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Abstract: This study was carried out to investigate the effects of feed restriction on some performance and
reproductive parameters in Japanese quails. Two weeks old birds were randomly allocated to three feed
restriction groups with three replicates 7 males, 7 females. Body weight, live weight gain, feed conversion
ratio were measured during growth period (between 2 to 5 week of age). In egg production period (from 6
to 15 week), body weight and age at first egg, egg production, fertility, hatchability, embryonic mortality,
liveability, vitality and hatching chick weight were evaluated from replicates of one female and one male per
treatment. In 3rd and 4th weeks of age, body weight was found higher ad /ibitum group than 15 and 30%
restricted feed groups. No treatment differences were ohserved among body weight within sex groups from
2 to 5 week. In 5th week, average live weight gain of group ad /ibitum, 15 and 30% feed restriction, 5.18, 6.97
and 8.37 g, respectively. In 12 week of age, hatching chick weight was heavier for 30% feed restriction group
than ad fibitum group. Body weight and age at first egg, egg production, fertility, hatchability, embryonic
mortality, liveability and vitality were unaffected by feed restriction. These data indicated that by 30% feed
restriction can be practiced for 2 weeks (at 3 and 4 week) during growth period of quail. As a result, 15 and
30% restriction of ad fibitum feed intake from 2 to 4 week of age without detrimentally affecting reproductive

and hatchability parameters between 6 to 15 week of age.
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INTRODUCTION

In the poultry industry, the selection and genetic studies
was made in the direction of rapid growth and live weight
gain, those are result of the rate of growth had increased
and the highest point in terms of body weight had
reached in animals. Unfortunately, as a negative effect
of very fast growth rate is usually increased body fat
deposition, high incidence of metabolic disorders, high
mortality rate, high incidence of skeletal diseases, foot
and leg problems and those are results of continuous
genetic and improvement in nutrition (Altan ef a/., 1998;
Bozkurt et af, 2001; Bilgili et af, 2009, Naeim Saber ef
al, 2011; Sahraei, 2012). Also, the negative correlations
between body weight and reproduction traits (Siegel,
1980}, the negative correlations between excess body fat
and egg production, fertility and hatchability (Wilson and
Harms, 1986) were found. These situations most
commonly occur with broilers that consume feed ad
libitum (Sahraei, 2012). Thus feed restriction has been
proposed to reduce these problems. Early feed
restriction is a common industry practice to control
growth in meat-type birds used for breeding stock and to
eliminate the adverse effects of these problems in
poultry (Plavnik and Hurwitz, 1991, Crouch ef af,
2002a,b; Tumova ef al.,, 2002; Ocak and Erener, 2005;
Hassan et al, 2003; Kalpak and Sogut, 2009). Limiting

feed intake depresses growth during the period of feed
restriction, but reduced growth can be later
compensated by realimentation (compensatory growth)
(Plavnik and Hurwitz, 1985, 1988; Altan ef al., 1998;
Govaerts et al., 2000; Tumova ef af,, 2002; Hassan et af.,
2003). Thus, the skeletal system and vital organs
development are given priority by depresses the rate of
growth at an early age (Altan ef a/., 1998). During the
period of compensatory growth live weight gain can be
ensured (Plavnik and Hurwitz, 1985, 1988; Altan ef al,
1998; Hassan ef al, 2003; Kalpak and Sogut, 2009),
feed efficiency can be improved (Plavnik and Hurwitz,
1985, 1988, 1991; Altan et al., 1998) and body fat can be
reduced (Plavnik and Hurwitz, 1988; Ferket and Sell,
1990). Naeim Saber et al. (2011), Meyer et al. (1980),
Owings and Sell (1980) suggested that early feed
restricted has no significant effects on feed conversion
ratio in broiler and turkey. Hassan et af. (2003) reported
that feed restriction has no significant effects on
hatchability, early age embryonic deaths in Japanese
quails, but feed restriction has significant effect on body
weight at first egg. However, it was determined that feed
restriction has no significant effect on body weight at first
egq (Zelenka ef af., 1984). Bozkurt ef a/. (2001) reported
that restricted chickens did not show a significant effect
in body weight, egg production, hatching chick weight
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and hatchability traits. Tumova et al. (2002), suggested
that physical feed restriction at early age of birds for a
short period stimulated compensatory growth and its
depend on a number of factors such as intensity, time
and duration of restriction, sex and strain.

The purpose of this study was to evaluate the effects of
feed restriction on performance parameters (body
weight, feed consumption, feed conversion ratios
(FCRY)), reproductive parameters (body weight and age
at first egg, first egg weights, egg weight and egg
production), hatchability traits (fertility, hatchability,
embryonic mortality, liveability and vitality) and hatching
chick weight in Japanese quail.

MATERIALS AND METHODS

This study was conducted out in the Poultry Research
Unit of Faculty of Veterinary Medicine, University of Adnan
Menderes. As animal material, total 126 (63 male, 63
female) two weeks old birds were randomly allocated to
three feed restriction groups as three replication (in each
replicate group; 7 males, 7 females). Birds were housed
in quail brooding batteries with 40x48x38 cm pens from
hatch until Swk of age. In this study, the 1st group (G1)
was control fed by ad fibitum, the 2nd group (G2) was
15% feed restricted by control chicks fed ad fibitum on
the previous day and 3rd group (G3) was 30% feed
restricted of the control. Quails were fed a starter diet
containing 21.0% crude protein from 2 to 5 weeks of age
and then fed 15% crude protein from 6 to 15 weeks of
age (Table 1). Mean feed intake for ad fibitum and 15
and 30% restricted intakes were 14.26, 12.24 and 10.38
g/d in females, 13.67, 11.76 and 10.44 g/d in males
during week 3; 19.89, 17.24 and 15.05 g/d females,
20.23, 16.78 and 16.03 g/d males during week 4,
respectively. All treatments were allowed water ad
fibftum and were provided continuous lighting (24L.0D)
exposure to 5 week of age, while the lighting schedule
was changed to 16L:8D from 6 to 15 week of age.
Individual body weight was recorded weekly and feed
conversion ratio was calculated for each group from 2 to
5 week of age. Body weight was weighted with a scale
(sensitive to 0.1 g) individually.

In egg production period (from 6 to 15 week), the quails
were placed as one female and one male at random in
individual breeding cages (21 x 20 x 27 cm) having 5
floors with 5 divisions in each floor. The replicate groups
was formed 17, 18 and 15 individual breeding cages for
control group, 15 and 30% feed restriction groups. In this
period, quails were used to study the effect of early feed
restriction on subsequent reproductive and hatchability
traits.

Individual female body weights were measured by a
digital scales with a sensitivity of 0.1 g. Mortality was
recorded daily. Age and body weight at first egg and
weekly egg production were recorded from 6 to 15 week
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Table 1: Compositions of the experimental diets

Ration
Ingredient Starter (%) Breeder (%)
Calculated nutrient content
Dry matter 88.00 88.00
ME (kcal/kg) 3250 2650
Crude protein 21.00 15.00
Lysine 1.35 0.70
Methionine+cystine 0.90 0.65
Methionine 0.50 0.35
Crude cellulose 6.00 7.00
Crude ash 7.00 13.00
Calcium 0.9-1.50 3.40-4.00
Available phosphorus 0.65 0.60
Sodium 0.15-0.30 0.16-0.30
NaCl 0.30 0.35

of age. Average egg weight were taken during the first 3
consecutive d of each week and individually weighed to
the nearest 0.01 g. Hatchability traits were determined 8
and 12 weeks of age.

Daily collected quail eggs were stored in a storage
room for 5 day at 16-18°C and 55-60% relative humidity
(RH) and stored eggs were rotated 45°C regularly
twice a day. The eggs grouped for feed restriction
experiments were all placed in a cabinet incubator
(Cimuka) at the same time and were transferred to the
hatching trays at the 15th day of the incubation. The
incubator was set to 37.7°C, 60% RH for the first 15 days
and 37.5°C, 70% RH for the last period. Both eggs and
hatched chicks were weighted with a scale (sensitive to
0.1 g) individually. All unhatched eggs were broken on a
flat layer for determining fertility and stages of the
embryonic growth. After this inspection eggs were
determined as unfertile while embryonic deaths were
classified as early age (between 0-86 days of the
incubation) and late age (7-17 days of incubation)
embryonic deaths.

Statistical analysis: SPSS version 15.0 (SPSS, 2006)
was used for analysis and a General Linear Model
(GLM) was designed to reveal the effects of the sex and
feeding level on hody weight in growth period. When a
significant effect was noted (p<0.05), means were
compared by Duncan's multiple range test (Duncan,
1955). Kruskal-Wallis ANOVA was used to determine the
effect of feeding level on live weight gain, feed
consumption and FCR data, also Mann-Withney U test
was used to determine the effect of sex on live weight
gain, feed consumption and FCR data (Tekin, 2010). In
egg production period (6-15 weeks), the differences in
hatching chick weight, age at first egg, body weight at the
first egg, first egg weight, average egg weight
parameters between feed restriction groups were
compared with One-way ANOVA test (Ozdamar, 2004).
Chi-square test was performed to analyze the egg
production, fertility rate, hatchability, liveability and
embryonic death parameters.
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RESULTS

It was determined that body weight had increased in
Japanese quail as parallel to increase in age for feed
restriction and sex groups (Table 2). In 3 and 4 weeks of
age, body weight was found higher ad fibitum group
than 15 and 30% restricted feed groups. At the end of the
growth period (5 week of age), body weights were
determined as 162.25, 158.77 and 154.59 g for control,
15 and 30% feed restriction groups, respectively. It was
revealed that feed restriction has no statistically
significant effect on hody weight. No interactions were
observed among feed restriction and sex groups at any
age in the growth period. The highest live weight gain
was found as 4.78 and 5.40 in control group, at 3rd and
4th weeks of age, respectively, but the lowest live weight
gain was found as 5.18 in control group at 5 weeks of
age (Table 3). The daily average feed consumption,
except for Sth week, in the all weeks, the highest values
were detected in the control group (Table 3). One week
after termination of restricted feeding (5 week of age),
FCR was the better (3.31 g feed/g live weight gain) in
30% feed restriction group than in control group (4.43 g
feed/g live weight gain).

Ages at first egg were determined as 47.35, 50.22 and
50.69 day (F:1.061, p=0.0%); body weights were
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determined as at first egg 217.08, 218.98 and 223.96 g
(F:0.334, p>0.05); first egg weights were determined as
9.10, 8.97 and 9.49 g (F:0.526, p=0.05) for ad fibitum
group, 15 and 30% feed restriction groups, respectively.
Hatchability traits and hatching chick weight in control
group and different feed restriction groups were given in
Table 4. Hatched chick weights were found higher 30%
feed restriction group (8.23 @) than ad fibitum group
(7.76 g) in 12 week, (p<0.05).

DISCUSSION

In this study, significant decreases were observed in
body weight and live weight gain in 15 and 30% feed
limitation groups on the 3rd and the 4th weeks, however
on the 5th week, similar body weight values were
obtained among the groups. The results are similar to
those of other studies on quails (Sabine ef af., 1995;
Hassan et a/, 2003; Kalpak and Sogut, 2009) and on
broiler chickens (Altan et al., 1998; Rahimi et al., 2005;
Shaddel Telli ef af, 2012). It can be said that feed
restriction implementation had a negative effect on live
weight gain and free feeding provided the compensatory
growth. Altan et al (1998) found that the growth
retardation caused by feed limitation was compensated
on the 6th week. In ad libitum fed group, feed conversion

Table 2: Least square means for body weight during 2 to 5 week of age'

--- Feed restriction groups (F) - --- Sex groups (S) --- ----— F value and significant --—-
Age Expected mean G G, G, Female Male
(week) (1) (n =126) SX (n=42) (n=42) (n=42) (n=63) (n=63) F S FXS
2 53.43 1.04 54.49 53.40 52.41 53.94 52.93 0.333 0.237 0.151
3 79.01 1.61 87.80° 76.41° 72.83" 80.82 77.21 7.846™ 1.253% 0.937
4 111.70 1.92 125.81¢ 110.08" 99.24¢ 112,77 110.63 15,919 0.311 0.461
5 158.54 1.74 162.25 158.77 154.59 161.562 155.55 1.583 2.965 0.003
abMeans with different superscript letters in the same row differ (p<0.05) ~: Not significant, *p<0.01, **p<0.001
Table 3: Live weight gain, feed consumption and feed conversion ratios data in early feed restriction and sex groups
Weeks
3 4 5 General
Growth parameters Feed restriction groups {(n = 6) HESX H+SX HESX HESX
Daily average live weight G, (Ad libiftun feeding) 4.78+0.40° 5.40+0.33° 5.1840.33" 5.1240.20
gain (g) G, (15% feed restriction) 3.28+0.30° 4.78+£0.12* 6.97+0.32° 5.01+0.38
G; (30% feed restriction) 2.93+0.28" 3.90+0.51° 8.37+0.69 5.07+0.64
p o i . _
Daily average Feed G, (Ad libifum feeding) 13.98+0.35° 20.06+0.13" 22.68+0.52 18.90+0.90
consumption {g/quail/day) G, (15% feed restriction) 12.00£0.15° 17.01+0.28° 23.71£0.49 17.57+1.18
G; (30% feed restriction) 10.42+0.58° 15.53+0.56¢ 24.76+1.08 16.90+1.50
p i i _ _
FCR (g feed/g live weight gain) G, (Ad libitum feeding) 2.99+0.16° 3.80+0.27 4.43+0.20° 3.74+0.18
G, (15% feed restriction) 3.68+0.12: 3.55+0.09 3.42+0.11° 3.55+0.63
G, (30% feed restriction) 3.73+0.45° 4.23+0.40 3.310.19° 3.76+0.22
P * _ HE -
Sex groups (h = 9)
Daily average live weight Female 3.8710.42 4.56+0.40 6.911+0.63 5.1110.38
gain (g) Male 3.47+0.28 4.83+0.29 6.77+0.55 5.02+0.34
=] - - - -
Daily average Feed Female 12.31£0.69 17.39+0.74 23.9640.66 17.89+1.01
consumption {g/quail/day) Male 11.96+0.50 17.68+0.71 23471066 17.70+£0.98
=] - - - -
FCR (g feed/g live Female 3.32+0.18 3.99:+0.29 3.65+0.26 3.65+0.15
weight gain) Male 3.61+0.30 17.68+0.71 3.79+0.18 3.71+0.13
=] - - - -
=t peans with different superscript letters in the same colomn differ (p<0.05) -: Not significant *p<0.05 **p<0.01 " Number of Repeat group
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Table 4: Effect of early feed restriction on egg weight, hatchability traits and hatched chick weights in some week

Weeks

8 10 12 14 General
Parametreler G, G, G, G, G G, G, G, G, G, G, G, G, G, G,
Egg weight (g) 10.27 992 1038 1083 1052 11.04 1111 1121 11.38 1186 1140 11.24 11.07 1091 1099
F 2445 2440 0.618~ 1.742- 1.684
Egg production (%) 67.2 68.3 66.7 67.2 698 676 705 70.6 714 714 722 T4 69.0 704 69.3
Xz e 0 e N B -------- 0.025~ 0.025~ 0.505~
Vitality (%) 100.0 100.0 100.0 100.0 100.0 100.0 9.1 100.0 100.0 100.0 100.0 4100.0 98.5 100.0 100.0
X e < B 1.951~
Fertility (%) 814 683 714 - - 825 725 88.2 - - 81.9 704 80.8
S - 2508 - - - —eeeen 37527 e - - e 4 A TE -
Hatchability (%) 66.1 537 548 - - 684 55.0 70.6 - - 67.2 543 63.4
X e 2,026 - - - - —eeeen 27537 - - 3.456~
EAED (%) 8.3 36 6.7 - - 21 17.2 11.1 - - 53 10.5 9.3
Xz o= 06507 - - - = 53T - - 1.654~
LAED: (%) 104 179 167 - - 14.9 6.9 8.9 - - 126 12.3 12.0
Xz —eee- ] 0247 oo - - el . o5 - - 0.016~
Liveability (%) 81.3 786 76.7 - - 83.0 75.9 80.0 821 772 78.7
x —eeo- 02467 oo - - —eeeee 05727 e 0.611~
Hatching chick 7.43 7.03 730 - - 776" 802+ 823 - - 7.60 7.69 7.88
weight (g)
F —-oooo- 2,068 -------- - - oo 3242 oo - - 2,154~

a,b,c Means with different superscript letters in the same row differ (p<0.05)
-: Not significant EAED: Early age embryonic death

rates were found to be hetter than those of other groups
on the 3rd week and a better feed conversion was
determined on the 5th week in 30% feed limited group.
It can be said that quails digest the feed hetter when
their feed was limited and have a better feed conversion
(Konca ef al., 2000; Shaddel Telli et al, 2012). The
general (3-5 weeks) average feed conversion rate
showed no changes depending on feed limitation
programs, however the best feed conversion rate was
found in 15% feed limitation group. Similar to the results
of this study, Hassan et al. (2003) on quails, Rahimi ef
al. (2005), Naeim Saber et a/. (2011) and Shaddel Telli
et al. (2012) have reported on broiler chickens that
limited feeding has no significant effect on feed
conversion. In addition to these researchers, Ocak and
Erener (2005) determined that feed conversion rates on
quails 3-5 weeks of age in 30% feed limitation and ad
libidum groups were 5.98 and 5.69 g feed/g live weight,
respectively (p<0.05). Evaluations on the examined
weeks and in general evaluations (3-5 weeks), it was
found that gender has no significant effect on feed
consumption and feed conversion rates. This result
shows similarity to those by Hassan ef a/. (2003). In 15
and 30% feed limitation groups, the first egg-laying age
(day 50.22 and day 50.69, respectively) was delayed by
approximately 3 days compared to the control group (day
47.35). However, in order to obtain the minimum live
weight necessary for their sexual maturity, quails
presented an accelerated growth following the early
period feed limitation, the highest live weight value in the
first egg was determined in 30% feed limitation group
(223.96 g). Similar results were also reported by Sabine
et al. (1995); Hassan ef al. (2003), Ocak and Erener
(200%). With this result, it can be said that the decrease
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LAED: Late age embryonic death

in live weight at the end of the 5th week in quails in feed
limitation groups may have delayed the egg efficiency
starting age. Because, live weight and body fats of
poultry animals are important factors in determining the
egg-laying age. Kwakkel et al. (1995) reported that the
delay in egg efficiency starting age may have an
important role in continuation of egg peak efficiency and
in the reduction of prolapse problems. It was found that
the effect of early period feed limitation on the first egg
weight, the general (8th-15th weeks) average egg weight
and the egg efficiency was not statistically significant.
These results show similarity to those reported by Ferket
and Moran (1986), Hassan ef al. (2003), Ocak and
Erener (2005). In addition to these researchers, some
researchers have reported that early stage feed
limitation have reduced the egg efficiency in quails
(Sabine et al., 1995) and in turkeys (Miles and Lesson,
1990a). The effect of feed limitation on vitality was found
to be non significant and this results was found to be
similar to those reported by Lee (1981), Sabine et al.
(1995) and Hassan et al. (2003). The effect of storage
period statistically had no effect on the general (8-12th
weeks) average fertility rate and hatching force and this
result showed consistency with the study results on
quails (Sabine ef al, 1995, Hassan ef al., 2003), in
turkeys (Owing and Sell, 1980; Miles and Lesson,
1990b) and in broiler chickens (McCartney and Brown,
1980; Fattori ef al., 1991). The general average late
pericd embryonic mortality rate value were statistically
not significant in 30% feed limitation group, however it
was found to be lower than those of control and 15%
feed limitation groups. This result is consistent with the
results of similar researches (Narahari ef al., 1988;
Hassan et af,, 2003) in which feed limitation at early
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periods were used at certain levels. In the weeks that
were examined, it was determined that early and late
period embryonic deaths were not affected from feed
limitation and this result was found to be consistent with
the results reported by Bozkurt ef al. (2001). Chick
hatching weight as general average weight is found
highest (7.88 g) in 30% feed limitation group quails and
it was reported that feed limitation at early period
implementation has no significant effect on chick
hatching weight. These results are consistent with those
by Bozkurt ef af. (2001).

Consequently, 15 and 30% limited feed implementation
to quails for two weeks have significantly reduced the
live weight, live weight increase and feed consumption
on the 3rd and the 4th weeks. The reductions in live
weight, live weight increase and feed consumption as a
result of feed limitation were found to be statistically not
significant at the end of the growth period (35th day). At
the end of the 5th week, it was demonstrated that feed
conversion rates have given better results in 30% feed
limitation group than those in other groups. It can he
said that the compensatory growth rate provided by feed
limitation implementation at early periods have reached
the feed consumption and live weight increase rates and
compensatory growth have role in obtaining similar live
weights in groups. It can be said that feed limitation at
early periods may be a practical method in quail farming
for reducing the negative effects of ad /ibitum feeding on
feedlot performance by delaying the growth. Gender
statistically had no significant effect on live weight, live
weight increase, feed consumption and feed conversion.
Feed limitation implementation at early periods had no
significant effect on the first egg-laying age, the live
weight at the first egg, the weight of the first egg, the
general average egg weight, egg efficiency, vitality,
hatching properties and chick hatching weight.
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