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Abstract 
The researcher: Essam Mohamed El-Hady Sabek 
Degree: Ph.D Agric. Sci. 

Studies for improving productive efficiency and immune system 
response of aged female Japanese quail. 

The present study was performed in animal house Nuclear Research 
Center-Atomic Energy Authority at Inshas. The objective of this study was to 
overcome decrease productive efficiency and immune system response as a 
result of advanced of female Japanese quail (Coturnix Coturnix japonica)  
and multiple the production period of females studying the effect of three 
methods of force rest and their effect on physiological and endocrinological 
changes associated with each of procedure used. Three hundred birds were 
used, 240 female and 120 males (50 weeks of age).  Females were at 44% 
hen day (HD) egg production. The birds randomly divided into four groups, 
60 females and 30 males in each treatment which divided into three replicate 
of 20 females and 10 males in each. The first group was fed a layer diet, plus 
2% zinc oxide (20,000ppm) for 14 days. The second group was fed a 
commercial layer diet containing 8 mg / birds / day tamoxifen for 14 days. 
The third group was force molted by the California method (fed withdrawal 
by removing the diet 10 days then feed for 7 days corn). The fourth group fed 
the layer diet and served as the control. 

The results obtained showed significant increase in body weight, egg 
production, egg weight, shell weight, hatchability percent, fertility percent, 
embryonic mortality percent, hatching weight percent mortality percent, 
carcass relative weight, kidney relative weight, intestine relative weight,  
intestine length, proventriculus relative weight, ovary relative weight, oviduct 
relative weight, oviduct length, femur breaking strength, tibia breaking 
strength, packed cell volume, globulin, phosphorus concentration, 
triglyceride, estrogen hormone, aldosterone hormone and significant decrease 
in heart relative weight, albumin to globulin ratio, GOT, testosterone 
hormone, T3, T4, Heamaglutination inhibition test in treated groups than 
control group. While gizzard relative weight, femur relative weight, tibia 
relative weight, femur ash, tibia ash, red blood cells count, hemoglobin 
concentration, total protein, albumin, calcium concentration, zinc 
concentration, cholesterol, alkaline phosphates, glucose, creatinin 
concentration, urea concentration, GPT concentration, T4, thymus relative 
weight and white blood cells count showed no significant differences 
between all groups. 
Key words: force molting, zinc oxide, tamoxifen, fasting, immunity, quail. 
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 1 

 1- Introduction 

Japanese quails (Coturnix Coturnix japonica) originated from China 

and Japan, and they are important species in worldwide quail production   

because their excellent growth and egg production performance. During the 

last few years, several research works were carried out on poultry 

management, nutrition, and health, promoting considerable advances in 

poultry production. However, little is known on quail management (Souza et 

al., 2006). Techniques designed for chickens are usually adapted to quail 

production. Induced molt is an example of a widely used tool in layer 

management programs (Berry, 2003). Molting is a natural phenomenon in 

birds during which they replace old plumage with the new one, reduce body 

weight and stop laying. The practice of induced molting has been beneficial 

in extending the productive lives of birds which would otherwise be culled as 

soon as they reached a lower level of egg production (Venkata et al., 2008).  

Induced molting is used in the poultry industry to increase the reproductive 

lifespan of layers leading to new laying cycles (Laurentiz et al., 2005). As 

the layers get older, their egg production and egg external quality decrease 

(Keshavarz, and Nakajima, (1993) and Hurwitz et.al., 1998).Forced 

molting can restore their reproductive system capacity and promote a new 

laying cycle(Colvara et al.,2002 ).                                                                                                     

  Four months are required for a hen to drop her feather and grow a 

new set. It is possible, to speed up the process through a program of force 

hens to molt rapidly growing a new set of feather  then stimulating them to 

begin producing eggs again. The entire artificial force molting program 

should take no longer than eight to ten weeks (North 1984). Donalson et al., 

(2005) reported that force molting became a common practice used by the 

commercial egg industry to rejuvenate flocks for a second or third laying 
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cycle. During force molting the hens rest from egg production, loose excess 

fat and the reproductive organs are rejuvenated to increase production and 

quality during the next laying cycle. Furthermore, it reduces mortality, 

production cost and investments in new batches and hatcheries.  

Molting involves reproductive quiescence (Burton and Burton, 

1980). Molting of laying hens could be achieved by several methods, 

including feed, water and photoperiod manipulations, dietary 

supplementation with several agents and in vivo hormonal induced changes. 

All these methods lead to reproductive system arrest along with different 

physical changes depending on method employed. Molting by California 

method was more commonly used by most investigators for many years to 

induce molting. It depends mainly on restriction of both feed and water a 

long with or without a reduction of the photoperiods.   

During the last few years, molt induced by feeding hens a high level 

of zinc in ration had received a considerable attention as a mean of inducing a 

rapid pause in egg production and fast return again to production. The 

relative rapidness of the zinc procedure would seem to offer certain 

production and economic performance advantages.                                                                                            

There are many reasons and benefits for the induced force molting of 

laying hens that could apply to Japanese quails as well, the first reason is 

avoiding the cost of replacing pullets annually ( Brake and Thaxton, 

1979a). The second is, when the market demond for the large and jumbo size 

eggs are high and the prices are more profitable to sell larger eggs. The third 

is, when the laying hens are exposed to some diseases and a high percentage 

of mortality occurred during the first year of production, the breeder induces 

force molting trying to gain some profit from that flock after the molt. The 

fourth is, when the egg production of the first season is high and the strain 
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proved to be good, therefore the breeder uses it for a second season. Fifth 

reason is when the current price of eggs is cheep and the breeder expects that 

the price will increase in the near future, force molting is used to force rest to 

the hens for a certain period of time before entering egg production again. 

And finally, when egg shell quality drops, the breeder induces a force 

molting program to improve egg shell quality again. Force molting is 

associated with low laying activity or complete cessation of ovulation. 

Therefore, the result of force molting is achieving reproductive rejuvenation 

and the prolongation of the useful productive life of the laying hens and 

quails. 

Because of the lack of research involving quail force molting, the 

current study was undertaken to determine which induced molting method 

causes better reproductive system regression and livability of Japanese quails   

treated with the alternative method of fasting, zinc oxide or tamoxifen.                                                                                           

 Knowledge of physiological response during the molt period is 

necessary if commercial force molting practices are to be optimized from an 

economic standpoint few investigations explained the physiological 

mechanism of molt and more information is required on the total 

physiological processes involved in force molting.  

The present study is an attempt to compare the effectiveness of these 

different force molting methods, feed withdrawal, dietary zinc oxide 

supplementation and tamoxifen injections and to characterize the important 

aspects of some productive, reproductive and physiological events which 

occur in Japanese quail birds before and after force molting.   
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2- REVIEW OF LITERATURE 

 

2.1-Effect of force molting on productive performance: 

2.1-1-Body weight 

Molting is a common practice used by the commercial egg industry to 

rejuvenate flocks for a second or third laying cycle. During this time the hens 

rest from production and the reproductive organs are rejuvenated to increase 

production and quality during the next laying cycle. 

               Hembree et al., (1980) conducted a force molting experiment using 

two different treatments. In both treatments hens were kept fasted for 10 

days, then either fed corn only or corn supplemented with some amino acids 

(cystine, glycine, serine and threonine). After 28 days, body weights were 

decreased by 16.8 and 10.6% for both treatments, respectively. The effect of 

zinc toxicity on bird performance was studied by Palafox and Elodie (1980). 

They used 20,000ppm zinc oxide for 5 days. They found that zinc-fed pullets 

weighed only 84.1% of their initial body weight before treatment. Hens 

needed 12 weeks to return to initial body weight. In the same line Creger 

and Scott,(1980) found that body weight decreased about 22% when birds 

were fed 2500ppm zinc oxide for four days. An approximate 30% loss in 

body weight when hens were force- molted using the method of feed 

withdrawal for 10 days followed by a recovery period (Adams, 1981).    

  Baker et al., (1983) studied the relationship between body weight 

loss during an induced molt and post- molt performance. They found that 

body weight loss ranging between 27 to 31 %.The same finding was proved 

by McCormick and Cunningham (1984a) when they compared between 

the effects of fasting and high dietary zinc at 20,000ppm of zinc oxide for 4 

or 8 days. They found that hens lost about 27.6 and 16.2 of their body 
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weights at 4 days and, 24.6 and 11.9% at 8 days in the 1
st
 and 2

nd
 groups, 

respectively. 

    In the study of Goodman et al., (1986), hens fed diets containing 

zinc oxide at 10,000ppm for 7 days compared with a group of hens kept 

fasted for 10 days. The fasted hens lost approximately 28% of body weight 

after 10 days without feed, while loss was 23 to 25% after 10 to 11 days from 

feeding diet containing 10,000ppm zinc oxide.     

Hatabba et al., (1990) compared the effects of four methods of force 

molting methods (California, Washington, conventional and zinc oxide) on 

the performance of Rhode Island Red, SCW Leghorn, Nera, Fayoumi, Silver 

Montazah, Golden Montazah and Mandarah laying hens at 60 weeks of age. 

They reported that the force molting resulted in a significant (P<0.01) loss in 

body weight. California method caused a greater percentage of loss in body 

weight than the other methods. Zinc oxide treatment ranked the third in the 

weight loss percentage.    

Rozenboim et al., (1990) found that injecting tamoxifen every other 

day to Muscovy dukes from 37 to 164 days of age with 0.5 and 1 mg of 

tamoxifen/kg body weight caused lower body weights. 

Atallah et al., (1992) compared three methods of force molting 

(40mg progesterone per hen, 20.000ppm Zinc oxide and California) using 

ISA Brown and Fayoumi breeds. They found that California method resulted 

in the highest loss, being 20.0 and 23.5% in ISA Brown and Fayoumi, 

respectively. However, the body weight loss for the high dietary zinc and/or 

progesterone groups was intermediate for ISA Brown (14.26 and 5.23%) and 

Fayoumi (12.44 and 10.98%), respectively.  

          In addition, Darwish et al., (1993) studied the effect of dietary zinc 

oxide and feed removal program for 10 days on performance of hens. They 
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compared between four strains, Hypico, Fayoumi, White Leghorn and Rhode 

Island Red at 70 weeks of age. Hens fed zinc oxide lost only 18% of their 

pre-molt body weight compared to the 27% for the hens that underwent the 

feed removal program.  

  Molting methods involving shorter periods of feed withdrawal and 

feeding a low density and low-energy diets with the conventional method (8-

day feed removal) and non-molted hens was investigation by Rolon et al., 

(1993). They found that body weight at the beginning of the induced molt (60 

week of age) was not significantly different between the different molt 

methods. On day 21 of the molt and the beginning of the pre-lay period (28 

days), body weight of hens in all method groups decreased as compared to 

non-molt control hens. It was also found that molted hens that were fed ad 

libitum remained significantly heavier than hens molted by other methods. 

By the end of the 26-weeks post-molt period, body weight again did not 

statistically differ between molted and non-molted control hens. 

 The use of tamoxifen to induce ovarian regression in Hy- Line laying 

hens was investigated by Mobarak (1995). He reported that no significant 

differences were found in body weight followed by complete cessation of lay 

3 days after oral administration of 20 mg tamoxifen / kg body weight for 10 

days.   

The effects of different force molting treatments on post- molt laying 

hen performance was studied by Elaroussi et al., (1996). One hundred eighty 

LSL hens 74-week- old at 40% hen day egg production were randomly 

divided into three groups, 60 hens each. The first group was intramuscularly 

injected with 25 mg progesterone (P4) per hen twice during a four day 

interval. The second group was fed a commercial layer diet containing 2% 

zinc oxide (20000ppm ZnO). The third group was force molted using the 
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feed withdrawal (FW) method for 10 days. Post-molting body weight losses 

were 0.9%, 15.1% and 25% of the initial body weight for P4, ZnOand FW 

groups, respectively.   

 The effects of different induced molting programs on production and 

immune parameters were studied by Aldon and Mashaly (1999). They used   

a total of 600 commercial strain (Dekalb) Single Comb White Leghorn hens, 

80 weeks of age. The hens were randomly divided into four treatment groups 

(three experimental and one control) of 150 hens each. The hens in the first 

treatment group were fed a layer ration containing 20,000ppm of zinc for 5 

day, and received a reduced photoperiod of 8 hours for 5day (Zn group). In 

the second group, feed was withdrawn for 10 days, the photoperiod was 

reduced to 8 h/d and oyster shell and water were provided for ad libitum 

consumption. At day 11, hens consumed corn and oyster shell ad libitum 

until day 30. At day 31, hens were return to a full feed layer ration and 

received 16 h of light /d (California treatment ) (CAL group). In the third 

treatment, light was reduced to 8 h/d, and oyster shell was provided for ad 

libitum consumption until day 60. Feed and water were removed for the first 

2 days and on days 4, 6 and 8. On days 3, 5, 7, and 9 hens were provided 45g 

of feed per hen. On day 10 until  day 60, hens were fed 90 g/hen and at day 

61, hens were returned to the layer ad libitum and received 16 h light /d [on-

again program (ON-OFF group). The last group served as control (CONT). 

Body weight was determined. The body weight of the molted hens decreased 

significantly to 84.8%, 74.5% and 88% of the initial body weight for Zn, 

CAL and ON-OFF groups, respectively. 

 Barron et al., (1999) subjected Single Comb White Leghorn hens to 

food and light deprivation or prolaction injection to induce molt. Body 

weight in the group of food and light- deprived birds decreased significantly 
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by 29% over the 10 days of the experiment; whereas, the 9% decrease in 

body weight in the prolactin-treated group was not significant. 

The effect of three different levels of physical feed restriction on 

subsequent reproductive performance of  Large White turkey breeder hens 

were evaluate by Crouch et al., (2002).  The feed treatments were: 1) fed ad 

libitum throughout the study(CC), 2)feed-restricted from 16 to 24 wk (CR), 

3) feed-restricted from 3 to 16 wk (RC), and 4) feed-restricted from 3 to 24 

wk (RR). Feed restriction was implemented so that restricted-fed hens (RC 

and RR) achieved a 45% reduction in body weight (BW) as compared to CC 

hens at 16 wk. From 16 to 24 week, feed was allotted to RR and CR hens to 

maintain a slight increase in BW 

  Biggs et al., (2003) subjected 336 White Leghorn hens (60 week of 

age) randomly to one of four treatment that consisted of feed removal for 4 or 

10 day or no feed removal with ad libitum  access to 95% corn or 95% wheat 

middlings molt diets that contained supplemental minerals and vitamins. At 

the end of the 4-or 10-day feed removal periods hens on these treatments 

were provided with the corn molt diet for 24 or 18 day, respectively. At day 

28, hens on all treatments were fed a corn-soybean meal (16 %C.P) layer diet 

for 40 week (64 to 104 week of age). Body weight loss for hens fed the corn 

or wheat middlings diet was approximately 15% and 8% at day 28, 

respectively. The results of this research indicates that diets with high corn or 

wheat middlings, particularly wheat middlings, are effective nonfeed removal 

methods for molting hens. 

Several nonfeed removal methods in comparison with feed removal to 

induce molting of laying hens were evaluated by Biggs et al., (2004). An 

experiment was conducted using 576 Dekalb White hens (69 week of age) 

randomly assigned to 1 of 8 dietary treatments. Two of these treatments 
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consisted of feed removal for 10 day followed by ad libitum access to 16 % 

CP, corn-soybean meal diet or a 94 % corn diet for 18 day. The other 6 

treatments provided a 28 day ad libitum access for diets containing either 94 

% corn, or 94 % wheat middling (WM),or 71 % WM: 23 % corn, or 47 % 

WM:47 % corn, or 95 % corn gluten feed, or 49 % distillers dried grains with 

soluble (DDGS). At 28 day, all hens were fed a laying hen diet (16 % CP), 

and production performances was measured for 40 week. Body weight loss 

ranged from 10 % (DDGS) to 26 % (10-day feed removal), with the other 

treatments being similar at 17%. The results indicated that feeding WM, corn, 

corn gluten feed, and WM: corn diets are effective nonfeed removal methods 

for molting laying hens.    

  Feed withdrawal (FW) is the most popular and effective method of 

molt induction although it has come under scrutiny due to food safety issues 

and animal welfare issues. This study involved feeding alfalfa mixed with 

layer ration at different ratios to hens to determine their ability to induce 

molt. The treatment ratios 100 % alfalfa (A100), 90 % alfalfa and 10 % layer 

ration (A90), and 70 % alfalfa and 30 % layer ration (A70). In addition fully 

fed (FF) non molted control and a FW negative control were used. Alfalfa is 

an insoluble, high fiber feedstuff with low metabolizable energy. As the 

percentage layer ration increased, and percentage of body weight loss 

decreased during the 9-day molt induction period. Hens molted by FW lost 

an average of 25.8 % body weight, whereas A70 hens lost 18.9 % body 

weight. From these results, alfalfa or alfalfa mixed with layer ration appears 

to be viable alternatives to conventional FW methods for the successful 

induction of molt and retention of post molt performance (Donalson et al., 

2005).     
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In the other study, Mazzuco and Hester (2005a) used 66-week-old 

White Leghorn. They were assigned to 1- a fasted molting regimen using 

feed removal for 10 day, followed by the ad libitum consumption of cracked 

corn for 7 day then put on a developer diet for 10 day. 2- A non fasted 

molting regimen lasting for 27 days that included the ad libitum consumption 

of a diet containing 71% wheat middling and 23% corn. The authors found 

that by 28 day post molt, body weight loss was 22 and 18 % in the fasted and 

non fasted molting regimens, respectively. 

Comparative study between the effects of alfalfa and 

fructooligosaccharides (FOS) on molting performance with the conventional 

feed withdrawal molting procedure were evaluated by Kim et al., (2006). A 

total of 36 Single Comb White Leghorn hens (84 week of age) were used for 

this experiment. The hens were divided into 6 treatment groups with 6 birds 

per treatment. The groups were a  pre-trial control (PC), full fed (FF), feed 

withdrawal (FW), 100 %alfalfa (A100), A100 + 0.375% FOS (A 100L) and 

A100 + 0.75% FOS (A100H). They conclude that alfalfa molting diets had 

comparable molting parameters such as percentage of body weight loss. Feed 

withdrawal molting procedure, and FOS supplementation did not have any 

detrimental effects on molting performance. 

Hassanabadi and Kermanshahi (2007) randomly assigned 6168 

Hy-line White hens (79 wk of age) to two dietary treatments. The treatments 

included high dietary zinc (Zn) and Feed Withdrawal (FW). In the Zn 

method, hens were fed a layer ration containing 20,000ppm of zinc as zinc 

oxide for 10 d and the light was reduced to 12 h/d. At day 11, hens were 

returned to the control layer ration and received 16 h of light/d. In FW 

method, feed deprivation was continued for 5 d, water was provided for ad 

libitum intake and the photo period was reduced to 12 h/d. On day 6, birds 
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were returned to the control layer ration and received 16 h of light/d. The 

results of the present study indicated that hens subjected to Zn and FW 

methods lost 5 and 20% of their initial body weight by days 11 and 6 of the 

experiment, respectively.   

   Petek and Alpay (2008)   divided 54 Lohman, brown egg laying 

hens,   older than 70 weeks of age randomly into two treatment groups and a 

control group assigned in 18 experimental units with 3 hens each and 

providing 473 cm2 per bird. The hens in the first treatment group were fed 

100% grain barley ration, while the second group received 100% alfalfa 

meal. The control group of hens received a commercial layer feed. The 

respective diets and water were allowed ad libitum. The animals were housed 

in natural light during the 10-days molting program. The body weight 

changes of hens were determined. The most significant body weight loss 

(19.54%) occurred in the alfalfa fed hens, while in grain barley fed hens the 

loss was calculated as 17.54% at the end of molting period.   

Induction of molting by zinc oxide and total feed withdrawal 

techniques in two heavy breeds, Red Cornish (male line) and White 

Plymouth Rock (female line) and their effects on body weight were studied 

by Venkata et al., (2008). A total of 180 male line Cornish, 180 female lines 

white Plymouth Rock over 60 weeks of age were selected and distributed to 

60 pens with 6 birds in each pen. Three experimental treatments consisting of 

control, zinc oxide (25,000 pm) and feed withdrawal till the end of 

production, were allotted to 10 pens for each treatment in each row separately 

for both the breeds. The Cornish layers lost an average about 16% due to zinc 

oxide and about 14.9% due to feed withdrawals and the Rock layers lost 

about 21.74 and 16.18%, from their body weight respectively. In conclusion, 
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the feed withdrawal method appears to be better in inducing molt in broiler 

breeder hens than the zinc oxide method in terms of post-molt performance. 

  Mejia et al., (2010) treated 504 Hy-Line W-36 Single Comb
 
White 

Leghorn hens (69 wk of age).  with 47% corn: 47% soy
 
hulls diet (C: SH) fed 

ad libitum; a 94% corn diet fed at a rate
 
of 36.3, 45.4, or 54.5 g/hen per day 

(CORN 36, CORN 45, and
 
CORN 54, respectively); and a 94% corn distillers 

dried grains
 
with soluble (DDGS) diet fed at the same rates as the previous

 

corn diets (DDGS 36, DDGS 45, and DDGS 54, respectively) during
 
the molt 

period of 28 d. The intent was to feed the DDGS diets
 
for 28 d; All hens were

 

switched to a 16% CP corn-soybean meal layer diet on d 19 of
 
the molt 

period. At d 28, hens on all treatments were fed the
 
same corn-soybean meal 

layer diet for 39 wk (73 to 112 wk of
 
age). They reported that body weight 

loss during 28- day molt ranging from 14 to 23% for different treatments.   

2.1.2-Egg production 

Ralph, et al., (1964) found that inducing molting by deprivation of 

water, feed and light for five days dropped egg production to about zero. 

Hansen (1966) reported that light reduction for 39-days in conjunction with 

feed restriction increased the subsequent post-molt egg production to about 

6% when compared to the feed restriction alone.  

   Two methods of molting were compared by Scott and Creger 

(1976). First method was a conventional method in which no artificial light 

was employed, water was removed for 24 hrs, and feed was removed for 10 

days. Second method consisted of adding 20,000ppm of zinc oxide in the diet 

until egg production ceased in various groups, treated diet was fed for two, 

four, six, eight and twelve days after cessation of lay. They found that egg 

production ceased five days after the zinc diet was given and after seven days 

of using the conventional method. Shell quality declined in the conventional 



 13 

molt as egg production declined. They concluded that zinc fed at 20,000ppm 

is effective for molting when fed no more than 8 days after production 

ceases. The same authors reported that egg production ceased within five 

days of using zinc-contain diet, while seven days were required to cease egg 

production by the conventional method. Feeding the zinc diet for sixteen 

consecutive days resulted in inferior egg production. Feeding the zinc diet for 

less than 12 days resulted in a significant increase in egg production when 

compared to the conventional molt method. 

  The effect of forced molting on body temperature was studied by 

Brake and Thaxton (1979a). Caged layers, reared under commercial 

conditions, were forced molted successively at 72 and 104 weeks of age. This 

was accomplished by removing feed for up to 12 days and water for up to 3 

days while simultaneously reducing the day length to 10 hr. this procedure 

resulted in a cessation of egg production within one week of the initiation of 

feed removal. Body temperature and levels of the measured plasma 

constituents returned to normal levels upon the resumption of egg production. 

On the same line Shippee et al., (1979) showed complete cessation of egg 

production occurred within six days for the control molted group (feed and 

water withdrawal) and within five days for those receiving zinc acetate and 

zinc oxide, respectively. Egg production resumed within 12, and 11 days post 

stopping high- zinc feeding for the zinc acetate and zinc oxide group, 

respectively. Hen Day egg production during the 6-24 week period following 

initiation of molt or forced rest was 59.7, 56, and 55.1 for control, zinc 

acetate and zinc oxide, respectively. Palafox and Eloide(1980) fed ration 

containing 20 mg zinc oxide /g feed for five days to White Leghorn birds at 

different ages. They showed that zinc at 20 mg/g diet, significantly depressed 

egg production of hens within four weeks. The data further revealed that the 
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supplemented zinc significantly affected egg production from zero to twelve 

weeks.   

 The effect of forced rest by molt or low- salt diet on subsequent hen 

performances was studied by Ross and Herrick (1981). They found that egg 

production declined gradually to about 13% after 38 day when hens received 

low-salt, while the force-molted hens were completely out of production in 7 

days. Baker et al., (1981) suggested that a 25 to 30% reduction in body 

weight during a force-molt was necessary for maximum egg production, egg 

size, and shell quality. 

 Lee (1982) studied the effect of force molting by feed, water and 

photoperiod restriction in the following treatments: No forced molt (control), 

forced molt for 4 weeks, forced molt for 6 weeks, and forced molt for 8 

weeks. He found that birds in the forced molt for 8 weeks group had the 

highest hen- day egg production of any group, whereas birds in the control 

group had the lowest hen- day egg production. 

 Garlich and Parkhurst (1982) reported that by the 4
th
 day of fasting, 

egg production abruptly declined. It was found that providing of oyster shell 

lowered the rate of decline in egg production. They suggested that there was 

a greater number of ovulation during fasting when supplemental calcium was 

available than when it was not. The relationship between body weight loss 

during an induced molt and post molt egg production was evaluated by 

Baker and Brake (1983). They concluded that hens which lost weight of 

approximately 27 to 31%produced optimum post-molt egg production.   

 The percent reduction in HD egg production during the molt period 

was recorded by Said et al., (1984). It was 69.6 and 93.3 % for the low- 

sodium and the feed and water restricted groups, respectively. This difference 

indicated that the feed and water restriction was more effective than the low 
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sodium diet in producing a complete pause in egg lying within a short period 

of time. In addition, they reported that the feed and water restriction 

procedure cause a greater loss in body weight, however hens did not show 

any improvement in post-molt performance including egg production rate, 

egg size, haughty unit and shell quality. In the same contact McCormick and 

Cunningham (1984a) found that egg production dropped sharply in a fasting 

group of hens while it ceased completely in two 20,000ppm zinc fed groups 

for four and eight days. They reported that hens force-rested by feed removal 

for 10 days returned to production at a higher rate when compared to those 

force-rested by high dietary zinc treatments. Post-molt laying performance of 

White Leghorn hens that had been subjected to feed restriction was examined 

by Lee (1984). He found that during the post-molt period, birds in all forced-

molt groups consistently had higher percent HD egg production than 

controls. Christmas et al., (1985) studied the performance of Single Comb 

White Leghorn hens subjected to 4 or10 days feed withdrawal as a force rest 

procedures. They found that short rest birds (4 days) returned to production 

much sooner than birds rested by the 10 days feed withdrawal. And that egg 

production post-molt was dependent on pre-molt performance and body 

weight loss during the molt.  

  Both the conventional method (feed removal) and feeding zinc oxide 

method resulted in a rapid cessation of egg production as recorded by 

Cunningham and McCormick (1985). They stated that hen's egg product 

dropped to zero production in five to eight days by the feed withdrawal 

method compared to five to seven days in the feeding zinc oxide method. 

Zinc oxide treated hens returned to production faster than the hens of feed 

withdrawal method. On the other hand, the hens of the feed withdrawal 
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method showed a higher rate at the peak of egg production and a higher level 

of persistency during the laying period than the hens fed zinc oxide.  

Comparison between fasting for 10 days and feeding diets containing 

5,000 or 10,000ppm zinc oxide for 7 or 14 days was studied by Goodman et 

al., (1986). They reported that fasted hens and hens fed diets containing 

10,000ppm zinc oxide at the start of the experiment significantly ceased 

production earlier (4.6 to 6 days ) than hens fed 5,000ppm zinc oxide (14.3 

to14.9 days). The period required to return to 50% production from the start 

of the experiment did not differ between treatments.  

Hatabba et al., (1990) reported that both the high zinc supplemented 

diet (20.000ppm Zno) and the feed removal treatment resulted in rapid 

cessation of egg production compared with feed and water-restriction 

treatments. Hens reached 0% production at 5 to 7 days with Zno, 2 to 8 days 

with feed removal program, 5 to 10 days with Washington, conventional, Zno 

and California procedure, respectively.     

 Zimmermann and Andrews (1990) found that days of lay cessation 

were similar between hens induced to molt by fasting or limited feeding. 

Also they found that hens which were molt-induced by fasting returned to lie 

more rapidly than limited feeding treatments. Berry and Brake (1991) 

studied the effects of forced molt period on post-molt performance of caged 

laying hens. They induced molt by fasting to achieve a 30% loss of their 

original body weight or by providing diet containing 2% zinc oxide. They 

found that molting was induced, either by fasting or by zinc oxide and hens 

ceased egg production within 7 days. Both fast and zinc hens resumed egg 

production by day 35 (1
st
 egg) and rate of ages production was approximately 

equal to that of the control hens by day 49 (10
th
 egg). 
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The effects of force molting by three methods of (California, high 

dietary zinc and progesterone) in two breeds of chicken (Fayoumi and ISA 

brown) was investigated by Atallah et al., (1992). They found that California 

and high dietary zinc (20.000ppm Zn/kg diet) groups reached to 0% 

production after 6-7 days in both breeds. However, hens of the control group 

produced higher number of eggs than the other groups during the force 

molting. They observed that hens from both breeds fed 20.000 ppm zinc 

oxide returned to 50% and peak of production faster than California and 

progesterone groups. 

 Breeding et al., (1992) reported that hens receiving high dietary zinc 

were sooner to cease egg production than control hens which received a basal 

diet, also the number of days out of production were significantly greater for 

zinc treated than control hens. The number of days to stay in egg production 

decreased with increasing level of zinc. Bell and Adams (1992) compared 

between first and second cycle peak egg production, first cycle peak was 

89.1% at 30.2 wk of age. Following the peak, production declined at the rate 

of 0.565% / wk until 50 wk of age at which time egg production averaged 

77.8%. Between 50 and 60 wk of age, egg production declined at the rate of 

0.655% / wk to week 60 when egg production averaged 71.2%. Egg 

production during the second cycle reaches its peak at 12.3wk following the 

initiation of molt and declined at a weekly rate of 0.634 % to 30 wks post-

molt, egg production declined by 0.815% per week. Hen Day egg production 

averaged 61.7% at 40 wk post molt. In addition, they suggested that length of 

lay played an important role in determine the overall slope of production 

curve in both cycles. Egg production dropped at a significantly higher rate 

during the last 10 weeks of each cycle when compared with comparable 

slopes to 50 wk in the first cycle and to 30 wk in the second cycle. 
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 The alternative molting methods involving shorter periods of feed 

withdrawal and feeding a low density and low energy (molt diet) as 

compared to conventionally molted (8-days feed removal) and non- molted 

hens was studied by Rolon et al., (1993). Alternative molt methods consisted 

of feeding the molt diet for 28 days for ad libitum, daily limited, or alternate-

day limited (feeding every other day). They suggested that egg production 

during the 4 weeks molt was significantly greater for non-molted control 

hens, followed by ad libitum hens, and lower for the other three molting 

methods. Egg production during the pre-lay through 7
th
 week post-molt was 

comparable for non-molted control hens, conventional and alternate-day 

limited molt hens. Egg production of daily limited molted hens was lower 

than for non-molted control hens. During the 8
th

 through 26
th
 week post molt, 

all molted hens out performed non-molted control hens, however, ad libitum 

hens had significantly lower production than conventional molted hens. 

The effect of dietary zinc oxide (ZOP) and fasting force molting 

program (FRP) on performance of hens from four strains, Hypico (HYP), 

Fayoumi (FAY), White Leghorn (WL), and Rhode Island Red (RIR) at 70 

weeks of age was studied by Darwish et al., (1993). They reported that both 

ZOP and FRP treatments resulted in a rapid cessation of egg production. 

Groups HYP, RIR, WL and FAY of hens reached the 0% production at 4,5, 5 

and 7 days for ZOP and 5, 7, 8 and 9 days for FRP, respectively. The return 

to 50% production was about one week longer for FRP hens (52-55 days) 

than ZOP hens (45-49 days). The difference between the two programs in the 

total egg production was insignificant. Mobarak (1995) investigated the use 

of tamoxifen to induce ovarian regression in Hy- Line laying hens. He 

reported that a decrease in egg production followed by complete cessation of 
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lay 3 days after oral administration of 20 mg tamoxifen / kg body weight for 

10 days.   

 The effects of different force molting treatments on post- molt laying 

hen performance as determined by egg production and egg traits(egg and 

shell quality) were investigated by Elaroussi et al., (1996) One hundred 

eighty LSL hens 74-week- old at 40% hen day egg production were randomly 

divided into three groups, 60 hens each. The first group was intramuscularly 

injected with25 mg progesterone (P4) per hen twice during a four day 

interval. The second group was fed a commercial layer diet containing 

2%zinc oxide (20000ppm ZnO). The third group was force molted using the 

feed withdrawal (FW) method for 10 days. Egg production ceased after 4, 6 

and 9 days after initiation of the molt for ZnO, P4 and FW groups, 

respectively. During the second laying cycle the average egg production 

(HD) was 75, 86 and 87% for P4, FW and ZnO groups, respectively.Then 

declined weekly to reach 53, 68 and 83% egg production at the end of the 

second production period. It can be concluded that ZnO and FW molting 

procedures, produced the optimal performance for egg production. 

  Bar et al., (2001) induced molt at the 431, 501, or 571 days, in 

Lohmann (L) and Hy-Line W-77 (H) hens, by 8 or 14 day, respectively, of  

feed withdrawal followed by a rest period of 16 days. Induced molt resulted 

in increasing egg production and the total intact egg production of the molted 

hens than those the un-molted hens at 650 to 728 day, which suggests that no 

benefits would be achieved from molted hens by rearing them for less than 

700 to 730 day. 

Biggs et al., (2003) randomly assigned 336 White Leghorn hens (60 

week of age) to one of four treatment that consisted of feed removal for 4 or 

10 day or no feed removal with ad libitum  access to 95% corn or 95% wheat 
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middling molt diets that contained supplemental minerals and vitamins. At 

the end of the 4-or 10-day feed removal periods, hens on these treatments 

were provided with the corn molt diet for 24 or 18 day, respectively. At day 

28, hens on all treatments were fed a corn-soybean meal (16 %C.P) layer diet 

for 40 week (64 to 104 week of age). Both feed removal and the wheat 

middling treatments resulted in total cessation of egg production within 8 

days. Egg production of hens fed the corn molt diet had decreased to 3% by 

day 28. Hens fed wheat middling diet returned to production slightly faster 

than hens on the other treatments. Post molt egg production (week 5 to 44) 

was generally higher for the wheat middling and 10-day feed removal 

treatments than for the corn 4-day feed removal treatments.  

Several nonfood removal methods compared with feed removal for 

inducing molt of laying hens were evaluated by Biggs et al., (2004). An 

experiment was conducted using 576 Dekalb White hens (69 week of age) 

randomly assigned to 1 of 8 dietary treatments. Two of these treatments 

consisted of feed removal for 10 days followed by ad libitum access to 16 % 

CP, corn-soybean meal diet or a 94 % corn diet for 18 days. The other 6 

treatments were provided with ad libitum access for 28 day to diets 

containing 94 % corn, 94 % wheat middling (WM), 71 % WM: 23 % corn, 

47 % WM:47 % corn, 95 % corn gluten feed, and 49 % distillers dried grains 

with soluble (DDGS). At day 28, all hens were fed a laying hen diet (16 % 

CP), and production performances was measured for 40 week. The 2 feed 

removal treatments resulted in total cessation of egg production within 6 

days. Egg production of hens fed the 94 % WM, 71 % WM:23% corn, corn 

gluten feed, and 47 % WM;47 % corn diets all decreased to 6 % or less by 

day 12, 16, 19, 20, and 28, respectively. Egg production of hens fed DDGS 

never decreased below 18 %. No consistent differences were observed among 
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treatments throughout the 40 week post molt period for egg production. The 

results indicate feeding WM, corn, corn gluten feed, and WM: corn diets are 

effective non feed removal methods for molting laying hens.    

Donalson et al., (2005) used alfalfa mixed with layer ration at 

different ratios to hens to determine their ability to induce molt. The 

treatment ratios 100 % alfalfa (A100), 90 % alfalfa and 10 % layer ration 

(A90), and 70 % alfalfa and 30 % layer ration (A70). In addition fully fed 

(FF) non molted control and a FW negative control were used. Egg 

production for A90 and FW treatments ceased completely by day 6, whereas 

birds fed A100 and A 70 ceased egg production by day 8. Non molted hens 

(FF) and A70 treatment hens had significantly lower (P < 0.05) egg 

production when compared with all other treatments. From these results, 

alfalfa or alfalfa mixed with layer ration appears to be viable alternatives to 

conventional FW methods for the successful induction of molt and retention 

of post molt performance.     

 Egg production of molted hens at the end of the second laying cycle 

was conducted by Kim et al., (2005). Sixty Single Comb White Leghorn 

hens were used for this study. There were 2 controls and 4 molting treatment, 

full-fed control 1 (82 week old, FF1), full-fed control 2 (122 week old, FF2), 

feed withdrawal (FW), 100% alfalfa(A100), alfalfa / 10% layer ration (A90), 

and 70% alfalfa / 30 % layer ration (A70). The data of the current study 

demonstrated that egg production of the FF1 birds was significantly higher 

than those of the FF2 birds. These results suggest that age of hens and 

molting dietary treatments influence egg parameters in laying hens. 

 Evaluation the effects of alfalfa and fructooligosaccharides (FOS) on 

molting performance compared with the conventional feed withdrawal 

molting procedure was conducted by Kim et al., (2006). A total of 36 Single 
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Comb White Leghorn hens (84 week of age) were used for this experiment. 

The hens were divided into 6 treatment groups with 6 birds per treatment: 

pre-trial control (PC), full fed (FF), feed withdrawal (FW), 100 %alfalfa 

(A100), A100 + 0.375% FOS (A 100L) and A100 + 0.75% FOS (A100H). 

Egg production was recorded during the molting period to evaluate first day 

out of production. Alfalfa molting diets had comparable molting parameters 

such as percentage of the first day out of egg production, to the conventional 

feed withdrawal molting procedure, and FOS supplementation did not have 

any detrimental effects on post molting performance. 

Hassanabadi and Kermanshahi (2007) randomly assigned 6168 

Hy-line White hens (79 wk of age) to two dietary treatments of high dietary 

zinc (Zn) and Feed Withdrawal (FW) methods. In the Zn method, hens were 

fed a layer ration containing 20,000 ppm of zinc as zinc oxide for 10 d and 

the light was reduced to 12 h/d. At day 11, hens were returned to the control 

layer ration and received 16 h of light/d. In FW method, feed deprivation was 

continued for 5 d, water was provided for ad libitum intake and the photo 

period was reduced to 12 h/d. On day 6, hens were returned to the control 

layer ration and received 16 h of light/d. The FW treatment resulted in total 

cessation of egg production within 7 d and the birds remained out of 

production until 16 d of the experiment. Hens subjected to Zn treatment 

ceased egg production by 8 days of the experiment and remained out of 

production until day 29. Their results indicated that non feed removal method 

is as effective as feed removal method on post molt performance, although it 

caused significantly more mortality. 

 Fifty four  Lohman, brown egg laying hens, older than 70 weeks of 

age were randomly divided by Petek and  Alpay(2008) into two treatment 

groups and a control group (in total 18 experimental units with 3 hens each; 
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473 cm2 per bird). The hens in the first treatment group were fed 100% grain 

barley ration, while the second group received 100% alfalfa meal. The 

control group of hens received a commercial layer feed. The respective diets 

and water were allowed ad libitum, and the animals were housed in natural 

light during the 10-day molting programmed. Egg production, egg size, and 

mortality were determined. The post-molt egg production was determined.  

The results revealed significant differences were found for egg production 

and cracked egg percentage between non-molt control and molting treatment 

groups.   

One hundred and eighty male line Cornish and 180 female line white 

Plymouth Rock above 60 weeks of age were selected and distributed to 60 

pens with 6 birds in each pen by Venkata et al., (2008) Three experimental 

treatments consisting of control, zinc oxide (25,000 pm) and feed withdrawal 

till the end of production, were allotted to 10 pens for each treatment in each 

row separately for both the breeds. Hen day egg production in Cornish in the 

treated groups did not differ significantly from the control, whereas, in Rock, 

a significant increase in hen day egg production was noticed in both the 

treatments. In conclusion, the feed withdrawal method appears to be better in 

inducing molt in broiler breeder hens than the zinc oxide method. 

Sadeghi
 
and Mohammadi (2009) used 120 laying hens and

 
molted 

them by feed withdrawal (FW), a high-Zn diet (HZn), a moderate-Zn
 
and Ca-

P-deficient diet (MZn-CaP), or whole grain of bitter
 
vetch (BV). Egg 

production ceased first in FW-treated hens and
 
last in MZn-CaP-treated hens 

(P < 0.05). The rest period
 
was longer (P < 0.05) in hens exposed to the BV 

diet, which
 
proved to be comparable with the FW treatment for post molt egg

 

production. In conclusion, using of a BV grain method as a single dietary
 

ingredient proved to be an effective method in molt induction and improving
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post-molt egg production and internal egg quality when compared
 
with un-

molted hens.  

An experiment was conducted on 504 Hy-Line W-36 Single Comb
 

White Leghorn hens (69 wk of age) by Mejia, et al., (2010) who randomly 

assigned them to 1 of
 
7 treatments. These treatments consisted of a 47% 

corn:47% soy
 
hulls diet (C:SH) fed ad libitum; a 94% corn diet fed at a rate

 

of 36.3, 45.4, or 54.5 g/hen per day (CORN 36, CORN 45, and
 
CORN 54, 

respectively); and a 94% corn distillers dried grains
 
with soluble (DDGS) diet 

fed at the same rates as the previous
 
corn diets (DDGS 36, DDGS 45, and 

DDGS 54, respectively) during
 
the molt period of 28 d. The intent was to 

feed the DDGS diets
 
for 28 d; however, all hens on these diets had very low 

feed
 
intakes and greater than anticipated BW loss. Thus, they were

 
switched 

to a 16% CP corn-soybean meal layer diet on d 19 of
 
the molt period. At d 

28, hens on all treatments were fed the
 
same corn-soybean meal layer diet for 

39 wk (73 to 112 wk of
 
age). All DDGS diets and the CORN 36 diet resulted 

in total
 
cessation of egg production during the molt period and egg 

production
 
of hens fed the CORN 45, CORN 54, and C: SH diets had 

decreased
 
to 3 and 4%, respectively, by d 28. Post molt egg production

 
(5 to 

43 wk) was higher for hens fed the DDGS molt diets than
 
those fed the corn 

diets. 

2.1.3- Egg Weight:- 

 Several authors reported that force molting generally had little or no 

influences on egg weight (Noles, 1966; Nakazawa et al., 1970, Roland and 

Bushong, (1978). On the other hand, Len et al., (1964) used the following 

conventional molting regime, fasting and water depriving for 3.5 days and 

decreasing the day length to less than 12 hrs. They found that the average egg 
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weight for force-molted hens was significantly heavier than those of either 

the non-molted hens or the first year production. 

 A force molting regimen of 10 days of fasting was investigated by 

Severin (1983). He observed that egg weight decreased from 63g on the 1
st
 

day to 61g on the 7
th
 day, while increased from 61.7g on the 50

th
 day to 63g 

on the 56
th
 day from the onset of molt. However, Garlich et al., (1984) 

recorded an increment in egg weight continually during the first production 

laying season until the 67
th
 week post-molt, egg size was similar to the 67-

week value. This was explained by the decreased feed consumption due to 

the relatively high environmental temperature during the force molting 

period. Moreover McDaniel (1985) found that the force molting by the 

fasting method of feed for 12 days, water for 2 days and light restriction, 

resulted in significantly heavier post-molt egg weights (64.2g) compared to 

pre-molt ones (62g). 

 The effects of diet type and periodicity of limited feeding used to 

induce molt of 78-wk-old Leghorn hens on post-molt performance were 

studied by Zimmermann and Andrews (1990). They found that induced 

molt treatments had no significant effect on egg weight during post-molt lay. 

Koelkebeck et al., (1992) found that post-molt egg weight was lower for the 

14- day fasted hens compared with those fed, 4 or 7 days fasted hens.  

The effect of using a dietary zinc oxide (ZOP) or fasting force molted 

program (FRP) on performance of hens, in addition to comparison compared 

between four strains Hypico (HYP), Fayoumi (FAY), White Leghorn (WL), 

and Rhode Island Red (RIR) at 70 weeks of age were studied by Darwish et 

al., (1993). They reported that both of ZOP and FRP resulted in a rapid 

cessation of egg production. The return to 50% production was about one 

week longer for FRP hens (52-55 days) than ZOP hens (45-49 days). The 
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overall mean of egg weight and the total egg weight of ZOP hens were 

significantly higher than FRP hens. 

 Rolon et al., (1993) compared alternative molting methods involving 

shorter periods of feed withdrawal or feeding a low- density and low- energy 

diets (molt diet) to conventionally molt (8-day feed removal) and non- 

molted control hens. They recorded that egg weight prior to molt induction 

(60 week of age) was not different among hens in the different molting 

methods. Egg weight did not significantly differ between molting methods or, 

between non-molted controls and molted hens at the 7
th
, 16

th
 and at the 26

th
 

week post-molt. There was significant increase in egg weight with 

progression of age for all hens. 

 Elaroussi et al., (1996) investigated that the effects of different force 

molting treatments on post- molt laying hen performance as determined by 

egg production and egg traits (egg and shell quality). One hundred eighty 

LSL hens 74-week- old at40% hen day egg production were randomly 

divided into three groups, 60 hens each. The first group was intramuscularly 

injected with25 mg progesterone (P4) per hen twice during a four day 

interval. The second group was fed a commercial layer diet containing 2% 

zinc oxide (20000ppm ZnO).The third group was force molted using the feed 

withdrawal (FW) method for 10 days.  Egg production cased after 4, 6 and 9 

days after initiation of the molt for ZnO, P4 and FW groups, respectively. 

They concluded that ZnO and FW molting procedures, produced the optimal 

performance for egg production and egg weight 

   Induction of molt in aged hens at 431, 501, or 571 days from two 

strains, Lohmann (L) and Hy-Line W-77 (H) hens, by 8 or 14 day, 

respectively, of feed withdrawal followed by a rest period of 16 day were 

studied by Bar et al., (2001).The results showed an increasing in egg 
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production, egg mass per housed or surviving hens and decreasing egg 

breakage (not significant). Egg weight was only slightly affected by molt, 

and the egg weight of hens induced to molt at 431 or 501 day of age were 

slightly lower than those of the un-molted hens or of those induced to molt at 

571.   

Biggs et al., (2003) randomly assigned 336 White Leghorn hens (60 

week of age),to one of four treatments that consisted of feed removal for 4 or 

10 day or no feed removal with ad libitum  access to 95% corn or 95% wheat 

middling molt diets that contained supplemental minerals and vitamins. At 

the end of the 4-or 10-day feed removal periods, hens on these treatments 

were provided with the corn molt diet for 24 or 18 day, respectively. At day 

28, hens on all treatments were fed a corn-soybean meal (16 %C.P) layer diet 

for 40 week (64 to 104 week of age). Both feed removal and the wheat 

middling treatments resulted in total cessation of egg production within 8 

days. Egg production of hens fed the corn molt diet had decreased to 3% by 

day 28. Hens fed wheat middling diet returned to production slightly faster 

than hens on the other treatments. Post molt egg production, and egg mass 

(week 5 to 44) were generally higher for the wheat middling and 10-day feed 

removal treatments than for the corn 4-day feed removal treatments. There 

were no consistent differences in egg weight, egg specific gravity among 

treatments.    

Comparison of several non feed removal methods, the feed removal 

method in inducing molt of laying hens was evaluated by Biggs et al., (2004). 

An experiment was conducted using 576 Dekalb White hens (69 week of 

age) randomly assigned to 1 of 8 dietary treatments. Two of these treatments 

consisted of feed removal for 10 days followed by ad libitum access to 16 % 

CP, corn-soybean meal diet or to a 94 % corn diet for 18 days. The other 6 
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treatments provided ad libitum access for 28 days to diets containing 94 % 

corn, 94 % wheat middling (WM), 71 % WM: 23 % corn, 47 % WM:47 % 

corn, 95 % corn gluten feed, and 49 % distillers dried grains with soluble 

(DDGS). At 28 day, all hens were fed a laying hen diet (16 % CP), and 

production performances was measured for 40 week. The 2 feed removal 

treatments resulted in total cessation of egg production within 6 days. Egg 

production of hens fed the 94 % WM, 71 % WM:23% corn, corn gluten feed, 

and 47 % WM;47 % corn diets all decreased to 6 % or less by day 12, 16, 19, 

20, and 28, respectively. Egg production of hens fed DDGS never decreased 

below 18 %. No consistent differences were observed among treatments 

throughout the 40 week post-molt period for egg weight and egg yield.   

Park et al., (2004) studied the ability of an alternative salt form of 1 

% zinc, zinc propionate, to induce molt in 66-week-old hens. The hens were 

randomly assigned to 4 treatment groups of 27 or 28 birds each: a) molted by 

conventional feed withdrawal, b) 1 % zinc as zinc acetate, c) 1 % zinc as zinc 

propionate, or d) no molted control for 9 day. Over the entire molting or post 

molt period, there were no significant differences in interior egg qualities, but 

egg weights from hens fed zinc propionate were (P<0.05) heavier than those 

from hens of feed withdrawal.   

 Eggshell parameters of molted hens at the end of the second laying 

cycle were evaluated by Kim et al., (2005). Sixty Single Comb White 

Leghorn hens divided into 2 controls and 4 molting groups: Full-fed control 1 

(82 week old, FF1), full-fed control 2 (122 week old, FF2), feed withdrawal 

(FW), 100% alfalfa(A100), 90% alfalfa / 10% layer ration (A90), and 70% 

alfalfa / 30 % layer ration (A70). The data of present study demonstrated that 

FF2 hens exhibited heavier egg weights than the FF1 (P < 0.05). Egg weight 

was negatively correlated with percentage shell. 
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Hassanabadi and Kermanshahi (2007) randomly assigned  6168 

Hy-line White hens (79 wk of age) to two dietary treatments. The treatments 

included high dietary zinc (Zn) and Feed Withdrawal (FW) methods. In the 

Zn method, hens were fed a layer ration containing 20,000ppm of zinc as 

zinc oxide for 10 d and the light was reduced to 12 h/d. At day 11, hens were 

returned to the control layer ration and received 16 h of light/d. In FW 

method, feed deprivation was continued for 5 d, water was provided for ad 

libitum intake and the photo period was reduced to 12 h/d. On day 6, hens 

were returned to the control layer ration and received 16 h of light/d. No 

differences were observed between feed removal treatment and non-feed 

removal treatment for post-molt hen day production and egg weight.  

 Petek and Alpay (2008) found there were no significant differences 

between molt and post-molt average periods in egg weights in all groups of 

Lohman brown egg laying hens. 

   Faitarone (2008) evaluated the performance of Japanese quails 

submitted to forced molting aiming at optimizing the use of the same quail 

flock by promoting a second laying cycle. A total number of 400, 67-day-old 

Japanese quails in lay, previously submitted to 14 days of forced molting, 

were distributed in a completely randomized experimental design into five 

treatments,T1= not submitted to forced molting, T2= 03 days of fasting + fed 

ad libitum, T3= 01 days of fasting + 13 days of feed restriction, T4= 02 days 

of fasting + 12 days of feed restriction, and T5= 03 days of fasting + 11 days 

of feed restriction. Feeds contained equal nutrient levels, and were 

formulated according to NRC (1994) recommendations. Although the 

treatment of 3 days of fasting followed by ad libitum feeding resulted in 

lower egg weight, it promoted better lay percentage, egg mass, and feed 



 30 

conversion ratios (FCR/dz and FCR/kg). Birds that were not submitted to 

forced molting, had lower lay percentage and egg mass. 

 One hundred and fifty laying hens molted by feed withdrawal (FW), 

a high-Zn diet (HZn), a moderate-Zn
 
and Ca-P-deficient diet (MZn-CaP), or 

whole grain of bitter
 
vetch (BV) were studied by Sadeghi and Mohammadi 

(2009). Egg production ceased first in FW-treated hens and
 
last in MZn-CaP-

treated hens (P<0.05). Egg mass for 4 to 16 wk after the molting was greater
 

(P < 0.05) for hens molted by BV than hens molted by the
 
MZn-CaP diet. 

Egg weight and yolk color were not (P>0.05)
 
significantly different among 

various molting induction methods. 

  Mejia, et al., (2010) used 504 Hy-Line W-36 Single Comb
 
White 

Leghorn hens (69 wk of age). An experiment was conducted and randomly 

assigned to 1 of
 
7 treatments. These treatments consisted of a 47% corn:47% 

soy
 
hulls diet (C:SH) fed ad libitum; a 94% corn diet fed at a rate

 
of 36.3, 

45.4, or 54.5 g/hen per day (CORN 36, CORN 45, and
 
CORN 54, 

respectively); and a 94% corn distillers dried grains
 
with soluble (DDGS) diet 

fed at the same rates as the previous
 
corn diets (DDGS 36, DDGS 45, and 

DDGS 54, respectively) during
 
the molt period of 28 d. The intent was to 

feed the DDGS diets
 
for 28 d; however, all hens on these diets had very low 

feed
 
intakes and greater than anticipated BW loss. Thus, they were

 
switched 

to a 16% CP corn-soybean meal layer diet on d 19 of
 
the molt period. At d 

28, hens on all treatments were fed the
 
same corn-soybean meal layer diet for 

39 wk (73 to 112 wk of
 
age).They found no consistent differences

 
in egg 

mass.  

2.1.4- Egg shell quality:- 

 Numerous studies investigated the effect of molt by conventional 

method on egg shell quality. Roland et al., (1977) reported that uncollectible 
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eggs were laid by pullets coming into production and that the incidence 

increased with the age of the bird from 2.67% at 3 months of lay to 15.43% 

by 12 months of lay. They demonstrated that the cause of shell- less eggs was 

not due to the hen's inability to absorb calcium or transport calcium to the 

blood, bone or uterus but rather to the hen's inability to utilize calcium in the 

actual process of shell calcification. They reported that restoration and 

rejuvenation of the reproductive system by force-molting enables the hen to 

produce more eggs with better shells. Monsi and Enos (1977) induced force 

molting by low-dietary salt and found non significant effects on egg shell 

thickness or shell strength. 

  (Lee, 1982) reported during the early post-molt period (72 to 124 

weeks of age) the egg shell thickness measured at 76 weeks of age were 

significantly improved by all force molt treatments compared to the controls. 

During the post-molt period (72 to 124weeks of age) egg shell thickness was 

significantly improved in two (Fm4 and Fm8) of the three force molt 

treatments. 

 Roland and Brake (1982) reported that post-molt production was 

directly related to pre-molt production. The hens laying highest rate pre-molt 

showed no improvement, whereas those laying at the lowest rate showed the 

greatest improvement. They reported also that the force molted hens 

exhibited a lower incidence of shell less egg than the control hens which was 

in turn reflected on the increase of mass production. This was due to the 

significant improvement happened in shell weight and egg specific gravity 

for the molted hens and not due to the increase in ovulation rate. The shell 

quality improvement could be partially explained by the increase in feed 

intake and in turn the increase in calcium intake. 
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 In another study Baker et al., (1983) studied the relationship 

between weight loss during an induced molt and post-molt performance. The 

molt was induced by fasting and photoperiod manipulation. It was concluded 

that a body weight loss of approximately 27 to 31% produced optimum post- 

molt performance expressed by the specific gravity, shell weight and shell 

thickness. Brake and Carey (1983) reported that shell weight, percent shell 

and thickness (mg shell / cm shell surface area) declined during the first 

production year. Shell weight was greater immediately post-molt than at any 

other time. Post-molt values percent shell and thickness were similar to 

values were observed at 43 weeks of age. The effect of two force-molting 

methods on performance of two commercial strains of laying hens, Dekalb 

and Hisex were compared by Said et al., (1984). The two force molting 

methods were low-sodium (0.08%) diet and conventional feed and water 

restriction. They found no significant differences in shell quality were 

observed between the two treatments or between the two strains during 10 

subsequent and 28- day post-molt periods. In the same contact Garlich et al., 

(1984) reported that shell thickness was increased at 31 week of age and 

declined throughout the first year. After molting, values for shell thickness of 

83- week-old hens were similar to those of hens about 37 weeks of age. 

The force molting methods (restricted feeding, 2% zinc oxide, 3% zinc oxide 

and fasting) produced to significant effects on shell weight, shell percentage 

and shell thickness as recorded by Soliman (1993). 

A total of 600 commercial strain (Dekalb) Single Comb White 

Leghorn hens, 80 week of age to determine the effects of different induced 

molting programs on production and immune parameters were used by 

Aldon and Mashaly (1999). The hens were randomly divided into four 

treatment groups, three experimental and one control of 150 hens each. The 
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hens in the first treatment group were fed a layer ration containing 20,000 

ppm of zinc for 5 day, and received a reduced photo period of 8 for 5days 

(Zn group). In the second group, feed was withdrawal for 10 days, the 

photoperiod was reduced to 8 h/d and oyster shell and water were provided 

for ad libitum consumption. At day 11, hens consumed corn and oyster shell 

ad libitum until Day 30 and day 31, hens were return to a full feed layer 

ration and received 16 h of light /d (California treatment ) (CAL group). In 

the third treatment, light was reduced to 8 h/d, and oyster shell was provided 

for ad libitum consumption until day 60. Feed and water were removed for 

the first 2 days and on days 4, 6 and 8. On days 3, 5 7, and 9 hens were given 

45 g of feed per hen. On day 10 until day 60, hens were fed 90 g/hen and at 

Day 61, hens were returned to the layer rations fed ad libitum and received 

16 h light /d [on-again program (ON-OFF group)]. The last group served as 

control (CONT). Egg size, internal egg quality, shell weight was determined. 

The results demonstrated that induced molting significantly increased egg 

production from 64 % to 77 % to 83 %.Hough units from 84 to 85.9 to 87.3 

and shell weight from 5.3g to 6.3 to 6.4g when compared to control.                                              

 Bar et al., (2001) molt was induced at the 431, 501 or 571 day, in 

Lohmann (L) and HY- Line W-77 (H) hens, by 8 or 14 day, respectively, on 

feed withdrawal followed by a rest period of 16 day. induced molt at the 431, 

501, or 571 days, in Lohmann (L) and Hy-Line W-77 (H) hens, by 8 or 14 

days, respectively, of  feed withdrawal followed by a rest period of 16 day. 

Induced molt resulted in increases in shell quality and in decreases in egg 

breakage (not significant). Kim et al., (2005) conducted to an experiment 

evaluate skeletal and eggshell parameters of molted hens at the end of the 

second laying cycle. Sixty Single Comb White Leghorn hens were used for 

this study. There were 2 controls and 4 molting treatment, full-fed control 1 
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(82 week old, FF1), full-fed control 2 (122 week old, FF2), feed withdrawal 

(FW), 100% alfalfa(A100), alfalfa / 10% layer ration (A90), and 70% alfalfa 

/ 30 % layer ration (A70). The data of the current study demonstrated that 

egg production of the FF1 birds was significantly higher than those of the 

FF2 birds. They suggested that age of hens and molting dietary treatments 

influence egg parameters and eggshell formation in closely related manner in 

laying hens.  

Shell thickness in Cornish layers was affected by different molting 

methods (Venkata et al., 2008). They added that in control diet group, 

thickness was significantly lower than in the zinc oxide diet group but it was 

non-significantly different from feed withdrawal treatment. The shell 

thickness was almost similar among Zinc oxide treatment1 and feed 

withdrawal group, the mean values for the last 3 periods were 0.26, 0.30 and 

0.28mm for control, Zinc oxide and feed withdrawal treatments, 

respectively.Whereas the shell thickness was not affected by different 

molting methods employed in Rock breed. The pooled mean values in Rock 

breeds for the last 3 periods were 0.28, 0.29 and 0.29mm for control, Zinc 

oxide and feed withdrawals groups, respectively.  

2.1.5- Mortality:- 

Many reports recorded that mortality rate was not significantly 

affected by any force molting treatment. 

 Thomas and Bray (1976) reported that mortality during and 

following the molting period in all force molted groups did not significantly 

differ from the control group. Ruiz et al., (1978) used two force molting 

methods: fasting for 6 days and steroid hormones followed by fasting for 3 

days. They found that mortality rate during 183 days after molting treatment 
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was neglect able as it was 0.85 and 0.54 for the first and second groups, 

respectively. 

Also Bessei and Lantzsch (1980) reported that mortality rate of 

layers was not influenced by either increasing dietary zinc concentration or 

its application time. However Lee (1982) reported that during the post-molt 

period mortality rate was significantly lower for Leghorn hens force molted 

for 4 weeks and 8 for as compared to the controls. 

 McCormick and Cuunningham (1984a) and (1987) stated that 

mortality rate was less than 2% and 1% when compared fasted hens with 

those fed 20000ppm zinc for 4 or 10 days, respectively. However, Bally and 

Horn (1986) found that mortality rate ranged from 2.0 to 6.0 % when birds 

molted by fasting for 19 or 20 days and given photo period of 8 hours. Also, 

Berry and Brake (1987) obtained mortality rate was 6-11% when used force 

molting methods: fasting, feeding 20000ppm zinc for 10 days and feeding 

500ppm sodium for 42 days. 

  Similar result was obtained by Mohamed (1990) when hens were 

fasted for 10 days as compared with hens fed 20000ppm zinc diet for 8 days. 

   The effects of diet type and the periodicity of limited feed used to 

induce molting in 78-week-old Leghorn hens on post-molt performance were 

studied by Zimmermann and Andrews (1990). Ground corn, a 22% protein 

starter or a 15% protein layer mash diets were available ad libitum for 6 hrs 

on the 3
rd

, 4
th

, or 5
th
 recurring days. No significant differences in mortality 

were observed between treatments. 

   Koelkebeck et al., (1992) found that total mortality rate was7.1, 

8.3% and 13.1 for the 4 or 10-days fasted and feeding groups, respectively in 

experiment 1. In experiment 2, overall mortality rate was 8, 5 and 10 and 6% 

for the 4, 7, 14-days fasted and feeding treatments, respectively.  
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 An alternative molting methods involving shorter periods of feed 

withdrawal and feeding low-density and low-energy (molt diet) were studied 

and compared to conventionally molted (8-days feed removal) and non-

molted hens (control) by Rolon et al. (1993). Alternative molt methods 

consisted of feeding the molt diet for 28 days ad libitum intake, daily limited 

or alternate-day limited (feeding every other day).They reported that 

mortality was less than 1% for all molted hens during the 4-weeks molt 

period. Total mortality was significantly higher for conventional (11%) and 

daily limited (12%) hens compared with control hens. While for ad libitum 

(3%) and alternate-day limited (6%) hens had mortality similar to the non-

molted control (5%) hens. 

  Biggs et al., (2003)  randomly assigned used  336 White Leghorn 

hens (60 week of age),to one of four treatments that consisted of feed 

removal for 4 or 10 day or no feed removal with ad libitum  access to 95% 

corn or 95% wheat middling molt diets that contained supplemental minerals 

and vitamins. At the end of the 4-or 10-day feed removal periods, hens on 

these treatments were provided with the corn molt diet for 24 or 18 day, 

respectively. At day 28, hens on all treatments were fed a corn-soybean meal 

(16 %C.P) layer diet for 40 week (64 to 104 week of age). There were no 

consistent differences in mortality among treatments. 

 Hassanabadi and Kermanshahi (2007) randomly assigned 6168 

Hy-line White hens (79 wk of age) to two dietary treatments. The treatments 

included high dietary zinc (Zn) and Feed Withdrawal (FW) methods. In the 

Zn method, hens were fed a layer ration containing 20,000ppm of zinc as 

zinc oxide for 10 d and the light was reduced to 12 h/d. At day 11, hens were 

returned to the control layer ration and received 16 h of light/d. In FW 

method, feed deprivation was continued for 5 d, water was provided for ad 
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libitum intake and the photo period was reduced to 12 h/d. On day 6, hens 

were returned to the control layer ration and received 16 h of light/d. 

recorded that nonfood removal method is as effective as feed removal 

method on post molt performance, although it caused significantly more 

mortality. 

  The alternative method of zinc oxide and fasting to induce molt in 

Japanese quails were evaluated by Teixeira et al., (2007). A total number of 

190, 48-weeks-old quails were used. Quails molted by zinc oxide (Z) were 

fed a diet containing 25,000ppm of zinc oxide, and received water ad libitum. 

Quails treated by fasting (F) received no feed and a day of water restriction. 

Japanese quails treated by the alternative method of zinc oxide,   showed a 

low mortality rate. 

  Petek and Alpay (2008) used 54 Lohman, brown egg laying hens, 

older than 70 weeks of age. The hens were randomly divided into two 

treatment groups and a control group. The hens in the first treatment group 

were fed 100% grain barley ration, while the second group received 100% 

alfalfa meal. The control group of hens received a commercial layer feed. 

The respective diets and water were allowed ad libitum, and the animals were 

housed in natural light during the 10-days molting programmed. There were 

no significant differences between molt and post-molt average period's 

mortality rates in all groups.  

 Venkata et al., (2008) evaluate zinc oxide and total feed withdrawal 

techniques to induce molting in two heavy breeds. Red Cornish and White 

Plymouth Roock and their effects on mortality.180 male line Cornish,   

Mortality rate did not vary between the breeds, but, feed withdrawal method 

appears to be better in inducing molt in broiler breeder hens than the zinc 

oxide method.   
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2.1.6-Fertility, hatchability and embryonic mortality percentage:  

Leighton et al., (1970) studied the reproductive performance of force 

molted turkey breeder hens. They observed that fertility levels in the pre-molt 

period were higher during the first half of the breeding season than those 

obtained during the comparable post-molt period. On the other hand, late- 

season fertility was less than during the post- molt production period. 

Therefore, fertility for the entire production period was essentially equal, 

being 56% and 57% for the pre-molt and post-molt-periods, respectively. 

Hatchability of fertile eggs averaged 71% for the pre molt period and 78% 

for the post-molt period.   

Two experiments using 124 Single Comb White Leghorn laying 

pullets and hens to determine the effect of zinc toxicity on bird performance 

were conducted by Palafox and Elodie (1980). Data showed that 20 mg 

zinc/g diet fed 5 days significantly affected fertility and hatchability of pullet 

eggs 14 to 28 days after the zinc supplement was removed from the diet. 

Fertility averaged 84.4% and 63.0%, respectively, for the control and zinc 

groups. Hatchability of all eggs averaged 54.1% for the zinc group and 

75.3% for the control group. Hatchability of fertile eggs for the zinc group 

was 10.1% lower than the control. No change in hatchability of eggs from the 

fourth week hatch was observed. The results data suggested that zinc fed 20 

mg/g diet was detrimental to fertility and hatchability of eggs collected from 

14 to 28 days following its removal from the diet.  

 The response of broiler breeder hens to forced molting by hormonal 

and dietary manipulations were studied by Attia et al., (1994). They found 

that fertility ranged from 82.1% in the deprived of feed and restricted light 

groups to 69.8% in the un-molted controls. 
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Venkata et al., (2008) evaluated the ability of zinc oxide and total 

feed withdrawal techniques to induce molting in two heavy breeds. Red 

Cornish and White Plymouth Roock and their effects on egg production, egg 

characteristics, fertility and hatchability. They found no significant difference 

in fertility and hatchability due to different methods of molting in both the 

breeds. However, Rock hens showed slightly higher fertility and hatchability 

than the Cornish hens.  

2.1.7-Organ weights:   

  Administration of tamoxifen prevented the expected increase in 

ovarian weight. At doses from 2-5 mg / kg / day ovarian weight was about 

half that of controls (Harper and Walpole 1967a).While Brake and 

Thaxton (1979b) found that the 25% of body weight loss during fast was 

directly attributed to the decreases in the liver, ovary and oviduct weights 

along with surrounding abdominal fat . 

            Brake and Thaxton (1979b) reported that the rejuvenation that 

occurs as a result of a molt was related to total regression of the liver, ovary 

and oviduct during the molt. However, both the regression and subsequent 

redevelopment of organs and tissues must be related to the enhanced post-

molt performance. Collectively, one fourth of the decreases in body weight to 

approximately 25% of body mass could be attributed directly to the liver, 

ovary and oviduct reduction. A considerable amount of weight loss must be 

attributed to the effects of feed and water removal. Decreased ovarian 

function was causally related to the decrease in the oviduct weight. Oviduct 

weight loss was initiated after ovarian weight loss. 

 Feeding high dietary zinc as 10,000 or 20,000ppm for four days 

caused a rapid reduction in reproductive system in that both ovary and 
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oviduct weights by about 75 and 60%, respectively McCormick and 

Cunningham (1984b). 

In the chicken oviduct, tamoxfine was characterized as a pure 

antioestrogen when given at dose ranging from 1-10mg per kg (Sutherland, 

1981). This could explain by the ability of tamoxifen, tamoxifen exerted an 

antagonistic action on oestradiol- induced testis feminization in the chick 

embryo (Weniger and Zeis, 1984). 

However, low doses of tamoxifen advanced ovarian and oviduct 

growth, increased plasma estrogen and androgen, and caused precocious egg 

laying in Juvenile White Leghorn females (Sgarlata et al., 1984).    

 McCormick and Cunningham (1987) compared between two force 

molt methods, fasting to 30- 34% loss body weight and feeding 20000ppm 

zinc diet (7 days) with control group. They found that the weight of ovary 

and oviduct was significantly decreased from the 4
th
 to the 12

th
 day of 

molting in both treatments. Both weights improved gradually until 68 days 

after the start of treatment.   

   Breeding et al., (1992) found that dietary zinc (2800ppm for 10 

days) reduced the ovary and oviduct weights by 82% and 74.8%, 

respectively. They added that number of follicles which were filled with 

green and black fluid was significantly increased. 

Elaroussi et al., (1996) conducted an experiment to study the effect 

of three force molting treatments on some internal organ weights such as 

liver and spleen in laying hens. One hundred eighty LSL hens at 40% hen 

day egg production (74-weeks-old) were randomly divided into three equal 

groups. The first group was intramuscularly injected twice with 25 mg 

progesterone (P4). The second group was fed a commercial layer diet 

containing 2% (20,000)ppm zinc oxide (ZnO) for 14 days. The third group 
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was force molted by feed withdrawal (FW) for 10 days. They found that, 

spleen and liver weights were decreased after initiation of the molt 

treatments. Also, there were a reduction in the weights of ovary and oviduct 

especially in feed withdrawal and zinc oxide (20000Zno) groups. 

Heryanto et al.,(1997). Induced molting by feed withdrawal and 

feeding was resumed 4 days (d) after cessation of egg laying. The birds were 

divided into four groups, before treatments (L), and 2days (C2), 7d (C7), and 

14d (C14) after the cessation of egg laying. They found that the average 

weight of the oviduct was 70.8, 41.8, 13.4 and 45g in L, C2, C7 and C14, 

respectively.  

Donalson et al., (2005) tested the ability of using feeding alfalfa 

mixed with layer ration at different ratios to hens to determine their ability to 

induce molt. The treatment ratios were, 100 % alfalfa (A100), 90 % alfalfa 

and 10 % layer ration (A90), and 70 % alfalfa and 30 % layer ration (A70). In 

addition, fully fed (FF) no molted control and a FW negative control were 

used. Alfalfa is an insoluble, high fiber feedstuff with low metabolizable 

energy. Their results shown that ovary and oviduct weight of hens fed all 

molting diets decreased (P<0.05) by average of 1.5 to 2.5 % (body weight 

basis) compared with FF control during the 9-day molt induction period.  

Kim et al., (2006) evaluate the effects of alfalfa and 

fructooligosaccharides (FOS) on molting performance compared with the 

conventional feed withdrawal molting procedure. A total of 36 Single Comb 

White Leghorn hens (84 week of age) were used for this experiment. The 

hens were divided into 6 treatment groups with 6 birds per treatment: pre-trial 

control (PC), full fed (FF), feed withdrawal (FW), 100 %alfalfa (A100), 

A100 + 0.375% FOS (A 100L) and A100 + 0.75% FOS (A100H). Hens 
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molted by alfalfa molting diets exhibited effective ovary regression and rapid 

cessation of egg production. 

Venkata et al., (2008) evaluate zinc oxide and total feed withdrawal 

techniques to induce molting in two heavy breeds, Red Cornish and White 

Plymouth Roock and their effects on   reproductive organs. 180 male line 

Cornish, 180 female lines white Plymouth Rock above 60 weeks of age were 

selected and distributed to 60 pens with 6 birds in each pen. Three 

experimental treatments consisting of control, zinc oxide (25,000 pm) and 

feed withdrawal till the end of production, were allotted to 10 pens for each 

treatment in each row separately for both the breeds. Changes in reproductive 

organs were studied on „0‟ day of the trial, at 0 and at 50% production. In 

both the breeds the reproductive organs loss was more in feed withdrawal 

groups when compared to zinc oxide groups. 

On the other hand, Rozenboim et al.,(1990) found that injecting 

Muscovy dukes with tamoxifen every other day  from 37 to 164 days of age 

at doses 0.5 and 1 mg of tamoxifen / kg body weight caused no significant 

effect on the weights of the liver, testes and bursa of Fabricius,  

Several non-feed removal methods compared with feed removal for 

induced molting of laying hens were evaluated by Biggs et al., (2004). The 

experiment was conducted using 576 Dekalb White hens (69 week of age) 

randomly assigned 1 of 8 dietary treatments. Two of these treatments 

consisted of feed removal for 10 days followed by ad libitum access to 16 % 

CP, corn-soybean meal diet or a 94 % corn diet for 18 day. The other 6 

treatments provided ad libitum access for 28 days diets containing 94 % corn, 

94 % wheat middling (WM), 71 % WM: 23 % corn, 47 % WM:47 % corn, 

95 % corn gluten feed, and 49 % distillers dried grains with soluble (DDGS). 

At 28 day, all hens were fed a laying hen diet (16 % CP), and production 
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performances was measured for 40 weeks. No differences were observed 

among feed removal treatments versus several non feed removal treatments 

for ovary and oviduct weights during the molt period. Also, Park et al., 

(2004) studied the ability of an alternative salt form of 1 % zinc, zinc 

propionate, to induce molt in 66-week-old hens. The hens were randomly 

assigned to 4 treatment groups of 27 or 28 birds each: a) molted by 

conventional feed withdrawal, b) 1 % zinc as zinc acetate, c) 1 % zinc as zinc 

propionate, or d) no molted control for 9 day. Ovary weights of hens 

undergoing feed withdrawal, zinc acetate, or zinc propionate were not 

different from each other (P<0.05), but all were (P<0.05) lighter than the 

ovary weights of non- molted control hens. 

2.1.8-Bone characterize (breaking strength, tibia and femur    

          weights): 

 Park et al., (2004) studied the ability of an alternative salt form of 1 

% zinc, zinc propionate, to induce molt 66-weeks-old hens. The hens were 

randomly assigned to 4 treatment groups of 27 or 28 birds each: a) molted 

conventionally by feed withdrawal, b) 1 % zinc as zinc acetate, c) 1 % zinc as 

zinc propionate, or d) no molted control for 9 days. They found that bone ash 

values were increased for zinc acetate and zinc propionate molted hens or 

non molted control (P<0.05) hens as compared with molted hens on feed 

withdrawal.     

Kim et al., (2005) evaluated skeletal and eggshell parameters of 

molted hens at the end of the second laying cycle. Sixty Single Comb White 

Leghorn hens were used for this study. There were 2 controls and 4 molting 

treatment full-fed control 1 (82 weeks old, FF1), full-fed control 2 (122 

weeks old, FF2), feed withdrawal (FW), 100% alfalfa (A100), alfalfa / 10% 

layer ration (A90), and 70% alfalfa / 30 % layer ration (A70). Tibia and 
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femur were collected. There were no differences in bone parameters between 

FF1 and FF2 (P<0.05). They found no differences in bone parameters among 

the different molting dietary treatments (P<0.05).The correlation analysis 

showed that overall bone parameters were negatively correlated with eggshell 

parameters. Bone parameters were highly correlated with each other, these 

results suggest that age of hens and molting dietary treatments influence egg 

parameters, and eggshell formation is closely related to bone metabolism in 

laying hens.  

Mazzuco and Hester (2005a) in three experiments studied the effect 

of an induced molt at a second egg laying cycle on White Leghorn hen's 

skeletal integrity. Using dual-energy X-ray absorptiometry, bone mineral 

density (BMD) and bone mineral content (BMC), of the lift tibia and 

humerus were measured in live hens and excised bones and correlated with 

invasive bone measurement tests, and the incidence of broken bones in 

carcasses of processed hens. The results of all 3 experiments showed that an 

induced molt was detrimental to skeletal integrity. For hens that were 

repeatedly scanned throughout the second cycle of lay, the BMD of the 

humerus never recovered after the molt. Recovery of tibial BMD to pre molt 

values occurred late in the second cycle of lay when egg production was 

declining. The in vivo BMD scans conducted between 77 and 117 week of 

age correlated with bone breaking force and bone ash weight. The percentage 

of freshly broken bones per bird at the end of processing at 126 weeks of age 

averaged 34% and ranged from 0 to 61 %. The incidence broken bones was 

negatively correlated with the excised tibia BMD and BMC.   

Changes in bone mineralization during molt were studied by 

Mazzuco and Hester (2005b) 66-weeks-old White Leghorn were assigned 

to either a fasted molting regimen using feed removal for 10 days, followed 
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by the ad libitum consumption of cracked corn for 7 days and a   developer 

diet for 10 days or a non fasted molting regimen lasting 27 days that included 

the ad libitum consumption of a diet containing 71% wheat middling and 

23% corn. Using dual-energy x-ray absorptiometry, bone mineral density 

(BMD) and bone mineral content (BMC), left tibia was measured in 7 live 

hens per treatment immediately prior to, during, and following the molt. The 

results showed that compared with pre-molt values, tibial BMD at 28 days 

post molt decreased 35 and 18 % in the fasted and non fasted molt groups, 

respectively (treatment x age interaction, P< or = 0.0001). Similarly, tibial 

BMC values decreased 39 and 27% the fasted and non fasted and molt 

groups, respectively. The tibial BMD and BMC of controls at 28 days post 

molt were similar to pre-molt values. The results suggest that a non fasted 

molting regimen was less deleterious to tibial BMD and BMC than a fasted 

molting regimen.    

 Changes in bone integrity in hens subjected to 2 distinct molting 

regimens and fed pre-and post molt diets high in n-3 or n-6 fatty acids were 

investigated by Mazzuco et al., (2005a). A dual energy, x-ray absorptiometer 

determined bone mineral density (BMD) of the tibia and humerus of 45 live 

hens from 62 to 76 weeks of age. Densitometric scans were also conducted in 

excised tibia and humerus at 66, 71, and 76 weeks of age. The molting 

treatments consisted of 10 d fasting or a non-fasting molt (wheat-middlings-

based diet for 27 d). Five weeks prior to and after either molt treatment, birds 

were fed 1 of 2 diets containing dietary n-6 / n-3 fatty acids at ratios 0.6 or 

8.0. The results showed that at the end of the molt (71 weeks of age ), tibia 

BMD decreased 30% in fasted and 11% in non fasted molt regimens, and the 

fatty acids content of the pre molt diet had no effect on the decline in BMD. 

The BMD of the humerus also decreased during molt with the exception of 
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hens subjected to a non fasted molt and fed n-3 fatty acid diets as their BMD 

values were similar to or greater (at 73 week of age ) than those of controls 

during the entire experimental period. In conclusion, a non fasted molt as 

compared with fasted molt was less detrimental to bone mineralization; 

dietary n-6 / n-3 fatty acid ratios in the pre and post-molt diets had little 

effect on the decline of skeletal integrity during molt.  

 Kim et al., (2006) evaluate effects of alfalfa and 

fructooligosaccharides (FOS) on molting performance compared with the 

conventional feed withdrawal molting procedure. A total of 36 Single Comb 

White Leghorn hens (84 weeks of age) were used for this experiment. The 

hens were divided into 6 treatment groups with 6 birds per treatment: pre-trial 

control (PC), full fed (FF), feed withdrawal (FW), 100 %alfalfa (A100), 

A100 + 0.375% FOS (A 100L) and A100 + 0.75% FOS (A100H). At the end 

of the 9-d molt period, hens were euthanized and tibia and femurs were 

collected to evaluate bone qualities using dual-energy x-ray absorptiometry 

(DXA). Conventional bone assay and DXA results suggest that hens lose a 

considerable amount of bone minerals during a molting period. The tibia and 

femur bone strengths of the FF, FW, A100 and A100L hens were 

significantly lower than the PC hens, whereas hens fed A100H had similar 

tibia bone breaking strength to that of the PC hens. The bone parameters 

measured by conventional assays, bone breaking strength measured by 

Instron, and bone density and mineral content measured by DXA were highly 

correlated to each other.  

2.2- Effect of force molting on Hematological parameters: 

2.2.1-Hemoglobin concentration:- 

 Pilaski (1972) reported that hemoglobin levels were 9.7, 9.8, 11.0, 

11.7, 8.9 and 8.6 at 3, 6,10,18,26 and 30 weeks of age. 
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 On the other hand, Washburn and Guill (1972) showed that the 

hemoglobin content of females of several Leghorn–type white egg strains 

ranged between 7.72 and 8.34gm/100ml blood at 11weeks of age. 

Hemoglobin content of the heavy- type brown egg strains ranged from 7.34 

to 7.39 g/ 100ml blood at the same age.    

Brake and Thaxton (1979b) studied the effects of force molting on 

body temperature. Caged layers, reared under commercial conditions, were 

force molted successively at 72 and 104 weeks of age. This was 

accomplished by removing feed 12 days and water 3 days while 

simultaneously reducing the day length to 10 hr. Their results showed that 

hemoglobin concentrations increase significantly immediately upon removal 

of feed and water and remained elevated above control levels for the duration 

the pause in egg production. Levels of the measured plasma constituents 

returned to normal levels upon the resumption of egg production. Brake and 

Thaxton (1979a) reported similarly that hemoglobin was increased during 

the molt.  

The physiological profile of caged layers during one production 

season followed by a molt was studied by Brake et al., (1981). They reported 

an increase in hemoglobin during the forced molt. Authors suggested that this 

increase in hemoglobin may have reflected either a loss of inhibition of 

erythropoiesis due to lowered estrogen levels, erythropoiesis in regenerating 

thymic tissues, a decreased blood vascular space due to tissue regression 

which forced blood cells into the peripheral veins or due to hem 

concentration. The authors found that the hemoglobin for Single Comb White 

Leghorn hens from pre molt, molt and post-molt was recorded as 10.1, 11.9, 

9.2gm / 100ml, respectively. Berry et al., (1987) found that the fasted hens 
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during molt exhibited increased hemoglobin on days 4,8 and 12 and 

decreased hemoglobin on day 42. 

2.2.2- Packed cell volume:- 

 Brake et al., (1981) reported an increase in hematocrit during the 

forced molt. Hematocrit values of Leghorn hens during pre-molt, molt and 

post molt were recorded as 33.1, 41.5 and 31% respectively.  

Brake and Thaxton (1979a) reported that packed cell volume 

increased significantly immediately upon removal of feed and water and 

remained elevated above control levels for the duration the pause in egg 

production. Levels of the measured plasma constituents returned to normal 

levels upon the resumption of egg production. 

Corpuscular volume (hematocrit) is influenced by age, hormones, 

number, size and shape of cells. Changes in cell volume may occur or 

induced, without influencing the absolute number of cells, by an increase 

(hematodilution) or a decrease (hemoconcentration), in plasma water 

(Sturkie, 1986). 

Brake and Thaxton (1979a) reported that packed cell volume (PCV) 

was increased during the molt. The hematocrit value for Single Comb White   

force molted hens exhibited a significant increase in packed cell volume 

(PCV) from the time of feed removal until immediately prior to resumption 

of egg production. Brake et al., (1982) and Berry and Brake (1983) 

reported that the increase of packed cell volume (PCV) is a distinguishing 

characteristic of induced molt by fasting. 

Cleaver et al., (1986) reported that packed cell volume (PCV) 

increased during water deprivation, with a peak of 40.8 occurring on day 4, 

(just before water was returned). The hematocrit was significantly greater in 

molted hens on days 4 and 8 and significantly lower on day 16. Similarly   an 
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increaseament of packed cell volume (PCV) on days 4,8 and 12 was 

exhibited by fasted hens during a molt ( Berry et al., 1987). 

2.2.3-Total red blood cells (RBC's):    

Sturkie (1986) found that red blood cells count ranged between 2.72 

to 3.13 million / mm3 in adult chickens. 

Washburn and Guill (1972) showed that the red blood cells count 

for several Leghorn- type white egg strain females ranged between 2.79 and 

3.00 million / mm3 at 11 weeks of age. However, those of the heavy type 

brown egg strains ranged from 2.67 to 2.70 million / mm3 at the same age. In 

other study, red blood cells count decreased during the period immediately 

prior to the onset of laying and increased as the laying period comes to an 

end as described by Freeman (1971).  

Berry et al., (1987) concluded that there were significant overall 

effects due to molt treatment on total red blood cells. The fast treatment 

increased total red blood cells on day 8 and 12 and decreased total red blood 

cells on day 42. 

El-Menawey (1998) found that the total red blood cells count at first 

day of force molting, the hen group molted twice, at 32 weeks and 24 weeks 

had higher value of red blood cells count than the other molted groups and 

the un-molted group. On the other hand, there were no significant differences 

between the un-molted group (control) and the groups molted only one time 

at 44 or 52 weeks. The same author recorded that red blood cells count had 

the higher value at sexual maturity and decreased at the peak of production 

after molting then increased as the laying period come to the end. At the peak 

of egg production, the groups which were molted by Washington and 

California methods had the higher values and significant difference RBC,s 

count than the control group. At the end of the period of egg production, the 
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total RBC,s count increased in all groups but the groups of hens molted had 

higher and more significant value than the control groups more significant 

value than the control groups. At the first day of molting, no significant 

differences between control group and the groups molted by Washington and 

California methods for RBC,s count. A significant increase was obtained in 

RBC,s count of force molting groups of hens when compared with the 

control hens after 5 days of molting. On the other hand, the average RBC,s 

count after molting are results indicated that the average RBC,s count was 

significantly higher in hen group molted by California method than the hen 

group molted by Washington method and the control hens and there were 

significant between Washington and control hens. The force molted groups 

had higher red blood cells count than the un-molted group at the peak of 

production. The group molted only one time at 52 weeks had higher value of 

RBC,s count followed by the group molted twice, at 36 weeks and 64 weeks, 

then followed by the group molted only one time at 44 weeks. At the end of 

egg production, the total RBC,s count increased in all groups, but the hen 

groups molted at different aged had higher and significant value than the 

control group.  

2.3- Effect of force molting on Biochemical parameters: 

2.3.1-Total protein, albumen and globulin 

 The effects of forced molting on body temperature were studied by 

Brake and Thaxton (1979a). Caged layers, reared under commercial 

conditions, were forced molted successively at 72 and 104 weeks of age. This 

was accomplished by removing feed for up to 12 days and water for up to 3 

days while simultaneously reducing the day length to 10 hr. They found that 

plasma total protein (TP) was depressed in the force molted group than 

control hens. Sturkie, (1976) stated that sexual quiescence resulted in 
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interrupted yolk synthesis and decreased plasma total protein and total 

calcium levels.   

Brake and Thaxton (1979b) observed that plasma total protein and 

glucose did not exhibit consistent trends. Levels of the measured plasma 

constituents returned to normal levels upon the resumption of egg production. 

(Elaroussi et al., 1996) Blood components changes were related to 

force molting treatments. Concentrations of total protein and albumin were 

decreased after the initiation of the molt (when egg production was ceased) 

specially in Zinc Oxide (ZnO) and FW treatments, while it returned to 

normal concentrations when birds resumed egg laying and production 

reached 50%. 

Effect of force molting was studied by Donalson et al., (2005) The 

treatment ratios 100 % alfalfa (A100), 90 % alfalfa and 10 % layer ration 

(A90), and 70 % alfalfa and 30 % layer ration (A70). In addition fully fed 

(FF) non molted control and a FW negative control were used. Alfalfa is an 

insoluble, high fiber feedstuff with low metabolizable energy. Control hens 

had lower albumen when compared with all molt treatments. From these 

results, alfalfa or alfalfa mixed with layer ration appears to be viable 

alternatives to conventional FW methods for the successful induction of molt 

and retention of post-molt performance.     

2.3.2-Calcium and phosphorus 

 Brake and Thaxton (1979a) found that plasma total calcium (Ca) 

and plasma inorganic phosphate (P) exhibited similar significant decreases in 

the force molted group than control hens. They attributed the significant 

decrease in plasma total protein   and total calcium experienced by the force 

molted group to the loss of the estrogen- dependent phospholipoprotein 

complex from the plasma. One of the proteins of this complex is phosvitin 
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which binds a large proportion of plasma total calcium. The loss of this yolk 

protein precursor leads to the decrease in plasma levels of total calcium, 

specifically, the loss of phosvitin which has been demonstrated to cause the 

decrease in plasma total calcium to levels of 5-6 mg/100ml, (Sturkie, 

1976b). Sexual quiescence resulted in interrupted yolk synthesis and 

decreased plasma total protein and total calcium levels. In addition, the loss 

of estrogenic influence is believed to cause the decrease in plasma inorganic 

phosphate observed in this study. 

Brake and Thaxton (1979b) showed that plasma total calcium, and 

inorganic phosphate decreased significantly during the corresponding period. 

Levels of the measured plasma constituents returned to normal levels upon 

the resumption of egg production. 

   Serum calcium (Ca) and phosphorus (P) were depressed by the force 

molt treatment and were proposed to be associated with ovarian regression 

which was measured by the decrease in plasma estrogen and phosvitin levels 

(Gildersleeve et al., 1983).  

 Serum phosphorous was much more variable than calcium in both 

control and force molted groups. (Estin and Spanziani, 1978).  

 Berry and Brake (1985) suggested that no differences were found 

for plasma total calcium or ionized calcium when comparing control with 

hens receiving 2800ppm zinc for 14 days as a molting procedure. 

 Attia et al., (1994).Studied the response of broiler breeder hens to 

forced molting by hormonal and dietary manipulations. They found that the 

decrease in plasma triglycerides and calcium of molted hens was likely 

reflect a reduction in plasma estrogen levels that occurred following 

suppression of plasma gonadotropin by molting program.  
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Serum calcium and phosphorus of laying hens were influenced by 

age, feed intake and environmental temperature. The lowest values occurred 

during hot weather. During both pre-and post-molt egg production, serum 

calcium was in the range of 26 to 30 mg/100 ml. The lowest value occurred 

during a period of high environmental temperature and low feed intake (week 

55). The post-molt serum calcium at 83 weeks was similar to that at 43 

weeks.  

Serum total calcium and plasma inorganic phosphate were positively and 

significantly correlated when the hens were lying. The correlation 

coefficients were 0.61, 0.70, 0.61, 0.42, and 0.74 for weeks 31, 43, 55, 67 and 

83, respectively. Values of phosphorous for non-laying hens were 

significantly lower than for laying with the exception of the value during hot 

weather (55 weeks). Low serum phosphate occurs as a consequence of high 

environmental temperature, as well as low dietary phosphorus intake. 

In the previous study, no differences were found for plasma total 

calcium or ionized calcium when comparing control (received low-calcium 

basal molted diet) with hens which received low-calcium diet with 2800ppm 

added zinc for 14 day. Total blood calcium dropped in both cases due to the 

absence of phospholipoproteins (yolk precursors). Ionized calcium was not 

different between the two treatments and no sings of hypocalcaemia were 

observed. If zinc were interacting with calcium it was most likely at the 

intracellular second messenger level Garlich et al., (1984). 

 Mobarak (1995) investigated the use of tamoxifen to induce ovarian 

regression in Hy-Line laying hens. He reported that a decrease in egg 

production followed by complete cessation of lay 3 days after oral 

administration of 20 mg tamoxifen / kg body weight for 10 days. Moreover, 
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oral administration of 20 tamoxifen / kg body weight for 5 or 10 days leads to 

reduced plasma levels of calcium. 

 Elaroussi et al., (1996) found that blood components changes were 

related to force molting treatments. Concentrations of calcium, and 

phosphorus were decreased after the initiation of the molt (when egg 

production was ceased) specially in Zinc Oxide and FW treatments, while it 

returned to normal concentrations when birds resumed egg laying and 

production reached 50%. 

2.3.3- Triglycrides  

Attia et al., (1994) studied the response of broiler breeder hens to 

forced molting by hormonal and dietary manipulations. They indicated that 

the decrease in plasma triglycerides and calcium of molted hens likely reflect 

a reduction in plasma estrogen levels that occurred following suppression of 

plasma gonadotropin by molting program. 

 Bacon (1994) Studied plasma concentration of triglyceride changes 

with reproductive state in turkey hens. He found that it was typically high   in 

laying hens and low in non laying hens. The high triglyceride concentration 

in laying hens are associated with yolk very low density lipoprotein precursor 

synthesis and secretion by the liver , and plasma transport to developing 

ovarian follicles.  

 During periods of transition from laying to non laying or non laying 

to laying, plasma concentration of triglyceride changes slowly over a 7-to 10-

days period from higher to lower or lower to higher concentrations Plasma 

zinc ion concentration was measured and used as an indicator of vitelogenin 

(Chapman et al., (1994). triglyceride concentration as an indicator of very 

low density lipoprotein (VLDL) (Mitchell and Carlisle, 1991). Tylor and 
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Darke, (1984) reported that hepatic synthesis of vitellogenin and 

triglycerides were under direct oestrogenic control.  

 Mobarak (1995) stated that oral administration of 20mg/ day 

tamoxifen / kg body weight for 5 or 10 days leads to reduce plasma levels of 

triglycerides and total lipids.    

 The changes occurring in secretion of LH during force molting by 

feed and water restriction in turkey hens were studied by Bacon and Long, 

(1996). 

 They found that the mean plasma concentration of triglyceride was 

15.7 mg/ml for the hens at the end of egg laying. The concentration for hen 2, 

hens that were not laying, was 1.6 mg/ml. Seven days after initiation of 

forced molting, the mean concentration was 13.6mg/ml, but the concentration 

for hens that was not laying, were only 0.6 mg/ml.  

Abou EL-Soud and El-Damarawy (2005) investigated the different 

responses of Japanese quails at the end of laying season (32weeks of age and 

rate of laying was about 33%) to quantitative or qualitative dietary 

procedures of forced rest. In the first procedure (experiment 1) different 

levels of dietary zinc and calcium were applied using six treatment groups. 

This experiment lasted for 13 weeks. As for the second procedure 

(experiment2) forced rest was induced using the fasting regimen. Results 

obtained showed that the different qualitative feed restriction treatments 

applied in the first experiment lead to significant decrease in plasma 

triglycerides level which seemed to be parallel to rate of laying.  
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2.4- Effect of force molting on Hormonal parameters: 

2.4.1- Estrogen and Testosterone 

 In juvenile White Leghorn females, low doses of tamoxifen advanced 

ovarian and oviduct growth, increased plasma estrogen and androgen and 

caused precocious egg laying (Jaccoby et al., 1992).  

Abou EL-Soud and El-Damarawy (2005) found that the different 

qualitative feed restriction treatments applied in the first experiment lead to 

sharp decrease in plasma levels of estrogen and testosterone after the four 

weeks of treatment. 

2.4.2- Triiodothyronine (T3) and Thyroxine (T4) hormones:- 

  Brake and Thaxton (1979a) studied the effects of force molting on 

plasma level of thyroxine (T4) and triiodothyronine (T3). The molting was 

induced by reducing day length and by withdrawing feed and water. They 

reported that T3 appeared to change little during the starvation period, while 

T4 was initially decreased and then increased. These trends were followed by 

a precipitous decreased in T4 and a concomitant in T3. The increase in T3 

after day 11 occurred concomitantly with the initiation of feather loss. This 

loss of insulation may have initiated a thermoregulatory response (Brake and 

Thaxton, 1979b). Also, Brake et al. (1979) reported that T3 was the primary 

mediator of thyroid action during the period of feather loss. In addition, they 

suggested that the initial decrease in T4 may represent a decreased output of 

T4 from the thyroid or an increased peripheral metabolism of the hormone 

associated with fasting in the sexually mature hens. The initial decrease in T4 

was followed by an increase in T4, and this was found to be coincident with a 

loss of ovarian weight and presumably function. 

    Verheyen et al., (1983) concluded that an increase in circulating T4 

may be probably an important physiological factor for the initiation of 
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molting because exogenous T4 administration has been observed to cause 

molting in laying chickens. 

  The post-molt period is a time of re-growth and regeneration of the 

reproductive tract and feather as recorded by Sekimoto et al., (1987). Thus, 

elevated T4 may be related to the metabolic effects that are required for re-

growth and regeneration. 

 Herremanes et al., (1988) reported that, it is not clear whether the 

increase in T4 in hens subjected to prolonged feed restriction is attributable to 

the antagonism with ovarian activity (resulting from lower progesterone and 

estrogen concentrations ) or to the changes in feeding conditions. However, 

because the correlation of molt criteria with T4 was generally less than with 

progesterone (P4), the increase in T4 is probably not a primary factor for 

molt induction in laying fowls. Nevertheless, relatively high concentrations 

of T4 might be essential for proper feather growth, the impact of thyroid 

hormones on feather growth is well documented. 

 In addition, the ratio of T4 to P4 may be used for monitoring molt, as 

when the ratio is persistently high, molting is more extensive. When P4 was 

high and T4 relatively low, full molting did not occur. On the other hand, 

when P4 was low and T4 relatively high, molting tends to be complete.  Lien 

and Siopes (1989) stated that when laying hens were thyroidectomized, it 

caused the cessation of egg production that was not followed by molting. 

Molting is generally followed by termination of reproduction, therefore, 

decreases in plasma gonadal steroids that occurs due to gonadal regression, 

have been concluded to cause molting   

 Mabrook (1995) found that plasma concentration of T3 was not 

significantly different between feed withdrawal treatment and control hens, 

but it slightly decreased in feed withdrawal treatment than control. 
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 Elaroussi et al.,(1996)  noted that concentrations of triiodothyronine 

(T3), and thyroxine (T4) were decreased after the initiation of the molt (when 

egg production was ceased) specially in Znic Oxide and FW treatments, 

while it returned to normal concentrations when birds resumed egg laying 

and production reached 50%. 

 The level of T3 in serum for rested hens decreased during the 

starvation period from 4-7 days followed by an increase over the pre-molt 

level from 7-25 days (Hassan1996). 

  Davis et al., (2000) plasma concentration T3 and T4 changed with 

age in relation to the egg production cycle.   

Abou EL-Soud and El-Damarawy (2005) recorded that the different 

qualitative feed restriction treatments applied in the first experiment lead to a 

decrease that was coincided with of egg production; thyroxin (T4), 

triiodothyronine (T3) and reverse triiodothyronine were increased during the 

molt.  

  2.5- Effect of force molting on Immunological parameters:- 

 2.5.1- White blood cells count (WBC):-  

 Aldon and Mashaly (1999) used a total of 600 commercial strain 

(Dekalb) Single Comb White Leghorn hens, 80 weeks of age, to determine 

the effects of different induced molting programs on production and immune 

parameters. The hens were randomly divided into four treatment groups 

(three experimental and one control) of 150 hens each. The hens in the first 

treatment group were fed a layer ration containing 20,000ppm of zinc for 5 

days, and received a reduced photo period of 8 for 5days (Zn group). In the 

second group, feed was withdrawn for 10 days, the photoperiod was reduced 

to 8 h/d and oyster shell and water were provided for ad libitum consumption. 

At day 11, hens consumed corn and oyster shell ad libitum until day 30 and 
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on day 31, hens were returned to a full feed layer ration and received 16 h of 

light /d (California treatment ) (CAL group). In the third treatment, light was 

reduced to 8 h/d, and oyster shell was provided for ad libitum consumption 

until day 60. Feed and water were removed for the first 2 days and on days 4, 

6 and 8. On days 3, 5 7, and 9 hens were 45g of feed per hen. On day 10 until  

day 60, hens were fed 90g/hen and at day 61, hens were returned to the layer 

ration ad libitum and received 16 h light /d [on-again program (ON-OFF 

group)]. The last group served as control (CONT). The total circulating 

leukocytes were significantly lower in molted hens than in CONT hens.   

 Several non feed removal methods compared with feed removal for 

induced molting of laying hens  were evaluate by Biggs et al., (2004). An 

experiment was conducted using 576 Dekalb White hens (69 weeks of age) 

randomly assigned 1 of 8 dietary treatments. Two of these treatments 

consisted of feed removal for 10 days followed by ad libitum access to 16 % 

CP, corn-soybean meal diet or a 94 % corn diet for 18 day. The other 6 

treatments provided ad libitum access for 28 days diets containing 94 % corn, 

94 % wheat middling (WM), 71 % WM: 23 % corn, 47 % WM:47 % corn, 

95 % corn gluten feed, and 49 % distillers dried grains with soluble (DDGS). 

At 28 day, all hens were fed a laying hen diet (16 % CP), and production 

performances was measured for 40 weeks. No differences were observed 

among feed removal treatments versus several nonfeed removal treatments 

for blood heterophil: lymphocyte ratios during the molt period. 

2.5.2- Haemagglutination (HA) against sheep red blood cells    

           (SRBCs). 

 Rozenboim et al., (1990) found that injecting tamoxifen either at 0.5 

or 1 mg tamoxifen / kg body weight every other day to Muscovy ducks from 
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37 to 164 days of age caused non significant effect on the weights of the 

bursa of Fabricius,                                                                                      

 Holt and Poter (1992) showed that induced molting significantly 

depressed the cellular immune response. However, Aldon and Mashaly, 

(1999) reported that the different induced molting programs did not adversely 

affect antibody production against SRBC. 

Aldon and Mashaly (1999) found that total circulating leukocytes, 

and differential leukocyte counts were measured. The total circulating 

leukocytes was significantly lower in molted hens than in control hens. 

Antibody production was largely unaffected by any of the induced molting 

programs. 

Fassbinder-Orthand Karasov (2006) assigned White Leghorn 

cockerel chicks to 1 of 3 groups: control = fed ad libitum7 to 17 d of age; 

restricted = feed restricted d 12 to 17 (at 2 restriction levels: 54 and 34% ad 

libitum); they reported that no significant effects on bursa mass, spleen mass 

and total IgA reefed=feed restricted d 7 to 13 and then fed ad libitum d 14 to 

17. 
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   3- MATERIALS AND METHODS 

 

        This work was carried out at the quail farm belonging to Poultry 

Research Unit of the Biological Application Department, Nuclear Research 

Center,   Egyptian Atomic Energy Authority, Inshas area during the period 

between August and November 2007.                                                               

        The present experiment was aimed to study the effect of three methods 

of force rest on physiological and endocrinological changes associated with 

each procedure. 

3.1- Experimental Design:     

         Three hundred and sixty (120 males and 240 females) 50-wk- old 

Japanese quail (Coturnix Coturnix japonica) in the end of their production 

curve were randomly taken from the flock bred by the quail farm belonging 

to Poultry Research Unit of the Biological Application Department, Nuclear 

Research Center, Egyptian Atomic Energy Authority, Inshas area. Birds were 

randomly classified into four groups (a control and three treatments: T1, T2 

and T3) each of 90 birds (60 females and 30 males) which divided into three 

replicates each of 30 birds (20 females and 10 males).The first group was fed 

a commercial layer diet, containing 2% zinc oxide (20,000ppm) for 14 days, 

followed by a period of a commercial layer diet until the end of the treatment. 

The second group was fed a commercial layer diet contaaining 8 mg / bird / 

day Tamoxifen   for 14 days. The third group was force molted by the feed 

withdrawal method for 10 days. The fourth group was fed the commercial 

layer diet served as the control.       

3.2- Experimental Procedure: 

          Birds were wing-banded and reared in conventional open-sided houses. 

These houses were provided with wheat hull as litter. The temperature was 
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recorded daily during the experimental period. A daity photoperiod of 17hr 

was used with lights on from 6am to 11pm hr. In all treatments birds were fed 

ad-libitum on a commercial layer diet. Basal diet was formulated to meet the 

nutrients requirements of Japanese quail birds according to N.R.C.1994, 

(20.08% CP and 2907 Kcal ME/Kg diet).                                                                                                                                                                                                           

3.3- Measurements:  

            All birds in each treatment were examined daily, in order to detect 

any abnormalities in gait or behavior. 

3.3.1- Performance traits          

3.3.1.1- body weight: 

           Birds (males and females) were weighed individually at the beginning 

of experimental period (initial body weight); therefore they weighed at 

weekly intervals for 11 weeks. 

3.3.1.2- egg production traits: 

3.3.1.2.1- egg production percentage: 

    Eggs were collected and recorded daily for each treatment. The 

percentage of egg production for each treatment was calculated weekly by 

the following equations: 

% Egg production = 100
housed hens live ofNumber 

Numbe


 producedeggsfr
 
 

3.3.1.2.2- egg weight: 

             Average of egg weight was recorded at the first of the treatment 

period, during the period and at the end of the treatment period for each 

treatment.    
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3.3.1.2.3- shell weight percentage:                                                                 

 Washed shells (free of albumin) were dried at 100ºC for two hours 

and weighted before cooling (Gralich et al., 1975). Shell weight percentage 

was calculated (shell weight x 100 / egg weight).                                                     

3.3.1.2.4- fertility, hatchability and embryonic mortality:                        

          The fertility and hatchability rate were calculated for each treatment by 

collecting the eggs laid through one week at end of the experiment and set in 

a forced draft type incubator.                               

           Fertility rate was estimated as percentage of fertile eggs after hatching. 

                                % Fertility = 100
eggs colleted ofNumber 

eggs fertile ofNumber 
    

   Hatchability percentage was measured as follows:             

                              % Hatchability =  100
incubated eggs fertile ofNumber 

chicks hatched ofNumber 
     

            Number of embryos that failed to hatch was recorded to calculate the 

embryonic mortality percentage.                                                                  

3.3.1.3- bone characteristics   

3.3.1.3.1-breaking strength: The left tibia and femur of quails were   tested 

for breaking strength according to the method of Richerson (1993) using the 

three point bend technique that applied a continuous load laterally until bone 

broke. In this procedure each tibia was placed in the notch of the test piece so 

that the dorsal side was lowermost. The load was taken applied laterally to 

the same operator, using the same method with each bone to ensure a 

constant loading rate.                                                     
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3.3.1.3.2-tibia and femur relative weights                                                     

             Six Japanese Quail was randomly chosen from each group,   

sacrificed and right tibia and femur were excised from the fresh carcass , 

defleshed, weighed and stored at -20ºC till tibia and femur wet, dry and ash 

weight were calculated.                                                                                      

        Tibia and femur relative weights = 100
tbody weigh Live

htfresh weigfemur  and Tibia
  

  3.3.1.3.3-tibia and femur relative weight ash                                              

                   Right tibia and femur which collected previously and dried at 

100ºC for 24 hrs were weighed and ashed in tarred ceramic crucibles for 24 h 

at 615ºC (Shafer et al., 2001).                                                                     

               % Tibia and femur ash = 100
dry weight  Tibia

ash weightfemur  and Tibia
     

3.3.1.3.4- mortality rate: 

               Mortality was recorded daily (in each treatment) and continued until   

end of the experimental. 

3.3.1.3.5- internal organs weight: 

             Liver, gizzard, heart, proventriculus, kidney, ovary, oviduct, 

intestine, spleen, thymus, tibia, femur were weighed as a percentage of the 

live body weight.  Oviduct and intestinal length were measured.                      

3.3.2- Blood parameters: 

     Nine females from each treatment were chosen randomly, at the 

end of each of the three periods (pre, during and post molting). Birds were 

sacrificed, bled individually into two siliconized tubes. One containing 

heparin in order to determine the hematological parameters and separate 

plasma and the other not contained anticoaguolation for separate serum. 

sterile vial containing anticoagulant (heparin), centrifuged at 4000rpm for 10 
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minutes, plasma and serum separated and stored in deep freezer at (- 20ºC) 

until the biochemical analysis. 

3.3.2.1- Hematological parameters: 

   Red blood cells (RBC) and white blood cells (TWBC) counts were 

measured according to Natt and Herrick, (1952); hemoglobin concentration 

(Hb) and packed cell volume (PCV) were determined according to Dacie and 

Lewis (1991).     

3.3.2.2- biochemical parameters: 

                Total protein was determined colourimetrically using Biuret 

method as described by Armstrong and Carr (1964); albumin was 

determined colourimetrically by the method described by Doumas et al., 

(1971); globulin were calculated by subtracting serum albumin from serum 

total protein  for each sample; and A/G ratio was mathematically calculated 

by dividing albumin on globulin value for each one.                                      

                  Cholesterol was determined colourimetrically according to 

Roeschlau et al (1974); glucose was determined colourimetrically according 

to Tietz (1995) and Plasma concentration of triglycerides was determined 

using a quantitative enzymatic method (Sigma Diagnostics Kit No. 339).  

   To estimate kidney function; urea and creatinine were measured. Urea 

was determined colourimetrically according to Patton and Crouch (1977) 

and creatinine was determined colourimetrically according to Bartles et al 

(1972).                                                                        

  To estimate liver function; GOT, GPT and ALP were measured.   

GOT and   GPT were determined colourimetrically according to White, et 
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al., (1970) and Alkaline phosphatase activities was assayed using commercial 

kits of Bio-Merieux Co. Marcy. L. Eoile chorbonnieres. France.   

                Zinc was determined by atomic absorption spectrophotometry 

according to Jackson (1958), Plasma concentration of Calcium was 

determined according to Tietz (1970) and Plasma concentration of 

Phosphorus was determined according to Goodwin (1970).                     

  3.3.2.3- hormonal parameters:-                                                               

                  Female plasma estrogen concentration was estimated according to 

WHO-RIA (1987). Plasma testosterone concentration was determined in 

female‟s samples by Radioimmunoassay Technique using commercial kit 

counts testosterone, supplied by Diagnostic Products Corporation, Los 

Angeles (USA). This kit was manufactured according to the methods, 

described by WHO-RIA (1987).                                                                             

             Blood analyses of triiodothyronine (T3) was estimated according to   

Larsen (1972) and tetraiodothyronine (T4) according to Chopra (1972).Both 

T3 and T4 determination techniques applying Radioimmunoassay technique.                                                            

                Plasma aldosterone hormone of female Japanese quails was 

determined by Radioimmunoassay using commercial kit purchased from 

Immunotech SAS-France.                                                                               

3.3.2.4- immune response 

                  Five females from each group were chosen at random and housed 

in multideck batteries. Fresh SRBCs were collected from sheep, washed 3 

times with saline solution and centrifuged at 3000 rpm, then diluted with 

saline solution to form a concentration of 5% SRBCs that was used 

immediately for injection. Each quail was intravenously injected two times 
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with 0.2 ml of 5% SRBCs suspension in the right or left brachial vein. Blood 

samples were collected from brachial vein of each quail by using an insulin 

syringe after one week of each injection. Blood was allowed to clot then 

centrifuged immediately to separate serum. Serum samples were stored under 

4ºC until antibodies to SRBCs were determined by Haemagglutination 

Inhibition (HI) test according to the method of Wegman and Smithies 

(1966).                                                              

3.3.3- Statistical analysis:  

                    The general linear models procedure of the SAS system was 

utilized (SAS institute, 1988). Significant differences between means were 

determined by Duncan‟s Multiple-Range test (Duncan, 1955).    

Model 1: 

          This model was used to study the effect of treatments on studied traits 

as follows: 

           Yij = M+ Ti + eij 

Where: 

Yij = the jth observation of ith treatment. 

M = overall mean. 

Ti = effect of ith treatments (i = 1, 2...and 6). 

Eij = residual (random error). 

Model 2: 

             This model was used to estimate the effect of treatments and age on 

studied traits as follows: 
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Yijk = M + Ti + Gj + (TG) ij + eijk 

Where: 

Yijk = the kth observation of jth age and ith treatment. 

m = overall mean. 

Ti = effect of ith treatments (i= 1, 2…and 6). 

Gi = effect of jth age (j = 1, 2 ….and 12) 

(TG) ij = effect of the interaction between treatments and age. 

eijk = residual (random error). 
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4-RESULTS AND DISCUSSION 
 

4.1- Effects of force molting on Productive performance:- 

4.1.1. Body Weight (BW) 

Body weight changes of Japanese quail before, during and after   

induced forced rest at weekly intervals are presented in Table (1). Results 

indicated that there were no significant differences between groups before 

molting.   

The molting process of the birds in the different experimental groups 

lasted for two weeks and data in Table (1) indicates that the control group 

was the highest in body weight during two weeks of the molt. As for, the 

fasting group the Table shows significant decrease in body weight than other 

groups. Body weight during molt was significantly reduced in Zinc oxide and 

fasting treatments than Tamoxifen or control and there were no significant 

difference between Tamoxifen and control quail in week1.               

Post molting results of body weight for the different experimental 

groups are presented also in Table (1). During the first week post molt, there 

were no significant differences between all experimental groups, thereafter, 

the Zinc Oxide group was significantly higher than all other groups in the 

following weeks through the eight weeks post-molting. While, the control 

group was the lowest in body weight than the three experimental groups 

during weeks 4-8 post molting. Comparing body weights in week 2 before 

molting to that at week eight after molting demonstrate that molted groups 

either maintained their body weights or increased like in, the Zinc Oxide 

group. The results of the Table (1) indicated that the body weight loss of zinc 

oxide group was 73.62gram (27.5%), tamoxifen group is 4.41gram (1.77%), 

fasting group is 110.27gram (44.16%) and control group is 2.97gram (1.15%) 
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after one week of force molting. These results are in harmony with those 

reported previously by El-Damarawy (2003), Brake and Thaxton (1979a) 

and Brake (1992), who indicated that the higher body weight loss, the higher 

post-molt production. The results of the present study are in agreement with 

that of Teixeira et al.,(2007) who reported that all molted groups achieved 

significant BW reductions as compared to the control group. Quails treated 

with zinc oxide presented no significant regression difference, independent of 

body weight loss. Ismail (1998) showed that supplementation of zinc oxide 

to the diet of layers for 5 to 7 days period caused obvious reduction in live 

weight of hens ranged between 15 and 25%. Cantor  and  Johnson (1984) 

reported that fasting periods longer than three days probably led to the 

observed high body weight loss.  

On the other hand, El- Menawey (1998) found that there were no 

significant differences in body weight between different groups (Washington 

method, California method and control). This is due that the weight of all 

groups were generally alike at the beginning of the experiment. The hens 

molted by California method had the lower body weight than the other two 

groups (Washington method and control group). This could be explained by 

the longer the fasting period during the molt by the California method. The 

percentage of body weight loss due to molting procedures indicated that the 

highest body weight loss was observed in the California method (25.08%) 

compared to Washington method (17.47%) while there was no change in 

body weight for the control group. Crouch et al., (2002) reported that 

physical feed restriction limited BW gain of turkey breeder hen candidates. 

The degree of BW reduction was a direct effect of the intensity of the 

restriction. Crouch et al., (1999) reported that feed restricted hens entered 

lay with a higher rate of BW gain that was associated with an increased 
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production peak. Keshavarz and Quimby, (2002) found that feed 

withdrawal (FWD) birds lost more body weight during the molting   period 

as compared to birds of other groups. Subsequently, FWD birds gained more 

weight during the first post-molt period, which is likely due to compensatory 

gain. Mejia et al., (2010) reported that body weight loss during 28- day molt 

ranged from 14 to 23% for different treatments. El-Damrawy (2003) 

revealed that all procedures applied to induce force molting in Japanese quail 

resulted in a substantial loss in body weight. Body weight loss after four 

weeks of feeding birds high zinc – high calcium and high zinc- low calcium 

diets reached 21.6% and 25.9%, respectively. On the other hand, the fasting 

regimen applied caused a sharply decrease in live body weight of about 

38.4% within only seven days. Brake and Thaxton (1979a) and Brake 

(1992) reported that body weight loss of Zinc Oxide group was only 5% 

while that of feed withdrawal group was 20%. Those authors also reported 

that induced molting leads to the involution of reproductive tract, which is 

proportional to the loss of body weight and that the rebuilding of the 

reproductive tract would lead to the removal of fat accumulation and 

therefore, increased tissue efficiency. Another possible reason for the 

improved egg production following the molt is the length of egg production 

cessation period. Venkata et al., (2008) studied breed differences; they 

showed that the Cornish layers lost an average of about 16% of their body 

weight due to molting by zinc oxide dietary supplementation and about 

14.9% due to feed withdrawals corresponding to 21.74 and 16.18%, 

respectively for Rock layers. Hassan (1996) observed that live body weight 

during the first 10 days of molt, decreased by 25.6% for zinc group and 

16.6% for the conventional feed withdrawal group compared with 2.5% for 

control. After that body weights gradually improved until reaching peak 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib17


 72 

(88.4%, 97.8% and 93.7% from their initial weights, respectively). Brake 

and Thaxton (1979a) noted that the 25% body weight lost during fast was 

directly attributed to weight losses in the liver, ovary and oviduct, and 

subsequent re-development of organs and tissue must be related to enhance 

post molt performance. This has been referred to as a rejuvenation which 

may be medicated by an increase in tissue efficiency and involved an 

increase in the productive performance. It has been suggested by Williams et 

al., (1989) that approximately 36% of the reduction in body weight of high 

zinc treated birds could be accounted for by the reduction in weight of the 

reproductive organs. The remaining loss was attributed to a decreased in lean 

muscle mass, utilization of adipose fat, and reduction of ingesta during the 

period of high zinc feeding. Severin (1983) noted that Plymouth hens, which 

was fasted ten days, lost 29% of their body weights in 28 days after the 

treatment. Carter and Ward (1981) found that feed withdrawal from layers 

for 5 days in August caused 15% loss from their body weights, while in 

December the loss was 21%. Berry and Brake (1987) observed 34% body 

weight reduction with California method. Cunningham and McCormick 

(1985) found that White Leghorn layers fed zinc oxide at 20000ppm lost only 

16.4% of their initial body weight compared to a 30.6% weight loss in the 

feed removal group. Similarly, Palafox and Elodie (1980) observed 15.9% 

body weight reduction of pullets fed 20mg/ zinc oxide for 5 days. Park, ,et 

al., (2004) reported that hens undergoing feed withdrawal had more (P 

0.05) BW loss (25.12%) than hens fed 1% Zn in the form of Zn acetate or 

Zn propionate (15.52 and 15.6 % respectively). The extent of BW loss by Zn 

feeding was similar to values in a previous study by McCormick and 

Cunningham (1987) who reported that BW losses over 4 d for fasted and 

zinc-fed hens were 16.4 and 15.2%, respectively. BW loss is a major factor 
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contributing to the induced molting because BW loss affects how successful 

the results of an induced molting procedure. Brake and McDaniel, (1981) 

and Baker et al., (1983) suggested that hen‟s post-molt performance is 

dietary related to how extreme BW loss was during an induced molt. 

Approximately 25% of BW loss of hens while subjected to feed withdrawal 

has been directly associated with decreased muscle weight, decreased liver 

weight, decreased use of adipose tissue, involution of the reproductive tissue, 

and greater reproductive regression. Klein-Hessling (1994) reported that 

restricting BW of turkey hens by 45% of a control treatment at 16 wk 

improved reproduction. The 45% restriction treatment produced significantly 

(P<0.01) more eggs per hen than those fed ad libitum (92.4 vs. 84.2 eggs per 

hen). Moran (1987) concluded that the diet and BW gain of hens going into 

lay is very important, indicating that protein consumed by the hen going into 

production is oriented to yolk and albumen formation consumption in protein 

leading into production is evident in this study. Therefore, on a per kilogram 

BW basis, restricted-fed hens consumed more protein than hens fed ad 

libitum going into egg production. Arora and Vatsalya (2005) stated that 

during molt in  quail,   there is  loss of body weight due interrupted or 

compromised  secretion of gonadotrophins and associated steroidal hormone 

which in turn, bring about the regression of reproductive organs (oviducts, 

ovaries, and follicles) and cessation in  production. Birds on all  molting  

treatments lose some of their body weight, previous studies have shown that 

feed withdrawal induced molting results in 11–30% body weight loss (Brake 

and Thaxton, 1979a, Klingensmith and Hester, 1985 and Al-Batshan et 

al., 1994) whereas non-feed withdrawal methods result in 8–18% body 

weight loss (Berry and Brake, 1985 and Biggs et al., 2003). Similarly, wild 

birds lose up to 40% of body weight during a molt (Mrosovsky and Sherry, 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib7
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1980) Garcia (2001), it was suggested that the forced molting of quails 

through the application of feed fasting for three days, would result in 

approximately 25% weight loss, can promote good performance and low 

mortality. 

 The data of Hanafy (2001) demonstrated that dietary tamoxifen 

supplementation, induces a molt in chickens. The molt induction was similar 

in efficacy to feed withdrawal methods, without dramatic shifts in 

metabolism, or tissue and whole body weight. Therefore, tamoxifen -based 

molt may provide an alternative to traditional molt induction in commercial   

poultry, and may promote better animal welfare during this period.  
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Table (1): Means ± SE for weekly body weight (g) before, during and after forced rest 

of the three experimental groups and their control. 

     Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o
lt

 

Week 1 

 

255.4±3.2  253.6± 3.2  245.0± 3.31  257.4± 3.28       N.S 

Week 2 

 

258.0± 3.8  249.8 ± 3.8 245.7± 3.9 251.3± 3.9    N.S 

D
u

ri
n

g
 

m
o
lt

 

Week 1 

 
193.9± 4.25

b
 244.2± 4.09

a
 139.4± 4.2

c
 254.9± 3.9

a
 

* * * 

 

Week 2 

 
244.8± 3.7

ab
 235.6± 3.5

b
 188.04 ± 3.8

c
 251.9± 3.4

a
 

* * * 

 

A
ft

er
 m

o
lt

 

Week 1 

 
248.7± 3.5 246.9± 3.3 248.2± 3.6 249.2± 3.3 

N.S 

 

Week 2 

 
263.1± 3.3

a
 249.1± 3.2

b
 250.7± 3.5

b
 245.9± 3.1

b
 

* *  

 

Week 3 

 
265.3± 3.3

a
 249.9± 3.2

b
 253.1± 3.5

b
 243.8± 3.1

b
 

* *  

 

Week 4 

 
269.1± 3.6

a
 249.9± 3.2

bc
 254.6± 3.5

b
 241.2± 3.1

c
 

* * * 

 

Week 5 

 
269.3± 3.4

a
 249.9± 3.2

b
 254.1± 3.5

b
 238.1± 3.1

c
 

* * * 

 

Week 6 

 
270.7± 3.4

a
 250.2± 3.2

b
 254.8± 3.5

b
 235.9± 3.1

c
 

* * * 

 

Week 7 

 
270.9± 3.4

a
 250.1± 3.2

b
 253.1± 3.5

b
 233.9± 3.2

c
 

* * * 

 

Week 8 

 
270.2± 4.9

a
 249.8± 4.6

b
 244.7± 4.9

bc
 231.6± 4.5

c
 

* * * 

 

Means ±SE with different superscripts are significantly different. 

N.S   = non- significant. 
   * *    =   significant at 1% level of probability. 

* * * =   significant at 0.1% level of probability. 

 

4.1.2. Egg Production  

Results of weekly egg production before, during and after forced rest 

of all experimental groups are presented in Table (2). This Table shows no 

significant differences in egg production between experimental groups during 

the pre-molting period. The results indicate also that the control untreated 

group continued to be the highest in egg production during the molt process 

period than the other experimental groups.   



 76 

  The fasting and tamoxfine groups registered the lowest percentages of 

egg production at first week of molt (7.0 and 11.9%, respectively), while 

(G1) was 15.8%.   

 During the first week of post-molt period, there was a highly 

significant increase in the control group over the other groups, while, the 

fasting group was the lowest at percent 0.00%. On the second week of post-

molting, tamoxifen had significantly the highest percentage of egg production 

than the other groups except control. During the third and fourth weeks of 

post-molt production, zinc oxide and tamoxfine registered highly significant 

increase than fasting and control groups.   

During  weeks 5,6,7and 8 of post-molting production period  zinc 

oxide, tamoxifen and  fasting showed highly significant increase in egg 

production percentages than the control group. In the last 3 weeks egg 

production were percentage in zinc oxide and tamoxifen and fasting was 

three times as much as that of the control group (80%, 81%, 82% vs 26.7% 

respectively).   

 From these results fasting group had the highest percentage of egg 

production (82.63%) at the end of the post-molting test period; this means 

that the highest body weight loss achieved by (44%) resulted in this group 

recording the highest percentage of egg production. Therefore, it could be 

concluded that the fasting process is still the best method for molting. 

Hassan (1996) reported that feeding dietary zinc resulted in more rapidly 

cessation of egg laying (2.9 days) compared with conventional fasting 

method (3.7 days). His results indicated that egg production during post-molt 

period depended on the pre-molt performance of laying hens. Similar results 

were obtained by Creger and Scott (1977) when compared dietary zinc (5 

days) with conventional fasting for 7 days, and Cunningham and 
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McCormick (1985) when compared dietary zinc (5-7 days) with fasting (5-8 

days). However, Shippee et al., (1979) stated that hens fed 10000ppm zinc 

for 14 days returned to production within 11-12 days after normal diet. As 

expected during a molt, cessation of   egg production was observed for feed 

withdrawal, compared to other groups. However, birds on FWD treatment 

reached complete cessation of egg production more rapidly than all other 

treatments and this coincides with the more dramatic and rapid weight loss 

observed in withdrawal birds. During a molt, body weight loss is correlated 

to successful oviduct regression (Brake and Thaxton, 1979), and in the case 

of withdrawal birds, is likely related to the “survival mode” caused by a feed 

restricted physiological disturbance (Dickerman and Bahr, 1989). 

(McCormick and Cunningham, 1987) stated that egg production in feed-

withdrawal hens, Zn acetate-, and Zn propionate-fed hens, and non-molted 

control hens from wk 3 to the end of 12 wk after molting was 66.38%, 

77.43%, 70.31%, and 71.04%, respectively. All molted hens reached more 

than 50% egg production from the third week to the end of the trial. Shippee 

et al., (1979) reported that 1% Zn as Zn oxide or Zn acetate resulted in 

reduction of egg production from 60 to 0% within 6 days. Berry and Brake 

(1985) also reported that hens fed high Zn stopped ovulating a day earlier 

than fasted hens. Bar et al., (2001) reported that egg production of the molted 

Lohmann (L) hens became higher than that of the non-molted L hens at the 

ages of 650, 682, and 712 d in those induced to molt at the ages of 431,501 

and 571 d, respectively. Moore and Holt (2006) reported that induced 

molting rejuvenates the reproductive tract and stimulates hens at the end of a 

laying cycle to enter a new cycle of egg production. However, a complete 

and sustained regression of the oviduct along with a 25 to 30% loss of BW is 

required to optimize second cycle egg production. Baker et al., (1983) 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib7
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib12
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observed that increased BW loss correlates with increased post-molt egg 

production and egg quality. Teixeira et al., (2007) reported that all quails 

submitted to molting showed a cessation in egg production. Quails molted in 

zinc groups reached total cessation of egg production only on the fourth day 

of treatment, while birds of the feed withdrawal group stopped laying on the 

third day of molting. The new productive cycle is marked by when egg 

production is higher than 5%, was observed on the tenth day of post-molting 

treatment in all groups. They reported also that quails submitted to fasting 

methods completely stopped laying one day earlier than birds treated with 

zinc oxide. Biggs et al., (2004) used induced molting in layer hens through 

fasting, and reported that six days were needed for egg production to cease. 

Bar et al., (2003), studied several molting programs; and found that 

25,000ppm zinc oxide in feed caused a faster egg laying cessation. The faster 

cessation of egg production in quails as compared to commercial layers is 

probably explained by the quail's fast metabolism. Faitarone et al.,(2008) 

observed higher productivity following a treatment of 3 days of fasting and 

then ad libitum feeding which may be explained by the use of feed after 

fasting, allowing rapid body weight recovery, better development of the 

reproductive tract, and faster return of egg production. They concluded also 

that ad libitum feeding after fasting promotes better initial egg production 

and laying persistence, as birds submitted to 3 days of fasting and subsequent 

ad libitum feeding showed the best post-molting performance. It is also 

concluded that if forced molting is not applied, there is low productivity. 

Garcia (2001) suggested that the force molting of quails through the 

application of feed fasting for three days, with resulting approximately 25% 

weight loss, can promote good performance. Sandhu et al., (2007) showed 

that egg production and egg weight increased significantly after zinc-induced 
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molt when compared with fasting-induced molt. El- Damrawy (2003) 

suggested  the existence of an interaction  between the metabolic pathways of 

zinc and calcium because there is strong evidence that calcium metabolism 

plays an important role in the regulation of gonadotropin secretion and 

reproduction in birds. Berry and Brake (1985) suggested that zinc may 

interact with blood and cellular calcium in such away that it causes calcium 

to fall below a critical level essential for gonadotropin production and 

release. The same authors reported that the fasting regimen (feed and water 

withdrawal) resulted in cessation of egg lying by the fifth day of treatment. 

Meanwhile, the first egg of the second cycle was laid on day 15 after 

returning to the normal dietary regimen. Ismail (1998) observed that the best 

improvement in weekly egg number and laying rate in comparison to control 

group was recorded for the group fed 20.000ppm Zinc Oxide in all breeds. 

The two groups which fed 10.000 and 30.000ppm Zinc Oxide had nearly 

similar values of weekly egg number and laying rate irrespective of the 

breed. Atallah et al., (1992) showed that the best results in respect of egg 

production and laying rate were recorded for hens fed diets supplemented 

with 20.000ppm zinc oxide. Cantor and Johnson (1984) reported that feed 

fasting periods longer than three days   probably led to the observed low egg 

production performance. Wilson and Cunningham (1981). Hassanabadi 

and Kermanshahi (2007) reported that hens in feed withdrawal method and 

Zn group, laid eggs at the almost same rate during the peak of post-molt 

production. Their result could be due to the fact that hens in Zn group stayed 

out of production for a longer period of time (21 d) than hens in FW group (9 

d). Furthermore, hens in the FW group lost body weight significantly more 

than the Zn group. This result could be because the Zn hens stayed out of 

production (35 d) longer than hens in the Zn group (24 d) and that resulted in 
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same egg production, as previously reported by Buhr and Cunningham 

(1994). Those authors suggested that the longer the cessation period, the 

better the post-molt production. Within the two molting procedures, their 

results, in general, indicate that molting hens by Zn or FW methods allows a 

return to production at a same rate. Johnson and Brake (1992) reported that 

zinc was found to suppress cyclic adenosine monophosphate (cAMP) 

formation distal to the LH receptor and block progesterone production via 

inhibiting steroidogenic enzymes or limiting amiability of substrates. 

Evidence was also found to suggest that zinc supported cAMP formation by 

follicle stimulating hormone FSH which is necessary for activity of the 

cytochrome P450 side chain cleavage enzyme, and thus prevented 

recruitment of further ova into the follicular hierarchy until the zinc was 

removed. Koch et al., (2007) tamoxifene decreased gonadotropic support for 

the ovary, which decreased the steroidogenic support for the oviduct and 

resulted in the cessation of lay. Hanafy (2001) showed that the total egg 

production on hen-day basis during this period was slightly improved due to 

tamoxifen 0.5 mg/kg body weight dose. The increase averaged 3.4 eggs per 

hen. The larger doses of tamoxifen (5 and 10) seemed to exert negative effect 

on egg production traits where the poorest values were obtained with 

tamoxifen 10mg/kg body weight. These author studied the effect of 

tamoxifen injection on Gimmizhah chicks and she reported that with respect 

to the mechanism by which tamoxifen suppresses ovarian function, it is 

suggested that tamoxifen by binding to the estrogen receptors in the 

hypothalamus preventing estrogen from priming the hypothalamus and 

pituitary of progesterone to induce the pre-ovulatory release of LH and thus 

preventing ovulation.  
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Table (2): Means ± SE for weekly egg production (%) before, during and after forced 

rest of the three experimental groups and their control. 

    Treatments 

Traits 

 

 

Zinc oxide 

 

Tamoxifen 

 

Fasting 

 

Control 

 

Significance 

B
e
fo

r
e 

m
o
lt

 

Week 1 

 
45.7±  0.66 45.9± 0.66 47.7±  0.66 47.2±  0.66 

N.S 

 

Week 2 

 
45.47± 1.07 44.1± 1.07 45.06± 1.07 45.7± 1.07 

N.S 

 

D
u

r
in

g
 

m
o
lt

 

Week 1 

 
15.8± 1.6

b
 11.9± 1.6

bc
 7.0± 1.6

c
 46.4± 1.6

a
 

* * * 

 

Week 2 

 
1.69± 0.43

b
 0.00± 0.43

c
 0.00± 0.43

c
 43.3± 0.43

a
 

* * * 

 

A
ft

er
 m

o
lt

 

Week 1 

 
3.92± 1.2

c
 9.62± 1.2

b
 0.00± 1.2

d
 38.8± 1.2

a
 

* * * 

 

Week 2 

 
26.8± 1.7

b
 37.09± 1.7

a
 20.8± 1.7

c
 36.5± 1.7

a
 

* * * 

 

Week 3 

 
53.4± 1.2

a
 56.8± 1.2

a
 37.9± 1.2

b
 36.9± 1.2

b
 

* *  

 

Week 4 

 
68.26± 1.4

a
 69.5± 1.4

a
 54.3± 1.4

b
 36.5± 1.4

c
 

* * * 

 

Week 5 

 
74.3± 1.2

ab
 76.6± 1.2

a
 70.9± 1.2

b
 35.3± 1.2

c
 

* * * 

 

Week 6 

 
79.8± 1.6

a
 80.3± 1.6

a
 81.2± 1.6

a
 33.5± 1.6

b
 

* *  

 

Week 7 

 
80.9± 2.2

a
 81.6± 2.2

a
 81.3± 2.2

a
 30.9± 2.2

b
 * *  

Week 8 

 
78.9± 1.8

a
 81.1± 1.8

a
 82.6± 1.8

a
 26.7± 1.8

b
 

* *  

 

Means ±SE with different superscripts are significantly different. 

N.S   = non- significant. 

     * *    =   significant at 1% level of probability. 

* * * =   significant at 0.1%of probability. 

           
4.1.3. Egg weight: 

The results of weekly egg weight (gram) results before, during and 

after molting periods, are presented in Table (3). This Table shows no 

significant differences between experimental groups at pre-molting period. 

During molting egg weight of the tamoxfine group was significantly 

increased than fasting and control groups, but was not significant different 

than the zinc oxide group in the first week of molting period. At the second 

week of molting, there were no egg production in tamoxfine or fasting 
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groups, at the same time, there were no significant differences for egg weight 

between zinc oxide, (8.48gram) and control groups (8.63gram). At post-

molting, there was no egg production in the fasting group at the first week of 

post-molting, at the same time; there were significant increase in egg weight 

of the zinc oxide group than the tamoxifen group but not significant with 

control group. During the second week of post-molting, egg weight of zinc 

oxide and tamoxfine groups was significantly higher than fasting and control 

groups. During the third week, weight of egg produced from the zinc oxide 

group (G1) was highly significant increase than all other groups.  

During the fourth, fifth and seventh weeks, eggs from zinc oxide and 

fasting groups had highly significantly increased in weight than tamoxifen 

and control groups.                 

During the sixth week, zinc oxide group was highly significant increase than 

other groups but during seventh week, zinc oxide and fasting groups showed 

highly significant increase than tamoxfine and control groups. Finally, during 

eighth week, the increase in egg weight of the fasting group (12.58gram) and 

tamoxifen group (12.34gram) was highly significant than zinc oxide  (10.70) 

and control groups (10.01gram).                                                              

It was noticed from the results that egg weight of zinc oxide group 

increased gradually from the 1
st
 to 7

th
 week post-molting, while, egg weight 

of the fasting group (G3) showed significant increase at fourth, fifth, seventh 

and eight week, of post-molting and results proved that fasting procedure is 

the best method of molting. Cunningham and McCormick (1985) found 

that Leghorn birds treated by zinc oxide produced significantly larger egg 

weights compared to the feed removal program. Hassan (1996) observed that 

from the 4
th
 to the 7

th
 week post molt, egg weights for the control group were 

improved gradually and increased slightly over than their pre-molt weights. 
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Hens molted by zinc oxide were out of production for one week, and in this 

study. Park et al., (2004) reported that egg size of molted hens was larger 

during the second cycle than during the first cycle. Zeelen (1975) also 

reported that egg size was increased significantly after induced molting with 

a higher percentage of eggs graded large. Bar, et al., (2001) reported that egg 

weight for hens induced to molt at the ages of 431 or 501 day were slightly 

lower than those of the non-molted hens or of those induced to molt at the 

age of 571 day. Petek and Alpay (2008) illustrated that post-molt mean egg 

weight in the molting groups was much higher than in non-molt control hens. 

Faitarone et al., (2008) studied the effect of molting on egg weight and egg 

mass. They reported that egg weight in treatment of 3 days of fasting and 

restricted feeding was higher as compared to treatments of 3 days of fasting 

and ad libitum feeding and treatment of 1 day of fasting and restricted 

feeding whereas the other treatments were not significantly different from the 

above mentioned.  

On the other hand, El-Damarawy (2003) reported that egg weight 

and egg shell quality were negatively affected by the high dietary zinc level 

applied. Using the high calcium level together with high zinc level seemed to 

alleviate the negative effect of the high zinc level. Using the high calcium 

level could alleviate the negative effect of zinc and markedly improved egg 

weight and egg shell quality. Similarly, Hussien et al., (1988) found that a 

high level of dietary zinc (1.5%) showed negative effect on egg production 

and egg shell breaking strength of quails. It is probable that zinc might 

interfere with the absorption of calcium or phosphate ions in the 

gastrointestinal tract and therefore there is less calcium and phosphorous for 

absorption to meet the hen's requirements for maximum egg production and 

shell formation. Hassanabadi and Kermanshahi (2007) indicated that egg 
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weight at the peak of post-molting production was not significantly different 

between the molted hens. Christmas et al., (1985), Said et al., (1984) found 

that different induced molting programs did not significantly affect egg 

weight when compared to the non-molted birds. McCormick and 

Cunningham, (1984a) found that egg weight was not significantly affected 

by high dietary zinc. Results of the experiment proved that egg weight 

deteriorated due to fasting. They suggested that the main cause of this 

deterioration could be the severe lack of nutrients due to food and water   

withdrawal. During the second cycle of laying a marked improvement in egg 

weight was observed. Ismail (1998) showed that egg weight did not 

significantly differ among the three breeds either before or after force 

molting. The effect of zinc oxide treatment was statistically insignificant 

(P<0.01) on egg weight at 66 weeks of age. El- Menawey (1998) indicated 

that the control group had the insignificant higher egg weight than the other 

two molted groups (Washington method and California method group). This 

increasing of the egg weight in the control group may be due to the lower 

body weight of California method. Rasmy, (1990) indicated that egg weights 

of control groups decreased during the force molting period in both breeds. 

Egg weight depression was about 2.4, 3.9, 4.3 and 2.2gm for ISA Brown 

hens and 1.9, 1.9, 2.6 and 2.2gm for Fayoumi hens during the 1
st
, 2

nd
, 3

rd
 and 

4
th

 week of molting, respectively. Egg weight depression may be due to that 

birds had no appetite, consumed low amount of feed, lost their body weights 

and had short light regime during the molting period. Although egg weights 

were better and slightly increased post-molting to 65.6gm for ISA breed and 

49.0gm for Fayoumi, but they did not reach to the pre-molting weights 

(67.8gm for ISA and 51.2gm for Fayoumi). The same author reported also 

that, egg weight for ISA Brown progesterone group; zinc oxide and control 
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were higher than those of California group during the second season. The low 

hens produced larger eggs than both high and medium subgroups. Mohamed, 

(1987) reported also that forced rest due to zinc oxide resulted in a significant 

decrease in ISA Brown egg weights. On the other hand, Roland and 

Bushong (1978) reported that egg weight was unaffected by molt. For 

Fayoumi hens, there was no effect on egg weight due to the different 

treatments. 

Table (3): Means ± SE for weekly egg weight (g) before, during and after 

forced rest of the three    experimental groups and their control. 

      Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o

lt
 Week 1 

 
9.95±0.260 9.94±0.247 9.98±0.244 10.48±0.244 

N.S 

 

Week 2 

 
9.90±0.082 9.74±0.080 9.83±0.080 9.87±0.079 

N.S 

 

D
u

r
in

g
 

m
o

lt
 

Week 1 

 
10.2±0.16

ab
 10.32 ±0.18

a
 9.784 ±0.241

b
 8.72 ±0.126

c
 

* * * 

 

Week 2 

 
8.48±0.44 - - 8.63±0.160 N.S 

A
ft

er
 m

o
lt

 

Week 1 

 
10.31±0.37

a
 9.08±0.177

b
 - 9.73±0.087

ab
 

* * * 

 

Week 2 

 
10.9±0.11

a
 11.16±0.09

a
 10.25±0.140

b
 9.66±0.09

c
 

* * * 

 

Week 3 

 
12.5±0.10

a
 11.57 ±0.09

b
 11.83±0.117

b
 9.66 ±0.113

c
 

* * * 

 

Week 4 

 
12.3±0.08

a
 11.55±0.07

b
 12.50±0.08

a
 9.63±0.09

c
 

* * * 

 

Week 5 

 
12.3±0.08

a
 11.86±0.069

b
 12.36 ±0.07

a
 9.92±0.105

c
 

* * * 

 

Week 6 

 
12.4 ±0.08

a
 12.01±0.07

b
 11.7±0.07

c
 9.78±0.11

d
 

* * * 

 

Week 7 

 
12.4±0.08

a
 11.8± 0.07

b
 12.5±0.07

a
 10.04±0.11

c
 

* * * 

 

Week 8 

 
10.7±0.16

b
 12.3±0.14

a
 12.6± 0.15

a
 10.01±0.25

c
 

* * * 

 

Means ± SE with different superscripts are significantly different. 

N.S   = non- significant. 

   * * * =   significant at 0.1% level of probability. 
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4.1.4. Shell weight (gram):                                                                                         

Results of weekly shell weight (gm) before, during and after forced 

rest are illustrated in Table (4). Shell weights were clearly affected by 

different treatments. In pre-molting period, there were no significant 

differences in shell weight between all experimental groups. During molting 

period, there were no significant differences in shell weight between 

treatments, at first week, during the second week of molting had no egg 

production was observed in the three treated groups? At post-molting period, 

zinc oxide group showed highly significant increase than other experimental 

groups from week 1 to week 8. It was noticed that zinc oxide group showed 

highly significant increase in shell   weights (gram) at post molting period. In 

birds, the molting process is a mechanism by which feather and oviduct 

regeneration may occur. In commercial laying hens, molting  is often utilized 

to maximize  egg  shell quality over the productive lifespan of the bird 

(Garlich et al., 1984).  

Egg shell thickness, an indication of shell quality, has shown to be 

similar between different types of molt induction regimens (Mazzuco and 

Hester, 2005a), although in their study,   egg  shell quality was lower in feed 

withdrawal birds during the molting period, which is likely related to the 

severe restriction in calcium intake for these birds (Al-Batshan et al., 1994).  

Calcium deposition into  egg  shells is important from an economic 

perspective for commercial laying hens, During the post-molt period, shell 

thickness was improved for feed withdrawal birds as compared other group. 

This may be related to a faster cessation of  egg  lay, and thus more time for 

calcium repletion of bones. The shell gland has an important function in egg 

production, specifically plumping (addition of water to the egg), shell 

formation and oviposition. The surface epithelial linning of the shell gland 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib15
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib25
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib25
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib25
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=high&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=c21508358d8b3676e05a8612d98684d4#hit111
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib1
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have a role in calcium secretion (Solomon et al., 1975), whereas the tubular 

gland cells, which contain the calcium binding protein (CaBp) (Lippello and 

Wasserman, 1975), are responsible for calcium transfer for shell formation 

(Christakos et al., 1989). When calcium is being transferred into the shell 

gland and calcification is occurring, calcium levels in the venous blood of the 

shell gland decrease to approximately 60% of normal values (Hodges, 1969). 

However, the calcium levels in the venous blood of the shell gland return to 

normal levels, 5 hrs before oviposition, which indirectly suggested that 

calcium transfer by the shell gland is suppressed. The decrease in calcium 

transfer by the shell gland coincides temporally with a significant elevation 

of progesterone in the blood which occurs approximately 5 hrs before 

oviposition (Johnson and Van Tienhoven, 1981; Wells and Gilbert, 1984). 

The synthesis of the calcium binding protein in the chicken shell gland is 

regulated by estrogen and progesterone. Navickis et al., (1979) reported that 

estrogen increased the amount of CaBP, whereas progesterone antagonized 

the estrogen stimulated increase of CaBP. The presence of progesterone 

receptors in the shell gland suggested that calcium transfer by the surface 

epithelial cells and the production of CaBP by the tubular gland shell are 

regulated by progesterone acting through its nuclear receptor. Thus, it can be 

concluded that progesterone acts directly on surface epithelial cells and 

tubular gland cells to suppress shell formation during the final stages of egg 

formation. Keshavarz and Nakajima (1993) reported that increasing the 

dietary level of calcium did not have beneficial effects on shell quality.  

Garlich and Parkhurust (1982) reported that the incidence of poor shell 

eggs was markedly reduced when oyster shell was available to the hens 

during the feed withdrawal period. The presence of supplemental calcium 

during fasting also reduced the rate of decline in shell weight, percent shell 
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and breaking strength during the first 3 days of initial fasting period. 

Zimmerman et al., (1987) reported that shell weight of eggs is improved 

only after molting. Faitarone et al., (2008) found that feed restriction during 

post-fasting period did not significantly affect egg production or eggshell 

quality.  Faitarone et al., (2008) observed higher productivity in treatment 2 

(3 days of fasting and ad libitum feeding) may be explained by the use of 

feed after fasting, allowing rapid body weight recovery, better development 

of the reproductive tract, and faster return of egg production,  Under the 

conditions of their experiment, they concluded also that ad libitum feeding 

after fasting promotes better initial egg production and laying persistence, as 

birds submitted to 3 days of fasting and subsequent ad libitum feeding 

presented the best post-molting performance. It is also concluded that if 

forced molting is not applied, there is low productivity. Ismail (1998) 

showed that shell weight and percentage as well as shell thickness were not 

significantly differ among breeds or zinc oxide level groups. Eggs from 

Gimmizah breed had slightly less values of shell weight and percentage than 

that of Mandarah which approximately similar in the two traits. Klein-

Hessling (1994) concluded that eggs from hens fed ad libitum had thinner 

shells or had more pores per unit of surface area relative to the same surface 

area.  Also he observed that hens that were subjected to physical feed 

restriction during the early rearing period began to produce more cracked, 

soft-shelled, and crowded eggs. Venkata et al., (2008) showed that the effect 

of molting to cause higher of eggs has reflected by the formation of more 

intense thick white clearly indicates that the magnum portion of such hens 

became highly active and secrete more protein for consolidation of thick 

white. The results obtained by Berry and Brake, (1991) demonstrated that 

induced molting, whether by fast or zinc methods, significantly increased the 
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amount of calbindin (calcium binding protein–D28K) present in the egg shell 

gland and duodenum of aging hens. They added that egg shell quality, as 

measured by egg shell density and weight on the 10
th

 egg, paralleled the 

increase in shell gland and duodenal calbindin. According to Heryanto et al., 

(1997) it was suggested that during forced rest to the old glandular cells with 

new ones that are derived from the mucosal epithelium and uninvoluted 

glandular cells. Such rejuvenation of shell gland tissue may lead the 

improvement of calcium binding protein- D28 K induction which in turn is 

correlated with the increase in egg shell thickness.   
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Table (4): Means ± SE for weekly shell weight (g) before, during and 

after forced rest of the three experimental groups and their 

control. 
 

   Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o
lt

 Week 1 

 
1.13±0.024 1.12±0.024 1.13±0.024 1.11±0.024 

N.S 

 

Week 2 

 
1.14±0.021 1.13±0.021 1.13±0.021 1.10±0.022 N.S 

D
u

r
in

g
 

m
o

lt
 Week 1 

 
1.057±0.00 1.059±0.00 1.084±0.00 1.092±0.00 

N.S 

 

Week 2 

 
0.00 0.00 0.00 1.105±0.025 

N.S 

 

A
ft

er
 m

o
lt

 

Week 1 

 
2.03± 0.109

a
 1.68 ±0.035

b
 0.00 1.04 ±0.034

c
 

* * * 

 

Week 2 

 
2.08± 0.038

a
 1.70± 0.038

c
 1.92 ±0.038

b
 1.04± 0.038

d
 

* * * 

 

Week 3 

 
2.10± 0.039

a
 1.73± 0.039

c
 1.93± 0.039

b
 1.11± 0.040

d
 

* * * 

 

Week 4 

 
2.12± 0.038

a
 1.78± 0.038

c
 1.95± 0.038

b
 1.05±0.039

d
 

* * * 

 

Week 5 

 
2.0±7 0.041

a
 1.74± 0.041

c
 1.92± 0.041

b
 1.05±0.042

d
 

* * * 

 

Week 6 

 
2.10± 0.38

a
 1.84± 0.038

c
 1.91± 0.038

b
 1.11± 0.039

d
 

* * * 

 

Week 7 

 
2.11± 0.036

a
 1.80± 0.036

c
 1.98± 0.036

b
 1.10± 0.037

d
 * * * 

Week 8 

 
2.15 ±0.046

a
 1.85± 0.047

b
 2.03± 0.046

a
 1.12±0.047

c
 * * * 

Means ± SE with different superscripts are significantly different. 

N.S   = non- significant. 
* * * =   significant at 0.1% level of probability. 

 

4.1.5. Hatchability, fertility and embryonic mortality:                                                    

4.1.5.1 Hatchability percent:                                                                                      

The results of hatchability percent at weekly intervals of pre, during 

and post molting periods are presented in Table (5). This Table shows no 

significant differences between experimental groups of pre-molting period.                                                               

At molting, there was no egg production (production = 0), so, there was no 

hatchability data. At post-molting period, we started to calculate hatchability 
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% from week2 because egg production was not enough for incubation 

process.  

From week2 to week eight, zinc oxide, tamoxfine and fasting groups 

showed highly significant increase in hatchability % than control group.  

4.1.5.2. Fertility percent:                                                                                               

Fertility percent were clearly affected by different treatments. In pre-

molting period, there were no significant differences in fertility percent 

between treatments. Fertility percent was not calculated at molting period 

because there was no egg production.                                                                                                   

At post-molting period, fertility percent was not calculated at week1 because 

there was not enough egg production to hatchability. From week 2 to week 8, 

tamoxifen, zinc oxide, and fasting groups showed highly significant increase 

in fertility % than control group.         

  At week6, tamoxifen group showed highly significant increase than other 

groups in fertility percent.                                                                                              

4.1.5.3 Embryonic mortality percent%:                                                                     

Results of weekly embryonic mortality percent pre, during and post 

molting periods are presented in Table (7). This Table shows no significant 

differences between treated groups in embryonic mortality percent at pre-

molting period. At molting period, there were no embryonic mortality data 

because egg production was stopped through the 2 weeks of this period and 

the 1
st
 week of post-molting period. At second week of post-molting period, 

tamoxifen and fasting groups showed significant increase in embryonic 

mortality percent than zinc oxide and control groups. At third week, 

tamoxifen group showed significant increase than control group but it was 

not significant with zinc oxide and fasting groups. At fourth week, tamoxifen 

group showed significant increase of embryonic mortality percent than 
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fasting and control groups but not significant with zinc oxide group. At fifth 

and sixth weeks, tamoxifen group showed significant increase than zinc 

oxide and control groups but not significant with fasting group.               

At seventh and eighth, , tamoxfine, zinc oxide,  and fasting groups showed 

highly significant increase in embryonic mortality percent  than control 

group. It was noticed that, tamoxifen group was the highest value of 

embryonic mortality than other groups of post molting period.                                            

  The results of the present study are in conformity with Bell et al., 

(2004) who illustrated the positive effects in the farm of enhanced 

productivity, reduced costs and reduced investments in breeder farms, rearing 

farms and hatcheries. Owings and Sell (1980) reported higher hatchability 

for eggs laid by restricted fed turkey hens. However, Coco et al., (1992) 

found that in ovo administration of tamoxifen (200 mg per egg) on 1 day of 

incubation leads to no differences in percentage hatch of tamoxifen- treated 

chick as compared with control. Similarly, Rozenboim et al., (1989) found 

that hatching rate was about 80% in tamoxifen groups while in the controls it 

was 86%. Ismail (1998) observed that hatchability percent was improved 

after molting by about 3.3, 3.4 and 2.6% in Gimmizah, Mandarah and 

Mamourah respectively. At the same time hatchability percent after molting 

by zinc oxide treatment by levels of 0.0, 10.000, 20.000 and 30.000ppm 

averaged 85.1, 85.3, 87.3, and 88.7% in Gimmizah and 83.9, 86.2, 87.0 and 

86.8% in Mandarah and 86.2, 87.4, 89.1 and 87.3% in Mamourah, 

respectively. i.e. that the best results in hatchability percent were obtained in 

the group fed diets supplemented by 20.000ppm zinc oxide, while the least 

values of hatchability were obtained in the control group. Hatchability 

percent was improved by 0.2,2.5 and 4.2% in Gimmizah 2.7, 3.6 and 3.4% in 

Mandarah and 1.3, 3.3 and 1.2% in Mamourah for hens fed diets 
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supplemented with 10.000, 20.000 and 30.000ppm zinc oxide /kg in 

comparison to the control group, respectively.   

The same author noticed that fertility was improved after molting by 

about 5.3, 5.7 and 5.1% in Gimmizah, Mandarah and Mamourah, 

respectively, comparing with the fertility before treatment. Difference in 

fertility percent due to breed were not significant before force molting and 

significant (P<0.01) after molting. Moreover, Fertility percent after molting 

at zinc oxide treatments by the levels 0.00, 10.000, 20.000 and 30.000ppm 

averaged 86.3, 91.7, 93.3 and 87.9% in Gimmizah and 85.7, 89.6, 91.1 and 

87.7in Mandarah and 88.3,92.2, 94.0 and 90.9% in Mamourah, respectively. 

i.e the best results in fertility percent were obtained in the group fed diet 

supplemented by 20.000ppm zinc oxide followed by those of 

10.000,30.000ppm zinc oxide and then the control group in a descending 

order. Fertility percent was improved by 6.2, 8.1 and 1.8% in Gimmizah, 

4.5,6.3 and 2.3% in Mandarah, and 4.4, 6.4 and 2.9% in Mamourah for hens 

fed diets supplemented with 10.000, 20.000 and 30.000ppm zinc oxide in 

comparison to the control group, respectively.Irrespect of hatchability percent 

before molting averaged 83.6, 83.2 and 85.3% Gimmizah, Mandarah and 

Mamourah, respectively. Venkata et al., (2008) showed that the mean values 

of fertility during the last periods of experiment were 87.76, 89.76 and 

88.04% for control, Zinc oxide and feed withdrawal groups, respectively in 

Cornish. Corresponding values for Rock breed were 90.6, 91.03 and 89.87%, 

respectively, in control, Zinc oxide and feed withdrawal groups. There was 

no significant difference in fertility due to different methods of molting in 

both the breeds. Gerry (1979) observed no improvement in fertility and over 

control birds when broiler males and females parents were force molting 

using several methods. The average hatchability values expressed on total 
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egg set pooled over hatches were 62.35, 73.59 and 75.60%, respectively 

under control, zinc oxide and feed withdrawal in Cornish layers. The 

corresponding values for Rock layers were 72.65, 78.32 and 79.19%, 

respectively. Barring the 1st hatch of Rock breed, there were no significant 

difference between the treatments under any given hatch and the breed on 

fertile egg set showed differences during 1st hatch between 3 dietary regimes 

for both Cornish and Rock breeds. However, they got nullified during 

subsequent hatches and the pooled hatch values were 70.73, 80.85 and 

84.53% respectively, for control, Zinc oxide and feed withdrawal groups of 

Cornish breeds. The corresponding values for Rock breed were 79.99, 86.80 

and 86.94% for control, Zinc oxide and feed withdrawal groups, respectively. 

Though the pooled averages were statistically similar in all the groups of 

given breeds, yet the eggs obtained from hens which were molted either by 

Zinc oxide or feed withdrawal methods tended to have higher hatchability 

percentage. This trend may be due to dam effect which corresponds to the 

earlier report of Hazan and Yalcin (1988).  
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 Table (5): Means ± SE for weekly hatchability percent before and after 

forced rest of the three experimental groups and their control. 

        Treatments                                           

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o
lt

 

Week 1 

 
47.50±2.92 47.50±2.92 48.33±2.92 52.50±3.57 

N.S 

 

Week 2 

 
50.0±0.589 50.0±0.589 51.66±0.589 51.25±0.721 

N.S 

 

A
ft

er
 m

o
lt

 

Week 2 

 
55.43±2.18

a
 58.50 ±2.18

a
 52.36 ±2.2

ab
 46.25±2.67

b
 

* * * 

 

Week 3 

 
58.33±1.7

a
 60.0 ±1.71

a
 59.16±1.71

a
 43.75±2.09

b
 

* *  

 

Week 4 

 
59.16± 1.6

a
 62.5± 1.60

a
  60.0±1.60

a
 42.5±1.96

b
 

* *  

 

Week 5 

 
59.16 ±1.6

a
 62.5±1.6

a
 60.0±1.6

a
 42.5 ±1.96

b
 

* *  

 

Week 6 

 
62.5±1.97

a
 66.66±1.97

a
 60.0 ±1.97

a
 43.75±2.42

b
 

* *  

 

Week 7 

 
60.8±2.39

a
 66.66±2.39

a
 62.5 ±2.39

a
 45.0±2.93

b
 

* *  

 

Week 8 

 
63.3±3.01

a
 61.66 ±3.01

a
 63.33±3.01

a
 46.25±3.68

b
 

* *  

 

Means ± SE with different superscripts are significantly different 
N.S   = non- significant. 

   * *    =   significant at 1% level of probability. 

  * * * =   significant at 0.1% level of probability. 
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Table (6): Means ± SE for weekly fertility percent before and after 

forced rest of the three experimental groups and their control. 

Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o
lt

 

Week 1 

 
55.0±1.40 56.66±1.40 60.0±1.40 60.0±1.72 

N.S 

 

Week 2 

 
63.33±1.76 60.83±1.76 60.83±1.76 61.25±2.16 

N.S 

 

A
ft

er
 m

o
lt

 

Week 2 

 
67.33±2.43

a
 74.1±2.43

a
 68.2±2.43

a
 56.25±2.98

b
 

* *  

 

Week 3 

 
73.3±2.43

a
 76.66±2.43

a
 73.33±2.43

a
 55.0 ±2.98

b
 * *  

Week 4 

 
76.66±2.18

a
 80.83 ±2.18

a
 7.16 ±2.18

a
 52.5±2.67

b
 

* *  

 

Week 5 

 
79.16± 1.87

a
 85.0±1.87

a
 79.16±1.87

a
 56.25±2.29

b
 

* *  

 

Week 6 

 
78.33±1.47

b
 85.0 ±1.47

a
 78.33±1.47

b
 55.0±1.80

c
 

* * * 

 

Week 7 

 
79.16±2.08

a
 85.0 ±2.08

a
 80.0 ±2.08

a
 55.0 ±2.55

b
 * *  

Week 8 

 
80.83±3.18

a
 81.66±3.18

a
 81.66±3.18

a
 57.5 ±3.89

b
 

* *  

 

Means ± SE with different superscripts are significantly different 

N.S   = non- significant. 

* *    =   significant at 1% level of probability. 

* * * =   significant at 0.1% level of probability. 
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Table (7): Means ± SE for weekly embryonic mortality percent before 

and after forced rest of the three experimental groups and their control. 

Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o
lt

 Week 1 

 
7.5±1.83 9.16±1.83 11.66±1.83 7.5±2.24 

N.S 

 

Week 2 

 
13.33±1.72 10.83±1.72 9.16±1.72 10.0±2.11 

N.S 

 

A
ft

er
 m

o
lt

 

Week 2 

 
12.25±0.95

b
 15.66±0.95

a
 15.83± 0.952

a
 10.0±1.16

b
 

* *  

 

Week 3 

 
15.0 ±1.06

ab
 16.66±1.06

a
 14.16± 1.06

ab
 11.25±1.30

b
 

* 

 

Week 4 

 
15.8±0.77

ab
 18.3±0.77

a
 14.16±0.77

b
 10.0 ±0.94

c
 

* * * 

 

Week 5 

 
15.83±0.86

b
 19.16±0.86

a
 16.66±0.86

ab
 11.25±1.05

c
 

* * * 

 

Week 6 

 
14.16±1.06

b
 18.33±1.06

a
 15.0±1.06

ab
 11.25±1.30

c
 

* 

 

Week 7 

 
16.66±0.77

a
 18.33±0.77

a
 15.83±0.77

a
 10.0±0.94

b
 

* * * 

 

Week 8 

 
17. 5±1.06

a
 18.33±1.06

a
 16.66±1.06

a
 11.25±1.30

b
 

* * * 

 

   Means ± SE with different superscripts are significantly different 

   N.S   = non- significant. 

   *       =   significant at 5% level of probability. 

   * *    =   significant at 1% level of probability. 

   * * * =   significant at 0.1% level of probability. 

4.1.6. Hatching weight (gram):                                                                                   

Table (8) illustrates the results of hatching weight (gm) before, during and 

after molting periods. There were no significant differences between groups 

in hatching weight at pre-molting period. At molting period, there was no 

data of hatching weight because egg production was stopped through the 2 

weeks of molting period and 1
st
 week of post-molting period. At second and 

sixth weeks, fasting group showed significant increase than zinc oxide and 
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control groups but not significant with tamoxifen group. At third, Fourth and 

fifth weeks, control group showed highly significant decrease of hatching 

weight than other groups. At seven and eight weeks, zinc oxide group 

showed highly  

 significant increase than other groups except the fasting group in week eight 

which shows no significant differences with zinc oxide group.                                   

It could be observed that zinc oxide group was the highest value (9.01) than 

other groups especially control group (6.98) due to the highest value of egg 

weight of this group than other treated and control groups.                

The results of the present study are in agreement with Ismail (1998) 

who reported that chick weight was improved by 9.1, 9.7 and 7.2% in   

Gimmizah, Mandarah and Mamourah, respectively. Moreover, chick weight 

after molting by zinc oxide treatment by levels of 0.0, 10.000, 20.000 and 

30.000ppm averaged 31.7, 32.5 33.4 and 32.2 Gimmizah in Gimmazah, and 

31.1, 31.7, 32.1and 31.7 Gimmazah in Mandarah and 31.7,32.8, 33.7 and 

32.8 Gimmazah in Mamourah, respectively. It was noticed that the best 

results in chick weight were obtained in the group fed diet supplemented by 

20.000ppm zinc oxide/kg and the least values were obtained for the control 

group. Similar results were obtained by Palafox and Elodie (1980), Stahl et 

al.,(1986) and Soliman(1993).   
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Table (8): Means ± SE for weekly hatching weight (g) before and after 

forced rest of the three experimental groups and their control. 
Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o
lt

 

Week 1 

 
7.108± 0.093 6.87±0.093 6.86±0.092 6.83±0.090 

N.S 

 

Week 2 

 
6.87± 0.083 6.78±0.081 6.75±0.084 6.86±0.082 

N.S 

 

A
ft

er
 m

o
lt

 

Week 2 

 
7.42±0.097

b
 7.55±0.070

ab
 7.80±0.140

a
 6.61 ±0.072

c
 

* *  

 

Week 3 

 
8.32± 0.084

a
 8.37± 0.081

a
 8.29±0.084

a
 6.88±0.097

b
 

* *  

 

Week 4 

 
8.501±0.086

a
 8.72± 0.084

a
 8.505±0.087

a
 6.68±0.104

b
 

* *  

 

Week 5 

 
8.80±0.092

a
 8.60±0.088

a
 8.64± 0.092

a
 6.81±0.107

b
 

* *  

 

Week 6 

 
8.64±0.080

b
 8.72±0.077

ab
 8.90±0.080

a
 6.87±0.094

c
 * *  

Week 7 

 
9.02± 0.067

a
 8.46±0.063

b
 8.56±0.066

b
 6.85±0.077

c
 

* *  

 

Week 8 

 
9.01 ±0.181

a
 8.40 ±0.178

b
 8.70± 0.181

ab
 6.98± 0.210

c
 

* *  

 

Means ± SE with different superscripts are significantly different 

N.S   = non- significant. 

   * *    =   significant at 1% level of probability.  

 

4.1.7. Mortality percent:                                                                                      

Table (9) illustrates the results of mortality percent before, during and 

after molting periods. There were no mortalities of pre-molting period. At 

molting period, zinc oxide group shows significant increase in mortality 

percent at first week although fasting group registered the highest value of 

mortality percent along the two weeks of this period (13.33 for 1
st
 week + 

8.33 for 2
nd

 week = 21.66%).   

At the same time, tamoxifen group (6.73%) showed no significant 

difference in mortality percent with control (5.00%) group.                                                                                 
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During the second week at molting the mortality percent was 8.33% in 

fasting group, while no mortality was observed in other groups. At 1
st
 week 

of post-molting period, fasting group continued its deterioration and mortality 

was 11.7 while there was no mortality of other treated groups. At weeks 2, 3, 

6 and 7 of post-molting period, there were no mortalities in all treated and 

control groups. At fourth week, zinc oxide group registered 5.2% mortality. 

While, there were no mortalities in other treated and control groups. At fifth 

week, tamoxifen group registered 5.20 mortality%. While, there were no 

mortalities in other groups. At eight week, each of tamoxifen and control 

groups registered 5.2%, while there were no mortalities in zinc oxide and 

control groups. It can be observed that fasting group registered highest 

mortality percent of molting and post molting periods (33.36 %), while zinc 

oxide, tamoxifen and control groups registered 25.20, 17.13 and 10.20 

respectively.                                               

Cantor and Johnson (1984) reported that feed fasting periods longer 

than three days probably led to the observed high body weight loss and high 

mortality. Garcia et al., (2001) suggested that the forced molting of quails 

through the application of feed fasting for three days, with approximately 

25% weight loss, can promote good performance and low mortality. The 

same author observed mortality rates of 2.04% and 4.60% on the second and 

third day of molting also using the same technique in quails. Zamprônio et 

al., (1996) found that water fasting associated to feed fasting periods longer 

than three days probably led to high mortality. The same author using the 

fasting method in quails obtained 23.24% and 25.44% mortality on the third 

and sixth molting day, respectively. Faitarone et al (2008) reported that 

there were no significant effects of treatments on mortality rate of Japanese 

quail birds during lay. Average mortality rate during the 112 days of the 
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laying cycle was 1.55%, or 0.39% per month, which was similar to that 

observed during the first laying cycle. Hassanabadi and Kermanshahi 

(2007) showed that the mortality percentage throughout the entire experiment 

for Zinc and feed withdrawal were 0.057 and 0.032%, respectively which 

was significantly higher for Zn group than FW. The mortality for FW group 

was equally distributed   throughout the experiment; but it occurred in Zn 

group mostly following Zn rich diet consumption. Apparently high mortality 

in Zn group was due to toxic effect of Zn on laying hens. Venkata et al., 

(2008) showed that mortality during the molting period were 1.85, 3.70 and 

0% in control, Zinc oxide and feed withdrawal methods, respectively of 

Cornish breed. The corresponding values for Rock breed were 7.4, 1.85 and 

0%, respectively. Petek and Alpay (2008) illustrated that only 2 birds died 

during the molting period in the treatment groups. Total mortality at the end 

of experiment was 5.55% for both molting groups. The rate of mortality 

during a molt varies due to factors such as the health and vigour of the flock, 

season of the year, age of the flock, and the flock's previous mortality rate. A 

properly culled flock should only have a very moderate rise in mortality 

(Ruszler, 1997). Teixeira et al., (2007) illustrated quail livability from the 

beginning of induced molting until beginning of productive period. In the 

control, Z25(25% body weight loss by zinc oxide) and F35(35% body weight 

loss by fasting) groups, there were no significant differences in livability 

during the analyzed period, with respective values of 100%, 97.5%, and 90% 

of live birds, which means 0%, 2.5%, and 10% mortality. Silva et al., (2003) 

utilizing virginiamycin in layer feeds before fasting, found a 1% mortality 

rate. According to Buxadé (2000) mortality occurring during induced 

molting in commercial layers varies from 1 to 1.5%. 
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Table (9): Means ± SE for weekly mortality percent% before, during 

and after forced rest of the three experimental groups and their 

control. 
Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
e
fo

r
e 

m
o
lt

 

Week 1 

 
0.00 0.00 0.00 0.00 

N.S 

 

Week 2 

 
0.00 0.00 0.00 0.00 

N.S 

 

D
u

ri
n

g
 

m
o
lt

 

Week 1 

 
20.0± 2.85

a
 6.73± 1.65

b
 13.3±1.65

ab
 5.0±2.85

b
 

** 

 

Week 2 

 
0.00 0.00 8.33±  2.13 0.00 

N.S 

 

A
ft

er
 m

o
lt

 

Week 1 

 
0.00 0.00 11.70 0.00 

N.S 

 

Week 2 

 
0.00 0.00 0.00 0.00 

N.S 

 

Week 3 

 
0.00 0.00 0.00 0.00 

N.S 

 

Week 4 

 
5.20 0.00 0.00 0.00 

N.S 

 

Week 5 

 
0.00 5.20 0.00 0.00 

N.S 

 

Week 6 

 
0.00 0.00 0.00 0.00 

N.S 

 

Week 7 

 
0.00 0.00 0.00 0.00 

N.S 

 

Week 8 

 
0.00 5.20 0.00 5.20 

N.S 

 

Means ± SE with different superscripts are significantly different 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 

    * *    =   significant at 1% level of probability. 

 

4.2. Effect of forced molting on carcass and internal organs Weights: 

4.2.1 Carcass relative weight: 

  Table (10) shows that there are no significant differences between 

treatments and control in carcass relative weight before molt. During molting 

period, the fasting group showed significant increase in carcass relative 

weight than control and other treated groups. Zinc oxide group showed the 



 103 

lowest weight in the treated groups. In the Post molting study period, there 

were significant decrease in control group carcass relative weight than other 

treated groups and there were no significance among the treatment groups. 

Comparing between carcasses before and after molting periods it could be 

that molting process maintained or increased carcass relative weight of 

treated groups compared to the control which decreased gradually during the 

three periods of the experiment. 

4.2.2 Internal organs:   

4.2.2.1 Liver relative weight: 

 It could be observed from the same Table that no significant 

differences between treatment groups and control, liver relative weights 

before, during and after molting, were found, although in fasting group it was 

decreased during molt (1.76), in spite of it was 3.24 before molting and 3.08 

after molting. 

4.2.2.2 Kidney relative weight: 

 Table (10) illustrates that Kidney relative weight before molting was 

significantly higher in the control group and fasting group than zinc oxide 

and tamoxifen (G2). During molting kidney relative weight was significantly 

higher on zinc oxide than that on other groups. During post-molting period 

there were no significant differences between groups. 

4.2.2.3 Heart relative weight:                                                                                        

It could be observed from the same Table that there were no 

significant differences between groups in heart relative weight at pre molting 

period. At molting and post molting periods zinc oxide group showed 

significant decrease than other groups.   
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4.2.2.4 Proventriculus relative weight:                                                                       

Table (11) shows no significant differences between all groups in 

proventriculus relative weight before and during molting, although fasting 

group had the highest value during molt period. While, tamoxifen showed 

significantly higher proventriculus (%) than other groups in post molt period.                           

4.2.2.5 Gizzard relative weight:                                                                                   

The same Table shows no significant differences between all groups 

of gizzard relative weight at the pre and post-molting periods. While, zinc 

oxide group showed significant increase in gizzard relative weight than other 

treated groups during molting period.                                                                                                                

4.2.2.6 Intestine relative weight:                                                                                  

From the same Table, intestine relative weight was not significantly 

differences before molting. While, weights of intestine decreased gradually in 

fasting and control groups than zinc oxide and tamoxifen groups during 

molting period.  

At post molting period, fasting showed highly significant increase in 

intestine relative weight than zinc oxide and control groups but not 

significant with tamoxifen group.                                                                    

4.2.2.7 Intestine length:                                                                                                

 It could be observed from Table (11) that there were no significant 

differences between groups in intestine length at the pre-molting period. But, 

during molting, tamoxfine group showed highly significant increase than 

treated and control groups.  In post-molting, zinc oxide and tamoxfine groups 

had the highest lengths, 70.0 and 68.0cm, respectively, than fasting and 

control groups which were 61.3cm and 52.00cm, respectively.                                                                                                        
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The results of the present study are in agreement with that of 

Donalson et al., (2005) who reported that feed withdrawal reduced liver 

weight. Hanafy (2001) studied the effect of tamoxifen injection on 

Gimmizhah chicks and she reported that tamoxifen did not significantly 

affect the relative weight of the heart and the liver. Rozenboim et al., (1993) 

reported that tamoxifen treatment had no effect on weight of liver when given 

tamoxifen injections of 1 mg/kg BW from 12 to 119 days of age. On the 

other hand, Jaccoby et al., (1992) reported that when tamoxifen was injected 

to White Leghorn females at 0.1, 1.0, 5.0 and 10 mg/kg BW at 23 wk of age, 

depression in liver weight occured. The results of present study confirmed 

that of Mabrouk (1995) who reported that no significant differences in 

kidney relative weight between control and treatment at 50% production of 

hens molted by fasting, zinc oxide and progesterone injection.Park et al., 

(2004) reported that there were no significant (p>0.05) differences in relative 

weights of the heart, intestine or kidney among all molted and non molted 

hens. Hens fed zinc propionate had significantly (p >0.05) higher relative 

liver weights (2.11 %) than Hens on feed withdrawal (1.74%). Berry and 

Brake (1985) attributed the decrease in liver weight to the removal of hepatic 

energy stores as glycogen and lipids that are metabolized in the liver. The 

liver is the target organ responsible for of yolk phospholipoprotein synthesis, 

which is dependent on ovarian steroids primarily estrogen (Sturkie, 1976). 

McCormick and Cunningham (1984a)   pointed out to the possible 

mechanism of zinc detoxification in the liver; this includes a high rate of bile 

production and synthesis of large quantities of the zinc storage protein 

metallothionein, which may contribute to the maintenance of liver weight. 

McCormick and Cunningham (1984a) reported that hens fed zinc acetate 

had significantly (p<0.05) higher relative proventriculus weights (0.49%)  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib13
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than hens fed zinc propionate (0.44%), hens undergoing feed withdrawal 

(0.42%), or non molted hens (0.42%). However, hens fed zinc propionate had 

(p<0.05) higher relative gizzard weights (1.84%) than those fed zinc acetate 

(1.66%) or non-molted hens (1.42%). Park et al., (2004) noted that no 

consistent trends were exhibited in the relative weights of organs in their 

study. Compared with the hens on feed withdrawal or on the non-molted diet, 

zinc fed hens showed statistically higher, lower, or the same value of relative 

organ weights, and which were dependent on organ type. Therefore, they 

could not definitively conclude that zinc feeding caused a harmful or toxic 

effect on these organs or on overall health condition of the hens. Donalson et 

al., (2005) reported that feed withdrawal reduced liver weight. Moore et al., 

(2006) showed that feed removal provides the benefit of extending the 

effective egg laying life of the flock, it may have negative effects on the 

ability of the intestines to prevent infection as deficient diets have been 

shown to diminish humoral immunity  Gross and Nawberne (1980) and 

cell-mediated immunity Chandra (1990). Moore et al., (2006) study showed 

that the intestine exhibited significantly more inflammation, primarily in the 

colon and cecum, because of the infection. These data suggest that intestinal 

sections from feed deprived hens are more susceptible to salmonella 

enteritidis (SE) infiltration in vitro. Thompson and Applegate (2006) found 

that birds fasted has significant losses in carcass yields. Lazaro et al., (2004) 

showed that feed restriction increased the relative weight of the gizzard at the 

end of restriction period (14 day) without affecting the weight of the 

proventriculus. Govaerts et al.,(2000). 
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Table (10):  Means ± SE for Carcass, liver, kidney and hart relative 

weight before, during and after forced rest of the three 

experimental groups and their control. 
         Treatments 

        Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 

Carcass  % 

 
63.7± 1.29 62.2± 1.29 62.7± 1.29 64.30± 1.58 

N.S 

 

Liver % 

 
2.79± 0.28 2.71± 0.28 3.24± 0.28 2.83± 0.34 

N.S 

 

kidney  % 

 
0.34± 0.04

b
 0.44± 0.04

ab
 0.51± 0.04

a
 0.56± 0.04

a
 

* 

 

Heart  % 

 
0.63±0.038 0.61±0.04 0.6±10.04 0.73±0.047 

N.S 

 

D
u

ri
n

g
 m

o
lt

 

Carcass % 

 
60.0± 1.48

c
 66.50± 1.48

b
 74.53± 1.48

a
 63.75± 1.81

bc
 

*** 

 

Liver  % 

 
2.46± 0.239 2.13± 0.239 1.76± 0.239 2.57± 0.293 

N.S 

 

kidney % 

 
0.84± 0.067

a
 0.38± 0.076

b
 0.417± 0.067

b
 0.447± 0.082

b
 

*** 

 

Heart  % 

 
0.59±0.024

b
 0.75±0.024

a
 0.69±0.024

a
 0.678±0.029

a
 

* 

 

A
ft

er
 m

o
lt

 

Carcass % 

 
63.8± 1.18

a
 62.9± 1.18

a
 64.5± 1.18

a
 58.3± 1.45

b
 

* 

 

Liver % 

 
2.94± 0.289 3.39± 0.289 3.08± 0.289 2.77± 0.354 

N.S 

 

Kidney% 

 
0.56± 0.058 0.56± 0.058 0.504± 0.058 0.48± 0.071 

N.S 

 

Heart  % 

 
0.610.020

b
 0.7560.020

a
 0.7590.020

a
 0.7520.024

a
 

* * * 

 

Means ± SE with different superscripts are significantly different 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 
* * * =   significant at 0.1% level of probability. 
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Table (11):  Means ± SE for Proventriculus, gizzard, intestine relative 

weights and intestine length before, during and after forced rest of the 

three experimental groups and their control. 
                Treatments 

          Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 

Proventriculs % 

 
0.328± 0.032 0.302± 0.032 0.362±0.032 0.363±0.04 

N.S 

 

Gizzard  % 

 
1.87±0.216 1.87±0.216 1.84±0.216 2.12±0.265 

N.S 

 

Small Intestine % 

 
5.53±0.58 4.9±0.58 5.9±0.58 5.6±0.71 

N.S 

 

Small Intestine cm 

 
68.67± 4.20 64.0± 4.20 55.67± 4.2 53.5± 5.15 

N.S 

 

D
u

ri
n

g
 m

o
lt

 

Proventriculs % 

 
0.36± 0.018

ab
 0.372± 0.018

ab
 0.41±0.018

a
 0.31±0.022

b
 

N.S 

 

Gizzard % 

 
4.7±0.480

a
 2.66±0.480

b
 2.38±0.480

b
 1.78±0.588

b
 

** 

 

Small Intestine  % 

 
7.32±0.293

a
 6.3±0.293

a
 3.34± 0.293

b
 3.62±0.359

b
 * * * 

Small Intestine cm 

 
75.3± 3.3

ab
 79.3± 3.3

a
 55.6± 3.3

c
 65.0± 4.07

bc
 

** 

 

A
ft

er
 m

o
lt

 

Prventriculs % 

 
0.38± 0.03

ab
 0.47± 0.03

a
 0.29± 0.03

a
 0.37±0.04

ab
 

* 

 

Gizzard   % 

 
2.19±0.17 2.24±0.17 1.98±0.17 2.19±0.206 

N.S 

 

Small Intestine  % 

 
5.47±0.48

b
 6.04±0.48

ab
 7.43±0.48

a
 4.57±0.59

b
 

* 

 

Small Intestine cm 

 
70.0± 3.68

a
 68.0± 3.68

a
 61.3± 3.7

ab
 52.0± 4.5

b
 

N.S 

 

Means ± SE with different superscripts are significantly different 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 
* *    =   significant at 1% level of probability. 

* * * =   significant at 0.1% level of probability.                       

Ovary relative weight:   

From the (Table-12), at the pre-molting, zinc oxide group was 

significant increase between treatments and control group. During molting, 

all treatments groups were highly significant decrease than control. 

In post-molting period, ovary relative weights were significantly greater in all 

treatments than control group. At the same time there were no significant 

differences between treatments. The differences between zinc oxide and 
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tamoxifen or fasting groups were not significant but fasting group treatment 

had the higher ovary relative weight than zinc oxide and tamoxfine groups. It 

could be noticed that ovary weights in all treatment groups increased six 

times than control after molting and three times than pre- molting period 

values. Ovary relative weights pre-molting were  3.58, 2.78, 2.39 and 2.24, 

while, these values of molting  was taking place were 6.86, 6.89, 7.52 and 

1.03gram in the groups G1, G2, G3 and G4, respectively. It is noticed also 

that ovary relative weight of the control group at the pre- molting was 2.24g, 

then it decreased at molting to 1.66g and finally, it was even lower to 1.03g 

after molting of the treatment groups.   

4.3.2 Oviduct Weight:                                                                                              

 From the same (Table-12) it could be seen that oviduct weight% was 

not significantly different before molting. While, weights of oviduct of the 

treated groups decreased gradually during molting than the control. Oviduct 

weight increased gradually until reaching the peak in treated groups when 

they come to full production post-molting. The increase in oviduct weight of 

the tamoxifen group was highly significant than other groups,  its weight was 

double the oviduct relative weight of the zinc oxide group and fasting group 

and increased five times (6.04)  that of control  (1.38). It could be noticed that 

the control group decreased gradually from the pre-molting stage (2.77) to 

2.25 during molting and 1.38 at post-molting of the other groups.     

4.3.3 Oviduct Length:                                                                                                

   The same (Table-12) presents the results regarding oviduct length. 

The trend of data was similar to oviduct relative weight. At the pre-molting 

period, there were no significant differences between treatments or between 

treatments and control quails. Oviduct length measured 33.6, 30.6, 37.0 and 

35cm for respectively. During molting, the difference in length was highly 
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significant between treatments and control quails. Oviduct length measured  

16.3, 16.0, 10.3, and 29.0cm for  zinc oxide, tamoxifen, fasting and control 

groups, respectively, while at the post-molting laying cycle the oviduct length 

of all treatments increased significantly higher than that of the control group. 

The oviduct length measures were 31.0, 39.6, 34.3, and 19.0cm for zinc 

oxide, tamoxifen, fasting and control groups, respectively. It could be 

observed that the length of the oviduct of the control group decreased 

gradually beginning from pre-molting to molting to the post-molting periods 

of the other treatment groups, the values were 35, 29 and 19.0cm, 

respectively. This means clearly that molting process can maintain or 

increase oviduct length to pre-molting state. The results of the present study 

are in agreement with that of Kashmiri and Vatsalya (2011) reported that 

mean weight of the ovary was drastically reduced to 1.4g compared with a 

pre-molting phase of 8.5g, a decrease of 70.8% from the post-molting value 

of 4.8 and 1.09g. Teixeira et al., (2007) who observed that ovary weight 

regressed during molting in Japanese quails. They reported that all molted 

groups achieved significant reductions of oviduct length as compared to the 

control group. The decrease in reproductive organ weights and lengths in 

molting period may be due to severe stress and reduced level of 

gonadotrophic hormones (Venkata et al., 2008) soon after the molting period 

is over, the reproductive organs are rejuvenated as evident by the higher 

values of 50% production level during post-molt period. This may be due to 

the initiation of the normal productive functional activity of the reproductive 

organs under the influence of gonadotrophic hormones. Moore and Holt 

(2006) reported that induced molting rejuvenates the reproductive tract and 

stimulates hens at the end of a laying cycle to enter a new cycle of egg 

production. However, a complete and sustained regression of the oviduct 
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along with a 25 to 30% loss of body weight is required to optimize second 

cycle egg production. Souza et al., (2006) obtained a 78.36% regression of 

the reproductive tract. They reported that oviduct weight of groups Zinc and 

Fasting and were 1.87g, 1.76g, and 1.79g, respectively, after forced molting. 

These groups showed the highest regressions, and were not significantly 

different among each other. Araújo et al., (2006) reported that quails molted 

by fasting at 25% body weight loss was not associated with complete 

reduction of oviduct length, ovary weight, oviduct weight, and reproductive 

system weight parameters. This may be explained by the insufficient time for 

the complete regression of the reproductive system and may indicate that 

quail are different from chickens. Fasting method was not able to achieve full 

regression of the reproductive organs of quails. Japanese quails subjected to 

25% body weight loss through the alternative methods like zinc oxide gave 

satisfactory regression of the reproductive organs, as well as a low mortality. 

Berry (2003) reported that, fasting method, for molting of commercial layers 

that produce 25% body weight loss was able to achieve complete ovary 

regression of the fasting group. The present result does not support these 

conclusions because Table (12) shows clearly that fasting produced better 

regression in reproductive organs. Hanafy (2001) studied the effect of 

tamoxifen injection on Gimmizhah chicks and she reported that oviduct 

relative weight and its length seemed to be significantly affected by 

tamoxifen. Tamoxifen treatments during the early months of age seemed to 

affect the development of the oviduct causing significant difference in both 

the weight and length of this organ. The author  illustrated also, the 

mechanism by which tamoxifen suppresses ovarian function, it was 

suggested that tamoxifen through binding to the estrogen receptors in the 

hypothalamus preventing estrogen from priming the hypothalamus and 
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pituitary of progesterone to induce the pre-ovulatory release of LH and thus 

preventing ovulation. Jaccoby et al., (1992) reported that high doses of 

tamoxifen appeared to inhibit the physiological manifestations of the elevated 

plasma estrogen concentrations and significantly depressing the oviduct 

growth. In juvenile White Leghorn females, low doses of tamoxifen 

advanced ovarian and oviduct growth and increased plasma estrogen caused 

precocious egg laying Jaccoby et al., (1992). Sundaresan et al.,  (2007) 

reported that ovary and oviduct weights decreased significantly during 

molting induced by fasting and zinc feeding methods, the weight reduction 

was greater in feed withdrawal birds. Substantial reduction in ovary and 

oviduct weights indicated that there was a high level of gross reproductive 

regression in molted birds. Loss of gonadotropin support from the pituitary 

during molting causes ovarian regression. This could lead to reduced 

production of ovarian steroids resulting in oviduct regression. Ovarian 

regression begins soon after starting of fasting with a decline in estradiol and 

progesterone (Etches et al., 1984). The withdrawal of ovarian steroids 

induces apoptosis in the oviduct (Monroe et al., 2002), which subsequently 

causes regression of the oviduct during  molting  (Heryanto et al., 1997). A 

high dose of Zn had been proved to induce  molting  and Zn was found to 

accumulate in the yolk of ovarian follicles of such chickens (McCormick 

and Cunningham, 1984a and Verheyen et al., 1990). Zinc causes direct 

inhibition of progesterone production by the granulosa cells and causes 

initiation of molt (Johnson and Brake, 1992). Zinc is an endogenous 

regulator of apoptosis and induces apoptosis via the modulation of caspase 

activity (Kondoh et al., 2002). However, the pathway of molecular events 

happening during the reproductive regression in molting birds is still unclear. 

Regression followed by rejuvenation is proposed to lead to a series of events 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4N6FFRP-5&_user=1966284&_coverDate=12%2F31%2F2007&_alid=971334664&_rdoc=3&_fmt=full&_orig=search&_cdi=4963&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=18ba33ecdb7ab70920a57cdc6be6b9e3#bib6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4N6FFRP-5&_user=1966284&_coverDate=12%2F31%2F2007&_alid=971334664&_rdoc=3&_fmt=full&_orig=search&_cdi=4963&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=18ba33ecdb7ab70920a57cdc6be6b9e3#bib16
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4N6FFRP-5&_user=1966284&_coverDate=12%2F31%2F2007&_alid=971334664&_rdoc=3&_fmt=full&_orig=search&_cdi=4963&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=18ba33ecdb7ab70920a57cdc6be6b9e3#bib10
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4N6FFRP-5&_user=1966284&_coverDate=12%2F31%2F2007&_alid=971334664&_rdoc=3&_fmt=full&_orig=search&_cdi=4963&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=18ba33ecdb7ab70920a57cdc6be6b9e3#bib15
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4N6FFRP-5&_user=1966284&_coverDate=12%2F31%2F2007&_alid=971334664&_rdoc=3&_fmt=full&_orig=search&_cdi=4963&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=18ba33ecdb7ab70920a57cdc6be6b9e3#bib15
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4N6FFRP-5&_user=1966284&_coverDate=12%2F31%2F2007&_alid=971334664&_rdoc=3&_fmt=full&_orig=search&_cdi=4963&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=18ba33ecdb7ab70920a57cdc6be6b9e3#bib22
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responsible for the observed increase in  egg  quality post-molting (Brake 

and Thaxton, 1979). Induced reproductive rest increased the number of 

secretary epithelial cells committed to proliferation and programmed cell 

death, which would be associated with remodeling of the reproductive tract. 

Koch et al.,(2007) reported that remodeling of the oviduct epithelium during 

a feed withdrawal induced rest starts with a reduction in size and number of 

mucosal epithelial cells, which line the oviduct. An increase in the number of 

TUNEL positive mucosal epithelial cells throughout the oviduct was 

observed within 2 days following the cessation of lay(Heryanto et al., 1997).   

Table (12):  Means ± SE for ovary relative weights and oviduct relative weight 

and length, (cm) before, during and after forced rest of the three 

experimental groups and their control. 

                   Treatments                         

          Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 

Ovary % 3.58± .31
a*

 2.78± 0.31
ab

 2.39± 0.31
b
 2.24± 0.31

b
 * 

Oviduct  % 3.10± 0.34 3.19± 0.34 2.76± 0.34 2.77± 0.43 N.S 

Oviduct 

length cm 
33.6± .73 30.6± 3.73 37.0± 3.73 35.0± 4.57 N.S 

D
u

ri
n

g
 

m
o
lt

 

Ovary % 0.29±0.19
b
 0.29± 0.19

b
 0.13± 0.19

b
 1.66± 0.23

a
 ** 

Oviduct  % 0.84± 0.13
b
 0.48± 0.13

b
 0.44± 0.13

b
 2.25± 0.16

a
 *** 

Oviduct 

length cm 
16.3± 1.8

b
 16.0± 1.8

b
 10.3± 1.8

b
 29.0± 2.22

a
 *** 

A
ft

er
 

m
o
lt

 

Ovary  % 6.86± 0.46
a
 6.89± 0.46

a
 7.52± 0.46

a
 1.03± 0.57

b
 *** 

Oviduct  % 3.24± 0.33
b
 6.04± 0.33

a
 3.54± 0.33

b
 1.38 ± 0.41

c
 *** 

Oviduct 

length cm 
31.0± 2.44

a
 39.67± 2.44

a
 34.33± 2.44

a
 19.0± 2.99

b
 ** 

Means ± SE with different superscripts are significantly different. 

N.S   = non- significant. 
*       =   significant at 5% level of probability. 

* *    =   significant at 1% level of probability. 

* * * =   significant at 0.1% level of probability. 
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4.4- Effects of forced molting on bones weight and characteristics: 

4.4.1- Femur relative weight: 

It could be observed from Table (13) that femur relative weight 

before molting showed no significant differences between groups. During 

inducing molt, there was a significant increase the in zinc oxide and fasting 

groups than the tamoxifen and control groups. No significant differences 

between groups were found during the post-molting period. Zinc oxide group 

was the highest in value (0.411), while the lowest value was observed in the 

control group (0.315). Control group decreased gradually with the advance in 

age from 0.428 to 0.315g.  

4.4.2-Tibia relative weight:  

The same Table (13) presents the results of the tibia relative weight 

before, during and after forced rest. This Table shows that during pre-molting 

and post-molting periods, no significant differences between groups was 

found, while during molting period G1 showed significant (P < 0.0001) 

increase in tibia relative weight than control and other treated groups.   

4.4.3- Femur breaking strength: 

The same Table illustrates the results of femur breaking strength 

before, during and after molting periods. This Table shows that fasting group 

was the highest in value for femur breaking strength than the other groups at 

pre-molting period. Data shows a significant increase than the control group 

which has the least in femur breaking strength. During molting period, 

tamoxifen group was significantly higher (P< 0.05) than zinc oxide which 

shows the least value in femur breaking strength. While, breaking strength 

was significantly reduced in fasting group and control group than tamoxifen 

group.Results of post molting, shows that zinc oxide, tamoxifen and fasting 
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groups were significantly higher than control group in femur breaking 

strength. It could be observed from Table (13) that femur breaking strength 

of the control group gradually decreased through the experiment.The molting 

resulted in process either maintaining femur breaking strength or increasing it 

as in all molting groups especially zinc oxide group.                                

4.4.4- Tibia breaking strength: 

  Tibia breaking strength data is presented in Table (13). It indicated 

that no significant differences between control and treated groups at pre-molt 

period. The same Table illustrated also that tamoxfine increased significantly 

than zinc oxide, fasting and control during inducing molting. Tamoxfine 

group was higher than zinc oxide, fasting and control groups at the pre-

molting period. While, at the post-molting period, tibia breaking strength of 

zinc oxide, tamoxifen and fasting was significantly higher than the control 

group. The value of tibia breaking strength decreased gradually for the 

control group with the advance in age starting at 144.1, and benefit of the 

molting procedure is observed in the 109.0. Therefore, tibia was similar to 

that of femur breaking strength in its reduction as the bird ages. The molt 

groups by maintaining its tibia breaking strength or increasing it like in the 

zinc oxide group. 

4.4.5 Femur ash: 

 Table (13) shows that there were no significant differences between 

control and treated groups in femur ash content at pre-molting. While, in 

molting period tamoxifen group had the highest significant value (33.91%)   

than the fasting group, but at the same time there were no significant 

differences between tamoxifen and other groups. At post-molting period, the 

three treated groups had significantly increased than control group; the values 

were 35.8, 37.1 and 33.01 vs. 25%, respectively. The data of the present 



 116 

Table illustrated the slow gradual decrease of femur ash before, during and 

after molting (34.5, 32.6 and 25.6, respectively). 

4.4.6- Tibia ash: 

 Table (13) shows that zinc oxide group was higher than other groups 

before molting. During and post-molting periods there were no significant 

differences between all experimental groups. 

Hanafy (2001) studied the effect of tamoxifen injection on skeleton of 

Gimmizhah chicks and she reported that the average tibia weight percentage 

decreased by about 19% to 24.8% of control due to tamoxifen treatments. 

Hanafy (2001) indicated that tibia ash percentage was significantly affected 

by tamoxifen treatment. Bones of hens received tamoxifen (0.5) contained 

significantly less ash than the control. Tunner et al., (1993) revealed the 

presence of estrogen binding sites in the tibia of Japanese quails. They 

reported that the no steroidal, antiestrogen tamoxifen (2mg/day, for 5 days) 

prevented estrogen- induced hyperalcmia, medullar bone formation, and 

reduction of cortical bone area. This may explain the difference in tibia 

calcium content observed in some cases of their study. The same authors 

illustrated that administration of tamoxifen prevented estrogen-induced 

medullary bone formation in quail. This finding suggests that induction of 

medullary bone by estradiol is regulated by a mechanism that is mediated by 

estrogen receptor. However, this study cannot distinguish a direct action of 

the hormone in which the estrogen receptor is located in bone cells from an 

indirect mechanism in which the receptor is located in cells at a site 

peripheral to bone (Turner et al., 1993). Yosefi et al.,  (2003) reported that 

bone ash of the 550-day-old molted hens was slightly higher than that when 

they were 508-day-old, although the BW of the molted hens at this age was 

markedly lower than that prior to molting. When tibia ash was expressed as 
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tibia ash per kilogram BW, the effect of molt appeared highly significant. 

Bone ash at the ages of 19–27 months was similar in the molted and in the 

un-molted hens, although the ash percentage tended to be higher in the 

molted birds. The effect of estrogen in birds to induce medullary bone which 

is a well characterized system and provides an excellent model for 

investigating the mechanisms of action of the hormone. Medullary bone 

provides a large labile mineral reserve that is mobilized during mineralization 

of the egg shell. Miller and Bowman, (1981) postulated on action of 

estrogen on avian long bones and found it to promote a population and then 

differentiate to osteoblasts. Park et al.(2004)  showed that although there 

were no significant (p>0.05) differences in tibia breaking strength among all 

molted hens and non molted hens, tibia ash percentage of hens on feed 

withdrawal were significantly (p<0.05) less than those of the other molted 

hens and non molted hens. The tibia ash percentage of feed withdrawal hens, 

zinc acetate fed hens, zinc propionate fed hens, and non molted hens, were 

39.98, 45.32, 46.01 and 45.32, respectively. Bone-breaking force (Crenshaw 

et al., 1981; Merkley, 1981; Ruff and Hughes, 1985) and bone ash 

(Garlich et al., 1982; Cheng and Coon, 1990) have been used as indicators 

of bone status in the mineral nutrition of poultry and swine. Feed withdrawal 

hens had the lowest bone ash percentage among treatment groups, indicating 

that hens undergoing feed withdrawal have smaller amounts of mineral in 

their tibias, which may be due to a rapid depletion of Ca reserves in fasting 

(Berry and Brake, 1985). Medullar bone is the storage site for the Ca 

necessary for egg shell calcification (Mueller and Leach(1974), Dietary Ca 

depletion of laying hens can cause a decrease in the amount of bone and an 

increase in the osteoid number (Bloom et al., 1958; Zambonin Zallone and 

Teti, 1981). The excess zinc consumed by the hens may have interacted with 
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blood and cellular Ca. Zinc may have interavted with Ca absorption or 

metabolism, probably through interference with metal- containing enzymes 

(Underwood, 1977). Kim et al., (2006) demonstrated that hens lost a 

substantial amount of bone mineral during molting. Garlich et al., (1984) 

reported that hens molted by feed withdrawal had a significant reductions in 

femur bone density during molting. Mazzuco et al., (2003) also, indicated 

that hens molted by feed withdrawal for 10 days exhibited precipitous 

decrease in bone mineral density (BMD) compared with non-molted, control 

hens. Moreover, reduced bone qualities during feed withdrawal did not 

recover after refeeding normal layer rations (Newman and Lesson, 1999). 

Kim et al., (2005) reported that bones bone components are susceptible and 

for bone resorption during molting reducing overall bones qualities. Results 

showed that molted hens fed an alfalfa molt diet supplemented with 0.75% 

fructooligosaccharides and 100% alfalfa + 0.75% FOS { FOS (A100H)} had 

no significant differences in bone breaking strength compared with other 

treatment groups. Kim et al., (2004) reported that femur and tibia mineral 

density and mineral content were highly correlated to ash and ash 

concentration.   
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Table (13): Means ± SE for femur and Tibia weights, breaking strength 

(Newton), and ash percent of bone weight before, during and after 

forced rest of the three experimental groups and their control. 
 

    Treatments                

   Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 

Femur 

wt % 
0.40± .02 0.35± 0.03 0.375± 0.03 0.428± 0.03 N.S 

Tibia wt 

% 
0.50± .03

ab
 0.44± 0.03

b
 0.45± 0.03

b
 0.61± 0.041

a
 N.S 

Femur 

breaking 
109.9± 4.5

ab
 105.1± 4.4

ab
 116.4± 4.5

a
 99.7± 4.5

b
 N.S 

Tibia 

breaking 
140.8± 6.2 148.5± 6.2 147.4± 6.2 144.1± 6.2 N.S 

Femur 

ash% 
34.4± 1.2 36.8± 1.2 32.9± 1.2 34.5± 1.2 N.S 

Tibia 

ash % 
48.1± 1.2

a
 40.4± 1.2

b
 39.4 1.2

b
 41.2± 1.2

b
 ** 

D
u

ri
n

g
 m

o
lt

 

Femur 

wt % 
0.59±0.03

a
 0.43 ±0.02

b
 0.56±0.03

a
 0.34±0.035

b
 *** 

Tibia wt 

% 
0.97± 0.04

a
 0.57± 0.04

c
 0.75± 0.04

b
 0.49± 0.05

c
 *** 

Femur 

breaking 
84.1± 4.1

b
 103.7± 4.1

a
 95.5± 4.13

ab
 90.0± 4.13

ab
 * 

Tibia 

breaking 
94.2± 2.85

c
 142.0± 2.85

a
 94.3± 2.85

c
 130.3± 2.85

b
 *** 

Femur 

ash% 
30.01± 1.3

ab
 33.91 ± 1.3

a
 28.54± 1.3

b
 32.65± 1.3

ab
 N.S 

Tibia 

ash% 
38.85± 3.54 43.37± 3.54 34.05± 3.54 37.98± 3.54 N.S 

A
ft

er
 m

o
lt

 

Femur 

wt% 
0.411± 0.025

a
 0.387± 0.025

ab
 0.38± 0.025

ab
 0.31± 0.031

b
 N.S 

Tibia wt 

% 
0.482± 0.029 0.431± 0.029 0.464± 0.029 0.492± 0.035 N.S 

Femur 

breaking 
117.7± 6.47

a
 111.79± 6.47

a
 110.29 ± 6.47

a
 79.61± 6.47

b
 * 

Tibia 

breaking 
180.3± 9.27

a
 161.3± 9.27

a
 152.8± 9.27

a
 109.0± 9.27

b
 ** 

Femur 

ash% 
35.8± 1.56

a
 37.15± 1.56

a
 33.01± 1.56

a
 25.6± 1.56

b
 *** 

Tibia  

ash% 
38.85± 3.54 43.37± 3.54 34.05± 3.54 37.98± 3.54 N.S 

Means ± SE with different superscripts are significantly different 

N.S   = non- significant      .*   =   significant at 5% level of probability. 
* * = significant at 1% level of probability.   * * * =   significant at 0.1% level of probability. 
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4.5- Hematological parameters:                                                                             

Table (14) illustrates blood picture parameters of female Japanese 

quail birds before, during and after molting using different procedures.                                                 

4.5.1- Red blood cells count (RBC):                                                                        

It could be observed from Table (14) that RBC count before and after 

molting periods showed no significant differences between all groups. While, 

during molting RBC count of the tamoxfine group remained high as before 

molting, the value was (4.36) which was not significantly different from the 

control groups (4.56) but both were significantly higher than zinc oxide 

(2.68) and fasting groups (2.76) which shows highly significant decrease in 

red blood cells count during molting.   

4.5.2- Hemoglobin concentration (Hb):                                                                   

The same Table shows that hemoglobin concentration (g/dl) had no 

significant differences between all groups before and after molting periods. 

While, at molting period, zinc group showed highly significant decrease in 

hemoglobin concentration than other treated or control groups which shows 

no significant differences between each other.                                                         

4.5.3- Packed cell volume percent (PCV):                                                        

  Results of PCV percentage are shown in Table (14) they indicate that 

at pre-molting stage there were no significant differences between all groups. 

While, during molting period, the control group was significantly higher than 

the zinc oxide group, but no significant difference between fasting group and 

tamoxifen group for packed cell volume percentage and control existed. At 

post-molting period, zinc and fasting groups showed highly significant 

increase in packed cell volume percentage than tamoxifen and control 

groups. 
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El- Menawey (1998) showed that there were no significant 

differences in Hb concentration between control group and hen at sexual 

maturity to be molted by either Washington or California methods. The 

reported values were 10.65, 10.58 and 10.63g / 100 ml blood for control, 

Washington and California methods, respectively. On the other hand, the 

average Hb concentration in hen groups molted by California method after 

molting had the higher significant value (p< 0.05) than the hens molted by 

Washington method and the control hens. The value of Hb increased during 

the fasting period and this increase was paralleled with the increase in both 

total RBC‟s count and hematocrit (Ht) value. The author reported also that 

packed cell volume (PCV) value at the peak and the end of egg production 

for different groups of hens ranged between 27.48 to 29.33% in the second 

season of egg production, but the molted hen groups had higher values than 

the control group at the peak and at the end of egg production. After molting 

it was indicated that the Ht value was significantly higher in California 

method than the Washington method and the control hens, and there was a 

higher significant value that may be due to the decrease in water consumption 

of the fasted hens that would contributed to the concentration of the blood 

cells. 

The Hb concentration was paralleled with the RBC's count since the increase 

in RBC's count was accompanied by the increase in Ht concentration. The 

same author illustrated that the average RBC's count was significantly higher 

in hen group molted by California method than the hen group molted by 

Washington method and the control hens, and there were significant 

difference between Washington and control hens. The pattern of increased 

total RBC's in fasting hens during the period of fasting was consistent with 

the effects of loss of capillary vascular space due to involution of the 
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reproductive tract, liver and associated tissues. The lower values for RBC's 

count were at the peak of production and increased slightly at the end of the 

egg production. Similar results were obtained by Mehaisen (1997) who 

reported that Hb concentration at sexual maturity was 10.01g / 100 ml blood 

in Brown LSL hens. The hemoglobin concentration at the different periods of 

the study was paralleled with RBC's count and the hematocrit value. Since, 

there was a higher correlation between the RBC's count and both of 

hemoglobin and hematocrit. The values of hemoglobin (Hb) concentration 

were higher at sexual maturity and decreased at the peak of egg production 

then increased slightly as the laying period came towards the end. Brake and 

Thaxton (1979) and Berry et al., (1987) reported that there was an increase 

in Hb concentration during the fasting. El-Damarawy (2003) reported that 

no effect on hemoglobin was found for high dietary zinc or feed withdrawal 

of Japanese quail birds. Brake et al.,(1981)  reported that when SCW 

Leghorn hens were force molted using light, feed and water deprivation, 

hemoglobin and PCV were increased and accompanied by a parallel increase 

in relative spleen weight. Berry et al., (1987) reported that Ht value 

increased during the fasting period. Sturkie(1986) reported that the Ht value 

for laying hens was 29%,while Wood et at., (1971) reported that the Ht value 

was 23.40 and 30.70% for White Leghorn and White Plymouth Rock hens, 

respectively. Brake and Thaxton (1979a) found that packed cell volume 

(PCV) increased during the molt. And agreed with, Brake et al., (1982) who 

found that force molting of hens resulted in a significant increase in the 

packed cell volume (PCV) from the time of feed removal until immediately 

prior to the resumption of the egg production. Also, Berry and Brake (1983) 

reported an increase of PCV, and concluded that it is a distinguishing 

characteristic of fast induced molt. Hanafy (2001) studied the effect of 
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tamoxifen injection on Gimmizah chicks and reported that tamoxifen 

significantly increased packed cell volume of females than controls. This 

finding was similar to that of Jaccoby et al., (1992) who showed that 

hematocrit increased in the 1, 5 and 10 mg tamoxifen treated hens. Brake et 

al., (1982) attributed the increase in PCV, to several physiological changes. 

They postulated that vascular space may have decreased as a result of 

involution of various tissues or neurendocrine reflex. The loss of estrogen 

inhibition on erythropoiesis could result increased production of erythrocytes 

Sturkie (1976). Brake and Thaxton (1979b). The decrease in water 

consumption of the fasted hens would contribute to the concentration of the 

blood cells. The increased total RBC's due to hemoconcentration may have 

acted through feedback mechanisms to inhibit erythropoiesis and caused the 

decreases in reticulocytes and type VII cells that were observed in fasted hens 

during the period of fasting (Berry et al., (1987). Freeman (1971) concluded 

that the RBC's count decreased during the period immediately prior to the 

onset of laying and increased as the laying period came to the end. Balog et 

al., (2000) reported that restricted   group had significantly lower red blood 

cells counts, hematocrite and hemoglobin levels when compared with the 

fully fed control. The present results of blood hematocrit (PCV) are in 

contrast with Jaccoby et al., (1992) who showed that hematocrit increased 

with tamoxifen adminstration but came in agreement with Rozenboim et al., 

(1993) who found that administration of tamoxifen in Juvenile White 

Leghorn had no effect on hematocrit values at any time in the experiment. 

Kashmiri and Vatsalya (2011) reported that molting birds had PCV levels 

of 47.14±0.64 an increase of 12.1% compared to pre-molting values of 

41.43±3.7 and a 9.8% increase compared with post-molting values of 

42.50±2.62%. Post-molting birds had a higher PCV value of 1.13% over the 
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pre-molting values. At the same time, the current results agreed with El-

Damarawy (2003) who reported that no effect on red blood cells counts for 

high dietary zinc or feed withdrawal on Japanese quail birds.  

   Table (14): Means ± SE for Red Blood Cells count (10
6
xmm3) (RBC,s) 

Hemoglobin, g/dl (Hb) and Packed Cell Volume, percent 

(PCV%)  before, during and after forced rest of the three 

experimental groups and their control. 
                Treatments 

               Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 R.B.C,s 

count 

 

3.89± 0.95 4.3± 0.95 4.65± 0.95 5.76± 0.95 N.S 

Hb(g/dl) 

 
10.7± 0.82 10.8± 0.82 10.03± 0.82 10.83± 0.82 N.S 

P.C.V% 

 
46.66± 3.9 44.66± 3.9 50.0± 3.96 47.5± 4.85 N.S 

D
u

ri
n

g
 m

o
lt

 R.B.C,s 

count 

 

2.68±0.22
b
 4.36± 0.22

a
 2.76± 0.22

b
 4.56± 0.22

a
 *** 

Hb(g/dl) 

 
3.77±0.38

b
 10.47± 0.38

a
 10.77± 0.38

a
 10.87±0.38

a
 *** 

P.C.V % 

 
31.6±3.33

b
 33.3±3.3

ab
 35.0± 3.3

ab
 45.0± 4.08

a
 N.S 

A
ft

er
 

m
o
lt

 

R.B.C,s 

count 

 

3.44±0.28 4.01± 0.28 3.43± 0.28 3.16± 0.28 N.S 

Hb(g/dl) 

 
10.2± 0.62 10.4± 0.62 9.97± 0.62 9.23± 0.62 N.S 

P.C.V% 

 
55.02.89

a
 45.02.89

b
 51.676.02

a
 45.05.01

b
 * 

  Means ± SE with different superscripts are significantly different 

  N.S   = non- significant. 

  *       =   significant at 5% level of probability. 

  * * * =   significant at 0.1% level of probability.  
 

4.6- Biochemical parameters:                                                                                 

4.6-1 Proteins:                                                                                                            

4.6-1-1 Total protein:                                                                                                    

Results of plasma total protein and its constituent in female Japanese 

quails before, during and after forced rest are presented in Table (15). The 
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analysis of variance of total protein indicated that there were no significant 

differences between all experimental groups before, during and after molting.                                      

4.6-1-2 Albumin                                                                                                            

The same Table shows that albumin concentration of pre, during and 

post molting periods was not significantly different between all groups.                                            

4.6-1-3 Globulin:                                                                                                                                                           

Table (15) also illustrates globulin concentrations of pre, during and 

post molting periods. No significant differences were observed in pre-molting 

period. During molting periods, the control group showed significant increase 

over the other treated groups which showed no significant differences 

between them. At post-molting period, zinc oxide group showed significant 

increase in globulin concentration than other groups.No significant difference 

was observed between tamoxifen and control groups, while, fasting group 

showed significant decrease than other treated groups and control.                  

4.6-1-4 Albumin to Globulin ratio (A / G ratio):                                                       

Table (15) shows albumin to globulin ratio (A / G ratio) of pre, during 

and post-molting periods. Tamoxifen group showed significant increase than 

the control group but not significant with both zinc oxide and fasting groups 

at pre-molting. There were no significant differences between all 

experimental groups during the molting period, while, zinc oxide group 

showed significant decrease than the other treated groups in post-molting 

period. Elaroussi et al., (1996) reported that total protein and globulin of 

molted hens at zero production was not significantly different in progesterone 

than treatment group feed withdrawal treatment or control hens. Also, feed 

withdrawal was not significantly different from zinc oxide treatment or hens. 

But in zinc treatment, these parameters were significantly lower than in 

progesterone or control hens. Likewise, at 50% production period hens in the 



 126 

feed withdrawal treatment were not significantly different from progesterone 

or zinc treatment whereas zinc treatment hens were significantly lower than 

in progesterone treatment. The same authors attributed the depressed calcium 

and total protein in zinc treatment to the relationship between zinc and 

calcium and between calcium and total protein concentrations. Kashmiri and 

Vatsalya (2011) reported that during molting, mean values of total plasma 

proteins was reduced by 37.05% from pre-molting values of 5.56± 0.3g/dl to 

3.50±0.63g/dl by 10.92% from a post-molting level of 5.89± 1.38g/dl. Post-

molting birds showed a slightly higher plasma protein level (5.9%) compared 

to pre-molting concentration. Hanafy (2001) studied the effect of tamoxifen 

injection on Gimmizah chicks and reported that plasma total protein was 

significantly lowered in injected with tamoxifen than control at the age of one 

week. No significant differences were observed with higher tamoxifen doses. 

When birds were subjected to tamoxifen treatments later at 5, 9, or 13 week 

of age, plasma total protein content was not significantly affected due to 

either the doses applied or the sex of birds. The same authors reported that 

albumin estimates were almost always parallel to those of the total protein 

where differences among treatments were only significant in groups with 

injected tamoxifen. Since lower dose of tamoxifen at 0.5mg/kg body weight 

significantly reduced plasma albumin content as compared with the control 

.The Author reported also that general means of albumin / globulin records 

did not reveal any significant effects due to tamoxifen treatments Meanwhile, 

the lower dose 0.5 significantly reduced albumin / globulin ratio of females 

only, indicating sex by treatment interaction in this group. Balog et al., 

(2000) observed that no significant differences among dietary treatments 

were found for serum total protein and albumin in molted hens.Effect of 

tamoxifen on the relative rates of ovaalbumin and conalbumin synthesis 
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induced by progesterone. Moreover, the simultaneous administration of 

progesterone and tamoxifen enhanced the relative rate of synthesis of these 

proteins in comparison to the effect of progesterone alone. Arora and 

Vatsalya (2005) stated that during molting in quails, there were a decrease in 

total plasma proteins level due to the drop in the secretion of gonadotrophins 

and associated steroidal hormone support being interrupted or compromised 

due too molting which, in turn, bring about the regression of reproductive 

organs (oviducts, ovaries, and follicles) and cessation in egg production.        

Table (15): Means ± SE for Plasma Total protein, Albumin (A), Globulin 

(G) and A/G ratio of Japanese quail hens molted by different 

procedures before, during and after forced rest of the three 

experimental groups and their control. 

                      Treatments 

            Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 

m
o
lt

 

Total protein 

(g/dl) 
3.9± 0.55 3.33± 0.55 3.55± 0.55 2.94± 0.68 N.S 

Albumin (g/dl) 1.93± 0.497 2.27± 0.497 2.11± 0.497 1.92± 0.609 N.S 

Globulin (g/dl) 1.96±0.34 1.07± 0.34 1.44± 0.34 1.02± 0.42 N.S 

A/G ratio (g/dl) 1.05± 0.31
ab

 2.19± 0.31
a
 1.45±0.31

ab
 0.89± 0.38

b
 ** 

D
u

ri
n

g
 m

o
lt

 Total protein 

(g/dl) 
1.7± 0.43 2.0± 0.43 1.87± 0.43 3.21± 0.52 N.S 

Albumin (g/dl) 0.996± 0.19 1.38± 0.19 1.27± 0.19 1.56± 0.24 N.S 

Globulin (g/dl) 0.71± 0.25
b
 0.62± 0.25

b
 0.60± 0.25

b
 1.65± 0.30

a
 * 

A/G ratio (g/dl) 1.81± 0.49 2.23± 0.49 2.39± 0.49 0.95± 0.60 N.S 

A
ft

er
 m

o
lt

 Total protein 

(g/dl) 
4.61± 0.43 3.81± 0.43 3.29± 0.43 3.11± 0.53 N.S 

Albumin (g/dl) 2.24± 0.28 2.20± 0.28 2.04± 0.28 1.74± 0.34 N.S 

Globulin (g/dl) 2.37± 0.28
a
 1.61± 0.28

ab
 1.25± 0.28

b
 1.38±0.34

ab
 * 

A/G ratio (g/dl) 0.96± 0.24
b
 1.41± 0.24

ab
 1.99± 0.24

a
 1.21±0.29

ab
 * 

Means ± SE with different superscripts are significantly different 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 

* *    =   significant at 1% level of probability. 

 

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6179&_sort=d&_docanchor=&view=c&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=2a60f1c08fc58b0a3fdf80b44639f830#bib2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6179&_sort=d&_docanchor=&view=c&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=2a60f1c08fc58b0a3fdf80b44639f830#bib2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6179&_sort=d&_docanchor=&view=c&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=2a60f1c08fc58b0a3fdf80b44639f830#bib2
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4.6-2- Minerals: 

     6 -2-1 Calcium concentration: 

Calcium concentration changes of female Japanese quails before, during and 

after forced resting are presented in Table (16).  

The analysis of variance for data indicated that no significant 

differences of calcium concentration between all groups at pre and post-

molting periods were found. 

It could be noticed a decrease in calcium concentration values at post-molting 

(20.6, 27.6, 28.00 and 19.00 for zinc oxide, tamoxifen, fasting and control 

groups, respectively), compared to that of pre-molting period (34.33, 32.00, 

30.00 and 34.50). During molting, the control group was significant higher in 

calcium concentration than all other treatment groups.                                                                                         

4.6.2.2- Phosphorous concentration: 

From the same Table it could be observed that phosphorous 

concentration before inducing the molt in the zinc oxide group was 

significantly higher than the fasting group. There was no significant 

difference between tamoxifen group and control group at the pre-molting 

period. During molting serum phosphorous concentration of all treated 

groups; zinc oxide, tamoxifen and fasting groups were significantly higher 

than control group. At post-molting, phosphorous concentration of zinc oxide 

group was significantly higher than all other groups.                           

4.6.2.3- Zinc concentration:                                                                                         

Serum zinc concentration before and after molting showed no 

significant differences between all groups (Table 16). Although it could be 

noticed that the values of serum zinc concentration of zinc oxide, tamoxfine 

fasting and control groups before molting were 9.77, 9.49, 9.68 and 9.45, 
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mg/dl respectively.  These values were less than that of post-molting (14.93, 

10.80, 14.8 and 14.8, mg/dl respectively).While, during molting, zinc oxide 

group showed highly significant increase in concentration (reaching 

35.mg/dl) than the three other groups. Which were 10.1, 10.1 and 9.2mg/dl 

for tamoxifen, fasting and control groups, respectively.                                                                           

Riddle and Dotti (1938) demonstrated that estrogens causes 

significant rises in serum calcium in fowls and that explains why serum 

calcium of mature birds is much higher than immature ones. Skeletal calcium 

in reproductively active female birds is found within two bones: cortical and 

medullar bone (Simkiss, 1975). Underwood, (1977) reported that zinc is a 

well known antagonist of calcium Ca
++

 and has been suggested to interfere 

with calcium metabolism through its actions on calmodulin. (Brewer et al., 

1979).  However, the exact mechanism by which an excess of zinc interferes 

with ovulation and egg laying remains to be determined but incorporation of 

high zinc levels into the diet reduces feed intake to 10-15% of the normal 

level. Scott and Creger (1976). This may be of relevance bearing in mind 

the importance of Ca
++

 ion in regulating hypothalamo- hypophyseal activity. 

Carlisle et al. (1997) reported that no changes occurred in plasma calcium of 

female broiler chickens treated daily 4mg tamoxifen / kg from 6 to 7 week of 

age.  Contrary to Carlisle et al (1999) who concluded that injection of White 

Leghorn hens with tamoxifen at 4mg / kg /day for 4 days from 23 to 28 

weeks of age resulted in significantly reduced plasma calcium. These 

differences were significantly different until day 17 of the experiment. 

Hanafy (2001) studied the effect of tamoxifen injection on Gimmizah chicks 

and she reported that plasma calcium content was not significantly affected 

by tamoxifen injection if administered at the age of one, five or nine weeks. 

When tamoxifen injections were applied at the age of 13 weeks, plasma 
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calcium was significantly increased specially with tamoxifen 5mg. The 

elevation in calcium and phosphorus concentrations in this study may be 

attributed to calcium supplementation in the oyster shell and limestone at 5 

and 2.5g /hen/day, respectively during force molting treatments, or to the 

cessation of egg laying. She reported also that when tamoxifen treatments 

were delayed to start at the age of 13 weeks, tibia calcium seemed to be 

increased. According to the results of Jaccoby et al., (1992) plasma calcium 

was elevated in White Leghorn females given 1mg tamoxifen /kg body 

weight. The doses of 5 and 10mg tamoxifen reduced significantly calcium 

concentrations. Plasma calcium was reduced slightly in Japanese quail treated 

with 2 mg tamoxifen from 10.2 to 9.5 mg/dl after 5 days of injection Turner 

et al., (1993).  

On the other hand, Hassan (1996) observed that the level of calcium 

in serum had the same trend in all groups during molt. It decreased sharply 

through the first week of molt by 46%, 47% and 26% for zinc, conventional 

and control groups, respectively.Then began to increase gradually up to the 

25
th
 day of molt to reach the maximum level at the peak of production. The 

level of calcium content in serum was always higher in control than in rested 

hens because shell formation continues to occur in control hens and require 

higher serum Ca. It was observed that the level of calcium in serum was 

lower during the first week of molt in zinc group than in conventional ones. 

This may be due to that zinc blocked particular aspects of calcium 

metabolism, such as absorption from the digestive tract and resorption of 

bone calcium Underwood (1977). Abou EL-Soud and El Damarawy 

(2005) indicated that during the forced rest treatment period, plasma calcium 

level was directly correlated with dietary calcium level. In group fed diets 

containing 0.23% calcium, plasma calcium level was as about 33% to 36% of 
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their corresponding partners receiving 3.79% dietary calcium. When plasma 

calcium values of the group given 0.23% calcium was compared with that for 

control birds receiving the basal diet (2.57% calcium) it represented only 

about 53.6% of it. After returning to the normal basal diet, plasma calcium 

levels in the different groups were more or less equal. As observed with the 

results of plasma calcium level, the same conclusion was exactly true for 

plasma zinc content. It was found to be directly correlated with dietary zinc 

levels applied during the forced rest period. After returning to the normal 

basal diet, plasma zinc level in the different groups was nearly equal. 

McCormick and Cunningham, 1984b) noted that the possible mechanism 

of zinc detoxification in the liver, including a high rate of bile production and 

synthesis of large quantities of the zinc storage protein metallothionein, may 

have contributed to the maintenance of liver weight. Breeding et al., (1992) 

reported that there is a strong evidence that calcium metabolism plays an 

important role in the regulation of gonadotropin secretion and reproduction in 

birds. They also suggested that zinc may interact with blood and cellular 

calcium in such a way that it causes calcium to fall bellow a critical level 

essential for the production and release of gonadotropin (Berry and Brake, 

1985). If zinc was interacting with calcium it was most likely at the 

intracellular second messenger level. Yosefi (2003) reported that Ca intake 

activity and shell formation are the major factors affecting intestinal and 

eggshell gland ESG calbindin were during induced molting intestinal and 

eggshell gland (ESG) calbindin markedly declined. The absence of egg 

laying and shell formation affected calbindin synthesis more rapidly and 

more severely in the ESG than in the intestine, most likely because of the 

predominant calcium dependency of ESG calbindin, and the colecalciferol 

dependency of intestinal calbindin. Balog et al.,(2000) observed that no 



 132 

significant differences among dietary treatments were found for serum 

calcium and phosphorus. 

Table (16):  Means ± SE for serum Calcium, Phosphorus and Zinc 

before, during and after forced rest of the three experimental 

groups and their control. 
    

Means ± SE with different superscripts are significantly different. 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 

* * * =   significant at 0.1% level of probability. 

 

4.6-2-4 Triglycerides: 

Table (17) illustrates means ±S.E of serum triglyceride before, during 

and after forced rest of aged Japanese quail hens. It could be observed from 

the Table that triglyceride concentration before molting showed no 

significant differences between all groups.During molting period, triglyceride 

concentration was significantly higher in control group than other treated 

Treatments 

 

Traits 

Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 Calcium mg/dl 34.33±3.23 32.0± 3.23 30.0± 3.23 34.5± 3.96 N.S 

Phosphorus mg/dl 2.24± 0.29
a
 2.15± 0.29

ab
 1.07±0.29

b
 1.59± 0.36

ab
 N.S 

Zinc mg/dl 9.77± 1.44 9.49± 1.44 9.68± 1.44 9.45± 1.76 N.S 

D
u

ri
n

g
 m

o
lt

 

Calcium mg/dl 18.33±1.18
c
 23.0± 1.18

b
 15.0±1.18

c
 34.5± 1.44

a
 *** 

Phosphorus mg/dl 12.74±1.26
a
 10.27± 1.26

a
 9.54±1.26

a
 4.94± 1.54

b
 * 

Zinc mg/dl 35.67±2.06
a
 10.18± 2.06

b
 10.1±2.06

b
 9.25± 2.52

b
 *** 

A
ft

er
 

m
o
lt

 

Calcium mg/dl 20.67± 2.97 27.67± 2.97 28.0± 2.97 19.0± 3.64 N.S 

Phosphorus mg/dl 16.37±0.68
a
 12.81± 0.68

b
 13.26±0.68

b
 5.74± 0.83

c
 *** 

Zinc mg/dl 14.93± 1.64 10.8± 1.64 14.8± 1.64 14.55± 2.01 N.S 
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groups which showed a reduction as compared with its values before the 

molt. At post-molting, triglyceride of the fasting group was significantly 

higher than tamoxifen and control but not zinc oxide. 

4.6-2-5 Cholesterol: 

 Table (17) shows the results of cholesterol concentration of Japanese 

quail hens before, during and after forced rest.This Table showed no 

significant differences in cholesterol concentration between all groups at pre, 

during and post-molting periods when compared with its control. But clear 

reduction in cholesterol occurred for zinc oxide and fasting during the molt 

that returned back to the before values after the molt.                                                                                                              

4.6.2.6- Alkaline phosphatase activity:                                                                                        

  The results of alkaline phosphates before, during and after molting 

periods are demonstrated in Table (17).This Table shows that alkaline 

phosphates levels were not significantly different between all groups at pre 

and post-molting periods. During molting period, the tamoxifen, zinc oxide 

and fasting groups showed significant increase in alkaline phosphates level 

than control group.                                      

4.6.2.7- Glucose:                                                                                                             

It could be observed from the Table (17) that there were no significant 

differences between treatments and control in glucose level at pre and post 

molt periods. While during molt period, the control group was significantly 

higher in glucose level than the fasting group, and not the zinc oxide or the 

tamoxifen groups. El-Damarawy (2003) results revealed that plasma 

triglyceride was significantly decreased due to the different forced rest 

treatments applied in his study. By the end of the recovery period, plasma 

triglyceride level significantly increased nearly parallel to the increase in egg 

production. It is known that plasma triglyceride level could be used as 
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indirect estimate of very low density lipoprotein (VLDL) content, and the 

latter is known for its relation with the activity of both the liver and ovary 

during egg yolk formation. Therefore, it was not strange to find that the 

results of plasma triglyceride were in complete accordance with those of egg 

production and plasma estrogen level. Statistical analysis of plasma 

triglyceride shows that it significantly decreased due to the different forced 

rest treatments applied in this study with agrees with the previous author. 

According to Bollengir et al., (1998), high plasma concentrations of very low 

density lipoprotein (VLDL) and vitellogenin which are egg yolk precursors 

reflect an elevated plasma estrogen level. Therefore, the sharp decrease in 

plasma triglyceride of force rested birds coincide with the cessation of egg 

laying observed in these groups as demonstrated in this study. Serum glucose 

and triglyceride data of Balog et al., (2000) showed some significant 

differences between different molting groups. The reduction in blood 

cholesterol obtained due to tamoxifen treatments was mainly attributed to the 

inhibition of tamoxifen to mitochondrial cholesterol side-chain cleavage 

enzyme which is a multienzyme complex that catalyses a series of reactions 

before the formation of pregnanolone from cholesterol (Asem and 

Hertelendy, 1986). The cholesterol data of the present study did not support 

the previous conclusion. Rozenboim et al., (1989a) reported that tamoxifen 

inhibited steroidogenesis in fowl granulose cells in vitro. In ovo 

administration of tamoxifen reduced serum cholesterol levels and increased 

liver weight (Coco et al., 1992). Hanafy (2001) reported that the reduction in 

blood cholesterol obtained due to tamoxifen treatments 0.5, 1, 5 and 10mg 

could be mainly attributed to tamoxifen which inhibit the mitochondria 

cholesterol side- chain cleavage enzyme complex. The side- chain cleavage 

enzyme is a multienzyme complex that catalyses a series of reactions before 



 135 

the formation of progesterone from cholesterol. Scott et al., (1976) reported 

that lower insulin secretion, subsequently increased glucose level in blood. 

They reported also that zinc disturbed the normal deposition of Ca in bones 

and increased its elimination in feces and urine. Ghafgazi et al., 1981) 

reported that zinc in rat interfered with insulin secretion, possibly by reducing 

the intracellular calcium functions and the activation of calmodulin. This 

results in lower insulin secretion, subsequently increased glucose level in 

blood. In this study, zinc oxide treated group did not show higher glucose 

levels. Arora and Vatsalya (2005) stated that during molt in quail there is an 

increase in blood glucose, due to secretion of gonadotrophins and associated 

steroidal hormone support being interrupted or compromised which, in turn, 

bring about regression of reproductive organs (oviducts, ovaries, and 

follicles) and cessation in egg production. Kashmiri and Vatsalya (2011) 

reported that molting birds had higher blood glucose levels compared to 

premolting birds, an increase of 31.93% and an increase of 120.09% 

compared to the post molting birds. The blood glucose level was 5.04% 

higher in post molting birds compared to premolting birds. Venkata et al., 

(2008) reported that zinc interferes with the insulin secretion possibly by 

reducing intracellular the activity of calmodulin, results in reduced insulin 

secretion, increase glucose level in blood that leads to dehydration, fat and 

protein catabolism. McCormick and Cunningham (1984b) noted that 

glycogen in the liver have been depleted because zinc interferes with insulin 

secretion. Hanafy (2001) illustrated that no significant changes in the blood 

biochemistry were found save for elevated alkaline phosphates in some 

animals. The ovaries showed a dose- related reduction in numbers of follicles 

a cessation of ovulation and hyperplasia of the germinal epithelium.  

 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6179&_sort=d&_docanchor=&view=c&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=2a60f1c08fc58b0a3fdf80b44639f830#bib2
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Table (17): Means ± SE for Triglyceride, Cholesterol, Alkaline 

phosphatase and Glucose before, during and after forced rest 

of Japanese quail aged hens of the three experimental groups 

and their control. 
 

Means ± SE with different superscripts are significantly different.. 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 

* *    =   significant at 1% level of probability. 

* * * =   significant at 0.1% level of probability. 

 

4.7-kidney function 

4.7-1- Creatinine 

  Table (18) presents means ±  S.E for serum creatinine, Urea, GOT 

and GPT, before, during and after forced rest of old Japanese quail hens.The 

creatinine concentration data demonstrates that no significant differences 

Treatments 

Traits 
Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 

Triglyceride mg% 

 
62.3± 1.69(1 60.0± 1.69 61.0± 1.69 62.0±2.08 N.S 

Cholesterol mg/dl 

 
213.7± 31.9 208.2± 31.9 203.6±31.9 200.2±31.9 N.S 

Alkaline pho IU/L 

 
240.3± 15.6 250.8± 15.6 258.8±15.6 255.3±19.1 N.S 

Glucose  mg/dl 

 
98.4± 17.8 107.9± 17.8 108.07±17.8 89.8± 21.8 N.S 

D
u

ri
n

g
 m

o
lt

 

Triglyceride mg% 

 
46.0± 1.82

b
 47.3± 1.82

b
 47.6± 1.82

b
 60.5±2.23

a
 *** 

Cholesterol  mg/dl 

 
112.3 ± 1.2 205.9± 31.2 111.9± 31.2 188.4± 1.2 N.S 

Alkaline pho IU/L 

 
334.7± 16.2

a
 345.3± 16.2

a
 333.9±16.2

a
 256.3±19.9

b
 ** 

Glucose  mg/dl 

 
60.8± .05

ab
 60.4±7.05

ab
 44.6±7.05

b
 74.0±8.64

a
 ** 

A
ft

er
 m

o
lt

 

Triglyceride mg% 

 
64.0±2.08

ab
 59.0± 2.08

b
 67.3± 2.08

a
 59.0± 2.54

b
 * 

Cholesterol  mg/dl 

 
197.4± 12.6 215.6± 12.6 201.6± 12.6 182.4± 12.6 N.S 

Alkaline pho IU/L 

 
269.8± 16.9 245.0± 16.9 260.03± 6.9 266.05±20.7 N.S 

Glucose  mg/dl 

 
91.7±9.3 100.1± 9.3 116.1± 9.3 101.2± 11.4 N.S 
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between all groups at pre, during and post molting periods was found  

comparing with control. Serum creatinine concentration increased in all 

treatment groups during inducing the molt, but returned to its previous state 

after molting. 

4.7.2- Urea: 

 There were no significant differences between treatments and control 

in urea levels at pre and post-molt periods. While during molt period, 

tamoxifen and fasting groups showed significant increase in urea level than 

the control but were similar to the zinc oxide groups (Table 18). 

  4.8- liver function                                                                                              

4.8.1- Glutamic Oxalo acitic Transaminase (GOT): 

   Data in Table (18) shows that no significant difference in GOT 

concentration between control and treated groups was found at pre-molt 

period.          

During molting, zinc oxide (8.0) group was significantly lower in 

GOT concentration (32.5), then fasting (8.6) and tamoxifen (22.3), than 

control group. All treatment groups GOT values dropped during molting was 

taking place. At post-molting period, zinc oxide group was significantly 

lower than tamoxifen, fasting and control groups.     

4. 8.2- Glutamic Pyruvic Transaminase (GPT): 

It could be observed from Table (18) that during pre and post-molting 

periods no significant differences between all groups were found. But at 

molting stage, zinc oxide group was significantly lower in GPT 

concentration, then tamoxifen and fasting than control group which dropped 

during molting.   
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Hanafy (2001) studied the effect of tamoxifen injection on Gimmizah chicks 

and she reported that plasma GOT and GPT showed significant variations in 

some cases. However, no specific trend could be concluded from the clinical 

pathology point of view the observed differences among treatments, although 

they are statistically significant, no biological significance since the 

differences between treatments and control were at most 32.4% and 40.6% 

for GOT and GPT respectively.  

According to Campbell and Coles (1986) the variation in these 

enzymes is considered of clinical significance only if reached 6 to 7 fold its 

normal values. Landers et al., (2008) reported that birds molted by feed 

deprivation exhibited significantly lower levels of uric acid. 
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 Table (18): Means ± SE for Creatinine, Urea, GOT and GPT, before, 

during and after forced rest of Japanese quail aged hens of the 

three experimental groups and their control. 
 

Means ± SE with different superscripts are significantly different. 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 

* * * =   significant at 0.1% level of probability. 

 

4.9- Hormonal parameters  

4.9.1- Estrogen hormone: 

Table (19) presents hormone changes in female Japanese quail before, 

during and after induced forced rest. The analysis of variance indicated that 

there were no significant differences between all groups before molting. A 

sharp drop in estrogen concentration was noticed in the fasting group during 

molting.While, estrogen concentration of (tamoxifen) showed highly 

significant increase than other groups during the molting period. On the other 

hand, estrogen concentration during post-molting was highly significantly 

increased in the fasting and zinc oxide group than tamoxfine and control 

                Treatments 

 

           Traits 

Zinc oxide Tamoxifen Fasting Control Significance 

B
ef

o
re

 

m
o
lt

 

Creatinine  mg/dl 0.31± 0.11 0.35± 0.11 0.29± 0.11 0.35± 0.13 N.S 

Urea  mg/dl 1.26± 0.12 1.61± 0.12 1.64± 0.12 1.26± 0.15 N.S 

GOT  U/ML 34.6± 2.9 36.6± 2.9 34.6± 2.9 35.0± 3.6 N.S 

GPT   U/ML 31.0± 1.7 31.0± 1.7 31.0± 1.7 30.5± 2.1 N.S 

D
u

ri
n

g
 

m
o
lt

 Creatinine  mg/dl 0.78± 0.52 1.69± 0.52 0.70± 0.52 0.65± 0.64 N.S 

Urea  mg/dl 3.09 ± 0.34
ab

 4.03 ± 0.34
a
 3.89± 0.34

a
 2.12± 0.41

b
 * 

GOT   U/ML 8.0± 1.1
c
 22.3± 1.1

b
 8.6± 1.1

c
 32.5± 1.36

a
 *** 

GPT   U/ML 6.33± 1.77
c
 24.3± 1.7

b
 6.3± 1.7

c
 31.0± 2.17

a
 *** 

A
ft

er
 

m
o
lt

 

Creatinine  mg/dl 0.44±0.15 0.47± 0.15 0.42± 0.15 0.41± 0.19 N.S 

Urea  mg/dl 3.86± 0.54 2.62± 0.54 3.80± 0.54 3.36± 0.66 N.S 

GOT   U/ML 19.6± 1.38
b
 32.6± 1.38

a
 32.0±1.38

a
 30.5± 1.69

a
 *** 

GPT   U/ML 30.3± 1.57 32.6 1.57 31.6± 1.57 31.0± 1.93 N.S 
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groups. The difference in estrogen concentration of the control group was 

clear compared to the treatments during post-molting. Estrogen hormone 

concentration in the zinc oxide, tamoxifen and fasting groups before molting 

was 10.005, 10.23 and 10.07. After molting in descending order these values 

were 52.7, 48.3, 36.3 to 6.33 for fasting, zinc oxide, tamoxifen and control 

group, respectively. 

4.9.2-Testosterone hormone: 

 Table (19) shows the concentration of old quail hens serum 

testosterone hormone level before, during and after molting periods. There 

were no significant differences in testosterone concentration between all 

groups in pre-molting and molting periods. But it could be noticed that 

testosterone concentration increased in treatment groups during molting. In 

post-molting period the zinc oxide group was significantly lower in 

testosterone concentration and fasting group when compared with the control 

group.While, the tamoxifen group was not significantly different than the 

control group.                                                                 

4.9.3- Triiodothyronine (T3) hormone: 

Data in Table (19) illustrates the results of T3 concentration at pre-

molting, during molting and post-molting periods. No significant differences 

were observed in all experimental groups in pre-molting period. In three 

treatment groups T3 concentration was significantly lower during molting 

was taking place and after molting was done than control group. Comparing 

T3 hormone changes in pre and post-molting periods, it was observed that the 

concentration of T3 of all treatment groups was decreased in post-molting 

period than that of pre-molting. While serum T3 concentration of control 

group increased was in post-molting to 3.02 as compared to 2.28 units of pre-

molting.  The decrease in T3 concentration during molting was more 
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pronounced in zinc oxide and tamoxifen groups (0.48 and 0.58) then fasting 

group (1.21) compared with control (2.89).  

4.9.4- Thyroxin (T4) hormone: 

Data in Table presents T4 hormone concentration changes of female 

Japanese quails before, during and after forced rest. The analysis of variance 

indicated that T4 hormone before and after molting was not significantly 

different between all experimental groups. While during molting period, zinc 

oxide group showed significant decrease than fasting and control but not 

tamoxifen.                         

4.9-5- Aldosterone hormone: 

   Table (19) illustrated the for aldosterone hormone concentration of 

pre, during and post molting periods. No significant differences were 

observed in all experimental groups in pre-molting period. At molting period, 

fasting group showed significant increase in aldosterone concentration than 

other groups. At post-molting period, fasting (5.00) and control (4.35) groups 

showed highly significant increase than tamoxifen (2.53) and zinc oxide 

(2.40) groups.         

When feed and water are deprived, plasma levels of estradiol 

decreases from the next day (Day 1) of deprivation and  egg -laying is 

terminated on Day 4 (Iwasawa et al., (2002). Food deprivation also induces 

decreases of gonadotropin mRNA contents in the pituitary gland in male 

Japanese quail. These results indicate decreases in gonadotropin secretion 

and resultant decrease in sex steroid hormones trigger thyrotropin secretion. 

Decrease of estrogen secretion resulted in low functioning ovary; the later is 

a requisite for the occurrence of molting in the hen. However, a low 

functioning ovary may not be the only requisite to the onset of molting. It has 

been generally considered that molting is a concurrent phenomenon of the 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WG0-49SNB6C-2&_user=1966284&_coverDate=01%2F15%2F2004&_alid=971334664&_rdoc=9&_fmt=full&_orig=search&_cdi=6808&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=c638ac263b87b33906ab2b5bb6056520#bib14
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shedding of the old feathers and the growth of new feathers and that the old 

feathers are expelled by the formation and growth of the underlying new 

feathers. In this connection, it is suggested that estrogen aids in the 

maintenance of old feathers by suppression of the activation of feather 

papillae, whereas thyroxin serve as a stimulant to the papillae for the 

formation of new feathers. According to this theory, force molting by the 

administration of progesterone or thyroxin can be explained as the induction 

of feather papillae, counteracting the action of estrogen in suppressing the 

activation of feather papillae (Himeno and Tanabe, 1957). El-Damarawy 

(2003) reported that estrogen sharply decreased in response to the different 

methods applied to force quails to rest. Hanafy (2001) suggested that 

tamoxifen by binding to the estrogen receptors in the hypothalamus; prevent 

estrogen from priming the hypothalamus and pituitary of progesterone to 

induce the pre-ovulatory release of LH and thus preventing ovulation. Catelli 

et al., (1980); Binart et al., (1982) reported that plasma levels of estrogen 

sharply decreased after four weeks of receiving the experimental diets. The 

decrease in estrogen level seemed to be directly correlated mainly with zinc 

level. This is supported by the finding that although tamoxifen suppressed the 

estroadiol enhancement of ovaalbumin and conalbumin synthesis in the chick 

oviduct, it potentiated the progesterone- induced synthesis of these two 

proteins. Turner, (1948) reported that the physiological role of estrogen in 

promoting the development and secretion of the various component parts of 

the egg is gradually being determined. Not only does the secretion of 

estrogen by the developing ovary stimulate the growth and functional activity 

of the oviduct but it has been shown to influence the composition of the 

blood and metabolism of the egg precursors. Breeding et al., (1992) reported 

that there is a strong evidence that calcium metabolism plays an important 
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role in the regulation of gonadotropin secretion and reproduction in birds. 

They also suggested that zinc may interact with blood and cellular calcium in 

such a way that it causes calcium to fall bellow a critical level essential for 

the production and release of gonadotropin. Berry and Brake, (1985) 

suggested that if zinc was interacting with calcium, it is most likely at the 

intracellular second messenger level. El-Damarawy (2003) reported that 

testosterone sharply decreased in response to the different methods applied to 

force quails to rest. Koch et al., (2007) showed that estrogen stimulates 

seven- to eight- fold increase in vitellogenin II and apolipoprotein II mRNA 

stability in chick livers during periods of egg production, compared to 

induced rest or periods of estrogen withdrawal. The half-life of the mRNA 

for both yolk proteins is dramatically reduced from 13 to 1.5 h up on the 

removal of long-term estrogen stimulation.                                                       

Williamson et al., ( 1985) indicated that T3 is the major biologically 

active product of the thyroid and it is actually the main thyroid hormone 

related to the changes in the metabolic rate. Mobarak et al., (1996) reported 

that plasma levels of T3 were elevated in Hy-Line laying hens treated with 

oral doses of tamoxifen at 20 mg/kg B.Wt for 5 days. Brake and Thaxton 

(1979a) reported that T3 appeared to change little during the starvation 

period. Hassan (1996) observed that T3 hormone levels were consistently 

lower throughout the molting until the lowest level in the rested hens than the 

control. Levels of T3 in rested hens were decreased during the starvation 

period from 4-7 days followed by an increase over the pre-molt level after the 

resumption of feeding from 7-25 days then declined slightly until peak. 

Brake et al., (1979) stated that T3 levels did not differ significantly from 

initial levels during the starvation period but were increased significantly 

upon the resumption of feeding. They declared that the increase in T3 
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corresponded in time with the initiation of feather loss and a decrease in 

ovary weight also preceded increase in T3 after day 11 occurred 

concomitantly with the initiation of feather loss. This loss of insulation may 

have initiated a thermoregulatory response. El-Damarawwy (2003) revealed 

that plasma T3 and T4 were not significantly affected due to the fasting 

regimen applied. However, inhibition of induction of ovulation during the 

cessation of egg laying or at the beginning of the second production year, are 

all concerned with interactions of the same hormones upon the hypothalamo- 

hypophyseal-ovarian axis . Upon this axis, interactions of other hormones are 

grafted, and especially thyroid hormone and prolaction are known to have 

antigonadotropic effect El-Damarawwy (2003). According to Brake et al., 

(1979) they reported that T3 was the primary mediator of thyroid action 

during the period of feather loss. They reported also that plasma T4 initially 

decreased upon removal of feed, but increased above control levels by the 

sixth day of feed withdrawal. T3 levels remained relatively constant 

throughout the feed withdrawal period. The initial decrease in T4 may 

represent decreased output of T4 from the thyroid or an increased peripheral 

metabolism of the hormone associated with fasting in the sexually mature 

hen. The initial decrease in T4 was followed by an increase in T4, and this 

was found to be coincident with a loss of ovarian weight and presumably 

function. Davis et al., (2000) claimed that an increase in circulating T4 may 

be probably an important physiological factor for the initiation of molting 

because exogenous T4 administration has been observed to cause molting in 

laying chickens. In addition, the post-molt period is a time of regrowth and 

regeneration of the reproductive tract and feather. Thus, elevated T4 may be 

related to the metabolic effects that are required for regrowth and 

regeneration. Ryoko et al., (2004) reported that the peak of the plasma 
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concentrations of T4 coincide with the molt. They suggested that T4 is more 

important for feather growth and molting. Their study showed that the 

changes in plasma concentrations of both T4 and T3 correlated with  molting  

but the absolute values of T4 were higher than those of T3.   Although the 

exact role of the thyroid hormone in  molting  still remains unsolved, a rapid 

increase of T4 may be responsible for the start of  molting   as a trigger and 

maintenance of  molting. Hanafy (2001) reported that injections of 

tamoxifen to Gimmizah chick caused significant increase of T4 

concentration. El- Menawey (1998) reported that there was no significant 

difference between control, Washington and California groups at sexual 

maturity. At the peak of the second season, the plasma T3 concentration for 

the control group was lower than the plasma T3 concentration for 

Washington and California methods. After 5 days of induced molting, the T3 

concentration decreased in the groups molted by Washington and California 

methods. Similar trends were observed after molting period, this may be due 

to the ceased of egg production and the decrease of the metabolic rate for the 

fasted hens. 
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Table (19): Means ± SE for plasma estrogen, Testosterone, T3, T4and 

aldosterone hormones concentration level before, during and 

after forced rest Japanese quail hens of the three experimental 

groups and their control. 

                Treatments 

       Traits 
Zinc xide Tamoxifen Fasting Control Significance 

B
ef

o
re

 m
o
lt

 

Estrogen (pg/ml) 10.05± 0.83 10.23± 0.83 10.07± 0.83 10.0±1.01 N.S 

Testosterone 

ng/ml 
0.47± 0.038 0.48± 0.03 0.42± 0.03 0.48± .047 N.S 

T3 ng/ml 2.42± 0.14 2.45± 0.14 2.42± 0.14 2.28± 0.18 N.S 

T4 ng/ml 2.44± 0.16 2.44± 0.16 2.42± 0.16 2.42± 0.16 N.S 

Aldostrone 

(pg/ml) 
5.46±0.30 5.50±0.30 5.46±0.30 5.65±0.368 N.S 

D
u

ri
n

g
 m

o
lt

 Estrogen (pg/ml) 10.41± 0.55
b
 17.3± 0.55

a
 5.39± 0.55

c
 9.91± 0.68

b
 *** 

Testosterone 

ng/ml 
0.74± 0.17 0.97± 0.17 0.87± 0.17 0.55± 0.21 N.S 

T3 ng/ml 0.48± 0.24
b
 1.21± 0.24

b
 0.58± 0.24

b
 2.89± 0.29

a
 *** 

T4 ng/ml 2.04± 0.09 b 2.34± 0.09ab 2.36± 0.09 a 2.43±0.09a N.S 

Aldostrone 

(pg/ml) 
2.33± 0.12

d
 4.16± 0.12

c
 6.16±0.12

a
 5.05± 0.14

b
 * * * 

A
ft

er
 m

o
lt

 

Estrogen (pg/ml) 48.37± 3.2
a
 36.35± 3.2

b
 52.77± 3.2

a
 6.33± 3.9

c
 *** 

Testosterone 

ng/ml 
0.22± 0.04

b
 0.33± 0.04

ab
 0.21± 0.04

b
 0.39± 0.04

a
 * 

T3 ng/ml 1.52± 0.27
b
 1.93± 0.27

b
 1.77 ± 0.27

b
 3.02± 0.33

a
 * 

T4 ng/ml 2.33± 0.12 2.54± 0.12 2.72± 0.12 2.73± 0.12 N.S 

Aldostrone 

(pg/ml) 
2.40±0.19

b
 2.53± 0.19

b
 5.00± 0.19

a
 4.35± 0.29

a
 * * * 

Means ± SE with different superscripts are significantly different. 

N.S   = non- significant. 

*       =   significant at 5% level of probability. 

* * * =   significant at 0.1% level of probability. 

 

4.10- Immunological parameters        

4.10.1-Thymus relative weight: 

 From Table (20) it could be observed that before inducing the molt 

there were variation between groups in thymus relative weight and that the 

control group was the least in relative weight. 
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During molt period the control group was the highest in thymus relative 

weight with a value of 0.02, the values for at zinc oxide, tamoxifen and 

fasting groups were 0.013, 0.16 and 0.01, respectively. These values were 

much less than their values before molting. While at post-molting period, 

there were no significant differences between groups. It could be concluded 

that thymus relative weight of post molting period gradually decreased and 

there were no significant differences between groups.                                                                                                                

4.10.2- Spleen relative weight: 

 Table (20) shows no significant differences of spleen relative weight 

at pre-molting period. Tamoxifen group showed significant increase in spleen 

relative weight than that of other groups during molting period. At post-

molting period, zinc oxide group (0.154) and tamoxifen group (0.150) 

showed highly significant increase than fasting (0.99) and control (0.029) 

groups.                                                                                                                

4.10.3- White blood cells count (WBC,s): 

Table (20) shows the results of counting white blood cells (10
3
mm) 

before and after molting periods. 

It could be noticed that no significant differences between all groups 

were found. While during molting period, WBC's of zinc oxide group and the 

fasting group were reduced significantly as compared with the control and 

tamoxifen groups. WBC's during molting of control and tamoxifen were 

13.00 and 12.66, respectively, which were significantly higher than fasting 

and zinc oxide (6.33 and 4.00, respectively).                                         

4.10.4-Haemagglutination Inhibition value: 

Immunological changes of female Japanese quail represented by 

heamagglutination inhibition test (HI) against sheep red blood cells (SRBC's) 

before, during and after forced rest are presented in Table (20). Results 
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indicated that no significant differences between groups were observed 

during pre-molting period. While at molting period, the control group was 

significantly higher in HI value (3.0) than zinc oxide group (0.00), tamoxifen 

group (0.33) or fasting group (0.00). At post-molting period, control group 

continued to be significant increase (3.00) than zinc oxide (1.00), tamoxifen 

(1.00) and fasting (1.00) groups.         

Nazmi, et al., (2006) reported that lymphoid organ weights are easily 

measured and reflect body‟s ability to provide lymphoid cells during an 

immune response. Heckert et al., (2002) documented that Primary and 

secondary lymphoid organs weight provides the site for maturation 

lymphocytes and for the interaction between lymphocytes and antigens in 

broiler chicks. The spleen and bursa are the important lymphoid organs 

involved in the development and differentiation of T or B lymphocytes 

(Eerola et al., 1987); Toivanene et al., 1987) reported that there were no 

significant differences among genotypes for relative weight of spleen. Fathi 

et al., (2005) reported that the presence of Na gene in a single state 

significantly decreased the relative weight of both thymus and bursa by about 

19.8% and 11.8%, respectively compared to normally feathered ones. 

Grannie (2010) reported that forced molting destroys a hen's immune 

system, causing a rise in deadly salmonella bacteria in their bodies. Studies 

have consistently shown: decreased T-cells, intestinal bleeding, and a rise in 

salmonella bacteria in the eggs of force molted chickens. The concern about 

stress in commercial chickens subjected to feed withdrawal is of considerable 

interest.  This period of stress can affect the immune system of the bird, 

which generally increase the blood heterophil: lymphocyte ratio (Maxwell, 

1993).The immune response is affected by a number of genetic, physiological 

and environmental factors and their interactions. The effect of a particular 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib23
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib23
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VNH-4MFJ2J8-6&_user=1966284&_coverDate=03%2F31%2F2007&_alid=971334664&_rdoc=14&_fmt=full&_orig=search&_cdi=6179&_sort=r&_docanchor=&view=c&_ct=79&_acct=C000055643&_version=1&_urlVersion=0&_userid=1966284&md5=42a6aadaaff6f808f9c6e64d868a489b#bib23
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gonadal steroid on the immune system may vary from immunosuppression to 

immunopotentiation depending on a variety of parameters including animal 

species, sex, age, dose and method of hormone administration, the antigen 

and the immunocompetence of the host (Ahmed et al.; 1985; Ahmed and 

Talal, 1990). Moreover, the relationship between the hormone and the 

immune system is established early in ontogeny, probably due to 

modifications in the thymus (Fabris, 1981; Herradon et al., 1991) and bursa 

of Fabricus in gonadal hormones on the immune system vary, the immune 

capabilities of females are known to be superior to those of males in chickens 

(Leitner et al.,1989). The antiestrogen tamoxifen displayed strong inhibitory 

effects on the immune response to E.coli immunization in high response and 

low response of broiler chickens divergently selected for early or late 

immune maturation, (Leitner et al., 1996). Aldon and Mashaly (1999) 

found that total circulating leukocytes in the early stages of the molting 

period were reduced relative to those of the control hens. These results would 

imply that induced molting could result in inhibiting the immune response. 

However, the results of the same authors showed that the different induced 

molting programs did not adversely affect antibody production against 

SRBC's. Holt and Poter,(1992) found that feed deprivation as a means of 

inducing molting in laying hens had  no effect on antibody production to 

SRBC's. Furthermore, the same author reported throughout his study, 

mortality for all molting groups was within the expected range, which 

suggests that excessive stress did not occur to influence either the immune 

response or livability. Landers et al., (2008) found that no significant 

differences (P > 0.05) in either heterophil or lymphocyte percentages. 

However, heterophil percentages were higher in feed withdrawal birds than 

for full-fed birds on day 4 of induced molt but lymphocyte percentages were 
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higher in full-fed birds compared to feed withdrawal birds. On day 8 of the 

induced molt lymphocyte percentages were higher from full-fed birds when 

compared to feed withdrawal birds but no significant differences were 

detectable for heterophil percentages. Hanafy (2001) studied the effect of 

tamoxifen injection on Gimmizah chicks and she reported that tamoxifen did 

not significantly affect the relative weight of the spleen and the thymus 

glands. Rozenboim et al., (1993)  observed that tamoxifen treatment had no 

effected on weights of spleen when given tamoxifen injections of 1 mg/kg 

BW from 12 to 119 days of age. Moreover, Brake and Thaxton (1979b) 

found that no consistent trends over trials were observed in the relative 

weights of the spleen from birds going through a forced molt. Brake et al., 

(1981) reported that when SCW Leghorn hens were force molted using light, 

feed and water deprivation, hemoglobin and packed cell volume (PCV) were 

increased accompanied by a parallel increase in relative spleen weight.  

On the other hand, Elaroussi et al., (1996) showed that spleen 

expressed as a percent of body weight was not affected by zinc oxide or feed 

withdrawal treatments but it was significantly reduced in progesterone 

treatment. This reduction may be attributed to the relationship between 

progesterone and the immune system (primary and secondary organs). 

However, at 50% production, spleen relative weight did not significantly 

differ between treatments, whereas zinc oxide and feed withdrawal 

treatments were significantly lower than the control hens. Moore and Holt 

(2006) showed that feed removal provides the benefit of extending the 

effective egg laying life of the flock, but it may have negative effects on the 

ability of the intestines to prevent infection. The same authors exhibited 

significantly more intestinal inflammation, primarily in the colon and cecum, 

deficient diets have been shown to diminish humoral immunity (Gross and 
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Newberne1980) and cell-mediated immunity (Chandra 1990). Bass et al., 

(2007) showed that there were no differences in heterophil: lymphocyte ratio 

between birds of different molting trials. The timing of samples collection 

may explain the lack of stress response to feed withdrawal, since feed 

withdrawal birds had cessation of egg lay prior to other groups, therefore a 

stress response to feed withdrawal may have occurred prior to experimental 

sampling. Aldon and Mashaly (1999) found that total circulating leukocytes 

in the early stages of the molting period was reduced relative to those of the 

control hens. El-Damarawy (2003) reported that high dietary zinc level  and 

feed withdrawal to applied exerted a stress effects on Japanese quail birds 

leading to significant increase in white blood cells count.  
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Table (20): Means ± SE for thymus, spleen relative weights, white blood 

cells count(WBC,s) and Haemagglutination  test (HA) against 

sheep red blood cells (SRBCs),before, during and after forced 

rest of the three experimental groups and their control. 
 

                  Treatments 

       Traits 
Zinc oxide Tamoxifen Fasting Control 

Significa

nce 

B
e
fo

r
e 

m
o
lt

 

Thymus% 

 
0.036± .003

a
 0.030± 003

ab
 0.04 ± .003

a
 0.020±.004

b
 * 

Spleen  % 

 
0.048±0.004 0.042±0.004 0.03± 0.004 0.044±.004 N.S 

W.B.C,s10
3
xmm

3
 

 
13.66± 0.75 12.66± 0.75 13.00± 0.75 12.50± 0.92 N.S 

HA titre Log
2
 

 
3.00 ± 0.00 3.00± 0.00 3.00 ± 0.00 3.00 ± 0.00 N.S 

D
u

r
in

g
 m

o
lt

 

Thymus % 

 
0.01±0.002

ab
 0.016 ±0.002

ab
 0.01± 0.002

b
 0.020±.003

a
 * 

Spleen % 

 
0.04± 0.007

b
 0.138±0.007

a
 0.020±0.007

b
 0.034±.008

b
 * * * 

W.B.C,s10
3
xmm

3
 

 
4.0± 0.50

c
 12.66± 0.50

a
 6.33± 0.50

b
 13.0± 0.62

a
 

* * * 

 

HA titre Log
2
 

 
0.0 0.33± 0.178

b
 0.0 3.0± 0.218

a
 

* * * 

 

A
ft

e
r 

m
o
lt

 

Thymus % 

 
0.02± 0.0 0.02± 0.0 0.02± 0.00 0.02± 0.00 N.S 

Spleen % 

 
0.154 0.006

a
 0.150 0.006

a
 0.0990.006

b
 0.0290.008

c
 * * * 

W.B.C,s10
3
xmm

3
 

 
13.0± 0.71 13.0± 0.71 13.0± 0.71 12.50± 0.87 N.S 

HA titre Log
2
 

 
1.0± 0.00

b
 1.0± 0.00

d
 1.0± 0.00

c
 3.0± 0.00

a
 

*** 

 

Means ± SE with different superscripts are significantly different. 

N.S   = non- significant. 
*       =   significant at 5% level of probability. 

* * * =   significant at 0.1% level of probability. 
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Summary 

The present study was performed in the Animal House Nuclear 

Research Center-Atomic Energy Authority at Inshas. The objective of this 

study was to overcome decrease productive efficiency and immune system 

response as a result of advanced of female Japanese quail (Coturnix Coturnix 

japonica) age and to increase the production period of females. Three 

methods of force rest and their effect on physiological and endocrinological 

changes associated with each of procedure were used. Three hundred and 

sixty birds were used, 240 female and 120 males (50 weeks of age).  Females 

were at 44% hen day (HD) egg production. The birds were randomly divided 

into four groups, 60 females and 30 males in each treatment which sub-

divided into three replicates of 20 females and 10 males each. The first group 

was fed a layer diet, plus 2% zinc oxide (20,000ppm) for 14 days. The 

second group was fed a commercial layer diet containing 8 mg / birds / day 

tamoxifen for 14 days. The third group was force molted by the California 

method (fed withdrawal by removing the diet 10 days then feed for 7 days 

corn). The fourth group fed the layer diet and served as the control. Six quails 

were randomly taken from each treatment of the population before, during 

and after molting periods. Each bird was weighed to the nearest gram and 

slaughtered. Fresh blood was used for the determination of hematological 

parameters. Blood sample from each bird was collected in two siliconized 

tubes. One containing heparin in order to separate plasma and the other was 

empty to separate serum. Blood samples were separated by centrifugation 

and stored at min 20ºC until determination of biochemical and 

immunological parameters takes place. Carcass, liver, gizzard, heart, 

stomach, kidney, ovary, oviduct, intestine, spleen, tibia, femur weights and 
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oviduct, intestine lengths were determined. Finally, all organ relative weights 

were calculated and expressed as a percent of body weight.                                                                                                       

The results obtained could be summarized as follows: 

1- Zinc oxide group showed significant increase in body weight than all other 

groups through the eight weeks of post molting period. 

2- Fasting group showed the highest percentage of egg production and the 

highest body weight loss at the end of post molting period.     

3-All treated groups especially zinc oxide were highly significant increase in 

egg weight, shell weight, hatchability percent and fertility percent than 

control group.  

4- Tamoxifen group showed the highest embryonic mortality percent than 

other treated and control groups at post molting period.   

5- Zinc oxide group showed the highest value of hatching weight than other 

groups especially control group. 

6- Fasting group registered highest mortality percent in molting and post 

molting periods   

7- Carcass relative weight of post-molting period, showed significant 

increase of all treated groups than control.  

8- Liver and Kidney relative weights showed no significant differences 

between treatments and control group at post molting period. 

9- Intestine relative weight showed highly significant increase of fasting 

group than zinc oxide group and control group but not significant with 

tamoxifen group at post molting period.  

10- Intestine length of zinc oxide and tamoxfine groups showed significant 

increase in post molting period than fasting and control groups. 

11- Proventriculus relative weight showed significant increase in tamoxifen 

group than other groups in post molting period. 
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12- Heart relative weight showed significant decrease of zinc oxide group 

than other treated groups during and post molting periods 

13- Gizzard relative weight showed no significant differences between all 

groups at pre and post molting periods. 

14- Ovary relative weight and oviduct length showed significant increase (six 

times) than control group in post molting period. 

15- Oviduct relative weight showed highly significant increase in tamoxifen 

group than other groups at post molting period.   

16- Femur and tibia relative weights of post molting period showed no 

significant differences between all groups. 

17- Femur and tibia breaking strength at post molting period in all treated 

groups were significantly higher than control group.  

18- Femur ash and tibia ash of molting and post molting period, showed no 

significant differences between all experimental groups. 

19-Red blood cells count and Hemoglobin concentration of post molting 

periods, showed no significant differences between all groups. While, packed 

cell volume percent of post-molting period, showed highly significant 

increase in zinc oxide and fasting groups than tamoxifen and control groups. 

20- Total protein, albumin and globulin showed no significant differences 

between all experimental groups at pre molting, molting and post molting 

periods. While Albumin to globulin ratio (A / G ratio) showed that zinc oxide 

group was significantly decreased than other groups in post molting period. 

21- Phosphorus concentration showed significant increase of zinc oxide 

group than other groups at post molting period. Calcium and Zinc 

concentration showed no significant differences between all groups before 

and after molting periods, while, at molting period, zinc oxide group showed 

highly significant increase in zinc concentration than other groups. 
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22- At post molting, triglyceride of fasting group was significantly higher 

than tamoxifen and control groups but not zinc oxide.                                                                                               

23- Cholesterol, Alkaline phosphatase, Glucose, GPT concentration, 

Creatinin and Urea concentrations showed no significant differences between 

all experimental groups. 

24- GOT concentration at post molting periods showed that zinc oxide group 

decreased significantly than tamoxifen, fasting and control groups. 

25- Estrogen hormone of fasting and zinc oxide groups showed highly 

significant increase than tamoxifen and control groups of post molting 

period. 

26- Female testosterone concentrations of post molting period, showed 

significant decrease in zinc oxide and fasting groups than control. 

27- T3 hormone concentration showed significant decrease in all treated 

groups than control during and after molting periods.  

28-T4 hormone concentration before and after molting periods showed no 

significant differences between all experimental groups. 

29- Aldosterone hormone concentration showed highly significant increase of 

fasting and control groups than tamoxifen and zinc oxide groups at post 

molting period. 

30-Thymus relative weight and White blood cells count (WBC,s) showed no 

significant differences between groups at post molting period. 

31- Spleen relative weight showed highly significant increase of zinc oxide 

and tamoxifen groups than fasting and control groups at post molting period.  

32-Heamagglutination inhibition test against sheep red blood cells showed 

highly significant increase of control group than zinc oxide, tamoxifen and 

fasting groups through post molting period. 
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 الملخص العربي
أجريت هذه التجربة في المزرعة التجريبية للحيوانات الصغيرة والطيور الخاصة بقسم التطبيقات 

واستهدف هذا البحث التغلب على .  هيئة الطاقة الذرية- مرآز البحوث النووية-البيولوجية

ناث إلدم في العمر انخفاض الكفاءة اإلنتاجية والفسيولوجية واستجابة الجهاز المناعي آنتيجة للتق

دراسة تأثير التغيرات الفسيولوجية  و السمان الياباني ومضاعفة الحياة اإلنتاجية للقطيع

استخدم في هذه التجربة ).القلش( مج الراحة اإلجباريةاوالهرمونية التي تتزامن مع آل بر

 في  وآان متوسط نسبة إنتاج البيض) ذآر١٢٠ أنثى و ٢٤٠ ( أسبوع٥٠ طائر عمر ٣٦٠عدد

 ٣٠ أنثى و٦٠ مجموعات آل مجموعة تحتوى على ٤قسمت الطيور عشوائيًا إلى  %٤٤القطيع 

 المجموعة غذيت  .) ذآور١٠ أنثى و٢٠آل مكررة ( مكررات ٣إلى  آل مجموعة قسمتر ذآ

 جزء في ٢٠٫٠٠٠أآسيد الزنك بمعدل % ٢مضاف إليها ) بياض( على عليقه انتاجبةاألولى 

 مللي ٨تحتوى على ) بياض(  على عليقه انتاجبةوغذيت المجموعة الثانية . يوم١٤المليون لمدة 

المجموعة   في حين منع الغذاء عن. يوم١٤للطائر في اليوم من مادة التاموآسفين لمدة / جرام 

 ٧ ذلك تم إضافة ذرة مجروشة لمدة د أيام إلحداث القلش بطريقة آاليفورنيا وبع١٠ لمدة الثالثة 

تم  ).ةالمجموعة المقارن(فقط  )  بياض( غذيت على عليقه انتاجبةموعة الرابعة المج أما). أيام

ت عينات  طيور من آل مجموعة خالل ثالث فترات قبل وأثناء وبعد عملية القلش وأخذ٦ذبح 

الذبيحة والكبد والمعدة الغدية والقانصة والقلب واألمعاء (  وآذلك وزن األعضاء بالجرامالدم

طول قناة  وقياس طول األمعاء وآذلك) بيض والغدة الثايموسية والطحال  وقناة الضوالمبي

حمل وتم استخالص وتشفيه عظمتي الفخذ والساق ووزنهم وآذلك تقدير قوة ت. البيض بالسنتيمتر

الكيميائية ات لتقديرلتم فصل الدم والحفاظ على السيرم والبالزما و .العظام للكسر وتقدير الرماد

                                                                                .اعيةوالمنوالهرمونية 

:وقد أظهرت النتائج المتحصل عليها األتي  

ائج-١ رت النت ك  أن أظه سيد الزن ة أآ ت مجموع اقي    أعط ن ب سم ع ي وزن الج ة ف ادة معنوي  زي

                                               .لقلشالمجموعات األخرى خالل الثمانية أسابيع في فترة ما بعد ا

هرت النتائج إن اعلي نسبة إلنتاج البيض وآذالك أعلى فقد في وزن الجسم في مجموعة أظ -٢

 التصويم في نهاية فترة ما بعد القلش 



 آل المجموعات خاصة أآسيد الزنك أعطت زيادة معنوية في وزن البيض ووزن القشرة ونسبة -٣

س ونسبة الخصوبة عن مجموعة المقارنة الفق  

 أظهرت مجموعة التاموآسفين ارتفاع نسبة موت األجنة عن باقي المجموعات ومجموعة المقارنة -٤

 في نهاية فترة ما بعد القلش 

 أظهرت مجموعة أآسيد الزنك ارتفاع قيمة وزن الكتاآيت الفاقسة عن باقي المجموعات خاصة -٥

. مجموعة المقارنة  

جلت مجموعة التصويم أعلى نسبة نفوق في فترة القلش وما بعد القلش  س-٦  

اظهر وزن الذبيحة النسبي زيادة معنوية في آل المجموعات عن المجموعة المقارنة -٧  

 اظهر وزن الكبد ووزن الكلى النسبي عدم وجود معنوية بين المعامالت والمجموعة المقارنة فى -٨

                                                                                          .          فترة ما بعد القلش

 اظهر وزن األمعاء النسبي زيادة معنوية عالية في مجموعة التصويم عن مجموعة أآسيد الزنك -٩

                 .  والمجموعة المقارنة ولكن غير معنوية مع مجموعة التاموآسفين في فترة ما بعد القلش

 اظهر طول األمعاء في مجموعة الزنك ومجموعة التاموآسفين زيادة معنوية في فترة ما بعد -١٠

.                                                           القلش عن مجموعة التصويم والمجموعة المقارنة  

جموعة التاموآسفين عن باقي المجموعات  اظهر وزن المعدة الغدية النسبي زيادة معنوية في م-١١

.                                                                                       األخرى في فترة ما بعد القلش  

 اظهر وزن القلب النسبي انخفاض معنوي في مجموعة أآسيد الزنك عن باقي المجموعات -١٢

.                                                                                       قلشاألخرى إثناء وبعد فترة ال  

 اظهر وزن القانصة النسبي عدم وجود معنوية بين آل المجموعات قبل وإثناء و فترة ما بعد -١٣

.           القلش  

عن مجموعة المقارنة فى ) اتمر٦( اظهر وزن المبيض النسبي وطول قناة البيض معنوية عالية -١٤

.                                                                                                      قترة ما بعد القلش  

 أظهرت وزن قناة البيض النسبي زيادة معنوية عالية في مجموعة التاموآسفين عن المجموعات -١٥

.                                                                                     لقلشاألخرى في فترة ما بعد ا  

.  اظهر وزن عظمتي الفخذ والساق في فترة ما بعد القلش عدم وجود معنوية بين آل المجموعات-١٦

               



 آانت معنويتة عالية عن  آسر عظمتي الفخذ والساق في فترة ما بعد الفلش في آل المجموعات-١٧

.                                                                                                    المجموعة المقارنة  

 أظهرت نسبة الرماد في عظمتي الفخذ والساق في فترة القلش وما بعد القلش عدم وجود معنوية -١٨

                                                                                     .   بين آل مجموعات التجربة

 اظهر عدد آرات الدم الحمراء وترآيز الهيموجلوبين في فترة ما بعد القلش عدم وجود معنوية -١٩

 زيادة بينما أظهرت نسبة حجم خاليا آرات الدم المضغوطة في فترة ما بعد القلش.بين آل المجموعات

.                              معنوية في مجموعتي الزنك والتصويم عن مجموعتي التاموآسفين والمقارنة  

ي      -٢٠ ات ف ل المجموع ين آ ة ب ود معنوي دم وج ولين ع ومين والجلوبي ى وااللبي روتين الكل ر الب  اظه

د القلش            ا بع اء وم ومي       .التجربة في فترة قبل وإثن سبة االلبي ا أظهرت ن ولين انخفاض       بينم ى الجلوبي ن ال

.                                 معنوي في مجموعة الزنك عن المجموعات األخرى في فترة ما بعد القلش  

 اظهر ترآيز الفوسفور زيادة معنوية في مجموعة الزنك عن باقي المجموعات في فترة ما بعد -٢١

 معنوية في آل المجموعات في فترتي قبل وبعد بينما أظهر ترآيز الكالسيوم والزنك عدم وجود.القلش

القلش بينما في فترة القلش أظهرت مجموعة الزنك زيادة معنوية في ترآيز الزنك عن المجموعات 

.                                                                                                                  األخرى  

 فترة ما بعد القلش أعطت مجموعة التصويم زيادة معنوية في الجلسريدات الثالثية عن  في-٢٢

.                                        مجموعتي التاموآسفين والمقارنة ولكن ليست مجموعة أآسيد الزنك  

الكرياتينين  اظهر الكوليستيرول وااللكالين فوسقاتيز والجلوآوز وترآيز إل حي بي تى وترآيز -٢٣

.                                               وترآيز اليوريا عدم وجود معنوية بين آل مجموعات التجربة  

 اظهر ترآيز إل جي او تي في فترة ما بعد القلش لن مجموعة أآسيد الزنك أعطت انخفاض -٢٤

                                         .      معنوي عن مجموعة التاموآسفين والتصويم ومجموعة المقارنة

 اظهر هرمون االستيروجين أن مجموعتي التصويم وأآسيد الزنك معنوية عالية عن مجموعتي -٢٥

.                                                                    التاموآسفين والمقارنة في فترة ما بعد القلش  

ر ترآي -٢٦ ي          ز اظه وي ف اض معن ش انخف د القل ا بع رة م ي فت اث ف ستيرون باإلن ون التوستي  هرم

.                                                               مجموعتي الزنك والتصويم عن مجموعة المقارنة  

ون-٢٧ ز هرم ر ترآي را  اظه ودوثيرونىالت ن    أي ة ع ات المعامل ل مجموع ي آ ا ف ا معنوي ين انخفاض

.                                                                           موعة المقارنة إثناء وبعد فترة القلشمج  



ين آل                -٢٨ ة ب  اظهر ترآيز هرمون التترا ايودو ثيرونين في فترتي قبل وبعد القلش عدم وجود معنوي

                                                            .                                       مجموعات التجربة

ن  -٢٩ ة ع صويم والمقارن وعتي الت ي مجم ة ف ادة معنوي تيرون زي ون االلدوس ز هرم ر ترآي  اظه

.                                                           مجموعتي التاموآسفين والزنك في فترة ما بعد القلش  

ر -٣٠ ين     اظه ة ب ود معنوي دم وج ضاء ع دم البي رات ال ا آ دد خالي سبي وع ية الن دة الثايموس وزن الغ

.                                                                                  المجموعات في قترة ما بعد القلش  

ك والتاموآ  -٣١ وعتي الزن ي مجم ة ق ادة معنوي سبي زي ال الن ر وزن الطح وعتي  اظه ن مجم سفين ع

.                                                                          التصويم والمقارنة في فترة ما بعد القلش  

ة   -٣٢ ة عن مجموع ة المقارن ي مجموع ة ف ادة معوي ام زي ا دم األغن ة ضد خالي ار المناع ر اختب  اظه

الل فت    صويم خ سفين والت ك والتاموآ سيد الزن ش أآ د القل ا بع .                                               رة  م

  

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



عصام محمد الهادى سابق: الطالباسم   
     المتقدم الناث السمان اليابانىدراسة تحسين الكفاءة اإلنتاجية واستجابة الجهاز المناعي :عنوان الرسالة

  في العمر
 - آلية الزراعة-قسم االنتاج الحيوانى-)انتاج دواجن( فى العلوم الزراعيةدآتوراة:الدرجة العلمية
  جامعة طنطا

 الخالصة
سم                ور الخاصة بق صغيرة والطي ات ال ة للحيوان ة التجريبي ي المزرع ة ف ذه التجرب أجريت ه

ة    - مرآز البحوث النووية   -التطبيقات البيولوجية  ذا الب    .  هيئة الطاقة الذري ى      واستهدف ه حث التغلب عل

ر     ي العم دم ف ة للتق اعي آنتيج از المن تجابة الجه سيولوجية واس ة والف اءة اإلنتاجي اض الكف اث إلانخف ن

ع           ة للقطي اة اإلنتاجي اني ومضاعفة الحي ة           ة   السمان الياب سيولوجية والهرموني رات الف أثير التغي دراسة ت

                                                           ).القلش( مج الراحة االجباريةاالتي تتزامن مع آل بر

ة عدد     ذه التجرب ي ه ى و  ٢٤٠ ( أسبوع٥٠ طائر عمر  ٣٦٠استخدم ف ان متوسط  ) ذآر١٢٠ أنث  وآ

ع        ى         .%٤٤نسبة إنتاج البيض في القطي ور عشوائيًا إل سمت الطي وى         ٤ق  مجموعات آل مجموعة تحت

ى  ى و٦٠عل سمت.ر  ذآ٣٠ أنث ى  آل مجموعة ق ررة (كررات  م٣إل ى و٢٠آل مك ور١٠ أنث  .) ذآ

ا   ) بياض(على عليقه انتاجبة   المجموعة األولى    غذيت دل    % ٢مضاف إليه سيد الزنك بمع  ٢٠٫٠٠٠أآ

ة    . يوم ١٤جزء في المليون لمدة      ة   وغذيت المجموعة الثاني ه انتاجب ى عليق ى   ) بياض ( عل وى عل  ٨تحت

وم  ١٤دة  للطائر في اليوم من مادة التاموآسفين لم      / مللي جرام    ذاء عن          . ي ع الغ المجموعة    فى حين من

دة          د أيام إلحداث القلش بطريقة آاليفورنيا وبع      ١٠ لمدة   الثالثة   ام  ٧ ذلك تم إضافة ذرة مجروشة لم ). أي

ط     )  بياض (غذيت على عليقه انتاجبة   المجموعة الرابعة    أما ح     . ةالمجموعة المقارن   (فق م ذب ور   ٦ت  طي

ة القلش وأخذ     من آل مجموعة خالل ثالث فترات        د عملي اء وبع ذلك وزن    تقبل وأثن دم   وآ ات ال  عين

الجرام يض  ( األعضاء ب اة الب اءوالمبيض وقن ب واألمع صة والقل ة والقان دة الغدي د والمع ة والكب الذبيح

ال  ية والطح دة الثايموس سنتيمتر ) والغ يض بال اة الب ول قن ذلك وط اء وآ ول األمع اس ط م . وقي وت

اد خذ والساق ووزنهم وآذلك تقدير قوة ت استخالص وتشفية عظمتي الف     .حمل العظام للكسر وتقدير الرم

ا و سيرم والبالزم ى ال اظ عل دم والحف صل ال م ف ديرلت ة ات لتق ة الكيميائي                              .والمناعي

شرة    و وزن البيض      و  إنتاج البيض    و وزن الجسم   زيادة معنوية فى   وقد أظهرت النتائج   سبة ووزن الق  ن

وق و    نسبة النفوق الجنيني   و نسبة الخصوبة ونسبة الفقس و  النفوق   ى   و وزن الذبيحة   ونسبة النف  وزن الكل

او اءو ء وزن األمع ول األمع ة و ط دة الغدي يض ووزن المع يض ووزن المب اة الب اة و وزن قن ول قن ط

دم ال  و مقاومة عظمة الفخذ للكسر  ر و مقاومة عظمة الساق للكس   والبيض   مضغوطة  نسبة حجم آرات ال



ولين و فور    وتالجلوبي صر الفوس ز عن ة ورآي سريدات الثالثي تيروجين   و الجل ون األس ز هرم   وترآي

تيرون  ون األلدوس ز هرم ال و ترآي ا   .وزن الطح رتآم ائج أظه ى  النت وى ف ب  وزن نقص معن القل

را              ى و هرمون التوستوستيرون والت ار المناعة     ا ىوترآيز جى أو ت ودوثيرونين وأختب ا  . ي ظهر    بينم

د  ن وزن الكب ل م ى آ ة ف ود معنوي دم وج صة وع ساقوزن عظمتىووزن القان ذ وال سوبالفخ ى من  ة ال

وبي    عد آرات اونسبة الرماد فى عظمتىالفخذ و الساق     و  وزن الجسم  ز الهيموجل راء و ترآي دم الحم  نل

ومينو ى و األلبي روتين الكل ك  و الب سيوم الزن ز عنصرى الكال ستيرول   وترآي زيم ترآ  والكولي ز أن ي

فاتيز الين فوس وز واأللك ز الجلوآ ا و  ترآي اتينين واليوري ز الكري ىترآي ى ت ز جى ب ز   و وترآي ترآي

ضاء دوزن الغدة الثايموسية و عد   و هرمون التترا أيودوثيرونين   امالت القلش    آرات الدم البي نتيجة لمع

                                                                                                                   .المختلفة

ة   ات الدال ش: الكلم ك -القل سيد الزن سفين-أآ صويم- التاموآ ة- الت سمان- المناع                            ال
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