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ABSTRACT 
 

Two hundred and fifty Lohmann Brown-Classic commercial layers (73 weeks old) were used in 
this study to compare between four induced molting methods and to determine the preferable method 
which achieves the main goals of molt in laying hens during post-molt period. The hens were 
randomly and equally divided into 5 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) molted by Conventional method (CONV), T4) 
molted by Standard method (STD) and T5) molted by High zinc diet method (HZD). Body weight, 
BW changes %, egg production cease, FC, FCR, economic efficiency and egg quality traits were 
determined pre and post molting period. The results of this study indicated that, different force 
molting methods used brings a dramatic recovery in all productive traits of laying hens during post-
molting period. Moreover, when different induced molting methods were compared, California and 
Conventional force molting methods recorded the best values in productive traits, economic 
efficiency, egg production and egg quality traits. Where, CAL and CONV methods recorded 
maximum body weight loss, fewer days to cease egg production (7 and 9 d), higher egg mass (2.5 and 
2.7 kg) and egg number (42 and 44), better FCR (2.3 and 2.2), higher profit (17 and 24 %) and better 
egg quality traits in compare with STD and HZD methods. So, from these finding it can be concluded 
that, with all respect to animal welfare, force molting by California and Conventional methods could 
be used successfully as force molting method because it more suitable, simple to implement, least in 
cost, resulted best values in productive and economic performance and achieved the ultimate aim of 
egg producers during post-molt period. 
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Introduction 
 

Molting is a natural phenomenon in birds during which old plumage is replaced with new ones, 
feed intake and body weight is reduced and laying is stopped (Reddy et al., 2008). At the end of the 
laying cycle, egg production and quality decline significantly, making some producers to induce a 
molt in the flocks in an attempt to improve performance. Induced molting rejuvenates laying hens for 
a second or third cycle of production, resulting in higher egg production, heavier egg weight, and 
improvements in egg quality parameters, such as albumen height, shell thickness, and specific gravity 
(Alodan and Mashaly, 1999 and 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, (Reddy et al., 2008). Forced molting methods 
include feed and water fasting, light restriction, and chemical agents. Feed withdrawal from the 
feeders from 10 to 12 days is the easiest methods to induce molting in layers (Donalson et al., 2005).  

All molting programmers necessitate body weight loss and cessation of egg production (Shippee 
et al., 1979). Cessation of egg production and beginning of molting are indication that the bird’s 
physical conditions are deteriorating, making them incapable of supporting egg production, as well as 
feather and body maintenance (Ellis, 2004). Induced molting can result in increased eggs yield and 
quality. Molt induction for rejuvenating the egg laying performance of commercial laying hen flocks 
is an important practice in many parts of the world; often necessary to make a flock profitable under 
certain market scenarios (Biggs et al., 2004). 
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Some commercial laying strains (White Hy-Line, Brown Hy-Line) after molting and resting in 
the period of 10 months laid a large amount of (in average of 200) eggs. These eggs are strong, large 
and with good quality (Bell, 1988; Bell and Kuney, 1984 and Keshavarz and Quimby 2002). Egg 
shells present reduced thickness and strength by the end of the first laying cycle, precisely when eggs 
become heaviest. Force molting is an economically viable management practice to solve this problem 
by causing stress, making hens to stop laying (Roland and Brake, 1982).  

From economical aspect, artificial molting is more effective when the egg price is low and does 
not cover the production costs. It should be mentioned that in the second egg-laying cycle, the 
intensity of egg production ranged from 92 to 94 % in comparison to the first cycle. The feed 
conversion is higher about 10 %, the shell strength is weaker, and the egg weight is larger in 
comparison with the first cycle. Egg quality is important for commercial egg producers. As the hen 
age increases, egg weight also increases while shell strength, shell thickness, albumen height and 
Haugh units decrease (Akbas et al., 1996). 

Today, several methods have been studied. In practice, management methods are the most 
commonly used, and there are many techniques recommended by different research centers, which 
makes their comparison difficult (Castelo-Llobet et al., 1989). So, the objectives of the current study 
were to compare four induced molting methods and to determine the preferable method which 
achieves the main goals of molt in laying hens during post-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 250 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, the hens were randomly divided to five treatment groups (control and four 
different molting methods with three replicates consisting of 45 hens in each treatment (15 layer 
hens/replicate). These five groups were designed as follows; T1: Control, non-molted group, where 
the hens fed 150 g daily on layer ration without additives. T2: California method (CAL), where feed 
was withdrawn for 10 days, and then hens were fed cracked corn diet 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 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 45 g of 
cracked corn and wheat bran (1:1) from day 1 to 28 days. T5: High zinc diet method (HZD), the hens 
in 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 days 
(Procedure of different force molting methods was described in details by Taboosha and Abougabal, 
(2016).  

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 - 12.30 hrs). During molting period, hens were 
weighed individually at day 0 (initial live body weight), 30, 60 and at day 90 (final live body weight) 
to calculate body weight change percent. The number of days to cease laying, first egg, out of 
production, to 50 % production and days to peak % of production were recorded.  

Egg production measurements including hen day egg production percentage (HDEP %) at peak, 
total egg production number and egg mass were recorded. Feed consumption and feed conversion 
ratio were calculated from 30 to 90 days. Feed consumption was measured weekly and for the whole 
treatment. Feed conversion ratio was estimated by (feed consumption/egg mass). 

Egg quality measurements were determined using 15 eggs from each treatment before and at 
peak of production. Fresh eggs were weighed to the nearest 0.01g using an electronic digital balance. 
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Length and width of egg were individually recorded by using a digital caliper. Shell weight was 
determined to the nearest 0.01gram. The shell percentage was calculated according to the following 
equation: Shell percentage (%) = shell weight / egg weight × 100. 

Shell thickness (mm) with membranes was measured with a 0.001 millimeter accuracy using a 
digital micrometer. Weight of albumen was recorded; albumen percentage was calculated by 
(albumen weight/egg weight) × 100. The Haugh units, proposed by Nesheim et al., (1979) were 
calculated according to the following formula:  H.U = 100 Log (H + 7.57 – 1.7 W0.37 ). Where: H.U = 
Haugh unit, H = albumen height (mm), W = egg weight (g). Yolk weight was determined by second 
decimal scal, while yolk percentage was estimated by (yolk weight / egg weight) × 100.   
 
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). 
 
Results and Discussions 
 
 Live body weight and body weight change %: 

 
The effect of different force molting methods (CAL, CONV, STD and HZD) and control group 

on body weight and body weight change % at pre-molt and different post-molting periods in laying 
hens are presented in Table (1). Results showed that, there was no significant difference (P>0.05) 
among groups in terms of body weight during pre-molt period (at 0 day of molting period). However, 
by day 30 (after molting period) force molting significantly (P<0.001) caused great decrease in BW of 
laying hens. Hens subjected to CAL method displayed highest weight loss (- 20.15%) than hens in the 
other groups during molting period, also had significantly lower body weight (1422 g) at the end of 
molting period (P<0.001) followed by STD (1461 g), HZD (1498 g) and CONV (1595 g) groups, 
respectively. While control group (non-molted) had higher BW (1654 g).  
 
Table 1: Body weight during molting periods as affected by different force molting methods: 

      Parameters 
 

Treatment 

 
Initial weight 

0 day 

Body weight  (g) 
(BW change  %) 

30 days 60 days 90 days 

: Control   1T 1820.71±26.92 
±35.43a1654.47 

(-8.47) 
±41.30a1682.63 

(-7.07) 
1676.84±44.78 

(-7.41) 

: CAL2T 1790.97±20.25 
±21.37b1422.50 

(-20.15) 
±29.80b1562.79 

(-12.25) 
1649.61±24.22 

(-7.44) 

: CONV    3T 1836.81±28.41 
±31.09a1595.00 

(-12.92) 
±24.59a1710.31 

(-6.97) 
1661.65±27.90 

(-9.29) 

: STD    4T 1811.81±26.31 
±33.17b1461.88 

(-18.88) 
±34.42a1661.41 

(-7.84) 
1672.34±31.57 

(-7.10) 

: HZD  5T 1779.86±20.52 
±20.12b1498.79 

(-15.94) 
±23.49a1661.97 

(-6.68) 
1600.63±29.60 

(-10.23) 
P. 0.468 0.000 0.007 0.415 

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). 

 
The weight loss exhibited by non-molted birds could be explained by the reduced photoperiod in 

the experimental house (Berry, 2003). The reduced photoperiod also provides fewer day light hours 
for feeding, which decreases feed intake and causes weight loss as exhibited by all birds (Andrews et 
al., 1987). Hens in fasting groups (CAL and CONV) lost more body weight (27 and 21% of BW) 
which was greater than those of non-fasting groups (STD and HZD) especially at 10 day of molting 
period data published by Taboosha and Abougabal, (2016). This reduction in LBW may be for feed 
restriction, stress, decreased muscle mass, mobilization of glycogen stores, adipose tissue catabolism, 
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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 and Idowu et al., 2011). 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, 1999; Mohamed, 1994 
and 2004).  

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) and Amer et al., (2013) who state that for 
successful molting the body weight loss should be between 15 - 40 % during molting period. Body 
weight losses 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.  

Furthermore, these significant differences disappeared between all groups at 60 day of molting 
period except CAL group which recorded lower BW (1562 g). Moreover, at the end of the experiment 
(90 day) the differences in BW and BW change % became not significant (P>0.415) between all force 
molted groups and control one. Body weight recovery after post-molting period are in line with the 
report of Fattouh (2001) who reported that all force molting groups recovered the body weight loss 
and exceeded their initial body weights when re-fed after molting. Similar results were found by 
Ibrahim (1998) who showed that the hens in all force molting treatments resumed their body weight 
losses at 8 wks post-molting and increased their body weights. 

 
Egg position times: 

 
The effect of different force molting methods on egg production values are shown in Table (2). 

Before molt induction, average HDEP % of the birds ranged between 50.6 to 55.6 % (Table 3). But, 
when different induced molting methods were applied, some eggs were laid for several days before 
egg production dropped to zero %. While hens in control group showed no cessation of lay. High 
significant (P<0.001) variation in the number of days to cessation of egg production was found 
between four molted groups of hens. Birds subjected to continuous fasting ceased egg production 
much earlier than those on non-fasting and chemical molting program. Where, gg production was 
reduced to zero % by 7, 9.3, 11.6 and 17.3 days for hens in CAL, CONV (fasting) STD and HZD 
(non-fasting) groups, respectively. These results mean that, birds subjected to fasting molting method 
(CAL and CONV) ceased egg production earlier than those in non-fasted methods (STD) and 
chemical (HZD) molting method (Khodadadi et al., 2008 and Hassanien, 2011).  
 

Table 2: Different production times as affected by different force molting method: 
        Parameters 

 
Treatment 

Last day of 
production 

 stDays to 1
egg 

Days out of 
production 

Days to 50 
(%) 

production 

Days to peak 
of production 

: Control   1T -- -- -- -- -- 
: CAL2T ±0.00d7.00 ±0.58b33.00 ±0.58b26.00 ±0.88c61.67 82.67±2.03 
: CONV    3T ±0.33c9.33 ±0.88b32.33 ±1.00c23.00 ±0.67d58.67 81.33±1.76 
: STD    4T ±0.67b11.67 ±0.00a42.00 ±0.67a30.33 ±0.33a72.33 85.33±0.33 
: HZD  5T ±0.33a17.33 ±0.88a42.33 ±0.58bc25.00 ±0.33b66.33 86.33±1.33 

P. 0.000 0.000 0.000 0.000 0.15 
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). 

 
The first objective of an induced molt method is to push hens to cease egg production as quickly 

as possible and enter a non-reproductive period that cause body weight losses. Interestingly, from the 
results of the present study, the CAL and CONV molting methods were the most effective in ceasing 
egg production rapidly and completely cease by 7 and 9 days of the molt period. This observation was 
definitely expected as hens on the fasting methods received no nutrient to maintain egg production. 
This result agrees with the findings of Donalson et al., (2005), and Amer et al., (2013).  
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Moreover, the number of days to lay the 1st egg in the second cycle was much earlier in fasted 
groups (CAL 33 and CONV 32.3 d) than in non-fasted groups (STD 42 and HZD 42.3 d), 
respectively.  Hence, the number of days out of production (resting period) was 23, 25, 26 and 30 
days for hens subjected to CONV, HZD, CAL and STD method, respectively. The day of first egg 
production after molting is also consistent with that reported in previous studies (North and Bell, 1990 
and Donalson et al., 2005). The possible reason for the early egg production of the CAL and CONV 
groups may be related to the achievement of enough body weight loss during the molting period. 

Further, results showed that birds in different group reached to 50 % egg production at 58, 61, 66 
and 77 days for CONV, CAL, HZD and STD group, respectively. Our results in agreement with 
Sariozkan et al. (2013) who found that, the onset of egg production and reached 50% egg production 
occurred earlier in the CONV groups. Finally, hens in all molted groups reached peak production 
approximately 7 to 8 weeks after the return to full-feed layer ration. Egg production % was peaked at 
81, 82, 85 and 86 days for CONV, CAI, STD and HZD in that order with no significant difference 
(P>0.15) between different molting methods. This result agrees with the findings of Khodadadi et al., 
(2008) who found that, there was no significant difference among different molting method in the 
days to peak production.  

 

Egg production performance: 
 
The effect of various molting methods on egg production parameters in post-molt period are 

shown in Table (3). The maximum HDEP % of all molted groups were significantly (P<0.001) higher 
(72.8 – 76.8 %) than non-molted group (56.4 %). Induced molting increased egg production by about 
16, 20, 17 and 17 % in groups 2, 3, 4 and 5, respectively as compared with control group. Maximum 
% of eggs production was in CONV (76.80 %) group followed by STD and HZD (73 %) and CAL 
(72.8 %) group. However, minimum egg production % was observed in control (56.4 %). This result 
agrees with the findings of Hassanabadi and Kermanshahi (2007) and Khodadadi et al., (2008) who 
reported that, hens in molted groups reached peak production approximately 6 to 8 weeks after 
full-feed layer ration. Hen-day egg productions during the peak week were 75.00, 76.45, 80.02 
and 82.73 % of treated groups, respectively. Findings of this study revealed that hens induced to 
molt produced more number of eggs as compared to non-molted birds in the post molt period. This 
confirms the reports that egg production is improved by forced-molt (Baker et al., 1983 and Amer et 
al., 2013). Similarly, majority of scientists have reported increased egg production in the post-molt 
period (Bell, 2003; El-Deek and Al-Harthi, 2004 and Koelkebeck and Anderson, 2007).  
 
Table 3: Productive parameters as affected by different force molting method: 

                   
Parameters 
 
Treatment 

Peak 
HDEP % 

Total Egg No. 
/hen 

Total Egg mass 
g/hen 

Feed Intake 
(g/bird) 

FCR 
(g feed/ g 
egg mass) 

T1: Control 56.46b±1.65 26.86d±0.48 1519.13d±27.72 5552.10b±34.25 3.68a±0.07 
T2: CAL 72.82a±1.07 42.24b±0.581 2506.10b±43.90 5933.60a±34.16 2.38c±0.05 
T3: CONV 76.80a±1.37 44.57a±0.88 2707.35a±38.09 6061.30a±27.89 2.25c±0.04 
T4: STD 73.42a±2.28 36.52c±0.524 2175.47c±36.16 5903.20a±45.90 2.73b±0.05 
T5: HZD 73.20a±1.69 33.90c±2.497 2209.40c±37.74 5984.10a±45.93 2.72b±0.04 
P. 0.000 0.00 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). 

 
Furthermore, egg production number was significantly higher in all molted groups (44 – 33) 

when compared with non-molted one (26.8). Hens in fasting groups (CAL and CONV) were 
significantly higher in egg production number than in non-fasting ones (STD and HZD). In the same 
way, hens in molted groups had higher (P<0.001) egg mass (2.7- 2.1 Kg/hen) than those in control 
group (1.51 Kg). However, egg mass of hens in the CAL and CONV (fasted) group all over post-
molting period was significantly higher than those in STD and HZD groups (non-fasted). Hens in 
CAL and CONV methods proved best in this research study in comparison to STD and HZD method. 
Because the percentage of body weight loss influences egg production rate in second cycle of lay, and 
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some studies reported that low weight loss resulted in lower subsequent egg production (Petek and 
Alpay, 2008). The results of present study confirm earlier findings on the relation of weight loss with 
average egg production in the second cycle. The lower weight losses in the non-fasting groups (STD 
and HZD) resulted in relatively lower subsequent egg production. 

Force molting by fasting treatment had significantly increased egg number and laying rate for 
ducks (Fattouh, 2001 and Awad et al., (2014) and poultry hens (Abd El-Kader, 1997) than other force 
molting treatments, Similarly, El-Gendi et al., (2009) found that non-molted hens had significantly the 
lowest rates of egg production at all experimental intervals after molting. Hassanabadi and 
Kermanshahi (2007) and Reddy et al., (2008) reported that fasting force molting method appears to be 
better egg production than the Zinc oxide method in broiler breeder hens. Mazzuco et al., (2011) 
found a significant improvement (P≤0.01) of all egg production traits as a result of using different 
force molting treatments than those non-molted birds. 

In the present experiment, the rate of egg production was significantly improved by force 
molting treatments when compared with non-molted group. This result could be due to body weight 
loss as reported by Brake (1992), who indicated that the higher body weight loss, the higher post-molt 
production. Body weight loss of HZD group was only 15 % and body weight loss of CAL group was 
27 %. 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 improved egg production is the length of egg production cessation period. In the 
present study, although hens in California group lost more body weight than hens of the STD and 
HZD group, but all molted groups laid eggs at the same rate (73 – 76 %) during the peak of post-molt 
production. This result could be due to the fact that hens in non-fasting groups (STD and HZD) stayed 
out of production for a longer or equal period of time (30 and 25 d) than hens in California group and 
that resulted in greater egg production, as previously reported by Bar et al., (2003).  

Effect of different force molting method on feed consumption and feed conversion ratio are 
presented in Table (3). Differences observed in feed consumption due to different force-molting 
method were significantly (P<0.001) higher in molted groups when compared with non-molted one. 
The reduction in feed intake in control group (non-molted) during post-molt period could be due to 
some factors, including feed offered daily according to production % (not Ad-libitum) which reduced 
gradually in control group with age.  

Conversely, no significant differences were observed between different molted groups in terms 
of feed consumption. During whole post-molt period, FC did not significantly differ among the CAL 
(5933 g), CONV (6061 g), STD (5903 g) and HZD (5984 g) treatments. Similar results were found by 
Biggs et al., (2004), Hassanabadi and Kermanshahi (2007), Aygun and Yetisir (2009) in which feed 
consumption in hens molted with feed withdrawal were not significantly different from hens molted 
with non-feed withdrawal methods.  

Moreover, results showed that, FCR of hens in molted groups (2.3 – 2.7) was significantly better 
(P<0.001) as compared with control group (3.6). Equally important, hens in fasting methods (CAL 
and CONV) had better FCR (2.38 and 2.25) than those in non-fasting method (STD and HZD) groups 
(2.73 and 2.72) respectively. This indicated that, feed efficiency during the second production cycle 
for all molted groups was significantly better than the control group as found by Khodadadi et al., 
(2008) and Amer et al., (2013).  

Improvement of feed conversion ratio in molted groups may be due to that, although all force 
molting groups were consumed more amount of feed but produced more egg mass than the control 
during the whole experimental period. Also, this may be due to the additive minerals such as Zinc has 
a protective role on pancreatic tissue against oxidative damage, it may help the pancreas to function 
properly including secretions of digestive enzymes, thus improving digestibility of nutrients 
(Mazzuco et al., 2011). Previously reports (Biggs et al., 2004 and Aygun and Yetisir, 2009) stated 
that there were no significant difference between non-feed withdrawal treatments and feed withdrawal 
treatment for feed efficiency during post-molt period. Also, Sariozkan et al., (2016) found that, there 
was no significant difference among different molting method in FCR. 
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Economic consideration: 
 
Unfortunately, there is insufficient information conducted to evaluate the effect of different 

molting methods on economic performance of laying hens in the second cycle of production (post-
molting period). Thus, the impact of various induced molting method on the economic efficiency of 
laying hens is displayed in Table (4). Regarding to the economic point of view, it clearly that induced 
molting was useful method to increase egg weight, total egg mass, egg production number and HDEP 
% during the second cycle of production as compared with non-molted group (control).  

Profit per hen housed was calculated by subtracting feed costs from egg income, adapted from 
Roland et al., (1998). The mean weight of eggs produced throughout post-molting period was used to 
calculate egg sales revenue. As a result of that, total income of sold eggs significantly increased 
(P<0.001) in all molted groups as compare with control. Where, T3 and T2 had the highest income 
from sold eggs followed by T4 and T5 in compare with non-molted group (T1). Moreover, by 
subtracting total revenue of egg income from feed cost to get net revenue, the result showed that net 
revenue and economic efficiency were significantly different (P<0.001) between treated groups. Hens 
in CONV group offered the highest economic efficiency value (24 %) followed by CAL group (17 
%), STD group (2.4 %) and HZD group (2.5 %) in comparison with control group which lost about – 
23.9 % of feed cost investments. Financial results showed that, CAL and CONV methods resulted in 
higher profits compared with the STD and HZD method (P<0.001). 
 

Table 4: Economic efficiency as affected by different force molting method: 
              
Treatment 
 
Item 

T1: Control T2: CAL T3: CONV T4: STD T5: HZD P. 

Total FC (kg) 5.55b±0.06 5.93a±0.06 6.06a±0.01 5.90a±0.10 5.98a±0.05 0.002 

Price of feed 
(L.E/kg) 1 

4.5 4.5 4.5 4.5 4.5  

Cost  of  FC 24.98b±0.27 26.70a±0.30 27.28a±0.07 26.57a±0.47 26.93a±0.22 0.002 

Egg Mass (g) 1519.13d±27.72 2506.10b±43.90 2707.35a±38.09 2175.47c±36.16 2209.40c±37.74 0.000 

No of Egg 2 25.32d±0.38 41.77b±1.11 45.12a±0.84 36.26c±0.37 36.82c±0.48 0.000 

Price of egg 
(L.E/egg) 1 

0.75 0.75 0.75 0.75 0.75  

price of market 
egg3 

18.99d±0.29 31.33b±0.83 33.84a±0.63 27.19c±0.28 27.62c±0.36 0.000 

Net revenue -6.00d±0.54 4.62b±0.81 6.57a±0.57 0.63c±0.72 0.69c±0.23 0.000 

E. Efficiency -23.96c±1.88 17.33b±3.06 24.06a±2.04 2.46b±2.78 2.55b±0.83 0.000 

1 According to the average prices in the Egyptian market during the experimental period (Kg feed price = 4.5 L.E and one Egg 
price = 0.75 L.E).  
2 Total  egg mass divided by the average egg weight (58 g) 
3 = No. of  egg X price of  one egg 

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

The role of egg weight is important for calculating the income and profit as the price of eggs 
weighing over ≥ 64 g is higher. The lower profit obtained for the STD and HZD method may be 
explained by the obtained average total egg mass in these groups, which is approximately 15 - 18 % 
lower than those paid for more egg mass in CAL and CONV groups.  

Molting of layer hens is one of the limited options of egg producers have to increase egg 
production within a short period of time. In the layer industry, egg price and feed cost relative to the 
cost of replacement pullets are the most important factors to make the decision to force hens to molt 
(McDaniel and Aske, 2005). In general, induced molting is applied when egg prices are low and feed 
costs are high. Due to inelastic structure of egg demand, instability and small changes in egg 
production lead to major fluctuations in egg prices (Miller and Masters, 1973). Extra egg production 
cycles are achieved by molting programs, which allow for the spread of the fixed cost over a long 
time period. 
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The ultimate aim of egg producers is to increase their income, reduce costs and maximize profits. 
In the present study, higher profit was obtained with CAL and CONV methods for inducing molting 
in layers than the STD and HZD method. Induced molting was useful method to increase egg weight, 
total egg mass, egg production number and HDEP % during the second cycle of production which 
positively reflected on net revenue and economic efficiency, this result is consistent with other 
investigations on financial considerations, Koelkebeck et al., (2006), El-Gamily (2011) and Sariozkan 
et al., (2016). 

 
Egg quality: 

 
The effect of different force molting methods on external and internal quality traits of egg pre-

molting and post-molting at peak production in laying hens are summarized in Tables (5 and 6). 
Results in Table (5) showed that, at the pre-molting stage (0 day), no significant differences (P>0.05) 
were found among all groups in terms of external and internal egg quality traits (including egg weight, 
yolk weight, yolk  % , albumin weight, albumin % , shell weight, shell %, egg shape, yolk index, 
albumin index, shell thickness, shell weight per unit of surface area and haugh unit) during pre-molt 
period at 0 day. 

Conversely, results in Table (6) showed that, totally as expected force molting caused 
considerable changes in all quality traits of egg after force molting. In term of egg weight, there was a 
significant difference (P<0.001) between treated groups at post-molting period. Moreover, egg weight 
was significantly higher in all molted groups than in non-molted (control). Increase in egg weight was 
much more significant in CAL method which recorded highest egg weight (65.27 g) followed by 
CONV, HZD and STD in this order. Control group (non-molted) recoded lowest egg weight (59.11 g) 
at post-molt period. Moreover, yolk weight, albumin weight g or % were significantly (P<0.001) 
higher in all molted hens when compared with non-molted group. Where, induced molting 
significantly increased egg weight, albumin weight, shell weight, SWUSA and shell thickness in 
compare with control. 

 
Table 5: External and internal egg quality traits pre-molting period: 

            Treatment 
 
 

Parameters 

T1: Control T2: CAL T3: CONV T4: STD T5: HZD P. 

Egg weight (g) 63.75±2.12 64.02±1.85 63.30±2.93 65.55±0.85 61.37±1.59 0.68 
Yolk weight (g) 15.11±0.55 15.60±0.55 15.68±0.46 14.99±0.57 16.09±0.94 0.74 
Yolk % 23.81±0.93 24.42±0.75 25.10±1.35 22.86±0.79 26.18±1.18 0.22 
Albumin weight (g) 39.95±1.45 40.05±1.69 39.96±2.79 42.50±1.32 38.39±1.31 0.62 
Albumin % 62.73±1.19 62.50±1.78 62.69±1.84 64.77±1.51 62.56±1.50 0.83 
Shell weight (g) 6.42±0.52 6.93±0.68 6.12±0.48 6.61±0.68 5.70±0.13 0.55 
Shell % 7.25±0.41 8.18±0.87 6.39±0.74 6.78±0.77 6.09±0.54 0.25 
Egg shape 76.01±1.55 74.58±1.60 76.74±0.68 74.30±0.72 75.14±0.79 0.54 
Yolk index 42.43±0.57 41.14±1.22 42.29±1.12 41.43±0.71 42.86±1.01 0.27 
Albumin Index 10.14±1.37 10.29±0.80 10.86±0.59 10.29±0.71 10.29±0.94 0.98 
Shell thickness (mm) 288.89±14.81 294.43±24.24 271.13±23.66 301.66±25.87 277.21±11.63 0.27 
SWUSA 41.21±2.53 46.54±5.11 35.96±4.05 38.69±4.30 34.07±2.92 0.21 
Haugh Unit 83.98±0.43 84.27±0.15 84.37±0.22 84.23±0.16 84.39±0.20 0.76 

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

 

Equally important results of this study that, egg shell weight, shell thickness and SWUSA 
significantly improved in all molted hens at post-molt period in compared to non-molted hens. 
Improved shell gland function following induced molting may be due to remodeling at the cellular 
level where cellular proliferation in the oviduct replaces cells lost during the regression, (Heryanto 
et al., 1997). Rebuilding of shell gland tissue may also be responsible for removing substances that 
interfere with shell gland function, (Baker et al., 1981). Roland et al., (1977) reported that hens 
laying shell-less eggs have significantly higher uterine lipid levels compared to hens producing 
normal egg shells. Further reports by Baker et al., (1981) indicated that induced molting halts the 
incidence of shell-less eggs and removes lipid accumulation in the uterus.  
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Table 6: External and internal egg quality traits post-molting: 
               Treatment 
 
 
Parameters 

T1: Control T2: CAL T3: CONV T4: STD T5: HZD P. 

Egg weight (g) 59.11c±0.77 65.27a±0.47 63.88ab±0.69 62.54b±0.41 62.90b±0.35 0.000 
Yolk weight (g) 13.47b±0.74 14.37b±0.53 16.52a±0.11 14.44b±0.38 15.88a±0.30 0.000 
Yolk % 22.75b±1.15 22.04b±0.88 25.88a±0.34 23.08b±0.50 25.27a±0.58 0.003 
Albumin weight (g) 29.51b±0.99 38.08a±1.22 36.21a±1.04 31.95b±1.56 37.47a±1.71 0.000 
Albumin % 49.89c±1.41 58.39a±2.10 56.71ab±1.62 51.06bc±2.39 59.57a±2.72 0.007 
Shell weight (g) 3.81b±0.20 4.28ab±0.19 4.79a±0.29 4.33ab±0.22 4.36ab±0.14 0.054 
Shell % 6.42a±0.28 6.05a±0.31 5.90a±0.22 4.40b±0.31 5.07b±0.31 0.000 
Egg shape 75.98±0.67 76.27±1.58 76.09±0.47 74.73±1.26 75.99±0.96 0.08 
Yolk index 37.88±1.22 38.60±0.77 38.52±0.34 39.95±0.74 40.02±0.78 0.277 
Albumin Index 8.61b±0.25 10.09a±0.46 8.90ab±0.39 8.53b±0.44 8.99ab±0.44 0.069 
Shell thickness 
(mm) 

355.00a±8.55 
336.10ab±9.0

8 
349.44a±12.25 321.10b±13.90 313.34b±7.90 0.02 

SWUSA 28.33b±1.52 34.57a±1.80 33.52a±1.18 24.86b±1.74 28.69b±1.75 0.001 
Haugh Unit 75.62b±1.02 83.41a±1.68 81.61a±1.55 81.43a±2.03 82.22a±1.54 0.017 
  Where: (M±SE) = Mean ± Standard Error 
  a,b,c and d = Means within the same row with different superscripts are significantly different (P<0.05). 

Also, Berry and Brake (1987) reported that molting increases tissue receptivity to D3. The 
location of the cytosolic receptors for D3 in shell gland glandular cells coincided with the reported 
location of calcium binding protein. Following the molt, intestinal calcium binding protein 
concentration increases compared to un-molted hens. Intestinal uptake of calcium also improves 
following molt (Al-Batshan et al., 1994). Higher egg shells thickness of molted birds is a desirable 
characteristic for the egg industry (Keshavarz and Quimby, 2002). The improvement in shell 
quality could also be associated with the complete cessation of egg production during the molting 
period, as reported by Khan et al., (2011).  

For egg shape, chicken egg is elliptical shape (when shape index ranged; 72 – 76). There were 
no significant differences (P>0.05) among all groups for egg shape index at pre- and post-molting 
period. Furthermore, calculated yolk and albumin index were not significantly (P>0.05) different 
among different molting groups and control. Moreover, Albumin quality expressed as haugh unit 
was significantly (P<0.01) higher in all molted groups in compare with non-molted one. California 
method numerically recorded higher haugh unit (83.41) in compare with other molting methods. 
Haugh units were higher for the CAL and CONV groups when compared with the control group.  

 
Conclusion and Recommendations 

 
The ultimate aim of egg producers is to increase their income, reduce costs and maximize profits 

so 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 a dramatic 
recovery in all productive traits of laying hens during post-molting period.  

Moreover, when different induced molting methods compared, California and Conventional 
force molting method recorded the best values in productive traits, economic efficiency, egg 
production and egg quality traits. CAL and CONV methods recorded maximum body weight loss, 
fewer days to cease egg production, higher egg mass and egg number, higher profit and better egg 
quality traits in compare with STD and HZD methods.  

So, from these finding it can be said that, with all respect to animal welfare, force molting by 
California and Conventional methods could be used successfully as force molting method because it 
more suitable, simple to implement, least in cost, resulted best values in productive and economic 
performance and achieved the ultimate aim of egg producers during post-molt period. 
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