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ABSTRACT  
 

This study was conducted to compare four induced molting methods and to determine the preferable 
method which achieves the main goals of molt in laying hens during molt period. Two hundred and forty 
Lohmann Brown-Classic commercial layers (73 weeks old) were used. The hens were randomly and equally 
divided into 5 treatment groups (four experimental and one control) of 45 hens each in three replicates.  
Experimental groups were as follow; T1) non-molted group and served as control (CONT), T2) molted by 
California method (CAL), T3) Conventional method (CONV), T4) Standard (STD) method and T5) High 
zinc diet method (HZD). Body weight, weight loss, mortality, egg production cease, carcass traits, digestive 
tract and reproductive system organs were determined before and after molting period. The results of this 
study indicated that, force molting by fasting methods (CAL and CONV method) achieved most main goals 
of induced molt method. Moreover, California force molt method recorded the best values in productive 
traits during molt period. California treatment at the end of molting period, recorded maximum body weight 
loss (27%), lower mortality percent (4.4%), fewer days to cease egg production (7 d.) and minimum body 
weight (1299 g) followed by CONV, STD and HZD treatments. So it seems that, California method can be 
used successfully as force molting method because it more suitable, simple to implement, least in cost, 
resulted low mortality and achieved most objectives during molt period. Nonetheless, further 
experimentation is suggested to enhance the efficiency of the molting methods for improvement of egg 
production, egg quality during the subsequent laying cycle.  
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Introduction  

 
Force molting is a management tool adopted by farmers to give the rest at the end of a long period of 

egg production and extend the productive life of flock to 110 weeks or longer (Aygun, 2013 and UPE, 2016). 
The practice of molting continued to increase and spread widely in the most of egg production countries of 
the world with the time as a tool to rejuvenate the spent hens, (Bell, 2003). The decision of using a force 
molting program depends on several factors, such as: price of replacement new flock, egg quality, egg price, 
feed cost, maximum facility use and employed molting method, (Gracia et al., 2001 and Reddy et al., 2008).  

Methods conventionally used for induce molting in commercial layer can be classified in three main 
ways: limination or limitation of food and/or water; feeding the birds low nutrient rations deficient in protein, 
energy, calcium or sodium; administration of drugs, hormones, and metals including prolactin, 
chlormadinone, and progesterone; and high levels of iodine, dietary aluminum, and zinc (Bell and Kuney, 
1992), coincided with some variations and modifications, such as length of the treatment, lighting schedule 
and the age of molt (Bell, 2003). 

The conventional feed withdrawal/deprivation (fasting) procedure is most widely used in poultry 
production because it is simple, practicable and economical technique that can be used in combination with 
light and/or water restriction (Koelkebeck et al., 2001; Bell, 2003 and Khoshoei and Khajali, 2006). Fasting 
is the most frequently used method to induce molting due to its low cost and high efficiency (Rodrigues et 
al., 1995). 

The increasing public awareness of the animal stress associated with feed withdrawal has led 
researchers to investigate alternative molting processes (Brake, 1993; Park et al., 2004 and Aygun, 2013). 
Mineral induced molting programs were also adopted. The uses of higher levels of either aluminium salt 
(Yousaf and Ahmad, 2006) or dietary zinc (Koelkebeck and Anderson, 2007) have been successfully 
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practiced. Also, the use of low sodium diet was found to be an effective procedure for molt induction (Naber 
et al., 1984). It was observed that molt induction by feeding hens a diet containing high levels of zinc oxide 
or zinc acetate resulted in stoppage of egg production within 5 days (Keshavarz and Quimby, 2002). Several 
non-feed removal procedures were used to induce molting in hens. 

Ideally, a good molting method should: get the flock out of production within 5- 6 days, keep flock 
out of production until it has rested, bring it back into production when needed, simple to implement, low in 
cost, result low mortality and lead to high subsequence performance (Koelkebeck et al., 1992). Hence, the 
objectives of this study were comparison of four induced molting methods and determining the preferable 
method which achieves the main goals of molt in caged laying hens during molt period. 

 

Materials and Methods 
 

This study has been performed in the Poultry Experimental Station, belong to Animal production 
department, Faculty of Agriculture, Al- Azhar University, Cairo, Egypt during Spring of 2015. A total 
number of 240 Lohmann Brown-Classic hens (aged 73 wk) were used. Birds were individually weighed and 
allocated to each treatment group and housed in caged laying metal batteries with one bird per cage (35 x 35 
x 35 cm) and 2 weeks were allowed for acclimation. During this period, birds were given vitamins 
supplementation, and allowed full access to a complete layer ration (Soybean-corn diet contain: 18% CP, 
2750 ME/kg and 3.8% calcium) and water via nipple drinkers.  The hens were exposed to a 16L:8D h 
photoperiod daily before the start of the experiment. The mean temperature of the house was 27 - 31 °C. 
After acclimation, 15 birds were slaughtered (at day 0) to estimate liver and abdominal fat (g or %), digestive 
tract (intestine and ceca weight and length) and reproductive system (ovary weight, oviduct length and 
mature follicles).  

 
Molting period:  
 

Layers were randomly divided to five treatment groups (control and four different molting methods 
described in Table (1) with three replicates consisting of 45 hens in each treatment (15 layers/replicate).  
These five treatments were designed as follows; T1: Control, non-molted group, where the hens fed daily 
150 g of layer ration without additives. T2: California method (CAL), in this method the feed was withdrawn 
for 10 days, and hens were fed with cracked corn diet and limestone (1:1) ad-libitum from 11 to 28 day. T3: 
Conventional method (CONV), the hens in this group were deprived of feed and water for 2 days followed 
by 8 days of skip-a-day (feed and water) feed restricted to 45 g of feed per hen and they were provided 75 g 
(50 % of control ration) of a layer diet from day 11 to 28. T4: Standard (STD) method (Recommended in 
Hisex Commercial Layers, Management Guide, 2008), the hens in this method were fed with 45 g of cracked 
corn and wheat bran (1:1) from day 1 to 28. T5: High zinc diet method (HZD), the hens in the this group 
were fed with full feed ration containing high level (3000 mg/kg) of Zn as ZnO for first 10 days and they 
were provided 75 g ( 50 %  of control ration) of a layer diet from day 11 to 28. 

Three day before the beginning of molt period, layer hens were exposed to 24 hours photoperiod for 
3 days and reduced to natural day light (12.15 - 12.30 hrs). During molting period, hens were weighed 
individually at day 0 (initial live body weight), 10, 20 and at day 28 (final live body weight) to estimate body 
weight loss. The number of days to cessation of lay of each group of birds and dead birds were also recorded. 
At the end of molting period (28 d), 30 birds were slaughtered (6 hens / group) to estimate carcass traits, 
digestive tract and reproductive system organs using an electronic weighing scale. Body weight loss (%) was 
calculated [(on the basis of body weight at 28 days [(W2) – body weight at 0 days (W1) / (W2)] * 100. The 
number of days to resumption of lay of each group of birds was also recorded.  

 

Statistical analysis:  
 

Data were subjected to analysis of variance using SPSS software program package (SPSS, 2005, 
version 16.0).  All data were analyzed by using one way ANOVA and presented as means±SE. Duncan,s 
multiple range test was applied to identify significant differences among groups, (Duncan, 1955). 
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Table 1: Procedure of different force molting methods (Feeding, water and lighting program) for experimental groups: 
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Ref. Molting procedures were described in by (Alodan, 1996; Samad, 2013 and Kabir, 2013) 
 

 
Results and Discussion 

Body weight and Body weight loss % 
 

 The effect of the different force molting (FM) methods (CAL, CONV, STD and HZD) and control 
group on body weight (BW) and BW loss % at different periods of molt period in brown Lohmann hens are 
presented in Table (2). Results showed that, at 0 day before force molting, no significant differences existed 
in live body weight between hens of all groups pre-molt period. But, by day 10 (where induced molt 
programs were applied), induced molting caused great decline in the body weight of laying hens.  Hens 
subjected to CAL method (T2) showed lower BW (1299 g) and higher BW loss % (27.23%) followed by 
CONV (1434 g and 21.59%) and STD groups (1460 g and 19.09%), while HZD group had higher BW (1617 
g) with no more than 9% BW loss. The percentage of body weight loss (1.75%) of the non-molted hens 
(control group) was very minimal and negligible. The same difference took the same trend at 20th day of 
molt period. Moreover, at the end of molting period (28 day), body weight was significantly higher in control 
(not FM) group followed by CONV, HZD, STD and CAL group, respectively.  

Results showed that, there was a significant difference between different molting methods in BW and 
BW loss % at different molt period (10, 20 and 28 day). Where, hens in fasting groups (CAL and CONV) 
lost 27 and 21% of their initial BW by day 10 which were greater than those of non-fasting groups (STD and 
HZD). Hens fed HZD had lower BW loss which not excessed more than 15% at any molt period. This 
reduction in BW may be for feed restriction, stress, decreased muscle mass, mobilization of glycogen stores, 
adipose tissue catabolism, utilization of adipose tissue, decreased liver weight and involution of the 
reproductive organs (Berry and Brake, 1991) in addition to the loss of feather.  

The physiological responses such as body weight loss in hens, feather shedding, and complete 
cessation of egg laying that occur during molting period are used as indicators of molt effectiveness (Soe et 
al., 2007). Furthermore, it has been reported that body weight loss is a major factor contributing to the molt 
induction and 25 to 30 % weight loss during molting is need to attain the maximum egg production post-
molting (Alodan, 1996; Mohamed, 1994 and 2004). Also, body weight loss has been identified as a major 
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factor contributing to the forced molting because body weight loss has influence on the successful results of 
a forced molting procedure, (Idowu et al., 2011).  

In the present study, results of the effect of different molting methods on body weight loss regardless 
of molting period (10, 20 and 28 days) indicated that the maximum body weight loss during molting period 
for hens in CAL, CONV, STD and HZD groups were 27.33, 21.59, 19.42 and 15.94 %, respectively and 
significant differences were observed among groups (P<0.001). These results are in agreement with 
Onbasilar and Erol (2007) who reported that body weight loss was significantly higher in California group 
than in Zn group. Body weight losses in all treatments are in line with the report of Ruszler (1998) who state 
that for successful molting the body weight loss should be between 15 - 40 % during molting period.  

Also, Machebe et al., (2013) found that, molted birds with 2.0% Zn showed greater (P<0.01) 
percentage loss in body weight (15.41%), than those of molted hens with 0.5% and 1.0% Zn  (7.17%). While, 
body weight loss (0.56%) of the non-molted hens was very minimal and negligible. Body weight loses values 
are similar to the values reported by Petek and Alpay (2008 and Aygun (2013) who stated that body weight 
loss should be (19.70%) and (29.77%) during molting period. 
 
Table 2: Body weight and body weight loss % during molting period as affected by different force molting methods:  

             Parameters 

 

Treatment 

Initial weight (g) 

(0 day) 

 

Body weight (g) 

10 days 20 days 28 days 

T1: Control    1820.71±26.92 1783.57a±21.29 1689.47a±34.96 1654.47a±35.43 

T2: CAL 1790.97±20.25 1299.31d±12.38 1324.85d±20.63 1422.50b±21.37 

T3: CONV     1836.81±28.41 1434.86c±19.51 1540.91b±29.41 1595.00a±31.09 

T4: STD     1811.81±26.31 1460.44c±25.65 1450.94c±29.53 1461.88b±33.17 

T5: HZD   1779.86±20.52 1617.29b±16.52 1581.82b±19.11 1498.79b±20.12 

Sig. 0.47 0.00 0.00 0.00 
 
Table 2: Cont. 

             Parameters 

 

Treatment 

Initial weight (g) 

(0 day) 

 

Body weight loss (%) 

10 days 20 days 28 days 

T1: Control    1820.71±26.92 1.75a±1.48 7.27a±1.61 8.47a±1.95 

T2: CAL 1790.97±20.25 27.23d±0.86 25.58d±1.12 20.15c±1.01 

T3: CONV     1836.81±28.41 21.59c±1.25 16.21c±1.18 12.92b±1.85 

T4: STD     1811.81±26.31 19.09c±0.89 19.42c±1.39 18.88c±1.50 

T5: HZD   1779.86±20.52 9.14b±1.12 11.22b±0.97 15.94bc±0.89 

Sig. 0.47 0.00 0.00 0.00 
Where: (M±SE) = Mean ± Standard Error 
a,b,c and d = Means within the same column with different superscripts are significantly different (P<0.05). 
 
Slaughter test and Carcass traits: 
 

Data in Table (3) depicts the carcass traits (dressing weight, liver and abdominal fat) in hens before 
and after force molting under different molting methods. Results showed that, there were no any significant 
differences in all studied traits (initial BW, dressing weight g or %, liver weight and abdominal fat %) at 0 
day before force molting. Conversely, after applying of different force molting method, birds on control 
group (not FM) were significantly higher in all traits in compare with all other force-molted groups. 
Moreover, hens on CAL method had lower final BW (1282 g), liver (18 g) and dressing weight (912 g) than 
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all other FM methods. While, hens in HZD group were significantly lower in dressing percent (68.52 %), 
higher liver weight (27 g) and A. fat (2.35%) in compare with other force molting groups. 

  
Table 3: Carcass traits before and after molting period as affected by different force molting methods: 

                 Parameters 

 

Treatment 

Before force molting 

LBW 

(g) 

Dressing* weight 

 (g) 
Dressing % 

Liver 

(g) 
A.fat % 

T1: Control   1608.13±13.28 1002.75±5.72 62.38±0.87 53.85±3.31 3.97±0.42 

T2: CAL 1632.03±16.36 1045.44±31.67 64.11±2.31 48.32±2.30 3.85±0.37 

T3: CONV    1624.27±5.28 1017.33±12.34 62.65±0.95 48.57±2.76 3.97±0.52 

T4: STD     1589.09±43.13 987.92±43.17 62.08±1.15 43.52±2.37 3.46±0.36 

T5: HZD   1589.24±17.82 992.66±18.31 62.44±0.47 47.60±0.52 3.73±0.41 

Sig. 0.59 0.55 0.83 0.11 0.24 
 
Table 3 Cont. 

                           
Parameters 

 

Treatment 

After force molting 

LBW 

(g) 

Dressing weight  

(g) 
Dressing % 

Liver 

(g) 
A.fat % 

T1: Control   1657.50a±7.14 1036.50a±23.07 62.58c±1.66 48.16a±0.69 3.96a±0.50 

T2: CAL 1282.50c±21.43 912.50c±13.27 71.16b±0.15 18.01d±0.78 1.53c±0.41 

T3: CONV    1440.00b±6.12 1062.50a±7.14 73.78a±0.18 21.30c±0.65 1.63c±0.32 

T4: STD     1415.00b±30.62 980.00b±18.37 69.28bc±0.20 22.14c±0.91 1.56c±0.33 

T5: HZD   1415.00b±16.33 970.00b±20.41 68.52c±0.65 27.05b±1.65 2.35b±0.21 

Sig. 0.000 0.000 0.000 0.000 0.002 
Where: (M±SE) = Mean ± Standard Error 
* Dressing = hot carcass without legs and feet 

a,b,c and d = Means within the same column with different superscripts are significantly different (P<0.05). 
 

In this study, our results indicate that liver weight (18 and 21 g) was significantly lower in hens 
exposed to fasting methods (CAL and CONV groups, respectively) than those hens fed a zinc-supplemented 
diet (27 g). Also, the abdominal fat % was significantly lower (1.53 and 1.63%) in hens exposed to fasting 
methods (CAL and CONV, respectively) than hens fed a zinc supplemented diet (2.35%). Similar results 
were reported by Hussein (1996), Brake and Thaxton (1979) Berry and Brake (1985) who noticed that liver 
weight was lighter in hens fed zinc oxide than control. The same trend was observed by El-Deek and Al-
Harthi (2004) who reported that liver weight for ZnO treated groups was higher in both of 2% or 3% groups 
as compared to fasting group during molting period. 

In general, the body weight and organs weights reductions in the present study are comparable with 
the recommended weight loss during molting. Hens on fasting methods (CAL and CONV) lost their body 
weight significantly (P<0.05) more than those hens fed a zinc-supplemented diet. This reduction in dressing 
weight is due to the decrease in live body weight as a result of fasting, stress, utilization of adipose tissue, 
decreased liver weight and reproductive organs. However, the dressing % was actually better after molting 
period, this may be due to that all birds lost their feather after induced molt (Mohamed, 2004).  

The major weight loss may be due to regressions in reproductive organs and liver as indicated by 
researchers (Mohamed, 2004; Park et al., 2004 and Khajali et al., 2007). Also, Berry and Brake (1985) 
suggested that liver weight loss indicates a loss of liver energy stores such as glycogen and lipids. They also 
suggested that, regression of the ovary caused a decrease in synthesis of lipids and phospholipids which are 
metabolized in the liver under the control of ovarian steroids. In other words, a significant reduction in liver 
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weight g or % after force molting may be due to the decrease in estrogen secretion by the ovary and cessation 
of lay as reported by (Mohamed, 1994 and 2004). 

 
Digestive tract: 
 

The effect of CAL, CONV, STD, HZD and CONT treatment on the digestive tract traits pre and 
post-molt period are shown in Table (4). Data reveled that, before induced molting there were no significant 
difference among all groups in all traits of digestive tract (intestine, ceca and duodenum weight and length). 
On the contrary, after molt period, hens in CONT groups were significantly higher in all studied traits than 
all other force molt groups. Hens subjected to fasting methods (CAL and CONV) were significantly lower 
in ceca weight, ceca and intestine length than in STD and HZD groups. Moreover, hens in HZD method had 
lower intestine weight. In respect of duodenum length the CAL group was significantly higher (28 cm) than 
CONV group (25 cm). While, STD and HZD were intermediate (27.5 and 27 cm, respectively).  

 
Table 4: Digestive tract before and after molting period as affected by different force molting methods: 

Parameters 

Treatment 

Before force molting 

Intestine weight 

(g) 

Ceca weight 

(g) 

Intestine 
length (cm) 

Duodenum length 

(cm) 

Ceca length 

(cm) 

T1: Control 98.68±8.29 11.81±1.76 169.25±9.73 28.75±1.25 18.25±1.93 

T2: CAL 108.56±3.40 12.07±0.60 180.31±3.89 31.94±1.14 19.19±0.69 

T3: CONV 98.81±4.38 11.47±0.46 170.72±3.58 29.15±1.05 17.51±1.17 

T4: STD 85.54±6.23 11.48±0.78 166.45±2.68 28.33±1.45 16.52±0.97 

T5: HZD 95.81±1.18 11.30±0.27 169.15±1.35 29.68±0.38 17.07±0.44 

Sig. 0.19 0.98 0.40 0.54 0.22 

 
Table 4: Cont. 

Parameters 

Treatment 

After force molting 

Intestine weight 

(g) 

Ceca weight 

(g) 

Intestine length 

(cm) 

Duodenum 
length 

(cm) 

Ceca length 

(cm) 

T1: Control 112.88a±0.42 12.88a±0.30 185.50a±0.61 32.50a±0.20 20.25a±0.31 

T2: CAL 69.57b±0.23 7.62b±0.16 159.00b±1.63 28.00b±0.35 14.25c±0.10 

T3: CONV 72.66b±0.47 7.67b±0.27 157.50b±1.84 25.00c±0.82 14.00c±0.41 

T4: STD 67.35b±4.25 7.95b±0.47 160.50b±3.47 27.50b±0.61 16.00b±0.17 

T5: HZD 61.09c±0.38 13.51a±0.26 160.00b±2.04 27.00b±0.41 16.50b±0.20 

Sig. 0.000 0.000 0.000 0.000 0.000 

Where: (M±SE) = Mean ± Standard Error 
a,b,c and d = Means within the same column with different superscripts are significantly different (P<0.05). 

 

This reduction in intestine weight is due to the mobilization of adipose tissue from abdominal cavity 
and mesenteries which used as energy comprise the majority of the remaining weight loss. The decrease in 
digestive tract weight as a result of fasting, stress, utilization of adipose tissue, decreased liver weight and 
reproductive organs (Berry and Brake, 1991 and Brake, 1993). Duodenal weight and length decreases during 
fasting period and returns back to original size after refeeding. Our results are in agreement with previous 
works of Donalson et al., (2005).  

These results are in agreement with El-Deek and Al- Harthi (2004) who reported that ZnO 2% or 3% 
group was insignificantly higher in the intestine length (69.7 and 74.33 cm)  and ceca length (7 and 8.17 cm) 
than fasting group (63.23 and 6.5 cm, respectively) during period from 1-14 days. On the contrary, the same 
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authors found that ZnO 2% or 3% group was significantly higher in the intestine weight (43.3 and 38.87 g) 
than fasting group (32.13 g) during the same period (1-14  days). 
 
Reproductive system (Ovary and oviduct): 
 

Results presented in Table (5) showing that, there were no significant difference between all groups 
in all morphological traits of reproductive system (ovary and oviduct). However, after force molting period, 
results identified dramatic morphological changes in reproductive system (ovary and oviduct weight, oviduct 
length and mature follicle number). Induced molting significantly decline ovary weight (from 48.4 g to 5.29 
g), oviduct (weight and length) and the number of mature follicle in compare with control group (not force 
molting). Moreover, the reduction in ovary weight was significantly differ and higher in CAL and CONV 
groups (fasted groups) than those of non-fasted groups in (STD and HZD). Where, ovary weight was 7.09, 
5.29, 10.11 and 15.69 g in CAL, CONV, STD and HZD groups, respectively. The number and weight of 
yellow hierarchical follicles (Tab. 5) as well as their appearance did not differ at 0 day of the experiment. 
However, on day 10 all yellow hierarchical follicles were shrunken, hemorrhagic and grossly regressed, thus 
the number and weight of old atretic yellow follicles significantly decreased. 

 
Table 5: Reproductive system before and after molting period as affected by different force molting methods: 

     Parameters 

Treatment 

Before force molting 

Ovary 

Weight 

(g) 

Oviduct weight 

(g) 

Oviduct length 

(cm) 
Mature Follicle 

T1: Control    31.98±8.45 58.14±3.06 63.38±2.94 4.25±0.85 

T2: CAL 37.60±6.63 55.66±4.46 58.97±6.50 5.75±0.85 

T3: CONV     32.92±2.08 57.32±3.35 63.53±2.16 4.25±0.48 

T4: STD     32.16±4.22 53.36±2.53 58.08±5.44 4.25±0.48 

T5: HZD   29.87±2.20 52.26±3.18 58.18±2.24 4.48±0.30 

Sig. 0.36 0.75 0.79 0.15 
 
Table 5: cont. 

Parameters 

 

Treatment 

After force molting 

Ovary 

Weight 

(g) 

Oviduct weight 

(g) 

Oviduct length 

(cm) 
Mature Follicle 

T1: Control    38.47a±3.13 53.45a±4.43 65.25a±3.16 7.00a±0.41 

T2: CAL 7.09c±0.93 13.72c±2.38 36.00d±1.22 0.00c±0.00 

T3: CONV     5.29c±0.48 15.62c±0.25 40.00cd±1.22 0.25c±0.25 

T4: STD     10.11c±1.03 33.91b±1.11 45.50c±0.61 0.67bc±0.47 

T5: HZD   15.69b±0.57 36.88b±1.93 57.00b±2.04 1.67b±0.62 

Sig. 0.000 0.000 0.000 0.000 
Where: (M±SE) = Mean ± Standard Error 
a,b,c and d = Means within the same column with different superscripts are significantly different (P<0.05). 
 

Likewise, the same trend was found in oviduct weight, oviduct length and mature follicle number. 
Where, control group (NFM) was higher than all force molted groups (Table 5). In addition oviduct weight, 
oviduct length and number of yellow mature follicle were significantly lower in CAL and CONV groups 
than in STD and HZD groups. In addition, hens in HZD method had higher ovary weight (15.6 g), oviduct 
weight (36.88 g) and oviduct length (57.0 cm). The reduction of weight in the ovary and oviduct may be due 
to reduction of the pituitary gland secretion of gonadotrophin hormones. This explanation is agreed with the 
finding of Mohamed (1994 and 2004).  
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These results are in agreement with El-Deek and Al- Harthi (2004) who illustrated that ZnO 2% or 
3% group was insignificantly higher in the ovary weight (1.07 and 1.10 %),  oviduct weight (1.13 and 3.53 
%) and oviduct length (6.53 and 7.10 cm) than fasting group (0.90, 1.10 % and 5.90 cm, respectively) during 
the 3rd experimental period from 33-58 days.    

During molting, the ovary function changed. During the initial period, large and middle vitelline 
follicles degenerated and reduced in volume, or atrophied, until the day 30. In this connection, Khajali et al., 
(2007) reported that molting causes a remarkable regression in ovary and oviduct weight which is associated 
with the loss of estrogenic activity. 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 (Park et al., 2004; Khajali et al., 2007 
and Hassanabadi and Kermanshahi, 2007). Moreover, photoperiod and nutrient deprivation have similar 
modes of action on the hypothalamic pituitary axis causing an inhibition of reproductive hormones and 
subsequent ovary regression and weight loss, (Andrews et al., 1987 and Berry, 2003). 

In addition, Khan et al., (2011) and Machebe et al., (2013) showed that inducing molt in hens using 
ZnO had a profound effect on the relative weights of the ovary and oviduct of the birds and suggests that 
higher consumption of dietary ZnO increases the rate of reproductive quiescence in molted hens. This result 
is in agreement with reports by Park et al., (2004). According to McDowell (1992), zinc is physiologically 
involved in production, storage and secretion of sex hormones, and also affects the receptor sites of these 
hormones. 

 
Productive Traits: 
 

The effect of force molting method on some productive traits are shown in Table (6). Although, hens 
in CONT group (non-molted) continued in egg production throughout the whole period of experiment, high 
significant variation in the number of days to cessation of egg production was found between the four molted 
groups of hens.  Birds subjected to CAL treatment went out of egg production on day 7 and CONV treatment 
by 9.3 day. While, STD group ceased egg production by day 11.6 of the experiment and the last one was 
HZD group which went out of production by the 17.3 day. Birds subjected to continuous fasting ceased egg 
production much earlier than those on chemical and non-chemical molting programs. This observation was 
definitely expected as hens on the fasting methods received no nutrient to maintain egg production.  

 
Table 6: Productive traits as affected by different force molting method: 

Treatment 

Parameters 

Days to stop Mortality % 
Maximum BW loss 

% 

Minimum BW 

(g) 

T1: Control Non 4.45±2.22 8.47d±1.95 1654.47a±35.43 

T2: CAL 7.00d±0.00 4.45±2.22 27.2 a±0.86 1299.31c±12.38 

T3: CONV 9.33c±0.33 6.67±0.00 21.59b±1.25 1434.86b±19.51 

T4: STD 11.67b±0.67 8.89±2.22 19.42b±1.39 1450.94b±29.53 

T5: HZD 17.33a±0.33 6.67±0.00 15.94c±0.89 1498.79b±20.12 

Sig. 0.000 0.382 0.000 0.000 

Where: (M±SE) = Mean ± Standard Error 
a,b,c and d = Means within the same column with different superscripts are significantly different (P<0.05). 

 

From the results of the present study, it is apparent that all molt diets used in this study resulted in 
decreased egg production and body weight during the molt period. Interestingly, the CAL induced molt 
method was the most effective in ceasing egg production to rapidly decrease and completely cease by day 7 
of the molt period. This result agrees with the findings of Donalson et al., (2005) and Willis et al., (2009). 
Also, Machebe et al., (2013) reported that egg production ceased few days after ZnO exposure, in accordance 
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with the quantity of the salts added to the diets. This suggests that higher consumption of dietary ZnO 
increases the rate of reproductive quiescence in molted hens. This result is in agreement with reports by Park 
et al., (2004). 

Furthermore, molting methods had no significant effect on mortality % during molt period (Table 6). 
There were no significant differences in mortality among Control (4.44%), CAL (4.44%), CONV (6.67%), 
STD (8.89%) and HZD (6.67%) treatments during molt period. But, hens subjected to CAL method were 
numerically lower (4.4%) than all the other force molted groups CONV, STD and HZD (6.6, 8.8 and 6.6 %, 
respectively). Mortality appeared to be similar in all groups but numerically higher in STD molted groups 
which recorded the higher mortality (8.8%). 

These results agree with those reported by Aygun and Olgun (2010) and  Aygun (2013), whose 
reported that the mortality was ranging from 1.20 to 8.3% among molt treatments during molt period in 
previous studies (Biggs et al., 2004; Petek and Alpay 2008 and Aygun and Yetisir, 2009). Also, Oral Toplu 
et al., (2013) found that, mortality rates in the periods from 1 to 28 days of molting for California, Zn and 
alfalfa groups were 6.52, 4.55 and 2.27% during the molting period. The differences between groups in terms 
of this trait were not statistically significant.  

Furthermore, force molting induced great decline in body weight and caused losses of initial body 
weight (Table, 6). Hens molted with CAL method lost maximum percent of their BW (27.23%) followed by 
CONV group (21.59%), STD group (19.42%) and HZD group had lowest BW loss which not exceed more 
than 15.94%. Conversely with the same trend, hens in CAL group recorded minimum body weight (1299 g) 
during the molting period in compare with other force molted groups in CONV, STD and HZD, respectively. 
Similar to our result, Onbasilar and Erol (2007) reported that body weight loss was significantly higher in 
California group than in Zn group. Machebe et al., (2013) found that, loss in body weight was (15.41%) in 
molted birds with 2.0% Zn. Body weight losses in all treatments are in agreement with the report of Ruszler 
(1998) who stated that for successful molting the BW loss should be between 15 – 40 % during molting 
period. Also, Petek and Alpay (2008) and Aygun (2013) reported that body weight loss should be (19.70 %) 
and (19.77 %) during molting period. 

 
Conclusion and Recommendations 

Induced molting is a management tool adopted by egg producers to extend the productive life of the 
flock. Different methods of induced molting have been practiced to recycle laying hens. The results of this 
study indicated that, different force molting method used brings considerable changes in body weight, 
carcass traits, digestive tract and reproductive system. But, force molting by fasting methods (CAL and 
CONV method) achieved most main goals of induced molt method.  

Moreover, California force molting method recorded the best values in productive traits during molt 
period. California treatment recorded maximum body weight loss, lower mortality percent, fewer days to 
cease egg production and minimum body weight followed by CONV, STD and HZD treatments.  

So, from these finding it can be said that, with all respect to animal welfare, California molting method 
can be used successfully as force molting method because it more suitable, simple to implement, least in 
cost, resulted low mortality and achieved most objectives during molt period. 

It has been noted that the results of current study could be more realistic if it were collected for longer 
period during post molting. Nonetheless, further experimentation is suggested to enhance the efficiency of 
the molting methods for improvement of egg production, egg quality during the subsequent laying cycle.  
 
References 
 
Alodan, M.A., 1996. The effect of induced molting programs on the production parameters and the immune 

responses in the laying hens. M.Sc. The Pennsylvania State University. 
Andrews, D.K., W.D. Berry and J. Brake, 1987. Effect of lighting programme and nutrition on reproductive 

performance of molted single comb white leghorn hens. Poultry Science, (66): 1298-1305.  
Aygun, A., 2013. Effects of force molting on egg shell colour, egg production and quality traits in laying 

hen. Revue de Medecine Veterinaire, 164 (2): 46-51. 
Aygun, A. and O. Olgun, 2010. The effect of nonfeed and feed withdrawal molting methods on molt and 

postmolt performance in laying hens. Trends in Animal Veterinary Sciences, 1: 1 - 4. 
Aygun, A. and R. Yetisir, 2009. Researches on the responses of different hybrid layers with respect to egg 

production performances to forced molting programs with and without feed withdrawal. Journal of 
Animal Veterinary Advances, 8: 2680 - 2686. 



Middle East J. Agric. Res., 5(4): 655-665, 2016 
ISSN 2077-4605 

664 

Bell, D.D., 2003. Historical and current molting practices in the US table egg industry. Poult. Sci., (82): 965 
– 970. 

Bell, D.D. and D.R. Kuney, 1992. Effect of fasting and post-fast diets on performance in molted flocks. 
Applied Poultry Research; 1:208 - 206. 

Berry, W.D., 2003. The physiology of induced molting. Poult. Sci., 82:971 – 980. 
Berry, W.D., and J. Brake, 1985. Comparison of parameters associated with molt induced by fasting zinc 

and low dietary sodium in caged layers. Poult. Sci.; 64:2027 – 2036. 
Berry, W.D., and J. Brake, 1991. Modulation of calbindin-D28k in avian egg shell gland and duodenum. 

Poult. Sci., 70(1):655 – 657. (Abstr.) 
Biggs, P.E., M.E. Persia, K.W. Koelkebeck and C.M. Parsons, 2004. Further evaluation of non-feed removal 

methods for molting programs. Poult. Sci., 83: 745-752.  
Brake, J., 1993. Recent advances in induced molting. Poult. Sci., 72: 929-931. 
Brake, J.T., and P. Thaxton, 1979. Physiological changes in caged layers during a forced molt. 2. Gross 

changes in organs. Poultry Sci. 58:707–716 
Donalson, L.M., W.K. Kim, C.L. Woodward, P. Herrera, L.F. Kubena, D.J. Nisbet and S.C. Ricke, 2005. 

Utilizing different ratios of alfalfa and layer ration for molt induction and performance in commercial 
laying hens. Poult. Sci., 84, 362 - 369. 

Duncan, D.B., 1955. Multiple range and multiple F tests. Biometrics, 11:1 -  42. 
EL-Deek, A.A. and M.A. AL-Harthi, 2004. Post-molt performance of broiler breeder hens associated with 

molt induced by feed restriction, high dietary zinc and fasting. Intr. J. Poult. Sci., 3(7): 456-462. 
Garcia, E.A, A.A. Mendes, C.C. Pizzolante and N. Veiga, 2001. Morphological changes of laying quails 

subjected to forced molting. Brazilian Journal of Poultry Science, 3: 265 - 273. 
Hassanabadi, A. and H. Kermanshahi, 2007. Effect of force molting on postmolt performance of laying hens. 

International Journal of Poultry Science, 6 (9): 630 - 633. 
Hussein, A.S., 1996. Induced molting procedures in laying fowl. World’s Poultry Science Journal, 52:175 – 

187. 
Idowu, O.M., R.O. Ajuwon, A.O. So, and O.A. Akinloye, 2011. Effects of zinc supplementation on laying 

performance, serum chemistry and Zn residue in 33 tibia bone, liver, excreta and egg shell of laying 
hens. International Journal of Poultry Science, 10: 225- 230. 

 Kabir, S.E., 2013. Performance of ISA Brown commercial layer after forced molting. M.Sc., Poultry science 
Department, Bangladesh Agricultural University. 

Keshavarz, K. and F.W. Quimby, 2002. An investigation of different molting techniques with an emphasis 
on animal welfare. J. App. Poult. Res., 11:54 – 67. 

Khajali, F., E. Asadi-Khoshouie and F. Rafiei, 2007. Application of short fasting methods to induce molting 
in commercial laying hens. Proc. of 16th European Poultry Nutrition Conference, Strasbourg, France, 
55 - 57 

Khan, S.H., A. Rehman and A. Jehanzeb, 2011. Effects of dietary minerals on postmoult performance of 
laying hens. Vet World 4: 386-395. 

Khoshoei E.A. and F. Khajali, 2006. Alternative induced molting methods for continuous feed withdrawal 
and their influence on post molt performance of laying hens. Inter. J. Poult. Sci. 3(7): 47-50. 

Koelkebeck, K.W. and K.E. Anderson, 2007. Molting layers-alternative methods and their effectiveness. 
Poult. Sci. 86: 1260 - 1264.  

Koelkebeck, K.W., C.M. Parsons, M.W. Douglas, R.W. Leeper, S. Jin, S. Wang, Y. Zhang and S. Fernandez, 
2001. Early postmolt performance of laying hens fed a low-protein corn molt diet supplemented with 
spent hen meal. Poult. Sci., 80: 353 - 357. 

Koelkebeck, K.W., C.M. Parsons, R.W. Leeper and J. Moshtaghian, 1992. Effect of duration of fasting on 
post-molt laying hen performance. Poult. Sci. 71:434 - 439. 

Machebe, N.S., P. Iweh, A.E. Onyimonyi O.S. Ekere and F. Abonyi, 2013. Zinc oxide as an effective mineral 
for induced moulting: Effects on post moult performance of laying hens in the humid tropics. J 
Veterinar Sci Technol S;11: 003. 

McDowell, L.R., 1992. Minerals in Animal and Human Nutrition: Comparative Aspects to Human Nutrition. 
(2nd Edn), Academic Press, Inc., San Diego, USA. 

Mohammed, H.I. 2004. Studies on force molting. Ph. D. Fac. of Agri., Cairo University, Egypt. 
Mohammed, H.I., 1994. Studies on follicle stimulating hormone during force molting in the fowl. M.Sc. 

Fac. of Agri., Zagazig University, Egypt. 
Naber, E.C., J.D. Latshaw and G.A. Marsh., 1984. Effectiveness of low sodium diets for recycling of egg 

production type hens. Poult. Sci. 63: 2419 - 2429. 



Middle East J. Agric. Res., 5(4): 655-665, 2016 
ISSN 2077-4605 

665 

Onbasilar, E.E. and H. Erol, 2007. Effects of different forced molting methods on postmolt production, 
corticosterone level, and immune response to sheep red blood cells in laying hens. J. Appl. Poult. 
Res., 16: 529-536. 

Oral-Toplu, H.D., A. Nazlıgül, and E.D. Fidan, 2013. Effects of different force molting methods on post 
molt performance, egg quality traits and heterophil-lymphocyte ratio in Denizli chickens. Animal 
Health Prod and Hyg., 2(2): 221 – 227. 

Park, S.Y., S.G. Birkhold, L.F. Kubina, D.J. Nisbet and S.C. Ricke, 2004. Effects of high zinc diets using 
zinc propionate on molt induction, organs and postmolt egg production and quality in laying hens. 
Journal of Poultry Science, 83:24 - 33. 

Petek, M and F. Alpay, 2008. Utilization of grain barley and alfalfa meal as alternative molt induction 
programs for laying hens: body weight, losses and egg production traits. Bulgarian Journal of 
Veterinary Medicine, 11(4):243 - 249. 

Reddy, K., V. Malathi and Venkatarami B.S. Reddy, 2008. Effect of induced molting in male and female 
line broiler breeder hens by zinc oxide and feed withdrawal methods on postmolt performance 
parameters. Inter. J. of Poult. Sci., 7(6):586-593. 

Rodrigues, P.B., A.G. Bertechinii and B.L. Oliveira, 1995. Nutritional factors that influence the Performance 
and egg quality of laying hens in the second production cycle. I: levels of AAST and methionine. 
Meeting of the Brazilian Society of Zootecnia, 32., Brasília, DF. Anais ... Brasília, DF: SBZ. 

Ruszler, P.L., 1998. Health and husbandry considerations of induced molting. Journal of Poultry Science, 
77: 1789 - 1793. 

Samad, M. A., 2013. Poultry layer farming and egg production. Avian Medicine, 2: 453 - 457. 
Soe, H.Y., Y. Makino, N. Uozumi, M. Yayota and S. Ohtani, 2007. Evaluation of non-feed removal induced 

molting in laying hens. The Journal of Poultry Science, 44:153 - 160. 
SPSS, for windows, 2005. Statistical package for social science. SPSS Computer Software for windows, 

version 16.0 SPSS Inc. Headquarters. Wacker Drive, Chicago, USA. 
UEP, United Egg Producers, 2016. Animal Husbandry Guidelines for U.S. Egg Laying Flocks.Edition 2016. 
Willis, W.L., O.S. Isikhuemhen, J.W. Allen, A. Byers, K.  King and C. Thomas, 2009. Utilizing fungus 

myceliated grain for molt induction and performance in commercial laying hens. Poultry Science, 
88:2026 - 2032. 

Yousaf, M. and N. Ahmad, 2006. Influence of different copper and aluminum levels on organ weights, 
feather renewal and production performance of molted layers. Pak. J. Arid Agric., 9 (1): 35-39 

 




