703 2853 2852 2845

Crude Protein %
ME (kcal/kg)

Crude fiber % 3.69 3497 3629 3372 328 328
Ether Extract% 426 2958 342 531 458 447
Calcium % 3281 3279 340 3279 328 325

Non-phytate P.% 0442 0.440 0.432 0.432 0431 0423
Lys., % 0.749 0.759 0.938 0.751 0.797 0.926
Meth., % 030 032 032 029 031 0346
Meth. & Cyst. 0516 0.608 0.644 0510 0591 0.650
Feed cost (L.E/kg) 4549 4763 4.974 4747 4958 5212

*Premix at 0.3 % of the diet supplies, the following per kg of the diets:
Vit. A 10000 IU; Vit. cholecalciferol 3120 1U; Vit. E., 36 1U;
menadione, 24 mg; Thiamine, 1.2 mg; Pyridoxine, 2.4 mg;
Pantothenic acid, 14.4 mg; Vit. B12, 0.02 mg; Riboflavin, 7.2 mg;
Folic acid, 0.72 mg; Niacin, 60 mg; Biotin, 0.06 mg; Choline, 250
mg; Zn, 100 mg; Fe, 80 mg; Copper 12 mg; Cobalt 100 mg; lodine,
1 mg; Se, 0.3 mg; Mn, 55 mg; ethoxyquin 3000 mg.

** according to NRC,1994.

Criteria response:

Live body weight for each hen was recorded at the
beginning and the end of the experimental period (24 and
40 wks); hence change in body weight (CBW) was
calculated. Egg number (EN) was recorded daily but feed
intake and egg weight (EW) were determined once a week.
Egg mass (EM), feed conversion ratio (FCR) (g feed
intake: g egg mass), protein efficiency ratio (PER) (g CP
intake / g egg mass), energy efficiency ratio (EER) (kcal
ME intake/ g egg mass) were also calculated.

Egg quality measurements were performed to
determine some external and internal indices, and egg
components. At 30, 31 and 32 weeks of age 30 freshly-laid
eggs were randomly collected from each treatment. After
that they were weighed individually and the widths and
lengths were measured to determine egg shape index.
Then, they were broken onto a smooth level surface to
measure albumen height, yolk height and yolk diameter
were measured. The weights of shell and yolk for
individual eggs were determined while; shell thickness was
measured using a standard micrometer. Yolk index was
calculated as yolk height x 100 divided by yolk diameter.
Egg-shape index was calculated as egg width x 100
divided by egg length. Egg specific gravity was calculated
according to Harms et al. (1990). Egg surface area (ESA) =
3.9782EW®%® (Carter, 1974, 1975).

The thick albumen height and egg weight were
used to calculate the Haugh unit score for each egg as
indicated by Larbier and Leclercq (1994), as follows:

Haugh units = 100 log (H + 7.57 — 1.7w>*")
Where H is thick albumen height (mm) and W is egg weight (g).

Hens of each experimental group were artificial
inseminated with a fixed volume of freshly collected semen
from cockerels fed a diet containing 16% CP and 2750 kcal /
kg diet. Three hatches were done at 33, 34 and 35 weeks of
age. Percentage of egg fertility and hatchability were
calculated.

The optimal protein and energy levels used in hens
diets was evaluated in terms of productivity, change in body
weight, hatch weight of chicks and feed cost throughout 28-
40 wk. of age. Economical efficiency of feed (EEF) was

calculated according to the following equation:
EEF= (sale price of body weight change+price of hatch chicks)— total feed cost

total feed cost X100
Blood samples were collected from each treatment

in heparinized test tubes at the end of experimental period,
and then plasma were separated and stored at -20 °C for
later analyses. Plasma levels of total protein, albumin,
globulin, cholesterol and glucose, and activity
transaminases (AST and ALT) were determined by
colorimetric methods using available commercial kits.
Statistical Analysis

Data obtained were statistically analyzed using the
General Liner Model (GLM) procedure by means of two-
way analysis of variance using SPSS computer program
(SPSS, 2011). The following model was used: Yj= p +ME;
+ P+ (ME P) j + ejj. Where Y = observed traits. p = The
overall mean. ME; = The effect of metabolizable energy (i=
1, 2), P; = The effect of protein level (j=1, 2 and 3), (ME x P);
= Interaction between the energy and protein and ej =
Random error. The differences between experimental groups
were tested for significant by Duncan’s multiple range test.
(Duncan,1955).

RESULTS AND DISCUSSION

Productive performance:
Body weight and feed intake:

Data presented in Table 2 show the effect of ME and
CP levels and their interactions on FBW, CBW, daily feed
intake (DFI), protein intake and energy intake. All birds were
similar in initial body weight at 24 weeks of age with no
significant differences among them while, at the end of the
experiment (at 40 weeks of age), the hens fed the diet of Hye
content had the heavier FBW than that of the hens fed Lye-
diet. The birds fed Lye diet consumed more feed (P<0.01)
than those fed Hye diet. Also the daily protein intake
(P<0.05) and daily energy intake (P<0.01) of the former were
significantly higher than those fed the Hye diet. Our results
are in accordance with those of Nofal et al. (2018), who
demonstrated that hens fed on a high-energy diet (2800 ME
kcal/kg) were significantly (P<0.01) increased in FBW and
body weight gain than those fed on a low-energy diet (2600
ME 2600 kcal/kg) and they added that hens consumed more
feed in response to feeding on the diet containing lower ME
content (2600 kcal /kg) than those fed on the diet containing
higher ME content (2800 kcal/kg) In harmony with our
result, Omara et al. (2009), reported that body weight gain for
Lohmann Brown hens, were significantly increased as a
result of feeding the energy-sufficient diets, than the birds fed

216



J. Animal and Poultry Prod., Mansoura Univ., Vol.10 (7), July, 2019

diets with lower energy contents. This may be due to the fact
low dietary ME levels reduced available energy for fat
deposition resulting in decreasing body weight gain. Ding et
al. (2016) indicated that hens fed diet with 2750 kcal ME/kg
displayed higher DFI than birds fed on diet with 2650 kcal
ME/kg diet.

It is clearly that FBW, CBW and daily protein intake
were significantly increased with increasing the protein level
in the diet. Neither DFI nor daily energy intake were been
affected by dietary CP levels studied (Table, 2). This result
was agreed with the findings by Kumari et al. (2016) who
found that increasing protein content of the diet resulted in
increases in the body weight. In the same trend Yakout
(2010) indicated that the best value of body weight gain was
obtained by layers fed high-CP diets. Bouyeh and Gevorgian
(2011) reported that the hens fed diet high-protein content
(14%) gave the highest value of body weight as compared to

those fed the low-protein level (13%) throughout egg
production period. Bunchasak et al. (2005) indicated that the
feed intake of laying hens was not significantly affected by
dietary CP levels (14, 16 and 18% CP). Hussein et al. (2010)
illustrated that neither dietary energy levels (2600, 2650,
2700, 2750 and 2800 kcal ME/kg) nor protein levels (14, 15,
16, 17 and 18%) affected body weight, and feed intake of
Sinai laying hens. On the other hand, Sohail et al. (2003)
noticed that reducing dietary CP levels were not significant
effect on body weight of laying hens, this effect may be
attributed to the balance and availability of amino acids used
in experimental diets studied. On the other hand, Singh et al.
(2019) reported FBW of hens fed 18%-CP diet was
significantly increased than hens fed 21%-CP (P<0.05). This
may be attributed to significantly higher quantity of feed
consumption or higher of fat deposition as compared to other
dietary treatments.

Table 2. Effect of dietary metabolizable energy and protein levels and their interactions on live body weight, feed
intake, daily protein intake and daily energy intake of Sinai laying hens

Treatments Initial BW Final body Body weight Daily feed Daily protein ~ Daily energy
(@ weight (g) change (@) intake (@) intake (@) intake (kcal)
Energy levels (E)
E 12700 kcal/kg 1449.09+7.99 1565.40+7.38° 116.31+7.02° 103.44+0.55° 16.64+0.24°  279.96+1.49°
E 2 2850 kcal/kg 1453.5318.83 1592.64+6.60  139.11+7.28% 95.80+0.72°  1538+0.25"  273.20+1.99"
Significance level NS el * el * *x
Protein levels (P)
P1 14% 1451.40+10.80 1540.53+7.98° 89.13+5.91° 100.80+1.08 14.24+0.16° 280.17+2.42
P2 16% 1448.27+10.84 1593.9746.97% 145.70+7.91° 98.93+1.21 15.89+0.20° 274.53+2.55
P3 18% 1454.27+09.40 1602.07+7.72° 148.30+8.46° 99.13+0.81 17.89+0.14% 274.98+1.58
Significance level NS *x *x NS il NS
Interactions
ELXP1 1446.33+12.96  1525.33+10.37°  79.00+6.26°  104.40+1.13*  1478+0.16°  283.03+3.06°
E1XP2 1455.47+16.61 1581.33+11.45°  135.87+11.19*  103.80+0.83° 16.70+0.13° 280.78+2.24°
E1XP3 1455.47+12.38 1589.53+10.01%  134.07+12.28°  102.13+0.80° 18.42+0.15% 276.07+2.71®
E2XP1 1456.47+17.65 1555.73+£11.09° 99.27+9.54° 97.20+1.30° 13.71+0.18° 277.31+3.72%
E2XP2 1451.07+14.50 1606.60+6.88% 155.53+10.96* 94.07+1.41° 15.07+0.23° 268.28+4.03"
E2XP3 1453.07£14.58 1615.60+9.57% 162.53+10.81* 96.13+0.87° 17.35+0.16° 273.97+2.33%
Significance level NS ** ** ** ** *

3P .. For each of the main effects, means in the same column bearing different superscripts differ significantly (P<0.05) NS = not significant *:P<

0.05, **:P< 0.01

The effects of interaction between ME and CP
contents were significantly (P< 0.01) on both FBW and
positively correlated in body weight change, DFI and protein
intake since the hens fed the diet with H ;; and H e gave the
heavier FBW and CBW than those hens fed on the Lye and
L cp-diets. On the other side, the hens fed on diets of Lye
content consumed more (P<0.01) DFI and daily protein
intake than those fed Hye-diets regardless of protein levels.
However, the hens fed on Ly and Hep-diets recorded the
highest daily protein intake (P<0.01) compared with other
treatment groups, while the lowest daily protein intake was
obtained by feeding on diets containing Lye and Lcp-diets.
Feed consumption in poultry is regulated by nutrient density
in the diet and more specifically to meet their requirements of
energy and protein.

Feed conversion ratio (FCR):

Effect of dietary energy and protein levels and their
interaction on protein efficiency ratio (PER), energy
efficiency ratio (EER) and feed conversion ratio (FCR), is
listed in Table 3. The results reveal that (PER), (EER) and
(FCR were significantly (P<0.01) affected by both CP and
ME levels, and there were significant (P<0.01) interaction
effects between ME and CP on these parameters (Table, 3).
The results showed that feeding the Hye-diets resulted in
highest means of efficiency FCR, EER and PER. On the

same manner, the FCR and EER were significantly improved
by feeding hens on diets of higher CP levels, meanwhile,
lower dietary CP level showed better PER than the higher
one. Our results are in agreement with those results reported
by Hassan et al., (2000) and Yakout et al., (2004), who
reported that increasing protein level in layer diets improved
FCR. Salah Uddin et al. (1992) reported that feed conversion
efficiency of commercial layers increased as the dietary CP
and ME levels increased. Also, Nofel et al. (2018) showed
that feed conversion of laying hens was significantly
(P<0.01) improved with increasing energy content in the
diets. The same trend was observed by some of researchers
who found that increasing dietary energy or fat decreased FI
and improved FCR of laying hens (Bryant et al., 2005, and
Wau et al., 2005). Chaiyapoom and Taweesak (2005), from
data on laying hens, found that protein conversion ratio was
significantly improved with decreasing the protein intake
(P<0.01). Zeweil et al. (2011) reported that decreasing
protein and increasing methionine levels in laying hen diets
significantly increased apparent CP digestibility.

There were significant interactions (P<0.01) between
dietary protein and energy levels on PER, EER and FCR as
presented in Table, 3. The EER and FCR were significantly
improved linearly with increasing protein and energy levels
in the diet. Hens fed the diets containing Mcp and Hye
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achieved the best values of EER and FCR than those of other
treatment groups, while the worst values of the two traits
were obtained from hens fed on diets of low energy and
protein content (Lcp and Lyg). On the other side, the best
value of PER was obtained by feeding hens on diets
containing Hep and Mcp With Lye than other treatments.
Table 3. Effect of dietary metabolizable energy and
protein levels and their interactions on protein
efficiency ratio (PER), energy efficiency ratio
(EER), and feed conversion ratio (FCR) of
Sinai laying hens

Treatments PER EER FCR
Energy levels (E)
E12700kcallkg ~ 0.549+0.006° 9.26+0.10°  3.42+0.04°
E22850kcallkg ~ 0.481+0.007° 857+0.10°  3.01+0.04
Significance level *x *x *x
Protein levels (P)
Pl 14% 0.479+0.007° 9.42+0.12%  3.39+0.05°
P2 16% 0.5107+.011° 8.81+0.15° 3.18+0.07%
P3 18% 0.554+0.006° 8.52+0.07°  3.07+0.04°
Significance level *x ** **
Interactions
E1XP1 0.507+0.007° 9.71+0.13®  3.58+0.05°
E1XP2 0.558+0.009° 9.39+0.15®  3.47+0.06%
E1XP3 0.580+0.006° 8.69+0.09° 3.22+0.03"
E2XP1 0.452+0.008" 9.14+0.16°  3.21+0.06"
E2XP2 0.463+0.009" 8.24+0.17°  2.89+0.06°
E2XP3 0.528+0.006° 8.34+0.10%  2.93+0.03°
Significance level *x *x *x

30 .. For each of the main effects, means in the same column bearing
different superscripts differ significantly (P<0.05) **:P<0.01).

Laying performance:

Data presented in Table 4 show that dietary CP and
ME levels significantly (P<0.01) affected egg production
parameters (EP); including EN, EW (g), EM (g/day) and hen
day egg production rate (HDEPR). There were positive
correlation between dietary energy and protein levels in the
previously mentioned traits which were significantly
improved by increasing dietary energy and protein levels.
Hens fed on low-energy diet (Lyve) caused significant
reduction in all EP parameters; EN, EW, EM and HDEPR
than those fed on the high-energy diet (Hye) content. Similarly
the previously mentioned traits were gradually increased by
increasing dietary protein level and that hens fed on the low-
protein diets (Lcp) had significantly poorer EP parameters
compared with other treatments. However, there were no
significant differences in EN, EW and HDEPR when hens
were fed on the diet containing 16 or 18% CP. The reduction
in EP parameters of on hen fed the Lcp-diet may be attributed
to reducing energy level may have been caused, at least partly,
by the associated with reduction in essential amino acid intake.

There were significant effects in interaction between
CP and ME levels on EP that the diets of Hep and Mcp with
any ME level improved utilization of CP and EP traits (Table
4). While the best EP parameters were achieved by hens fed
diet containing Hye and Mcp or Hep compared with other
treatment groups. On the other hand, hens fed on the diets
Lve and Lcp recorded the worst value of EP parameters
compared with the other diets. These results are in
accordance with results obtained by Rama Rao and Tirupathi
Reddy (2016) whom found that reduction in egg production
rate, FCR, EW and EM in response to reducing dietary
protein level when fed white leghorn layers at 17.5, 16.5 and
15.5 % CP. They added that FI was not affected by dietary

CP. The egg production rate was lower in the group fed with

15.5% CP diet than those fed 17.5 and 16.5% CP. They also

found that EW was reduced with lowering in dietary CP

level. Keshavarz and Nakajima, (1995) and Mareiy et al.,

(2009) reported that EP parameters of laying hens were

improved by improving the nutrients utilization of diets of

high nutrient concentrations. Also, some researchers
concluded that EP was improved significantly by increasing
dietary protein level (Hassan et al., 2000; and Yakout et al.,

2004). On the other contrary, Zeweil et al. (2011) and

Hussein et al. (2010) suggested that EP was not affected

significantly by different dietary levels of protein.

The improvement of EP parameters due to feeding

high nutrient-density diets, might be due to providing a

satisfactory supply of essential and non essential amino acids

to layers (NRC, 1994), and consequently improving the

nitrogen utilization (Zeweil et al. 2011; Phuoc et al., 2019),

and possibly increasing energy by the addition of fat can

significantly decrease FI, increase EW, and improve FCR

(Wu G. etal., 2005).

Table 4. Effect of dietary metabolizable energy and
protein levels and their interactions on egg
number, egg weight, daily egg mass and egg
production rate of Sinai laying hens

E Egg Daily Hen-day egg
Treatments nun?ger weight egg production
(9) mass (g)  rate %

Energy levels (E)
E 12700 keal/kg 64.02+0.38" 49.64+0.29° 30.28+0.22 60.97+0.36
E 2 2850 keal/kg 65.75+0.39* 50.88+0.27% 31.87+0.23" 62.62+0.37°
Significance level ** *x ol ol
Protein levels (P)

P1 14% 63.19+0.41° 49.43+0.35" 29.75+0.21° 60.18+0.39°
P2 16% 65.13+0.58° 50.36+0.39% 31.25+0.33" 62.02+0.53°
P3 18% 66.34+0.33% 51.00+0.27% 32.23+0.18% 63.18+0.31°
Significance level el ** ** o
Interactions

E1XP1 62.56+0.45° 48.93+0.56" 29.15+0.22% 59.58+0.43°
E1XP2 63.500.78" 49.50:+0.40™ 29.94+0.38° 60.48+0.74°
E1XP3 66.000.38% 50.50+0.44% 31.74+0.27° 62.86+0.36%
E2XP1 63.81:+0.66° 49.93+0.41° 30.34+0.31° 60.77+0.63°
E2XP2 66.75+0.58° 51.21+0.60% 32.55+0.30% 63.57+0.55°
E3XP3 66.60+0.54% 51.50+0.25% 32.71+0.27* 63.51+0.51°

Significance level el ** ** o

ab_... For each of the main effects, means in the same column bearing
different superscripts differ significantly (P<0.05) **:P<0.01).
Egg quality and reproductive parameters:

Results in Tables 5 and 6 showed that neither ME nor
CP levels affected hatchability characteristics or any of egg
quality measurements. The same trend was observed in
interaction between studied factors. These results are in
accordance with the finding of Ding et al. (2016) whom
found that the parameters related to egg quality was
insignificantly affected by the interaction between the levels
of ME at 2650 and 2750 kcal of ME/kg diet and CP at
14.5%, 15% and 15.5%) , or by the CP levels (P<0.05). The
same response was noticed by Hussein et al. (2010), who
reported that CP and ME levels had no significant effect on
reproductive traits and egg quality of Sinai laying hens. But
Mareiy et al. (2009) found that feeding Sinai hens diets of
high nutrient density improved egg fertility, hatchability,
post-hatch chick weight, yolk index, and Haugh Unit score.
On the contrary, data on Baheij hens by Zeweil et al. (2011)
showed that increasing CP level significantly decreased
hatched percentage of chicks.
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Blood parameters:

As presented in Table 7, results indicated that dietary
energy level had no significant effect on most blood traits;
plasma total protein, albumin, globulin, glucose and activity
of ALT. However plasma cholesterol was significantly

Table 5. Effect of dietary metabolizable energy and
protein levels and their interactions on egg
fertility, hatchability and chick weight at
hatch of Sinai laying hens

Hatchability Hatchability — Chick

increased in response to feeding on Hye diet compared with  Treatments Fe(r;"ty of fertile oftotal  weight at
those received the low-energy diet. These results consistent ) eggs (%) eggs (%)  hatch (g)
with the result of Nofal et al. (2018), who indicated that Energy levels (E)
feeding Hye-diet (2800 kcal/kg diet) to laying diets resulted ~ E 12700 keal/kg 87.37+0.64 86.64+0.35 76.44+0.77 3513+0.38
in increasing cholesterol in blood plasma compared with the ~ E 22850 keal/kg 88.10£0.69 88.68+1.00 78.14+1.17 35574021
Lye-diets (2600 kcal/kg diet) but plasma levels of albumin, ~ Significancelevel NS NS NS NS
glucose and activity of AST were not affected. P1 14% 872150 Z;Otge;n;gﬁlzgz) 16374120 35154044
In the present study, dietary protein levels had no o5 J00  ggous117 86874091 77.63+155 3565:041
significant effect on plasma total protein, albumin, globulin,  p3 g9 879740.72 8855+1.03 77.88+1.01 3525+0.26
cholesterol and glucose or activity of AST except for the  sjgnificancelevel NS NS NS NS
activity of ALT which significantly increased (P<0.01) when Interactions
hens fed on the Hep-diet compared with those fed onthe Lep  E1XP1 86.92+0.67 86.4620.21 75.16+0.72 35.00+0.82
and Mcp-diets. Similar results were obtained by Kout Elkloub  E1XP2 87.26+1.28 85.73+0.32 77.05+2.09 35.40+0.73
et al. (2005) who reported that different protein and energy =~ E1XP3 87.94+161 87.724059 77.1240.97 35.00+0.39
levels in layer diets had no significant effect on blood E2XP1 87494082 88.66+2.13 77.59+2.28 3530037
parameters. On the other side Zeweil et al. (2011) noticed a E§§E§ gg-ggﬁ gg%ﬁg? ;g-égﬁ-gg gg-ggi’é-gﬁ
significant increase in plasma total protein and globulin Significancelevel NS NS NS NS

concentrations of layers fed the 16% CP-diet compared with
those fed 12 or 14% CP-diet.

All means in the same column were not significantly different.

Table 6. Means of egg quality measurements as affected by dietary metabolizable energy and dietary protein levels

and their interaction in Sinai laying hens

Egg shape Egg components

Shell thickness Haugh Yolk  Egg specific

Treatments Index % Albumen% Yolk% Shell % (mm) Unit  index% graviy o0
Energy levels (E)

E12700 Kcal / kg 78.66+1.15 54.91+0.65 30.77+056 14.31+0.31 34444050 76.39+0.99 46.74+0.81 1.111+00 63.17+1.27
E22850 Kcal /kg 76.48+152 53574128 32.46+0.85 13.98+0.56 34.89+0.26  74.28+0.74 45.91+0.76 1.109+0.0 63.12+1.63
Protein levels (P)

Significance level NS NS NS NS NS NS NS NS
P1 14% 7768126 54.05+1.99 31.08+1.26 14.85+0.76 31.83%0.17 79.86x1.13 45.17+1.03 1.115+0.0 63.30+2.38
P2 16% 74.75£1.80 54.08+0.86 31.82+#091 14.09+0.37 32.00+0.37 80.41+1.31 4593+044 1.110+0.0 62.79+1.51
P3 18% 80.29+1.25 54574069 31.94+0.63 13.49+0.28 31.1740.75 80.00+0.91 47.87+1.02 1.106+0.0 63.33+1.50
Significance level NS NS NS NS NS NS NS NS
Interactions
E1XP1 T77.77£112 54.88+1.96 30.25+1.24 14.87+0.68 34.67+0.33 80.27+2.34 4525+0.74 1.115+0.0 59.94+2.07
E1XP2 77.20£3.17 55.03+0.63 30.37#0.71 14.60+0.14 35.00+058 81.01+1.64 46.67+049 1.113+0.0 67.34+1.31
E1XP3 80.99+0.70 54.83+1.00 31.71+1.01 13.46+0.27 .33.67+145 80.77+1.84 48.28+2.20 1.106+0.0 64.67+2.02
E2XP1 77.58+258 53.23+3.94 31924238 14.85+157 35.00+0.00 79.46+0.84 45.09+2.18 1.115+0.0 66.96+3.29
E2XP2 72.29+0.34 53.15+157 33.28+1.24 1357+0.63 35.00£058 79.80+2.36 45.19+044 1.107+0.0 60.39£1.97
E3XP3 79.58+2.61 55.31+1.16 32.17#0.95 1351+0.57 34.6710.67 79.2410.40 47.46+0.39 1.107+0.0 62.00+2.31
Significance level NS NS NS NS NS NS NS NS NS

All means in the same column were not significantly different.

Table 7. Effect of dietary metabolizable energy and protein levels and their interactions on some blood parameters

of Sinai laying hens

Total protein ~ Albumin  Globulin

AST ALT Cholesterol Glucose

Treatments (g/dI) (g/dI) (g/dI) (UIL) (UIL) (mg/ d) (mg/dl)
Energy levels (E)
E 1 2700 kcal/kg 4.28+0.05 2.44+0.04  1.83+0.03 21.67+0.7 26.10+1.23 114.78+0.6" 248.33+0.75
E 2 2850 kcal/kg 4.3310.04 2.48+0.05  1.86+0.06 17.00+0.6° 26.18+0.74 124.11+1.2° 249.89+0.51
Significance level NS NS NS ** NS ** NS
Protein levels (P)
P1 14 4.25+0.07 2.40+0.05 1.85+0.06  18.00+1.39 24.45+0.74° 118.50+2.01  249.17+0.70
P2 16 4.32+0.03 245+0.06 1.87+0.07  21.00+1.46 24.20+0.45° 119.83+2.43  248.17+0.87
P3 18 4.35+0.06 2.53+0.04 1.82+0.05  19.00+0.86 29.77+0.35% 120.00+2.77  250.00+0.86
Significance level NS NS NS NS ** NS NS
Interactions
E1XP1 4.20+0.10 237+0.09 1.83+0.03 21.0020.58° 22974052  114.33+1.20°  248.67+1.20
E1XP2 4.30+0.06 250£0.06 1.80+0.06 24.00+1.15* 24.57+0.84*  11500+1.73°  246.67+0.88
E1XP3 4.33+0.09 247+003 1.87+0.07 20.00+1.15°  30.77#0.58*  115.00+1.00°  249.67+1.45
E2XP1 4.3040.12 2.43+0.07 1.87+0.13  15.00£0.58°  25.93+0.52°  122.67+£1.20°  249.67+0.88
E2XP2 4.33+0.03 240£0.12 1.93+0.12 18.00%0.58"  23.83+0.43"  124.67+1.76°  249.67+0.88
E3XP3 4.37+0.09 2602006 1.77+0.07 18.00+1.15°  28.77+0.26°  125.00+#3.51*  250.33+1.20
Significance level NS NS NS *x ** ** NS

a0 .. .For each of the main effects, means in the same column bearing different superscripts differ significantly (P<0.05), NS = not significant, **:P<0.01).
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Data listed in Table 7 illustrate that the interaction
between different protein and energy levels had no significant
effect on plasma total protein, albumin, globulin, and glucose
but plasma cholesterol was significantly increased (P<0.01)
by increasing ME level in the diet with any dietary protein
level compared with other treatment groups.

Economical efficiency of feeding (EEF):

The results of economic efficiency are shown in
Table 8, it could be noticed that energy treatments
significantly (P < 0.01) affected total feed intake per hen (kg),
total of feed cost, price of total BWG, price of fertile
eggs/hen, total return, net return, and economic efficiency of

feeding (EEF), the highest energy level was superior to the
lower energy level in all studied criteria. The protein level
treatments had the same trends in all estimated criteria except
for total feed intake per hen (kg), and EEF where the
differences were insignificant. Also, it could be noticed that
feeding the Hep and Mcp-diets had the same significant
effects in studied criteria of economic efficiency. There were
significant interactions among dietary energy and protein
levels on estimated means of economic efficiency criteria, the
best results were obtained by hens received the diets of Hye
with either Hep or Mcp level.

Table 8. Effect of dietary metabolizable energy and protein levels and their interactions on the economical

efficiency of feeding (EEF) of Sinai laying hens

Treatments Total feed intake Totalfeed  Changein  Price of fertile Total return  Net return EEF
of hen(kg) cost(L.E) BWreturn  eggs/hen (L.E) (L.E) (L.E) (%)
Energy levels (E)
E 1 2700 kcal/kg 11.59+0.06°  55.15+0.36° 4.07+0.25°  153.65+0.94° 157.72+1.02° 102.57+0.96° 186.34+2.19"
E 2 2850 keal/kg 10.73+0.08°  53.34+0.48"  4.87+0.25%  157.80+0.91° 162.67+1.01*° 109.33+1.06° 205.95+3.18%
Significance level el el * ** ** el *x
Protein levels (P)
P1 14% 11.29+0.12  52.43+0.46° 3.12+#0.21°  151.65+0.94° 154.77+#1.01° 102.34+1.18" 195.94+3.56
P2 16% 11.08+0.14  53.80+0.53° 510+0.28°  156.30+1.38° 161.40+1.43% 107.60+1.73%° 201.19+4.87
P3 18% 11.10£009  56.51+0.34* 519+40.30°  150.23+0.67° 164.42+0.76° 107.91+0.89° 191.31+2.40
Significance level NS ** ** el el il NS
Interactions
E1XP1 11.6940.13*  53.19+0.58" 2.77#0.22°  150.15+1.04° 152.92+1.10° 99.72+1.33"  188.04+4.28°
E1XP2 11.63+0.09°  55.37+0.44° 4764039  152.40+1.83° 157.16+1.95" 101.78+1.99% 184.05+4.06°
E1XP3 11.44+0.09°  56.90+0.45°  4.69+0.43°  15840+0.93% 163.09+1.02* 106.20+1.19™ 186.93+3.13°
E2XP1 10.89+0.15°  51.68+0.69° 3.47+0.33°  153.15+1.51° 156.62+1.59™ 104.95+1.74™ 203.83+5.02°
E2XP2 10.54+0.16°  52.23+0.78" 5.44+0.38%°  160.20+1.54% 165.64+1.46° 113.41+1.88° 218.33+6.30°
E2XP3 10.7740.10°  56.12+051° 5.69+0.38°  160.05+0.95% 165.74+1.07% 109.62+1.22% 195.70+3.36™
Significance level ** ** ** *x *x ** ol

ab

NS = not significant, *P<0.05,**:P< 0.01.
1-Total feed cost /hen L.E= Feed intake x Price of kg feed.

.... For each of the main effects, means in the same column bearing different superscripts differ significantly (P<0.05).

2-Price of BWG= BWG X Price of kg BW which was 35 L.E

3- Total price of fertile eggs /hen (L. E) = total No .of fertile eggs /hen x price of fertile egg at time of experiment which was 2.25 L.E.
4-Total return = Total Price of fertile eggs /hen L. E+ price of total BWC (L.E).

5- Net return = Total return - Total feed cost.

In conclusion, the current results revealed that the
diets containing ME of 2,850 kcal/kg with 18 or 16% CP can
improve egg production characteristics of Sinai laying hens.
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