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This study investigated the suitable metabolizable energy (ME) level of molt diet for hens that cease producing eggs

without being subjected to great stress. During the preliminary period, White Leghorn hens were fed a corn-soybean

meal-based layer ration After a -wk preliminary period, the hens were randomly divided into treatment groups

and control group; the control group was persistently fed the layer ration. The treatment groups were fed the following

diets for wk: ( ) molt diet based on corn, wheat bran, and corn gluten feed (ME . Mcal/kg M :);

( ) molt diet with rice hull (ME . Mcal/kg M :); and ( ) molt diet with rice hull (ME . Mcal/

kg M :). During the post-molt period, the hens were returned to the layer ration. During the molting period, the heterophil:

lymphocyte (H:L) ratio, ovary and oviduct weights, and ME intake were measured. Egg production, egg weight, egg quality,

body weight, and feed intake were measured throughout the experiment. During the molting period, the feed intake, body

weight, and ovary and oviduct weights in the molted groups were significantly ( . ) lower than those in the control

group. In the M group, egg production ceased completely within d; and decreased to . by day and in the M

and M groups, respectively. The H:L ratio was the highest, intermediate, and least in the M , M and M , and control

groups, respectively. At , and wk, the ME intake in the M group was lower than the requirement level. Throughout

the post-molt period, the egg production and quality in the molted groups improved compared to that in the control. We

assume that access to low energy molt diet (ME . Mcal/kg) e ectively induces molting and increases post-molt

production.

: energy level, induced molting, molt diet, post-molt performance

op alternatives to feed withdrawal for inducing molting

(Bell, ). Since January , , all the egg producers

Induced molting has become an important management that enrolled in the UEP animal care program (most US

tool used by the layer industry to increase egg production shell egg producers) have discontinued the use of feed

rates in older hens and to increase egg size, decrease egg withdrawal method for inducing molting (Wu

breakage, and improve shell quality (Seo ). ).

Several programs are currently in use for successfully We have already reported that feeding of the

molting laying hens. Feed withdrawal is the primary commercial molt diet that was used in our previous exper-

method used in the layer industry to induce molting and iment did not completely stop egg production during the

stimulate multiple egg-laying cycles in hens (Brake, ; molting period (Hnin Yi Soe a). The energy

Holt, ). In recent years, concern for the well-being of level of the diet appears to be an important factor in

hens during the molting period has been expressed when causing a rapid reduction in egg production (Biggs

the feed withdrawal method is employed. Holt ( ) ). Based on the results of our experiment, we consid-

reported that birds that are molted using feed withdrawal ered the level of energy intake to be the primary factor

may be more susceptible to infection because responsible for causing only the partial cessation of egg

molting induced by feed withdrawal depresses the cellular production during the molt-inducing period; therefore, we

immune response. UEP (United Egg Producers, ) conducted another experiment to determine the e ects of

urges producers and researchers to work together to devel- the restricted feeding of the commercial molt diet on molt

induction. The restricted feeding of the commercial molt

diet ( g/d per hen) may cause the complete cessation of

egg production during the molting period (Hnin Yi Soe

b). However, the feasibility of this practice for

rearing of commercial flocks is questionable due to the
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following factors: the use of automatic feeding systems, rate were recorded daily; feed intake and individual body

capacities of poultry houses for the accommodation of weight were recorded weekly. The specific gravity of eggs

large flocks, and the existence of multiple hen cages with was measured weekly using the flotation method with

hens occupying di erent ranks in the social hierarchy NaCl solutions varying from . g/cm to . g/cm

within a cage. in . increments. Eggs from replicates per group

Therefore, the commercial molt diet ( . Mcal/kg) was were used to measure the specific gravity. During the

mixed with or of rice hull to reduce the ME molt-inducing period, the number of hens that started

level of the molt diet ( . Mcal/kg or . Mcal/kg) for the molting was recorded daily. At weeks and , blood

complete arrest of egg production during the molting samples were taken from hens per group to determine

period by feeding of the molt diet. The ob- the heterophil: lymphocyte (H:L) ratio by using the

jective of the present study was to investigate the suitable methods described by McKee and Harrison ( ). At

ME level of molt diet for hen that cease producing eggs weeks and , four hens per group were decapitated, and

during the molt-inducing period without being subjected the ovary and oviduct of each hen were weighed. During

to great stress. the molt-inducing period, the nitrogen-corrected metabo-

lizable energy (ME ) intake, i.e., the ME determined from

gross energy intake and energy output as measured from

A commercial flock of single comb White Leghorn the excreta and corrected for the amount of nitrogen

hens of the Julia strain (aged between to wk) were retained, was measured weekly in replicates for each

used in this experiment. It was conducted from September group. The correction factor used was . kcal/g nitro-

to December . The hens were given wk for adapta- gen (Scott ). The ME intake was measured by

tion (preliminary period). During this time, the lighting using a total collection procedure for successive days.

program employed was h light: h darkness, and the The gross energy of the feed and in the excreta was

hens were fed a conventional layer ration based on corn determined using a bomb calorimeter (CA- PJ; Shimadzu

and soybean meal (crude protein (CP) . and ME Co., Kyoto, Japan) with benzoic acid as a standard; the

. Mcal/kg) and allowed complete access to nitrogen content of the feed and in the excreta was meas-

water. Except during the molt-inducing period, this diet ured (Association of O cial Analytical Chemists, )

was fed until the end of the experiment. During this time, for the determination of the amount of nitrogen retained.

egg production was monitored to ensure that all the hens All statistical analyses were subjected to analysis of

were healthy and actively producing eggs. The experimen- variance (ANOVA) using the JMP software (version

tal period consisted of a -wk molt period followed by a - . . ). When di erences in treatment means were de-

wk post-molt production period. Following complete tected by ANOVA, Tukey’s HSD test was applied to sepa-

adaptation, the hens were divided into groups ( treat- rate the means (SAS Institute Inc., ).

ment groups and control group) that exhibited minimal

variation in the rate of egg production. Treatments were

randomly assigned to the cages throughout the entire Except during the molt-inducing period,

house to eliminate variability in egg production or repro-

ductive tract regression due to light stimulation. During

the molt-inducing period, the control group was per-

sistently fed the layer ration The others (the

treatment groups) were induced to molt by employing

specific diets. In this experiment, low-protein, low-energy

diet (commercial molt diet) (CP . and ME .

Mcal/kg) based on rice bran and corn gluten feed was

used to induce molting. It was mixed with or

rice hull to reduce the ME level ( . Mcal/kg or . Mcal/

kg). The treatment groups were fed the following diets:

( ) molt diet (M ), ( ) molt diet with

rice hull (M ), and ( ) molt diet with rice hull

(M ) for wk. The light period was reduced

to h of light per day. During the post-molt production

period, all the hens were returned to the conventional

layer ration, and the photoperiod was gradually increased

by h of light per week until a photoperiod of h light/

h darkness was achieved. The ingredients and composi-

tions of the experimental diets are shown in Table .

During the adaptation and experimental periods, egg

production, shell breakages, egg weight, and mortality

ad libitum

et al.,

ad libitum

ad libitum.
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the feed intake

(Table ) and body weight (Table ) among all the groups

did not significantly di er ( . ). The feed intake

during the -d molt-inducing period varied greatly

among the treatment groups. The hens of the M group

consumed much less feed during the first week than the

hens of the M or M group, but the converse was

observed for the next wk. When feed intake was sum-

marized for the entire -wk molt-inducing period, it was

observed to be higher in the M group than in the M

or M group. The post-molt feed intake did not di er (

. ) among the treatment groups. During the molt-

inducing period, the body weights in the molted groups

were significantly ( . ) reduced compared to those in

the control group. At week , the maximum body-weight

losses recorded were . , . and . in the M

, M and M groups, respectively. After the molt-

inducing period, the hens of the molted groups regained

all the body weight that they had previously lost, as shown

in Table .

As presented in Fig. , all the hens in the M , M ,

and M groups started molting on , and d of the

experimental period, respectively. At week , the weights

P
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P
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E, IU; vitamin K , mg; vitamin B , . mg; vitamin B , . mg; vitamin B , . mg;

Molt dietsLayer
Ingredient and content

ration M M M

( )

Corn

Defatted rice bran

Wheat bran

Corn gluten feed

Soybean meal

Rapeseed meal

Gluten meal

Fish meal

Animal fat

Rice hull

Calcium carbonate

Dicalcium phosphate

Salt

DL-methionine

Choline chloride

Paprika

Vitamin-mineral premix

Calculated content ( )

CP

ME (Mcal/kg)

Ca

Av.P

Na

M : molt diet.

M : molt diet rice hull.

M : molt diet rice hull.

Provided per kilogram of diet: vitamin A, IU; vitamin D , IU; vitamin

niacin, mg; pantothenic acid, mg; folic acid, . mg; vitamin B , . mg; bio-

tin, . mg; manganese, mg; zinc, mg; copper, mg; and iodine, . mg.

Hnin Yi Soe : Full Fed Induced Molting

of the ovary and oviduct in the M ( . g, . of the group, egg production ceased completely by day and

body weight), M ( . g, . of the body weight), and resumed d after molt induction. The egg production in

M ( . g, . of the body weight) groups were the M and M groups reached . at days and ,

significantly ( . ) lesser than those in the control respectively. The M , M , and M groups achieved

group ( . g, . of the body weight) as indicated in egg production at days , and , respectively.

Table . At week of the molt-inducing period, the H:L At week , egg production did not di er significantly (

ratios in the molted groups were significantly ( . ) . ) among the groups. At weeks and , the egg pro-

higher than that in the control group; the H:L ratio was duction in the molted groups was significantly ( . )

the highest in the M group, intermediate in the M higher than that in the control group. There were no sig-

and M groups, and least in the control group, as shown nificant di erences ( . ) in the weights of the eggs

in Table . Additionally, the ME intake in the molted among the treatment groups during weeks to , as

groups was significantly ( . ) lower than that in the shown in Table . The specific gravity of the eggs was not

control group (Table ); the lowest energy intake among significantly ( . ) di erent among the groups (weeks

the molted groups was observed in the M group. to ); but it was improved in the molted groups than in

In this experiment, we assessed the daily and weekly the control group during the post-molt period (weeks to

rates of egg production, excluding the incidence of egg ), as shown in Table .

breakage (broken, cracked, soft, and shell-less eggs). The

decrease in daily hen-day egg production during the -d

molt-inducing period is shown in Fig. , and the increase Poultry require energy for growth, maintenance of body

in daily hen-day egg production during the post-molt tissue, production of eggs, regulation of body temperature,

production period is shown in Fig. . The weekly rates of and daily activity. Under normal environmental condi-

egg production are presented in Table . In the M tions, when the ME content of the diet is considerably less

et al.
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Table . Ingredient and composition of experimental diets
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a b b b

a b b b

a b b b

a c bc b

abc

Periods Control M M M

(wk) (g/hen/d)

Pre-molt NS

**

**
Molting

**

**

NS

NS

NS
Post-molt

NS

NS

NS

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD of replicates per treatment.

** . , NS: not significant.

Means within a row followed by a common superscript are not significantly di erent.

than kcal/kg, poultry may not consume a diet pro- feed intake in the M group was higher than that in the

viding adequate energy to meet their requirements, be- M or M group, as shown in Table . The result of

cause of the diet’s bulkiness and the physical limitations of the present study was in agreement with the report of

the gastrointestinal tract with respect to the amount of Richard ( ), who established that feed intake was

feed that it can accommodate (Richard, ). Corn inversely related to the ME concentration of the feed. The

gluten feed, bran and rice hulls are economical and readily low feed consumption during the first week could be a

available ingredients. In this experiment, all the molt diets result of reduced palatability or the change in energy level

resulted in decreased egg production and body weight of the diet. The increased in feed consumption during the

during the molt-inducing period. In addition, the feed subsequent week was probably due to adaptation to the

intake in the treatment groups was lower than that in the feed or compensation for the lower energy levels and any

control group (Table ). Nevertheless, these results clear- palatability e ects.

ly confirmed that the molt diet was accepted by the The physiological responses (weight loss in hens, feath-

egg-laying hens. During the molt-inducing period, the er molting, and complete cessation of egg laying) that

P

P

Table . E ect of induced molting on feed intake of laying hens

+ , -
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a b b b

a b b b

a b b b

a b b b

ab

Periods Control M M M

(wk) (g)

Pre-molt NS

**

**
Molting

**

**

NS

NS

NS
Post-molt

NS

NS

NS

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD of replicates per treatment.

** . , NS: not significant.

Means within a row followed by a common superscript are not significantly di erent.

P

P

Table . E ect of induced molting on body weight of laying hens
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a b b b

a b b b

a b b b

a b b b

ab

c b b a

b ab ab a

abc

Periods Control M M M

(wk) (g)

**

**

(wk) (live weight)

**

**

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD of hens per treatment.

** . .

Means within a row followed by a common superscript are not significantly di erent.

Periods Control M M M

(wk) (H:L ratio)

**

**

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD of hens per treatment.

** . .

Means within a row followed by a common superscript are not significantly di erent.

Hnin Yi Soe : Full Fed Induced Molting

. and . . Mcal/kg, respectively. These values

occur during traditional molting are used as the indicators tion (Brake and Thaxton, ). However, the regression

of molt e ectiveness. These responses are considered as of the ovary is the most important factor responsible for

the important factors that improve post-molt egg produc- molt induction because the loss of reproductive organ

weight is linked to the overall rejuvenation process (Brake

and Thaxton, ; Brake, ). Therefore, in the pres-

ent study, ovarian weight was measured as an indicator of

molting. As shown in Table , the large individual varia-

tion was observed in the hens of the M and M

groups at wk and wk , respectively, but the large in-

dividual variation was not observed in the hens of the M

group. We suggest that it may be due to the e ects of the

large individual variation of the nutrient su ciency.

The ME values of the experimental diets were calculat-

ed based on the quantities of feed intake and energy intake

of each hen. Those were measured weekly during the

molt-inducing period by using a total collection procedure

for successive days. The ME value of the layer ration

was . . Mcal/kg; the ME values of the molt diet

of the M , M , and M groups were . . , .

were nearly the same as the calculated ME values (Table

) of the layer ration ( . Mcal/kg) and the molt diet of

the M , M , and M groups ( . , . and .

Mcal/kg, respectively). The ME requirement (National

Agriculture and Bio-oriented Research Organization,

) for all the groups was also calculated. Table

P

P

P

P

et al.

Fig. . The percentage of hens that started molting

during the molt-inducing period of the hens of molting

with molt diet (M group: ), the hens of

molting with molt diet rice hull (M group:

), and the hens of molting with molt diet rice

hull (M group: ).

Table . E ect of induced molting on ovary and oviduct weight of laying hens

Table . E ect of induced molting on heterophil: lymphocyte ratio (H:L ratio)
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.

a b c c

a b bc c
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a b b b

abc

Periods Control M M M

(wk) (kcal/hen/day)

**

**

**

**

(wk) (kcal/kg /day)

**

**

**

**

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD of replicates per treatment.

** . .

Means within a row followed by a common superscript are not significantly di erent.

J. Poult. Sci., ( )

shows the ME requirement, ME intake, and su ciency exposure to stressors. The H:L ratios of the molted groups

rate of all the groups during the molting period. The ME were found to be higher than those of the control group.

intake of the M group was kcal/d/kg of the Similar results were reported by Wolford and Ringer

body weight. The result of our experiment was in agree- ( ), Alodan and Mashaly ( ), Davis ( ),

ment with the report of Kosaka ( ), who stated that Webster ( ), and Hnin Yi Soe ( a, b); in

for the maintenance of the physiological functions, a hen these studies, the H:L ratios were increased during in-

being fed under normal condition requires an ME of duced molting.

kcal/d/kg of the body weight. At weeks and , the ME The specific gravity of the eggs in the molted groups was

intake was relatively lower than the ME requirement for higher than the industry standard of . g/cm through-

the M group; hence, the M group showed complete out the post-molt period. These results indicate that hens

cessation of egg production by day of the experimental can be successfully molted by feeding of the

period. molt diet ( . Mcal/kg) without substantially reduced

In general, the percentage of lymphocytes decreased eggshell quality.

and the percentage of heterophils increased as a result of In this experiment, the weekly egg production of the

P

P

et al.

et al.

ad libitum

nTable . E ect of induced molting on ME intake of laying hens

Fig. . Daily egg production (excluding egg breakage Fig. . Daily egg production (excluding egg breakage

(broken, cracked, soft and shell-less eggs)) during the (broken, cracked, soft and shell-less eggs)) during the

molt-inducing period of the hens of control group ( ), post-molt period of the hens of control group ( ), the

the hens of molting with molt diet (M group: hens of molting with molt diet (M group:

), the hens of molting with molt diet rice hull ), the hens of molting with molt diet rice hull

(M group: ), and the hens of molting with (M group: ), and the hens of molting with

molt diet rice hull (M group: ). molt diet rice hull (M group: ).
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a b bc c

a b b b

a b b b

a b b b

a b b b

a b bc c

b a a a

b a a a

abc

Periods Control M M M

(wk) ( )

Pre-molt NS

**

**
Molting

**

**

**

**

NS
Post-molt

NS

**

**

Excluding egg breakage (broken, cracked, soft and shell-less eggs).

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD.

** . , NS: not significant.

Means within a row followed by a common superscript are not significantly di erent.

M group did not show complete cessation during the alternative to feed withdrawal in induced molting pro-

molt-inducing period; this result was in agreement with grams. However, due to the continuous decreases in body

that of our previous experiment (Hnin Yi Soe weight and egg production during the -wk molt-inducing

a). In addition, most of the hens in the M group stop- period, the hens of the M group were unable to replen-

ped laying eggs; but few of the hens laid eggs intermit- ish their lost body reserves, and consequently, they

tently during the molt-inducing period. We have consid- resumed egg production later than the hens in the other

ered that the individual variation in the high feed intake treatment groups. In this experiment, the resting period in

may be the primary reason for the partial cessation of egg the M group was d; it was longer than that in our

production. The initial low feed intake may be the prima- previous experiments in which molting was induced by

ry reason for the complete cessation of egg production in starvation ( d or d). In this experiment, the molt-

the M group. These results suggest that feeding low- inducing period lasted for wk; in our previous experi-

energy ( . Mcal/kg) diet may be a particularly preferable ment, the starvation period lasted for wk. We only

P

P

et al.,

Table . E ect of induced molting on egg production of laying hens
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a ab b b

a ab b b

a ab ab b

ab

Periods Control M M M

(wk) (g)

Pre-molt NS

*

NS
Molting

NS

*

*
Post-molt

NS

NS

NS

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD.

* . , NS: not significant.

Means within a row followed by a common superscript are not significantly di erent.

P

P

Table . E ect of induced molting on egg weight of laying hens
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ab

Periods Control M M M

(wk) (g)

Pre-molt NS

NS

Molting

NS

NS

NS
Post-molt

**

**

*

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD of replicates per treatment.

Egg production was zero at the day of egg specific gravity measured.

** . , * . , NS: not significant.

Means within a row followed by a common superscript are not significantly di erent.
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P P

Table . E ect of induced molting on egg specific gravity of laying hens
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.

abc

Periods Control M M M

(wk) ME requirement (kcal/hen/day)

**

**

**

**

(wk) ME intake (kcal/hen/day)

**

**

**

**

(wk) Su ciency Rate ( )

**

**

*

**

( . ( ) ( ) )
W . E mass W

T: Temperature inside the hen house ( ).

W: Body weight in kilograms.

E mass: Egg mass (average daily egg production in grams).

W: The change in body weight in grams per day.

Calculated from gross energy of feed and feces from replicates per treatment.

ME Intake/ME Requirement .

M : molting with molt diet ( wk).

M : molting with molt diet rice hull ( wk).

M : molting with molt diet rice hull ( wk).

Data are presented as the mean SD of replicates per treatment.

** . , * . .

Means within a row followed by a common superscript are not significantly di erent.

J. Poult. Sci., ( )

P

T T

P P

Table . ME requirement , intake and su ciency rate of laying hens during molting

period
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