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Introduction

Moulting in avian species is defined as the 
periodic shedding and replacement of feathers. For 
most wild species of birds and domestic hens it is 
also connected with reproductive rejuvenation in 
which egg production ceases and the reproductive 
tract regresses (Berry, 2003). The force moulting has 
been used by the industry to rejuvenate flocks for  

a second or third egg laying cycle to increase profits. 
At the end of the laying cycle, egg production and 
quality decline significantly, leading producers to 
induce moult for improving performance. After 
the moulting period, egg production and quality 
improve significantly when compared to the pre-
moult period. There are several types of induced 
moulting programmes that are used in commercial 
egg industry. Typical moulting programmes involve
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a reduction in the hours of light and removal of feed 
until hen losses approximate 25% or more of the 
body weight (Davis et al., 2002).

However, feed removal programmes have re-
ceived considerable attention related to the animal 
welfare issue (Bell, 2003) and food safety reasons 
in recent years (Ricke, 2003). Moulting by this 
method is very stressful and can increase suscepti-
bility to some diseases such as salmonellosis. Some 
reaserchers have found that feed withdrawal can af-
fect the different components of the immune sys-
tem such as thymus (Brake et al., 1981) and spleen 
weights (Brake et al., 1985). It can also affect dif-
ferential white blood cell counts mainly by increas-
ing the heterophils and decreasing the lymphocyte 
number in blood (Soe et al., 2009). Moreover, the 
moult induced with feed withdrawal is a potential 
factor escalating structural bone loss in old laying 
hens. Several studies have indicated that feed re-
moval greatly influences bone quality in laying hens 
(Park et al., 2004). Therefore, alternative moulting 
techniques that would reduce or eliminate fasting 
are evaluated.

Alternative methods usually induce moult with 
the use of dietary manipulations to create the imbal-
ance of a particular nutrient or nutrients (Berry and 
Brake, 1985). Many alternative methods have been 
studied to replace the feed removal programme. 
However some of them, which have yielded incon-
sistent results, are expensive and can cause negative 
forms of behaviour such as cannibalistic pecking 
(Webster, 2003; Biggs et al., 2004). Over the last few 
years, the ad libitum feeding of lucerne (Donalson 
et al., 2005) or fungus myceliated meal (Willis et al., 
2009) and replacing a part of conventional laying 
hen diets with tomato pomace and safflower meal 
(Patwardhan et al., 2011) for 9 days were identified 
as alternative methods for moult induction.

Maize silage (Zea mays) is a fermented feed 
since it has an optimum level of short-chain fatty ac-
ids (SCFA) such as lactic acid. These weak organic 
acids can lower pH of the gut environment below 
the value that is essential for the pathogenic bac-
teria survival (Steenfeldt et  al., 2007) and normal 
microflora improvement. The improvement of mi-
croflora with increased Lactobacilli and Bifidobac-
teria colonisations can modify the host’s immune 
system. Moreover, SCFA are rapidly absorbed from 
the small intestinal tract and colon, stimulating elec-
trolyte (such as Ca) and water absorption within the 
intestinal tract (Chichlowski et al., 2007). Steenfeldt 
et al. (2007) reported that laying hens subjected with 
supplemental maize silage in diet ate approximate-
ly 60  g of maize silage per day. Accordingly, the  

current study was designed to evaluate the poten-
tial of maize silage as a single dietary source or as 
a component in mixture with layer ration for moult 
induction and its effects on immune parameters and 
bone quality parameters in laying hens.

Material and methods
The present study was conducted on the re-

search farm of the Faculty of Animal Science, Gor-
gan University of Agricultural Sciences and Natural 
Resources.

Ninety-six 88-week old Single Comb White 
Leghorn hens, commercial hybrid line Lohman 
(LSL), were obtained from a local commercial 
layer farm. The hens were randomly allocated into 
24 cages, 4 hens in each. Hens were allowed a week 
for acclimatization. During this time hens were fed  
a complete layer ration and were allowed full 
access to water. The lighting programme comprised 
16  h of light and 8  h of dark (16L:8D). During 
the aacclimatization period, egg production was 
monitored to ensure that all hens were healthy and 
actively producing.

After acclimatization, all hens were randomly 
placed in 4 replicate cage groups with 4 hens in each 
cage, and assigned to the following treatments: full-
feed (100% layer ration, FF); total feed withdrawal 
(a positive control for moult induction; FW); 100% 
maize silage (M100); 90% maize silage with 10% 
layer ration (M90); 80% maize silage with 20% 
layer ration (M80); and 70% maize silage with 
30% layer ration (M70). Layer ration was a diet 
commonly used in commercial laying hen farms 
in Iran (Table  1). Commencing from day 1, feed 

Table 1. Composition of commercial layer ration, g · kg-1

Ingredients Commercial layer ration
Yellow maize 112.5
Soyabean meal 228.4
Wheat 535
Dicalcium phosphate   17
Oyster shell   45
Calcium carbonate   50
NaCl     3
Vitamin premix1     3.5
Mineral premix2     3.5
DL-Methionine     0.75
L-Lysine     0.35
Vitamin D3     1
1vitamin premix provided per kg of diet: IU: vit. A 29750, vit. D3 8750, 
vit. E 38.5; mg: vit. K3 7.7, vit. B1 5.17, vit. B2 14, niacin 27.44, panto-
thenic acid 112.27, vit. B6 8.62, folic acid 0.385, vit. B12 0.035; 2mineral 
premix provided per kg of diet: mg: Mn 260, Fe 262, Zn 226.36, Cu 
21, I 3, Se 0.7
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was withdrawn or hens received their respective 
moulting diets for 9 days. Also the light programme 
was changed to 8L:16D photoperiod. Maize silage 
used for the experiment was provided daily in the 
form of chopped pieces (about 2 cm) and mixed with 
the complete layer ration. All hens were allowed ad 
libitum access to water and their respective diets.

All hens were weighed individually at the begin-
ning and the last day of the experiment and percent-
age of body weight loss (BWL) was calculated. Feed 
intake, mortality and egg production were recorded 
daily. Egg production percentage was calculated on 
a hen-day basis. At the end of the moulting proce-
dure, 2 hens per replicate were slaughtered, and the 
ovary, oviduct, liver and spleen were excised and 
weighed. Moreover, right femur was collected to 
evaluate bone quality parameters as bone dry weight, 
ash content (Zhang and Coon, 1997). The bones were 
cleaned of attached tissues, dried at 100 °C for 24 h 
and weighed. The bones were subsequently ashed at 
600 °C overnight, cooled in a desiccator and the ob-
tained ash was weighed.

Antibody production against sheep red blood 
cells (SRBC) was measured in  2 hens in each 
replicate at the beginning of the experiment (day 
2), and at day 9 following the start of the moulting 
programme. Hens were intramuscularly injected 
with 0.1  ml of 0.25% SRBC in 0.9% saline 
(Onbaşilar and Erol, 2007). Circulating anti-SRBC 
antibody titers were determined by the micro 
haemagglutination technique. Differential counts of 
the white blood cells were measured from 2 other 
hens in each replicate at the day 2, 6 and 9 following 
the start of the moulting programme. For differential 
counts, a total of 100 cells were counted, once 
on each slide, using a light microscope at  ×1000 
magnification (Olympus CX31; Olympus Company, 
Tokyo, Japan). The heterophils to lymphocytes ratio 
was determined. Also, serum samples were obtained 
on day 9 to evaluate blood calcium level using 
commercial kit (cresolphethalein copmplexone 
method, Calcium Kit – Cat. No. 50820125; Pishtaz 
Teb Company, Tehran, Iran).

Statistical analysis
A randomized complete block with 6 treatments 

and 4 blocks was employed. All statistical analyses 
were subjected to analysis of variance (ANOVA) us-
ing GLM procedure of SAS software (SAS Institute 
Inc., 2005). When the influence of treatment was 
stated by ANOVA test, Tukey’s post-hoc test was 
applied to compare means with each other. Treat-
ment means differed significantly at P ≤ 0.05.

Result and discussion

Feed intake. There was observed the influence 
(P  <  0.05) of treatment on feed intake (Table  2). 
Control FF hens exhibited the greatest feed intake 
among other birds. Feed intake by hens from M90, 
M80 and M70 treatments was similar, whereas by 
hens in M100 treatment was significantly lower. 
The reduction in feed consumption is a primary 
factor for moult induction so all examined treat-
ments satisfied this condition. The observed feed 
intake reduction could be due to several factors such 
as an appetite suppression in conjunction with the 
natural moulting process (Mrosovsky and Sherry, 
1980) and a decreased feeding stimulation with 
reduced daylight hours (Andrews et al., 1987). On 
the other hand, the increased percentage of maize 
silage in the diet tended to decrease feed consump-
tion. Maize silage contains high level of fibre which 
is characterised by a slow passage rate in the guts 
and might have influenced feed intake causing  
a feeling of satiety and thus refraining hens from 
eating (Son et al., 2002; Steenfeldt et al., 2007).

Body and organ weights. No significant 
difference in initial body weight (BW) was found 
among all experimental groups. All moulting 
inducing treatments caused an increased (P < 0.05) 
BW loss (BWL; expressed in g or as a percentage 
of the initial BW) in comparison to FF treatment 
(Table  2). No significant difference in BWL was 
found among all moult inducing treatments (FW, 
M100, M90, M80 and M70). BWL was shown to 
be directly related to the post-moult performance. 
In order to optimize post-moult performance,  
a BWL of 25 – 30% should be achieved (Baker et al., 
1983). In the present study laying hens in moulting 

Table  2. Effect of treatments on body weight (BW) and feed intake 
during the 9-day moulting programme

Treatment1 Initial BW, BW loss, % BW  
loss

Feed intake,
g per birdg

FF 1783.4 119b   6.17b 889.8a

FW 1786.4 601a 33.63a   –
M100 1741.8 614a 34.17a   75.2c

M90 1799.2 554a 30.51a 187.3b

M80 1749.3 502a 28.58a 213.1b

M70 1834.5 539a 29.31a 225.3b

SEM     86.71   88.33   4.16   26.8
P-value       0.71     0.0001   0.0001     0.0001
1FF – commercial layer diet; FW – total feed withdrawal; M100 – 100% 
maize silage; M90 – 90% maize silage and 10% layer diet; M80 – 80% 
maize silage and 20% layer diet; M70 – 70% maize silage and 30% 
layer diet; abc – means within a column with no common superscripts 
are significantly different (P < 0.05)
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treatments showed from 28 – 34% BWL. Control FF 
hens had higher (P < 0.05) ovary, oviduct and liver 
weight than hens from all other moulting treatments 
(Table  3). No significant difference in reproductive 
organs and liver weight was found between FW and 
all other moulting treatments with different level of 
maize silage. Brake and Thaxton (1979) reported that 
regression of the ovary is the most important factor for 
moulting induction because the loss of reproductive 
weight is linked to the overall rejuvenation process. 
Regression of the ovary reduces the function of 
the ovary causing reduction of steroid hormones 
(oestrogen, progesterone) release. Berry and Brake 
(1985) reported that the liver weight loss is due to 
oestrogen-dependent egg component synthesis, 
which is dependent on stimulation from ovarian 
steroids. Moreover, they reported that liver weight 
loss indicates a loss of hepatic energy storage 
(glycogen, lipids). The obtained results showed 
that higher energy concentration due to increased 
percentage of layer ration in moulting treatments 
did not influence liver weight loss in moulting hens. 
Only M100 and M90 treatment hens had higher 
spleen weight in comparison to FF treatment hens, 
but did not differ from other with moult induced 
hens. In view of the observed weight differences, 
the spleen weight is not considered as a critical 
factor to this moult induction study as was reflected 
in the antibody titer. No difference between groups 
was observed in case of heart weight.

Egg production. There was observed the influ-
ence of treatment on hen-day egg production per-
centage (P < 0.05) and number of day to zero egg 
production (P  <  0.05) (Table  4). The addition of 
maize silage as well as feed withdrawal decreased 
egg production in comparison to control group. Egg 
production ceased completely in all moulting treat-
ments. M90 treatment caused the earliest cessation 
of egg production after 4 days. The M100 treatment 
reached the zero egg production at the same time as 
FW group – after 5 days. Both M70 and M80 caused 

cessation of egg production on day 7. Egg produc-
tion ceased simultaneously with feed intake reduc-
ction in moulted treatments. Lower percentage of 
maize silage in M70 and M80 treatments tended to 
increase energy consumption rate causing later egg 
production rest in comparison to treatments based 
on 90 or 100% of maize silage.

Heterophil to lymphocyte (H:L) ratio and im-
munity response to sheep red blood cells (SRBC). 
It was observed no significant difference in H:L ra-
tio between treatments (Table 5) at the beginning of 
the experiment (day 2). On day 6 of the experiment, 
the H:L ratio was significantly higher in FW than in 
FF, M80 and M70 treatments. No significant differ-
ence was found between moulting treatments with 
maize silage and FF treatment. On day 9 of the ex-
periment, the H:L ratio for FW treatment was sig-
nificantly higher than for FF and M70 treatments but 
did not differ from other treatments. Physiological 
parameters of stress in poultry such as H:L ratio and 
suppression of humoral immunity are used for as-
sessing welfare in different moulting programmes. 
The obtained results showed that maize silage  

Table 3. Effect of treatments on organs weights, % body weight

Treatment1 Liver Spleen Heart Oviduct Ovary
FF 2.58a 0.090b 0.49 3.88a 2.63a

FW 1.55b 0.112ab 0.46 1.47b 0.84b

M100 1.66b 0.130a 0.50 1.58b 0.9b

M90 1.77b 0.113a 0.46 1.45b 0.86b

M80 1.63b 0.107ab 0.49 1.46b 0.75b

M70 1.75b 0.108ab 0.49 1.65b 0.91b

SEM 0.09 0.007 0.02 0.17 0.16
P-value 0.0001 0.01 0.73 0.0001 0.0001
1see Table 2; ab – means within a column with no common superscripts 
are significantly different (P < 0.05)

Table 5. Effect of treatments on heterophil : lymphocyte (H:L) ratio and 
antibody production against sheep red blood cells (SRBC)

Treatment1 H:L ratio, day SRBC2, day
2 6 9 2 9

FF 0.09 0.13b 0.10c 1.25 2.75
FW 0.13 0.27a 0.20a 1.62 2.60
M100 0.14 0.22ab 0.18ab 1.00 4.00
M90 0.09 0.19ab 0.17abc 1.33 2.66
M80 0.14 0.18b 0.18ab 1.57 2.80
M70 0.09 0.14b 0.12bc 1.00 3.16
SEM 0.02 0.02 0.02 0.33 0.77
P-value 0.21 0.02 0.02 0.33 0.55
1see Table  2; 2values are log2 of reciprocal dilution of antibody titer 
against SRBC; abc – means within a column with no common super-
scripts are significantly different (P < 0.05)

Table 4. Effect of treatments on egg production and number of days 
to zero egg production

Treatment1 Egg production, % Number of days to zero 
egg production

FF 40.97a –
FW 17.36b 5b

M100 21.52b 5b

M90 20.36b 4b

M80 26.15b 7a

M70 27.31b 7a

SEM   3.31 1
P-value   0.002 0.01
1see Table 2; ab – means within a column with no common superscripts 
are significantly different (P < 0.05) 
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addition did not increased H:L ratio in comparison 
to control group after 6 days; however after 9 days 
the difference was observed between FF and M100 
and M80. Davis et al. (2000) showed that H:L ratio 
remained consistent with age until the moult induc-
tion with feed withdrawal and then was significantly 
increased. Also, they reported that increased H:L 
ratio during induced moult in laying hens is most 
likely related to the adaptation to changes in meta-
bolic demands caused by physiological stress. The 
results observed in this study would indicate that 
moult induced with maize silage causes lower stress 
in hens than moult induced with feed withdrawal. 
No significant difference was observed between 
any of the treatments at any time periods in anti-
body production against SRBC. Such results are in 
agreement with the findings of Alodan and Mashaly 
(1999) who showed that different moult inducing 
programmes did not adversely affect antibody pro-
duction against SRBC.

Bone parameters. The femur dry weight of 
hens from the FF treatment (Table  6) was signifi-
cantly greater than one observed for FW and M90 
treatment hens (P < 0.05). Also a significant differ-
ence was stated between FW and M80 treatments, 
whereas no significant difference was observed be-
tween FW and other maize silage treatments. The 
moult inducing treatments (except M70) caused 
decrease of femur ash content in comparison to FF 
group with the lowest value in FW treatment. Cal-
cium serum in hens was decreased (P  <  0.05) by 
all moult inducing treatments in comparison to FF 
treatment. The skeletal fragility related to osteopo-
rosis is a main problem in old laying hens that clear-
ly influences egg production and shell quality. The 
moult induced with feed withdrawal is a potential 
factor exacerbating structural bone losses in older 
laying hens (Kim et al., 2005). The results of assess-
ing femur bone quality in this experiment suggest 

that hens lose a substantial amount of bone miner-
als during moult but this loss was lower in maize 
silage moulted hens than that of the FW moulted 
hens. Świątkiewicz et al. (2010) indicated that the 
addition of short chain organic acids to the diet for 
laying hens significantly improved bone quality. 
They reported that this influence can be probably at-
tributed to improved availability of Ca and P due to 
a decrease in pH value in the upper part of the intes-
tine and to the stimulating effect of organic acids on 
the villus height.

Conclusions
The utilization of maize silage-based moult in-

ducing diets could decrease body weight and cease 
egg production similarly to conventional total feed 
withdrawal moulting programme. Due to this fact, 
the maize silage-based treatments appear to be a via-
ble alternative to the conventional feed withdrawal. 
Likewise, it is suggested to use 70% maize silage 
addition because of reduced moulting stress in birds 
and smaller losses of bones mineralization.
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