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ABSTRACT 
 

A total number of 297 Sinai hens (270 females and 27 males) 42-wks-old 
were used, weighed and divided   into   nine treatment   groups,   three   replicates   
each,   to   investigate   the effect of Iodine supplementation to low metabolizable 
energy (ME) layer diets in   a factorial design (3x3) on laying performance, egg quality 
parameters, reproductive performance and nutrients   digestibility as   well   as some   
blood   constituents   during the late stage of laying period (42-58 wks of age). The 
dietary ME of treatments were 2766 (as control); 2655 and 2565 kcal ME/kg, with 
three iodine levels of 0.3 (as control); 1.2, or 2.4, mg iodine/ kg diet. Results obtained 
could be summarized as the following:  
1- Decreasing ME content in the Sinai layer diet resulted in a significant decrease in 

body weight and body weight gain (BWG) while diet supplemented with 2.4 mg/ 
iodinekg diet had the highest BWG compared to other groups. Also, BWG was 
significantly affected due to the interaction between iodine and ME.  

2- Laying rate percentage and egg mass (g/hen) was significantly decreased by 
dietary contained 2565 Kcal/Kg diet. Conversely, the hens fed diet 1.2 and 2.4 mg 
I/Kg diet significantly improved the laying performance. Also, the superiority of the 
diet contained 2655 Kcal/Kg with 2.4 mg iodine /Kg diet where it was significantly 
greater laying performance than all other treatments. 

3- No significant effect was observed on reproductive performance by feeding 
different levels of ME, while hatchability percentage was significantly improved as 
dietary supplemented with 1.2 and 2.4 iodine/ kg diet. Also, the best significant 
value of hatchability was recorded by the interaction between 2655 Kcal ME/ kg 
and 2.4 mg iodine/ kg diet.       

4- Decreasing ME content from 2766 to 2655 and 2565 Kcal/kg diet showed linear 
significant higher feed consumption. While, only the low level of ME (2565 
Kcal/Kg diet) significantly decreased feed conversion ratio compared to the 
control. 

5- Iodine supplementation (1.2 and 2.4 mg/kg diet) resulted in a significant linear 
feed consumption decreased compared to the control diet. Also, hens fed diet 
contained 1.2 and 2.4 mg iodine/Kg diet produced significantly better feed 
conversion than control diet. 

6- Feed conversion ratio was significantly improved by the diet containing ME 2655 
Kcal/Kg diet + 2.4 mg I /Kg diet as compared to the control diet by about 15.5 %.  

7- Digestion coefficient of Ether extract (EE) and ash retention were significantly 
increased by decreasing the ME to 2565 Kcal/Kg diet compared to the control diet 
(2766Kcal/Kg diet). All values of nutrients digestibility tend to be significantly 
linear increase for birds fed diets supplemented with 1.2 and 2.4 mg iodine/Kg 
layer diet as compared to control diet (0.3 mg I/Kg diet). 

8- Dietary energy level has significant effect on blood metabolites, except 
triglycerides, and improved HDL concentration and thyroxin level, especially the 
low followed by the median ME level. 
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9- Dietary iodine supplementation, up to 2.4 mg/ kg diet improved blood parameters, 
hematological traits, T3 level, and T3/T4 ratio without any negative effects on liver 
function and immune responses, in terms of ALT, AST activity and WBC′s count. 

10- The combined effect between low and median ME and high iodine is the best for 
different productive and physiological parameters.     

11- Decreasing dietary ME content from 2766 to 2655 Kcal/Kg diet resulted in no 
significant effect in economic efficiency. On the other hand, the high level of 
iodine (2.4mg/Kg diet) with decreasing ME from 2766 to 2655 Kcal/Kg diet 
resulted in significantly higher economic efficiency than all other treatments. 

The results illustrated that the adequate level of ME for Sinai laying hens was 
2655 Kcal/Kg diet to maximize the productive performance under the condition of this 
study, however the combination of same level of ME (2655 Kcal/ Kg diet) and 2.4 mg 
iodine/ Kg diet is the most successful requirement for improving laying performance 
and reproductive performance for Sinai laying hens during the late stage of laying 
period (42- 58 wks of age). 
Keywords: Metabolizable energy, Iodine, Laying performance, Hatchability, Nutrients  

 

INTRODUCTION 
 

Nutritionists always are interested in achieving the most profitable 
and economical level of dietary energy in layer hens production (Harms et al., 
2000). Obtaining high feed efficiency needs scientific and practical feeding 
methods (Lesson and summers, 2001). It should be mentioned that the 
effective level of energy is different between various breeds (Lippense et al., 
2002). According to McDonald, et al. (1995)  almost 2500–2900 Kcal/Kg 
metabolizable energy (ME) content in the diet for layer hens, is an optimal 
concentration of energy, lower amounts would result in reduced energy intake 
which will reduce egg mass production, whereas,  higher amounts would 
result in increased body weight and in some cases egg weight instead of egg 
mass  .However, Wu et al. (2005) mentioned that there is a wide range of 
dietary energy levels (2,684 to 2,992 kcal of ME/kg) currently being used by 
the egg industry. kout El-kloub et al.(2005) reported that the diets containing 
14%CP and 2600 kcal ME/kg achieved the best productive and reproductive 
performance of Mamourah laying hens ( local strain). But, Hussein et al. 
(2010) reported that the optimal dietary protein and metabolizable energy 
levels for Sinai laying hens are 15% CP and 2750 kcal ME/kg diet to achieve 
acceptable productive and reproductive performance during the period from 
25 to 49 weeks of age.    

The amount of feed intake in poultry depends on the level of energy 
they received in the diet; consequently, the balance of nutrients to dietary 
energy content is an important factor in poultry nutrition (Wu et al., 2005). It is 
well established that hens generally adjust their feed intake according to their 
energy requirements.  Harms et al. (2000)  showed that hens fed diets 
containing 2,519 kcal of ME/ kg had 8.5% more feed intake than hens fed 
diets containing 2,798 kcal of ME/kg, and hens fed diets containing 3,078 
kcal of ME/kg had 3.0% less feed intake than hens fed diets containing 2,798 
kcal of ME/kg.  

The results of studies of the effects of dietary energy on the laying 
rate are conflicting. For example, Ciftci et al. (2003) found that decreasing the 
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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 increased 
laying rates at an energy content of 2,753 kcal of ME/kg of feed compared 
with 2,653 kcal of ME/kg of feed.   Responses of egg weight to changes in 
feed energy content are typically insignificant (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 
(Marsden et al., 1987and Peguri and Coon, 1991).  

Iodine is considered as a trace mineral, supplied naturally by feed 
and water, which is essentially required for birds in small amount for normal 
production and metabolic function (Sturki, 1986). Iodine occurs in poultry diet 
in its free form, or as an iodate or iodide.  EURL (2012) showed that 
potassium iodide is a white to yellow crystalline powder with a minimum 
content of 67 % total iodine and 21% potassium. Iodine is a crucial involved 
in thyroid gland function and thyroid hormone synthesis and secretion (Nuovo 
and Wartofsky, 1995). Without iodine a variety of developmental disorders 
results affecting the quality of life (World Health Organization, 1990). Zelanka 
et al. (1993) and McDowell (1992) indicated that the standardized 
requirement of Iodine is 0.3 mg/kg diet for hens of light laying type and 0.5 
mg iodine per kg of diet for hens of heavier laying type. Kaufmann et al. 
(1998) stated that iodine intake by 0, 0.5, 1, 2 and 5 mg/kg in diet, did not 
influence feed efficiency and egg production, but they found that iodine 
content in egg increased significantly by iodine supplementation. No 
significant differences were found in body weight, feed consumption, egg 
yield,  egg shell index, shell thickness and egg yolk index, by 0, 3, 6, 12 and 
24 mg/kg-1 iodine as dietary calcium iodate (Yalcin et al., 2004). Also, a 
study in chickens comparing various levels of iodine supplementation (0, 1.0, 
2.5 and 5.0 mg I/kg feed) from two sources (potassium iodide and calcium 
iodate), did not show any adverse effect of iodine supplementation on 
performance and thyroid weight (Röttger et al., 2011).  Saki et al. (2012) 
concluded that egg production and better performance can be obtained by 5 
and 10 mg/kg of dietary calcium iodate without any adversely effects.  

In addition, dietary iodine and adequate maternal thyroid function are 
essential for reproduction in poultry breeder hens (Christensen and 
Donaldson, 1994). Hansborough and Khan (1951) and Stoll and Blanquet 
(1953) concluded that the embryonic chick thyroid becomes functional and 
secretes thyroxine after 10 – 11 days of incubation. An increase of both 
triiodothyronine (T3) and thyroxin (T4) in plasma was found during the last 
days of incubation, reaching a maximum the day of piping (Thommes and 
Hylka, 1977 and Decuypere et al., 1979).  Thyroid hormones involved in the 
regulation of growth, metabolism and energy retrieval from body deposits 
when dietary energy intake does not meet the demands of tissues to perform 
their physiological functions (Hazelwood, 2000). Calcium iodide 
administration to low energy diets could increase plasma T3 and T4 
concentrations when compared with the other thyroidal treatments. This 
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increase was more obvious for T3 level which may be related to its metabolic 
activity as the most potent thyroid hormone regulating the metabolism in the 
living organisms (El –Wardany et al., 2011).    

The age related decrease in circulating T3 levels may result at least 
partly from the age-related increase in hepatic type III deiodinase activity 
(increased T3 degradation) (Kühn et al., 1996). Also, Therefore, the present 
study was conducted to investigate the effect of variety levels of  iodine 
nutrition associated with Sinai laying hens fed diets contained different levels 
of low dietary metabolizable energy on the laying and reproductive 
performance during the late stage of laying period (42- 58 wks of age).    

 
MATERIALS AND METHODS 

 
This study was carried out at El – Serw Poultry Research Station, 

Animal Production Research Institute, Agricultural Research Center, Ministry 
of Agriculture, Egypt. The experiment was conducted from December 2013 to 
April 2014. A total number of 297  Sinai hens (270 females and 27 males) 42-
wks-old were randomly taken and distributed into nine experimental groups, 
nearly similar in initial body weights, 33 birds each (30 females and 3 males) 
in three equal replicates (10 females and one male for each). All birds were 
reared under similar hygienic and managerial conditions. Throughout the 
experimental period (42-58 wks of age), feed and fresh water were available 
ad libitum. The experimental groups include three levels of dietary 
metabolizable energy (ME) (2766 as control, 2655 and 2565 kcal of ME/ kg 
diet) and three iodine levels (0.3 as control, 1.2 and 2.4 mg/ kg diet) in a 
(3×3) factorial arrangement were used in this experiment. Laying hens were 
fed  basal layer diet according to Hussein et al. (2010) recommendations and 
the other experimental diets containing a low ME (2766 as control vs. 2655, 
or 2565, kcal of ME/ kg diet). One treatment assigned a control treatment 
which contains 0.3 mg iodine/kg diet to meet the recommended level as 
reported by Zelanka et al. (1993) and McDowell (1992). Other treatments 
received diets supplemented with potassium iodide (KI) to get iodine 
concentration of 1.2 and 2.4 mg/ kg diet over the basal requirements. The 
composition and calculated analysis of the experimental diets are shown in 
Table-1, wherever, the distribution of various experimental groups inTable-2. 
Data collection and parameters estimated:     
1. Laying performance traits: Body weights of hens were recorded during 

the experiment period (42 – 58 wks of age).  Egg number and mass and 
feed consumption  were recorded then were averaged and expressed per 
hen/ 4 wks through the periods 42-46, 46-50, 50-54, 54-58 and the 
overall experimental period (42-58 wks of age). Laying rate and feed 
conversion ratio were calculated through the same periods as well as the 
body weight gain was calculated through the whole experimental period.  

2. Egg quality parameters: At the middle (50 wks of age) of the 
experiment, a total number of 135 eggs (15 from each treatment) were 
randomly taken to determine some egg quality parameters such as shape 
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index, yolk index, yolk, albumen and shell weights as a percentage of 
egg weight, shell thickness (mm) and Haugh units.  

3. Hatchability parameters: For evaluating fertility and hatchability, three 
hatches along with different ages were made in each experiment. The 
hatching eggs were collected for 7 days for incubation in each. The 
incubated eggs were candled at the 7th day of incubation. The number of 
fertile and infertile eggs and the eggs with dead embryo were recorded. 
Fertility (%) was calculated as a percentage of number of fertile eggs to 
the number of total set eggs. Hatchability (%) was calculated as a 
percentage of the number of healthy chicks to number of total set or 
fertile eggs, whereas, dead embryos (%) were calculated as a 
percentage of number of dead embryos to number of fertile eggs.  Post 
hatching weights of healthy hatched chicks were also recorded.  

 

Table 1: Composition and calculated analysis of the experiment diets.  
 

Diets 
Ingredients (%) 

Dietary ME level, kcal/ kg diet  
2766 2655 2565 

 (Control)  (Control – 111 kcal)  (Control – 201 kcal)  
Yellow corn 66.85 62.00 58.00 
Soy bean meal (44 %) 21.00 19.80 18.85 
Corn gluten (60 %) 1.00 1.00 1.00 
Wheat bran 1.50 7.55 12.50 
Di-calcium phosphate 1.50 1.50 1.50 
Limestone 7.50 7.50 7.50 
Vit  & Min. premix  1 0.30 0.30 0.30 
NaCl 0.30 0.30 0.30 
DL- Methionine (99%) 0.05 0.05 0.05 
Total 100 100 100 
Calculated Analysis  2 
Crude protein % 15.26 15.27 15.28 
ME ( Kcal / kg ) 2766 2655 2565 
Ether extract . % 2.94 2.98 3.00 
Crude fiber % 3.26 3.72 4.11 
Calcium (%) 3.21 3.22 3.22 
Av. phosphorus (%) 0.40 0.43 0.43 
Lysine % 0.80 0.79 0.79 
Methionine % 0.34 0.34 0.34 
Methio + Cyst % 0.60 0.61 0.61 
Sodium 0.14 0.14 0.14 
Price (LE/kg) 3 2.833 2.797 2.768 

1Supplied per kg of diet: Vit. A, 12000 IU; Vit. D3, 2200 ICU; Vit. E, 10 mg; Vit K3, 2 mg; 
Vit.B1, 1mg; Vit. B2 5mg; B6 1.5 mg; B12 10 mcg; Nicotinic acid 30mg; Folic acid 1mg,   
Pantothenic acid 10mg; Biotin 50 mcg; Choline 250mg; Copper 10mg; Iron 30mg; 
Manganese 60mg;  Zinc 50mg;  Iodine 0.3 mg;  Selenium 0.1mg;  Cobalt 0.1mg. 
2According to Feed Composition Tables for animal and poultry feedstuffs used in Egypt 
(2001). 
3Price of one kg (LE) at time of experiment for different ingredients : yellow corn ,2.27 ; 
Soy bean meal, 5.05; corn gluten, 6.50; Wheat bran, 2.22; Di Di-calcium, 4.55; limestone, 
0.15; Vit&Min., 20.0; Nacl, 0.5, Meth., 32.0 and potassium iodide,852 . 
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Table 2: Distribution of birds on various experimental groups according 
to metabolizable energy (ME) and iodine (I) level of the diet  

ME level, 
 kcal/ kg diet 

Iodine supplementation level, mg/ kg diet  
Total 

0.3  (control)  1.2  2.4  
♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ 

2766 (control)1 3 30 3 30 3 30 9 90 
26552   3 30 3 30 3 30 9 90 
25653  3 30 3 30 3 30 9 90 
Total  9 90 9 90 9 90 27 270 

 ⃰the control level is 0.3 mg iodine/kg basal diet, which was standardized requirement for 
hens of light laying type. 1 the control level is 2766 kcal/ kg basal diet.  

1 fed the basal diet, which was formulated to satisfy the recommended requirements of 
local Sinai hens. 2fed the basal diet with low ME level (minus 111 kal/ kg diet from the 
control ME level). 

3  fed the basal diet with very low ME level (minus 201 kal/ kg diet from the control ME 
level). 

4. Nutrients digestibility: At the end of experiment, 27 Sinai cocks (three 
from 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, pooled and 
thoroughly mixed. Then, representative excreta samples were taken and 
dried immediately in a forced oven at 65 oC 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. 
Urinaly organic matter (UOM) 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)] ×100. 

5. Blood biochemical constituents: At the end of experimental period, 
three females per treatment (one from each replicate) were randomly 
taken and slaughtered. At time of slaughter, blood samples from each 
female was collected without anticoagulant and kept at room temperature 
for one hour to clot. Tubes were centrifuged at 3500 rpm for 15 minutes 
to separate clear serum that used for determination of serum total protein 
(Peters, 1968), total cholesterol (Ellefson and Caraway, 1976), 
triglycerides (Bucolo and David, 1973), HDL , LDL cholesterol (Siedel, 
1983) , AST and ALT enzymes (Reitman and Frankel, 1957). These 
biochemical determinations were performed colorimetrically by using 
commercial kits.  

6. Hematological parameters: At 58-weeks-old, three blood samples per 
treatment (one from each replicate) 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) 
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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).  

7. 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) × 100. 

8. Statistical analysis: Data obtained were statistically analyzed using the 
General Liner Model of SPSS (2008). Significant differences among 
means were tested by Duncan’s Multiple Range Test (Duncan, 1955) at 
5% level of significance. All data collected were analyzed by two-way 
analysis of variance, considering the dietary ME and iodine level as the 
main effect, using the following model: Yijk = µ +Ei +Tj + (ET) ij+ eijk 
where: Y ijk =an observation; µ = Overall mean; Ei = effect level of dietary 
ME (i =1, 2 and 3); Tj = effect level of dietary iodine supplementation (j = 
1, 2 and 3); (ET)ij = effect of interaction ME level Ei by in iodine level Tj 
and eijk = random error. 

 

RESULTS AND DISCUSSION 
 

Laying performance: 
Data of Table -3 indicated that metabolizable energy (ME) at levels of 

2766, 2655 and 2565 kcal/ kg diet to Sinai layer diets, had a significant effect 
on the average values of final body weight (FBW) and body weight gain 
(BWG) which were decreased with decreasing the low ME level, regardless 
the dietary iodine level. The significant differences in body weight gain among 
experimental treatments were supported by the findings of Stilborn and 
Waldroup (1990) who  concluded  that  lower dietary  energy  levels  tended  
to  reduce  body  weight gain when  hens fed diets  containing  2500,  2600,  
2700 and  2800  kcal ME/kg. Decreasing ME is  available  for  fat deposition  
when  lower  dietary  ME  levels  are  utilized and  high  levels  of  fibrous  
feed  with  low  energy  diets will  reduce  the  amount  of  weight  gain  that  
occurs during  the  laying  period (Piliag et al., 1982).  Balnave and Robinson 

(2000).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.  

Sinai laying hens at 42 weeks of age already reached the average 
body weight of this strain (1600 g/ hen); consequently any increase above 
body weight indicates that hens tend to deposit abdominal fat which 
considered a disadvantage with laying hens. Thus, from these results the 
decreasing ME content (2655 Kcal/kg diet) in diets for laying hens during the 
period from 42- 58 wks of age could be successful management to improve 
the laying performance.  

 Generally, hens fed diet supplemented with iodine (I) at the 2.4 mg/ 
kg diet had the highest BWG compared to other groups. BWG was 
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significantly affected due to the interaction between ME and I levels during 
overall period (42-58 wks).  BWG was significantly increased in hen groups    
fed diet contained 2766 Kcal ME/ kg (control) and 2.4 mg I/ kg, followed by 
those fed 2655 Kcal ME/ kg and 2.4 mg I/kg, followed by those fed 2565 Kcal 
ME/ kg and 2.4 mg I/ kg, respectively. This increment in BWG may be 
attributed to the hyperthyroid status induced by the high level of iodine (2.4 
mg/ kg) which may be considered the best level for the low ME diets. 

 
Table 3: Effect of different dietary ME and iodine levels and their 

interaction on LBW and BWG of local Sinai hens during the 
late stage of laying (42-58 wks) 

 
Traits 

Main effects 
Initial  LBW (g) Final  LBW (g) BWG (g) 

M
E

 l
e

ve
l,

  
k

ca
l/

 k
g

 
d

ie
t 

 
(E

M
) 

 

2766  (C) 1591.6 1752.4a   160.9a 
2655 1625.7 1738.3a 112.7b 

2565 1613.7 1662.0b 48.3c 

Pooled SEM 19.6 19.9 2.45 
Sig. NS 0.05 0.001 

Io
d

in
e

 
s

u
p

p
le

m
en

ta
ti

o
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le

v
e

l,
 m

g
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k
g
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t 
( 

I 
) 

0.3 (C) 1592.2 1708.7 85.2c 

1.2 1615.2 1721.3 106.1b 

2.4 1623.4 1722.8  130.6a 

Pooled SEM 19.6 19.9 2.45 
Sig. NS NS 0.001 

In
te

ra
c

ti
o

n
 (

M
E

 ×
 I)

 

ME I   

2
7

6
6(

c)
 0.3(C) 1586.7 1732.3 145.7bc 

1.2 1599.3 1749.7 150.3b 

2.4 1588.7 1775.3 186.7a 

2
65 5 

0.3(C) 1664.3 1747.3 83.0e 

1.2 1624.7 1745.3 120.7d 

2.4 1588.0 1722.3 134.3c 

2
5

6
5

 

0.3(C) 1619.3 1646.3 27.0g 

1.2 1621.7 1669.0 47.3f 

2.4 1600.0 1670.7 70.7e 
Pooled SEM 33.9 34.2 4.24 
Sig. NS NS 0.05 

LBW = live body weight, BWG = body weight gain. 
a,b,c,e,.. : means in the same column within each item with different superscripts are 
significantly different (P ≤ 0.05 ).  
NS= non-significant 

Egg number and laying rate: 
Results in Table-4 showed significant differences among the 

experimental groups in egg number (EN) and laying rate (LR) during all 
experimental intervals due to varying ME or I levels in the diet. EN per hen 
and LR % for hens fed 2565 Kcal ME/kg diet was significantly  lowered by 
10.34, 13.13, 12.95, 10.74 and 11.45 % during the periods 42-46, 46-50, 50-
54, 54-58 and 42-58 wks of age as compared to  groups fed 2655 Kcal 
ME/kg, respectively. On the other hand, hens fed diet containing 2655 Kcal of 
ME/kg diet had insignificantly higher EN and LR as compared with those fed 
2766 Kcal/kg diet during all experimental intervals. 
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Accordingly, the level of 2655 Kcal of ME/kg could be considered suitable for 
Sinai laying hens during the late stage of laying period (42- 58 wks of age). 
Egg production in birds is costly in terms of energy and nutrients. The 
required energy and nutrients for egg formation may be derived from daily 
feed intake or from stored reserves. If energy or nutrients are limiting, birds 
can compensate by reducing egg size or the number of eggs laid, or by 
increasing the laying interval and spreading the cost of egg formation over a 
longer period (Brand et al., 2003). These results are in agreement with those 
obtained by Ciftci et al. (2003) who found that decreasing the energy content 
of feed from 2751 to 2641 Kcal of ME/kg increased the laying rate from 86.44 
to 88.27%. In this connection, kout El-kloub et al.(2005) reported that the 
diets containing 14%CP and 2600 kcal ME/kg achieved the best productive 
and reproductive performance of Mamourah laying hens ( local strain). These 
results explained that low  energy  intake  to protein  intake  ratio  in  low  
energy  diet  versus  high energy diet may be a  reason  for greater egg 
production in  lower  energy  than  in  higher  energy  diets (Rezvani et al., 
2000). 

 Concerning the level of iodine in the diet, it had high significant effect 
on EN per hen and LR during all experimental intervals. EN and LR were 
significantly improved by 9.58 and 12.87 % for the groups fed 1.2 and 2.4 mg 
I/ kg diets, respectively as compared to those fed the control diet during the 
overall experimental period (42-58 wks of age). This effect may be due to the 
effect of dietary iodine as a component of thyroxin which regulates 
metabolism and has a strong influence on performance and growth of birds. 
Deficiency of iodine can cause metabolic disorders, decreased hatchability 
and laying rate, and stimulates enlargement of the thyroid gland follicles 
(Lewis, 2004).  In addition, Abdel-Malak et al. (2012) concluded that laying 
hen diet supplemented with 2.4, 1.2 or 0.6 mg iodine /kg diet in the form of 
potassium iodide increased egg iodine concentration without any adverse 
effect on egg production for Golden Mantazah laying hens.  

Interaction between ME and iodine levels in the diet had high significant 
effects on EN per hen and LR during all the experimental periods. Groups fed diet 
contained 2655 Kcal ME/kg and 2.4 mg/ kg recorded the best EN per hen and LR 
(20.50 and 73.81%, respectively) during the overall experimental period. Accordingly, 
2655 kcal of ME/kg and both of 1.2 or 2.4 mg/ kg of the diet provided the best energy 
and iodine ratio to Sinai laying hens.  
Egg weight: 

No significant differences were observed among the experimental groups in 
egg weight (EW) per hen during experimental intervals, due to varying ME levels in 
the diet (Table- 5).  EW was insignificantly improved by feeding  2655 and 2565 Kcal 
ME/kg diet comparing to the group  fed 2766 Kcal ME/kg during most  experimental  
periods. In this connection, Wu et al. (2005) reported that increasing only dietary 
energy without the increase of other nutrients (protein and amino acid) levels did not 
improve egg weight, and both dietary energy and protein (amino acids) are important 
to optimize egg weight.  

 
5- 
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In this study, high ME level had low egg weight in most experimental intervals 
without significant effects as compared to low ME level in the diet.  These 
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results are in disagreement with that of Jalal et al. (2006) who reported that 
egg weight was not influenced by dietary energy. 

On the other hand, different levels of iodine in the diet had significant 
effects on EW during all the experimental periods. The groups fed 1.2 or 2.4 
mg I/ kg of the diet had significantly heavier egg weight during all 
experimental periods than those fed the control (0.3 mg I/kg). These results 
are in agreement with those obtained by Liu and Han (1998) reported that 
hyperthyroid laying hens had higher laying rates and egg weight than 
controls. Also, Hamdy and Abdel Latif (1999) found that supplementation of 
Japanese quail water with iodine as KI at levels of 300 or 600 ppm improved 
egg number and egg weight, whereas the use of KI at level of 900 ppm 
showed the opposite trend. In addition, Samar et al. (2005) inducing a mild 
hyperthyroidism can improve reproductive performance of the studied local 
strains (Silver Montazah and  Gimmizah hens) past peak of production 
depending on the dose and the strain used. The interactions between varying 
levels of ME and iodine show that no significant effect exist on EW of Sinai 
laying hens. 
Egg mass: 

Significant differences were observed among the experimental 
groups in egg mass (EM) during most experimental intervals due to varying 
ME or I levels in the diet Table- 5. EM per hen which fed 2565 Kcal of ME/kg 
diet was significantly lowered by 10.89, 12.83, 10.77, 10.87 and 11.35% 
during the periods 42-46, 46-50, 50-54, 54-58 and 42-58 wks of age as 
compared to  groups fed 2655 Kcal ME/kg, respectively. On the other hand, 
hens fed diet containing 2655 Kcal of ME/kg diet significantly higher EM as 
compared with those fed 2766 Kcal of ME /kg diet during most experimental 
intervals. These results may be due to the high egg number and weight 
associated with this diet.  Also, these results indicated that Sinai laying hens 
fed 2655 Kcal ME/Kg diet had the highest egg mass per hen during the late 
stage of laying period. According to Nahashon et al. (2007) mean egg mass 
was higher (P≤0.05)in hen receiving diets with 2800 Kcal ME/kg of feed than 
those fed diets containing 2900 Kcal of ME /kg diet during   26  -  50 wks  of 
age. Egg mass responded significantly (P≤0.001) to iodine supplementation 
during all experimental periods. Hens fed diet supplemented with 1.2 and 2.4 
mg I/ kg of the diet had significantly higher EM than those fed the control diet 
(0.3 mg I/kg) during 42-46, 46-50, 50-54, 54-58 and 42-58 intervals. EM per 
hen was significantly higher by 8.74 and 16.91% for the groups fed 1.2 and 
2.4 mg I/ kg of the diet than those fed (0.3 mg I/kg) diet, respectively during 
the overall experimental period. Results obtained are in agreement with the 
findings of Samar et al. (2005) who reported that, with a mild hyperthyroidism, 
egg mass increased significantly by 6.07 and 14.81% in compared with 
control in two local hen strains after peak of egg production. On the other 
hand, thyroid hormones resulted in stimulation of cellular protein synthesis 
which may explain improving egg production level and feed conversion when 
potassium iodide was supplemented (Hinkle and Kinsella, 1986). 

In respect of EM per hen, it was significantly (P≤0.001) affected due 
to the interaction between ME and I level in the diet during all experimental 
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periods. The best record of EM per hen (4428.96 g) was occurred by the 
group fed diet contained 2655 Kcal of ME/kg diet and 2.4 mg I/ kg of the diet 
during the overall experimental period (42-58 wks  of age). 
Feed consumption and feed conversion ratio: 
       Results given in Table-6 represented feed consumption (g/ hen) and feed 
conversion ratio (g feed/g egg mass) in response to the decreasing ME 
content, dietary supplement with iodine and their interaction. In comparison 
with the control diet (2766 kcal/Kg diet) it is clear that the mean values of feed 
consumption and feed conversion ratio during every interval and for the 
collective periods had fixed trend , where the low levels of ME content (2655 
and 2565 Kcal/ kg diet) showed linear significant higher feed consumption 
records during the whole experimental periods. On the other hand, it is 
evident that the low level of ME (2565 Kcal/Kg diet) significantly decreased 
feed conversion ratio compared to the control diet, but decreasing ME to 
2655 Kcal/ Kg diet and the control diet did not significantly differ from each 
other as their feed conversion ratio during the experimental periods except for 
during the period from 46 to 50 wks of age where, the diet contained 
2565Kcal/ Kg diet produced significantly lower feed conversion ratio than 
control diet. 
       Results of the present study revealed that feed consumption and feed 
conversion ratio records as a result of iodine supplementation in layer diets 
almost showed the same trend during the experimental periods with a 
significant variations, where, in respect of feed intake,   iodine 
supplementation (1.2 and 2.4 mg/ kg diet) resulted in a significant linear feed 
consumption decreased during all the experimental periods compared to the 
control diet except for the period 46-50 wks of age. Also, feed conversion 
ratio closely related to feed intake, hens fed diet contained 1.2 and 2.4 mg 
iodine/Kg diet produced significantly better feed conversion than control diet 
which included 0.3 mg iodine/Kg diet. 
      The effects of interaction between ME and iodine in feed intake and feed 
conversion ratio illustrated that the lowest ME (2565Kcal/ Kg diet) with 0.3mg 
iodine/Kg diet showed significantly the highest feed intake followed by the 
diet contained ME 2565 kcal/Kg diet + 1.2 mg iodine/Kg diet comparing with 
the control diet. It could be concluded that irrespective of fluctuations 
observed in these results during the laying periods, average feed intake was 
significantly decreased by dietary contained ME 2766 and 2655 Kcal/Kg diet 
+ 2.4 mg iodine/ Kg diet compared to control and other interaction treatments. 
Also, feed conversion ratio was significantly improved by the diet containing 
ME 2655 Kcal/Kg diet + 2.4 mg iodine/Kg diet followed by the diet contained 
ME 2766 Kcal/Kg diet + 2.4 mg iodine/Kg diet as compared to the control diet 
by about 15.5 and 11.2 % respectively. 
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On the other hand, decreasing ME to 2565 Kcal/Kg diet + 0.3 or 1.2 mg 
iodine/Kg diet had significantly the worst record of feed conversion compared 
to the control and other treatments.  
      According to these results the feed consumption was increased by 
decreasing ME content, where with decreasing dietary energy levels from 
2766 to 2655 and 2565 Kcal/Kg diet, feed intake linearly increased from 
115.03 to 116.61 and 121.58 g/hen/day, resulting in a net increase of 1.58 
and 6.55 g/hen/day or 1.37 and 5.69% of feed intake compared to the control 
diet. Therefore, a decrease of 111 kcal/kg dietary energy decreased feed 
intake by 1.37 %. Grobas et al. (1999) indicated that an increase of 33 
kcal/kg dietary energy decreased feed intake by 1%, which was similar to the 
result in the current study. 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 slightly differences in dietary energy 
required to produce one gram egg among hens fed two dietary energy levels 
(control and 2655 Kcal/Kg diet) as shown in Table-5 where, decreasing 
dietary energy level from 2766 to 2655 kcal/kg, hens adjusted feed intake 
from 115.03 to 116.61 g/hen/day, so that 8.86 and 8.56 Kcal /day was used 
to produce one gram egg for hens fed diet 2766 and 2655 kcal/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 energy111Kcal/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 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. 
(2009a,b) who found that as dietary energy increased feed intake would 
decrease Also, it seems from the present results that decreasing dietary 
energy to 2655Kg /Kg diet had no significant effect on feed conversion.  
However, 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 egg), resulting in a net decrease of 7.94%. This difference 
relating to feed conversion values could be attributed to differences in strain 
of birds 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 2655 Kcal /Kg diet was the 
economical level of energy.  
       Iodine supplementation (1.2 and 2.4 mg/kg diet) resulted in a significant 
linear feed consumption decreased and hens fed diet contained 1.2 and 2.4 
mg iodine/Kg diet produced significantly better feed conversion than control 
diet. This results is in consist with those reported by Christensen et al. (1991) 
and Yalcin et al.(2004) who  used high dietary levels of KI 3.5 mg/Kg diet and 



Ibrahim,A.F. et al. 

 114

Calcium iodide (3, 6, 12 and 14 mg/mg diet) in breeder turkey and laying 
hens respectively. Those authors   illustrated that the KI or Calcium iodide 
administration could enhance feed conversion ratio. In disagree with Saki et 
al. (2012) who supplemented iodine with 0, 5, 10, 15 and 20 mg/kg dietary 
calcium iodate to determine the effect of dietary iodine on laying hens’ 
performance. They results found that no significant differences among the 
treatments in feed consumption and feed conversion ratio, however, they 
concluded that egg production and better performance can be obtained by 5 
and 10 mg/kg of dietary calcium iodate without any adversely effects. 
Egg quality parameters: 

Data of Table-7 revealed that all egg quality parameters were not 
significantly affected due to feeding different ME, I levels and their interaction 
at  50  and 58 wks of age, except HU and shape index which were 
significantly affected. It is observed that HU was significantly (P<0.001) 
decreased by increasing I level in the diet, whereas, shape index was 
significantly (P<0.05) increased. 

These finding agreed those reported by Zanaty (2006), who found 
that dietary energy levels had no effect on   most external and internal egg 
quality, and that   yolk weight percentage and index, were increased with the 
increase of ME level. Similarly, Ciftci et al. (2003) found that shell thickness 
was not significantly affected by dietary energy level (2650 and 2750 kcal 
ME/ kg). On the other hand, El-Husseiny et al. (2005) and Nahashon et al. 
(2007) found that shell thickness was significantly increased by decreasing 
ME level in the diet. Improvement of egg shell thickness by feeding diets 
containing low-ME (2750 kcal ME/ kg) may be due to the calcium losses on 
the low ME diet which were lower than on the high ME diet. The greater loss 
of calcium from pullets fed a high ME diet was attributed to calcium 
combining with the excess of dietary fat to form indigestible soaps (Atteh and 
Leeson,1985). Also, Gunawardana et al. (2009a,b) reported that albumin 
percent linearly decreased with the ME increase from 2776 to 2908 Kcal/ kg. 

In this respect, Yalin et al.  (2004) indicated that  there were no 
significant differences in egg shell index , egg shell breaking , shell thickness 
or egg yolk index when SHSY brown layers fed diets supplemented with 
0,3,6,12  and 24 mg iodine/ kg diet,  however  iodine supplementation at 
levels 12 , 24, mg/ kg diet reduced egg albumen index and Hough units. In 
addition, Songserm et al.  (2006) indicated that adding 4000 mg iodine / ton 
to commercial layer diets did not affect egg quality. 

The interactions between varying levels of ME and iodine show that 
no significant effect exist for all egg quality parameters of Sinai laying hens 
except shape index which were significantly affected. The best record of 
shape index (78.62 or 78.07) was occurred by the group fed diet contained 
2565 or 2655 Kcal of ME/kg diet and 2.4 or 1.2 mg/ kg of the diet, 
respectively during the overall experimental period (42-58 wks  of age). 
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Fertility and hatchability: 
Results of Table-8 showed that all hatchability parameters were not 

significantly affected due to feeding different ME levels during experimental 
period, regardless the dietary iodine level which hatchability (%) of all set or 
fertile eggs insignificantly lower by dietary low ME while either early or late 
embryonic mortality (EEM or LEM) percentages were insignificantly 
inecreased as compared to the control (2766 kcal/kg diet). Waldie et al., 1991 
conducted an experiment in squabbling pigeons, around 3 years old, 
receiving 3 different energy levels (2650, 2900 and 3150 kcal/kg diet) in 
isonitrogenous diets (15% CP) and observed that fertility were not influenced 
by the treatments, whereas hatchability decreased in birds fed with 2650 
kcal/kg. Several studies in laying hens have shown that neither energy nor 
protein levels had affected fertility or hatchability of all set or fertile eggs in 
Mamourah laying hens (Kout El-kloub et al., 2005). 

On the other hand, feeding different I levels had insignificantly higher 
fertility percentage and significantly higher hatchability of all set eggs 
compared to the control (0.3 mg I/ kg). Hatchability (%) of fertile eggs was 
significantly higher as a result of maternal dietary iodide while LEM (%) were 
significantly decreased as compared to the control (0.3 mg I/ kg). Maternal 
dietary iodide depressed maternal thyroid hormones, increased embryonic 
T4, and improved survival rates of embryos during the latter stages of 
incubation (Christensen and Davis, 2001). When NRC (1994) requirements 
levels of iodide seemed adequate to support egg production and the well-
being of the hen, but inadequate iodine or hormone was available to sustain 
embryonic growth and maturation. One critical factor is the onset of thyroid 
function in the embryo and the initial appearance of the biologically active 
form of the thyroid hormone, T3 (McNabb et al., 1993b). Thyroid hormones of 
maternal origin are thought to play a role in early embryonic development 
(Prati et al., 1992), but no effects on embryonic mortality during the first wk of 
incubation were noted. Late maturation of the embryo determines its 
characteristic stage of development at hatching, and thyroid hormones play 
major roles in tissue differentiation and in the final maturation of many tissues 
just prior to hatching (Black, 1978; Mallon and Betz, 1982 and Decuypere et 
al., 1992).  An increase of both triiodothyronine (T3) and thyroxin (T4) in 
plasma was found during the last days of incubation, reaching a maximum 
the day of piping (Thommes and Hylka, 1977 and Decuypere et al., 1979). 

Interaction between ME and iodine levels in the diet had high significant 
effects on hatchability (%) of all set or fertile eggs during the experimental period. 
Groups fed diet contained 2655 Kcal ME/kg and 2.4 mg I/ kg recorded the best 
hatchability (%) of all set or fertile eggs of all set or fertile eggs (92.42 and 97.67%, 
respectively) and less LEM (%)  during the overall experimental period. 

The iodide or thyroid hormone was assumed to be readily available to the 
embryo through the yolk. Thus, hormone levels during hatching may be the total 
combination of T3 and T4 from embryonic synthesis and extra maternal hormone or 
iodide in excess of the metabolic requirements for maternal maintenance and egg 
production (Sechman et al., 2000). 
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By depositing excess iodide or thyroid hormones in the egg during formation, 
the hen can ensure not only the maturity of hatchlings but their survival as 
well. Feeding goitrogens to block maternal T4 synthesis has been associated 
with reduced embryonic survival rates and   longer    incubation    periods    
(Christensen and Donaldson, 1994), and feeding additional iodide had no 
effect on incubation periods but resulted in improved survival rates. 
Meanwhile, the increased one-day-old chicks' weights with maternal dietary 
iodide supplementation can be due to the increased egg weight observed 
with treatments (Table- 8).  
Nutrients digestibility: 

The effects of dietary ME, iodine and the interaction between ME and iodine 
on nutrients digestibility of the experimental diets are presented in Table-9 Results 
obtained clearly indicated that the digestion coefficient values of dry matter  (DM), 
organic matter (OM), crude protein (CP), crude fiber (CF), nitrogen free extract (NFE) 
and the total digestibility nutrients (TDN) were nearly similar and no significant 
influence was observed as a result of decreasing ME content in the layer diet from 
2766 to 2655 and 2565 Kcal/Kg diet, while ether extract (EE) and ash retention were 
significantly increased by decreasing the ME to 2565 Kcal/Kg diet compared to the 
control diet (2766Kcal/Kg diet). 

On the other hand, all values of nutrients digestibility, ash retention and TDN 
tend to be significantly linear increase for birds fed diets supplemented with 1.2 and 
2.4 mg iodine/Kg diet comparing with the control diet (0.3 mg iodine/Kg diet). 
However, it is clear from the results reported that the digestion coefficient of all 
nutrients were not affected by the interaction between the varying levels of ME and 
iodine in the Sinai layer diets. 

Generally, results in the current study showed that no alteration among the 
nutrients digestibility results from the decreasing ME content in the diet, these findings 
may be due to the feed consumption during the experimental period, where the 
decreasing ME content from 2766 to 2655 and 2566 Kcal/Kg diet resulted in a 
significant increase in feed intake/ hen as shown in  
Table-6 According to Wu et al. (2005) when dietary energy increased from 
2,719 to 2,956 kcal of ME/kg, hens adjusted feed intake from 107.6 to 101.1 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 the current study 8.86 and 8.56 Kcal 
/day was used to produce one gram egg for hens fed diet 2766(control) and 2655 
kcal/Kg diet respectively. Also because nutrient contents, except dietary energy level 
as a main effect in all diets, were the same, nutrient intake such as protein, total sulfur 
amino acids and lysine linearly increased with decreasing dietary energy. The 
increase of nutrient intake might explain why decreasing dietary energy levels from 
2,765 to 2,655 and 2566 kcal of ME/kg had no effect on nutrients digestibility and 
supports the hypothesis that this probably is an ideal energy/protein (lysine) ratio for 
optimal performance. Similarly, Bartov (1989) and Bartov and Plavnik (1998) reported 
that energy to protein ratio significantly affected feed intake and feed efficiency of 
broiler chicks and concluded that there was an optimal energy to protein ratio for 
broilers, which may be below than that reported by Hussein et al. (2010) during the 
period from 25-49 wks of age. In addition, Zhao et al. (2007) reported that amylase, 
trypsin, and chymotrypsin activity in jejunal fluid of birds adapted to the dietary CP 
content but not to dietary ME content.  
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 On the other hand, significant linear increase in respect of nutrients 
digestibility by nutritional additive of 1.2 and 2.4 mg iodine/Kg diet. These 
effects probably due to KI supplementation to low energy diets which may 
increase plasma T3 concentrations and T3/T4 ratio as shown in Table-12 
compared to the control diet (0.3 mg iodine/Kg diet). This increase was for T3 
level which may be related to its metabolic activity as the most potent thyroid 
hormone regulating the metabolism in the living organisms (El-Wardany et 
al., 2011). Also, according to  EFSA ( 2013)  the use of potassium iodide as 
sources of iodine is considered safe for all animal species  when used up to 
the currently authorised maximum content of total iodine in complete feed  
and the known role of iodine in the metabolism is its incorporation into the 
thyroid hormones, thyroxine and triiodothyronine as well as the precursor 
iodotyrosines  and both metabolic hormones (T3 and T4) have multiple 
functions as regulators of cell activity (energy metabolism) and growth. 

Different  response  to  higher  iodine  doses  is  affected  by  different 
usability of iodine source (Bobek, 1998) and also in the strain (Rys  et al., 
1997) and by the presence of antinutritious substance  which have an impact 
on iodine resorption (Garber  et al., 1993). In addition, previous studies have 
examined the impact of various factors on T3 and T4 levels in birds, including 
species (Gonzales et al. 1999), energy intake and dietary composition 
(Swennen et al., 2005), Thyroid hormones are involved in the regulation of 
the basal metabolism of the majority of tissues and consequently in the 
metabolism of lipids, carbohydrates and proteins (Dias et al., 2010). Thyroid 
hormones also stimulate protein synthesis (Todini, 2007) and enhance the 
rate of glucose oxidation and intestinal absorption. These metabolic 
hormones increase glycogenolysis and gluconeogenesis in the liver 
(Eshkhatkhah et al., 2010). 
Blood parameters:  
a- Serum proteins 

The effect of different dietary ME and iodine levels on protein fractions is 
present in Table-10. It is clear that total protein, albumin, globulin and A/G ratio were 
significantly higher for the high and middle ME levels compared with the low ME – fed 
hens. However, iodine effect, regardless ME level, revealed a significantly higher 
levels of all protein fractions in hens that fed the higher level of iodine (2.4 mg/ kg) 
followed by those by those at 1.2 mg/ kg compared with the control one (0.3 mg/ kg). 
This influence may be due to the ability of iodine to stimulate protein synthesis and / 
or nitrogen retention. Of interest, the interaction between the two variables was not 
significant. This may reflect different mechanism of action of iodine in response to 
dietary ME levels. In this respect, El-Gendi (1997); Hamdy and Abd EI-Latif (1999); 
and Markovic, et al. (2011) have reported that the lower blood proteins concentrations 
in the low ME diets could be explained by the fact that when ME is reduced, there 
were a rapid turnover of plasma total proteins to the skeletal muscles to compensate 
for the low energy levels or may be due to the higher utilization under the influence of 
iodine supplements. This in turn stimulates thyroid gland activity, which in close 
agreement with the present results. 
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b – Serum Lipids      
Results of serum lipids profile of Sinai laying hens as influenced by 

dietary Me and iodine levels are shown in Table –11. It is clear from these 
results that the ME level had significant on all Lipid fraction except for the 
serum triglycerides, which was not influenced by ME level. The higher levels 
were observed for serum total lipids, cholesterol and LDL in the ME of the 
basal diet (control). However, HDL concentration and HDL/LDL ratio 
significantly higher in the low ME – fed hens compared with the other groups. 
This revealed a beneficial effect of low ME on the birds health status and 
immune responses. The same trend was also observed when dietary iodine 
level is considered, irrespective of ME levels, which reflect better lipid profiles 
with the high iodine level (2.4 mg/ kg). This effect is supported by the 
significant reduction in LDL concentration in both low ME and iodine level 
diets. Also, the interaction effect between ME and iodine level was significant 
with the lowest values recorded for the low ME × high iodine fed hens (42.93 
mg/ dl) followed by the median ME × high iodine fed hens (46.17 mg/ dl). 

The previous results confirm the concept of the relationship between 
thyroid gland activity and lipid metabolism, especially in the low ME diets. The 
decreased levels of total lipids, triglycerides, cholesterol and LDL may be 
explained as a consequence of low dietary ME and or the high iodine level 
which could stimulate hyperthyroidism status. These results are in agreement 
with those reported by McNabb and king (1993a); El-Gendi (1997); 
Lichovinikova, et al. (2003); Bobiniene, et al. (2010) and El-Wardandy, et al. 
(2011) who mentioned that thyroid hormones level and dietary ME content 
are the main factors affecting lipid metabolism in laying hens. 
 C – Thyroid hormones levels: 

Results in Table-12 showed significant reduction in serum T4 level 
due to deceasing dietary energy level. However, the opposite trend was 
recorded for T3 concentration-although insignificant- and the T3/T4 ratio which 
was significantly increased in response to low dietary energy level. 
Interestingly, the effect of iodine levels regardless ME levels, where the high 
and median iodine levels increased significantly T3 level compared with the 
control group. The same was also observed with T3/T4 ratio, but T4 level was 
significantly decreased. 

Moreover, the interaction between ME and iodine levels showed insignificant 
effects, although there is an obvious increases in T3 level and decreases in T4 levels 
due to the combined effect of low ME × high iodine level and high ME × low iodine 
level, respectively. Also, the T3/T4 ratio was significantly increased by low ME × high 
or median iodine levels. 

It is likely that when iodine was supplemented to the low energy diet, it could 
increase blood T3 and the T3/T4 ratio in a dose-dependent manner. This is a good 
physiological response as T3 was the most potent thyroid hormone in regulating all 
metabolic processes in living mammals and birds. Moreover, the enhanced T3/T4 ratio 
reflects an increase in the peripheral turnover of T4 to T3 via deiodination process in 
the presence of excess dietary iodine. 
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These effects may explain the improvements in egg production and egg 
quality traits of the aged-hens that used in the present study. Our results are 
in agreement with many studies dealing with the novel iodine, thyroid and 
energy levels, all of these studies support the present findings (Darrad, et al., 
2000; Lichovnikova, et al., 2003; Moravec, et al., 2006; Song, et al., 2006; 
Bobiniene,et al., 2010; Miskiniene, et al., 2010; EI-Wardany, et al., 2011 and 
many others). 
d-Some blood minerals and enzymes activity: 

Table-12 declared that dietary energy level had no significant 
influence on serum Calcium (Ca) and phosphorus (P) levels of laying Sinai 
hens. This was also noticed for AST and ALT activity (Table-13), while 
alkaline phosphatase activity was significantly increased (Table-12). 
However, data showed that dietary iodine levels had highly significant effects 
on all measurements. But the interactions effects were not significant (Table-
12, 13). 

It is clear from these results that iodine enhances egg production 
which increased the physiological demands for Ca and P need for egg shell 
formation which explain the low Ca level in blood and the higher level of 
alkaline phosphatase activity. This may be a consequence of the higher 
laying rates of hens in the high iodine group. Results showed also, that the 
higher level of iodine has no deleterious effect on liver function as indicated 
by the insignificant change in ALT and AST activities. These results are, in 
general, in close agreement with those observed by Mallon and Bet 2 (1982); 
McNab and king (1993); Bobiniene, et al. (2010) and Abdel-Malak, et al., 
(2012). 
e- Blood hematology: 

Results in Table-13 showed that the dietary energy level has 
insignificant effect on blood hemoglobin, WBC′s count, and lymphocytes (%) 
while heterophils (%) and H/L ratio were significantly influenced (Table-13). 
On the other hand, dietary iodine level significantly affected hemoglobin; 
heterophils (%); lymphocytes (%) and H/L ratio without significant effects on 
WBC′s count. Moreover, the interaction effect for all hematological traits was 
not significant. These results reflect the productive status of hens and support 
the concept that dietary iodine, in excess, could improve the productivity of 
laying hens at late phase of production via different magnitudes, including 
thyroid gland activity, increasing hemoglobin concentration and enhancing 
immune responses (WBC′s count, H/L ratio). These results are in close 
agreement with by Williams and Njoya (1998); Islam et al. (2004) and Song et 
al. (2006). 
Economic efficiency (EE): 
       Results concerning the EE of egg production as influenced by different 
dietary ME, iodine nutrition and their interaction are shown in Table-14.  
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It is noticed that decreasing dietary ME content in Sinai layer diet from 2766 
to 2655 Kcal/Kg diet resulted in no significant effect in EE, but the decreasing 
up to 2565 Kcal/Kg diet had significantly lower economic efficiency values 
than control diet. The most remarkable is a linear improved in EE as dietary 
iodine level increased where supplemented diet with the high level of iodine 
(2.4 mg/Kg diet) produced  significantly higher EE than control diet (0.3 mg 
iodine /Kg diet) followed by the diet contained 1.2 mg iodine/Kg diet. 
       In respect of the interaction between energy and iodine, the results 
indicated that the high level of iodine (2.4mg/Kg diet) with decreasing ME 
from 2766 to 2655 Kcal/Kg diet resulted in significantly higher EE than all 
other treatments followed by the diet contained 2766 Kcal/Kg diet + 2.4 mg 
iodine / Kg diet and the contained 2655 Kcal/Kg diet + 1.2 mg iodine / Kg diet 
respectively, with no significant differences between them. On the other hand, 
decreasing ME to 2566 Kcal/Kg diet with 0.3 or 1.2 mg iodine /Kg diet 
produced the lowest values of EE than achieved by the other treatments. 

 
CONCLUSION 

 
 Under the experimental conditions of this study the results demonstrate 

that the adequate level of ME for Sinai laying hens was 2655 Kcal/Kg diet to 
maximize the productive performance under the condition of this study, 
however the combination of the same level of ME (2655 Kcal/Kg diet) and 2.4 
mg iodine/Kg diet is the most successful supplement for improving laying 
performance, fertility and hatchability performance for Sinai laying hens 
during the late stage of laying period (42- 58 wks of age).    
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تأثير إضافة اليود إلى العeئق منخفضLLة الطاقLLة علLLي اZداء اWنتLLاجي والتناسLLلي فLLي 
  اضة لسeلة سيناء المحليةالدجاجات البي

  حنان صابر محمد و أحمد فرج إبراھيم, مeك منصور بشارة
  الجيزة -الدقي -مركز البحوث الزراعية -معھد بحوث اWنتاج الحيواني

  

أس��بوع ت��م وزنھ��م  ٤٢ذكر) عمر  ٢٧انثى + ٢٧٠طائر دجاج السينا المحلي ( ٢٩٧استخدم في ھذا البحث عدد 
ميع تجريبية وبكل مجموعة ث�ثة مكررات وذلك لدراس��ة ت��اثير اض��افة الي��ود ال��ي الع�ئ��ق البي��اض وتقسيمھم الى تسعة مجا

أس��بوع م��ن  ٥٨ -٤٢خ�ل  المرحلة المت��أخرة م��ن إنت��اج الب��يض م��ن  ٣×٣في تصميم عاملى الممثلة المنخفضة في الطاقة 
مع��ام�ت ھض��م العناص��ر الغذائي��ة  و أيض��ا عل��ي العمر علي اداء إنتاج البيض و مقاييس جودة البيض و ا داء التناسلي و 

 ٢٥٦٥،  ٢٦٥٥،  �٢٧٦٦ث مس��تويات م��ن الطاق��ة (ث��تم تكوين الع�ئق التجريبية بحيث تحتوى ع��ل  .بعض مكونات الدم
مليجرام يود  ٢.٤،  ١.٢،  ٠.٣كيلو كالوري طاقة ممثلة / كيلو جرام عليقة) وبكل مستوى منھا ث�ث مستويات من اليود ( 

  م عليقة). ويمكن تلخيص النتائج المتحصل عليھا فيما يلي:/ كج
س��ب معنوي��ا بخق��ض مس��توي الطاق��ة الممثل��ة ف��ي العليق��ة البي��اض ل��دجاج تانخفض وزن الجسم النھائى ووزن الجسم المك -١

اخل ب��ين مليجرام ي��ود /كج��م عليق��ة وك��ذلك ت��أثر معنوي��ا بالت��د٢.٤ اد وزن الجسم المكتسب بإضاقة زالسينا المحلي بينما 
 اليود ومستوي الطاثة في العليقة.

كيلوكالوري/كجم بينم��ا  ٢٥٦٥انخفض معدل انتاج البيض وكتلة البيض / دجاجة بخقض مستوي الطاقة في العليقة الي  -٢
مليجرام /كجم الي تحسن معنوي ل­داء ا¬نتاجي وكذلك سجلت الدجاجات المغذاة  ٢.٤و ١.٢ادي اضافة اليود بمستوي 

 يود/ كجم الي أحسن اداء انتاجي. ٢.٤كيلوكالوري /كجم مضاف اليھا   ٢٦٥٥يقة  تحتوي طاقة ممثلة علي  عل
لم يتأثر ا داءالتناسلي معنويا بالمستويات المختلفة من الطاقة الممثلة في العليقة لكن تحسنت نسبة الفقس معنويا بإضافة  -٣

مليجرام/ كجم عليقة الي افضل  ٢.٤كيلوجرام /كجم و  ٢٦٥٥ين مليجرام / كجم عليقة وكذلك أدي التداخل ب ٢.٤و ١.٢
 قيمة مسجلة لنسبة الفقس.

 ٢٥٦٥و ٢٦٥٥ال��ي ٢٧٦٦زاد معنويا استھ�ك العلف خطيا  بخفض مستوي طاقة العليقة البياض لدجاجات السينا م��ن  -٤
إل��ي انخف��اض معن��وي مع��دل  كيل��و ك��الورى/كجم أدي ٢٥٦٥كيلو كالورى/كجم عليقة.لكن انخفاض مستوي الطاق��ة إل��ي 

 التحويل الغذائي.
مليجرام/كجم عليقة إلي انخفاض معن��وي  ٢.٤و ١.٢تحسن معدل التحويل الغذائي معنويا بإضافة اليود للعليقة بمستوي  -٥

  في العليقة المستھلكة.
يود مليج��رام   ٢.٤  كيلو كالورى/كجم مع إضافة٢٦٥٥تحسن معنويا معدل التحويل الغذائي بخفض مستوي الطاقة إلي  -٦

 % مقارنة بعليقة المقارنة.١٥.٥وبلغت تلك الزيادة حوالي 
لورى/كجم كيل��و ك��ا ٢٥٦٥زاد معنويا  معامل ھضم المستخلص ا¬يثيري والرماد المحتجز بخفض مستوي الطاق��ة إل��ي  -٧

ي��ود إل��ي العليق��ة البي��اض مقارن��ة بالعليق��ة  ٢.٤و  ١.٢عليقة .  أيضا تحسن معامل ھضم كل العناص��ر الغذائي��ة بإض��افة 
 مليجرام يود/كجم. ٠.٣المحتوية علي 

�ثي��ة  المستويات المختلفة من الطاقة أثرت معنويا علي قياسات الدم الخاصة بالتمثي��ل الغ��ذائي فيم��ا ع��دا الجليس��يريات الث -٨
خاصة مع المستوي المنخفض والعالي م��ن  ومستوى السيروكسين وأيضا تحسن معنويا تركيز اليبوبروتين عالي الكثافة

  الطاقة.
ومس��توي الت��راى الخاص��ة بالمناع��ة والقياسات  مجم /كجم عليقة حسن من تقديرات الدم  ٢.٤حتي مستوي  اليودأضافة  -٩

ودوثيرونين والثيروكس��ين دون أي ت��أثير س��لبى عل��ي وظ��ائف الكب��د وا¬س��تجابة الت��راى أي��ين ب��أي��ودوثيرونين والنس��بة 
  المناعية و ذلك فيما يتعلق بنشاط إنزيمات وظائف الكبد و محتوي الدم من كرات الدم البيضاء.

ض��ل حق��ق أفالي��ود  ي م��نس��توي الع��المالمتوسط من الطاقة مع الاوضحت النتائج أن التداخل بين المستوى المنخفض و -١٠
  نتائج من الناحية ا¬نتاجية والفسيولوجية.

كيلو كالورى/كجم عليقة ومن ناحية  ٢٦٥٥إلي  ٢٧٦٦لم تتأثر الكفاءة ا±قتصادية معنويا بانخفاض الطاقة الممثلة من  -١١
 يقة. كيلوجرام/كجم عل ٢٦٥٥مليجرام يود/كجم من العليقة المحتوية على  ٢.٤أخري تحسنت الكفاءة ا±قتصادية بإضافة 

كيلوك��الوري  ٢٦٥٥ھو من الطاقة الممثلة لدجاج السينا المحلي  الكافىأوضحت نتائج تلك الدراسة أن المستوي 
/كجم عليقة للحصول علي افضل اداء انتاجي  تحت ظروف التجربة الحالية ومع ذلك فإن التداخل ب��ين نف��س المس��توي م��ن 

مليج��رام ي��ود / كج��م عليق��ة يعتب��ر أفض��ل احتي��اج لتحس��ين ا داء  ٢.٤) م��ع اض��افة عليق��ة كيلوكالوري /كجم ٢٦٥٥الطاقة (
  أسبوع من العمر.   ٥٨ -٤٢ا¬نتاجي و التناسلي لدجاجات السينا المحلية خ�ل  المرحلة المتأخرة من إنتاج البيض من 
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