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Introduction

Materials and Methods

Japanese quail ( ) is
recognized as a diversified poultry species augmenting
for commercial meat and egg production [1]. The quail
meat and egg are preferred over other species due to its
better nutritional and medicinal value. Quail meat is
delicious and tender with unique taste having mouth-
watering delicacy. Importance of quail production
increased day-to-day due to its early sexual maturity,
rapid growth rate, short generation interval and smaller
body size, which results in lower space and feed
requirement.

NRC [2] recommended 24% CP and 2900 kcal
ME/kg for growing Japanese quails. Quails fed on diets
with 27 and 24% CP at constant level of energy (2800
Kcal ME/kg) during starter and grower phases had
more body weight (BW) at 5 weeks of age compared to
diet with 20% CP [3]. Hyankova [4] also reported
that Japanese quail fed on diets with 26 and 21% CP
had performed well during 1-21 days and 22-35 days of
age. Higher feed conversion and growth rate were
obtained by feeding 23.23% CP with 12.97 MJ ME/kg
during 0-5 weeks of age [5]. During the recent years,
the meat production performance of Japanese quail
was improved by genetic selection. The white strain of

quail was developed by Guru Angad Dev veterinary
and Animal Science University (GADVASU),
Ludhiana, India under the name “Punjab white quail”.

Therefore, this necessary to evaluate the optimum
requirement of energy and protein for growth
performance and nutrient digestibility with improved
genetic makeup to exploit production potentiality of
meat type quails.

This research work has been carried
out with the approval of the institutional ethics
committee and as per the laws in force at the time of
carrying out this work and at the time of sending this
paper for publication.

A total of 350 day old chicks
were reared under battery brooder up to one weeks of
age by feeding standard (27% CP with 2900 ME
Kcal/kg) chick ration. Chicks were wing banded for
identification on 5 day. On 7 day, chicks were
weighed individually and distributed randomly into 9
groups having three replicates of 10 in each, after
discarding too light and too heavy chicks. The birds
were reared on 3-tier colony cages until 5 weeks of age.
Proper ventilation and light were provided throughout
the day. Fresh feed and clean water were offered

throughout the experimental period. The whole
study was conducted during autumn season. The
individual body weight and feed intake per replicate
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: The present study was investigated to determine the optimum energy and protein requirement for growth performance
and nutrient digestibility of white plumage Japanese quail during starter (1 to 3 week) and finisher (4 to 5 week) phases.

: Japanese quails were fed with nine diets consisting of three levels of energy (2600, 2800 and 3000;
2800, 2900 and 3000 Kcal ME/kg) and protein (23, 25 and 27; 18, 20 and 22% CP) during starter and finisher phases,
respectively, in 3×3 factorial design.

Protein and energy individually had no influence on final body weight (FBW) and weight gain, while feed efficiency
was significantly (P 0.05) increased. The protein × energy interaction had significant (P 0.05) effect on growth and nutrient
utilization during both starter and finisher phases.

The growth performance was higher (P 0.05) in quails fed on high protein-high energy (HP- HE) combination
(27% CP and 3000 Kcal ME/kg) and medium protein-high energy (MP-HE) combination (20% CP and 3000 Kcal ME/kg)
during starter and finisher phase, respectively in autumn season. The diet with 20% CP and 3000 Kcal ME/kg significantly
(P 0.05) increased nutrients digestibility and major minerals (Ca& P) balance.

energy, white japanese quail.
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were recorded at weekly intervals.
The dietary treatments comprise of three levels of

energy (2600, 2800 and 3000; 2800, 2900 and 3000
Kcal ME/kg) and protein (23, 25 and 27; 18, 20 and
22% CP) during starter (1-3 weeks) and finisher (4-5
weeks) phases, respectively. The ingredient and
chemical composition of experimental dietsduring
both the phases are given in Table-1.

After 5 week of experimental period,
four birds from each replicate with comparable body
weight were selected after discarding too light and too
heavy chicks. Trial was conducted for six consecutive
days including three days of preliminary feeding [5].

The residual feed was collected on the 4 day and
weighed to record the actual consumption of feed for
each group. Total faeces voided by each group were
collected after the end of the experiment and weighed.
The faeces were mixed with 25 ml 10% sulphuric acid

and dried separately at 60 C in hot air oven. Feed
offered, residual feed and dried faeces were ground and
analysed for various proximate constituents,
phosphorus [6] and calcium [7].

The data generated in present
study subjected to appropriate statistical analysis using

17 version of SPSS [8] and comparison of means was
tested as per ANOVA [9] using Duncan's multiple
range tests [10].

The
CP percentage of low protein (LP), medium protein
(MP) and high protein (HP) diets during starter and
finishing phases were 22.80 to 23.20, 24.70 to 25.20
and 26.70 to 27.10 % CP; 17.90 to 18.10, 19.70 to 19.80
and 21.80 to 22.0 % CP, respectively. Inclusion of
vegetable oil to meet the high energy requirement
within each CP level increased the ether extract levels
in the diet of that particular ration.

The effects of different levels of dietary energy

and protein during starter and finisher phases on
growth rate, feed efficiency and nutrient utilization of
white plumage Japanese quails are presented in Table-
2 and 3.

Protein as a variable singly had no
significant (P 0.05) effect on final body weight
(FBW), weight gain during starter and finisher phases

(Table-2). At the age of 3 week daily feed intake/bird,
feed conversion efficiency (FCR) and calorie
conversion ratio (CCR) was significantly (P 0.05)
higher in quails of HP and MP fed groups. While, daily
feed intake/bird and FCR were not influenced with
increase of level of protein during 3-5 weeks of
feeding. The weight gain per unit protein consumed did
not differ significantly (P 0.05) amongst the various
protein levels studied during starter phase, while
during finisher phase the protein efficiency ratio (PER)
and CCR were significantly (P 0.05) lower in quails
fed on HP(22% CP) diets.

Non-significant (P 0.05) difference was
observed in digestibility of dry matter (DM), ether
extract (EE), N- retention and calcium balance
amongst three levels of protein. Although, crude fibre
(CF) digestibility was significantly (P 0.05) highest in
LP and MP fed groups. Whereas, available phosphorus
balance was best (P 0.05) observed with MP
supplementation.

The perusal of data indicated that
there was no significant (P 0.05) difference between
the three levels energy irrespective of protein level on
FBW and weight gain during starter phase. However,
during finisher phase, highest (P 0.05) FBW and
weight gain were observed in high energy (HE) fed
group. The daily feed intake/bird decreased linearly
(P 0.05) with increase of energy concentration in the
diets. In the group fed HE, FCR and PER were
significantly higher (P 0.05) while CCR remain the
same during the entire study.

Highest (P 0.05) DM digestibility, N-retention

Metabolic trial:
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Effect of protein:
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Table-1: Percent composition of experimental starter (1-3 weeks) and finisher (4-5 weeks) rations

Starter phase Finisher phase

CP (%) 23 25 27 18 20 22

ME (Kcal/kg) 2600 2800 3000 2600 2800 3000 2600 2800 3000 2800 2900 3000 2800 2900 3000 2800 2900 3000

Ingredients
Maize 43 56.5 51 41.5 48 44 41 42 36.5 61.5 60 63 61 64 61.5 59.5 56.76 54
Soybean meal 36 39 40 42 45 46 49 51 52 23 24 25 30 31 31.4 36.5 37.0 37.5
DORP 17 - - 12.5 1.0 - 6.0 - - 11.5 10 5.0 5.0 - - - - -
Vegetable oil - 0.5 5.0 - 2.0 6.0 - 3 7.5 - 2.0 3.0 - 1.0 3.1 - 2.25 4.5
DCP 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LSP 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Additives* + + + + + + + + + + + + + + + + + +
Crude protein 22.8 23.2 23.2 24.7 25.2 24.9 26.7 27.1 27.1 17.7 17.9 18.1 19.7 19.8 19.8 22.0 22.0 21.8
Ether extract 2.93 3.85 7.03 3.10 4.60 8.00 3.28 6.43 9.20 2.95 5.05 5.70 2.80 4.23 5.63 2.83 5.30 6.80
Crude fibre 7.40 6.50 5.95 6.11 5.97 5.35 6.30 6.15 6.00 6.70 6.60 6.50 6.65 5.45 5.65 5.70 5.70 5.50
Organic matter 92.1 93.9 93.9 92.6 93.2 93.4 92.8 92.9 92.9 94.2 93.5 93.4 92.3 94.6 94.8 94.3 94.6 93.4
Calcium 1.17 1.06 1.08 1.16 1.06 1.17 1.16 1.17 1.15 1.00 1.04 1.06 1.03 1.03 1.01 1.01 1.00 1.02
Av. phosphorus 0.50 0.50 0.50 0.51 0.50 0.50 0.51 0.52 0.52 0.46 0.46 0.46 0.47 0.47 0.46 0.47 0.47 0.47

*Each 100 kg Ration contained: Salt 300g; Vitamin A 8,25,000 IU; Vitamin D3 1,20,000 IU; Vitamin K 100 mg; Riboflavin 500

mg; Thiamine 80 mg; Pyridoxine 160 mg; Cyanocobalamine 800 mg; Niacin 1200 mg; Calcium panthothenate 800 mg;

Manganese Sulphate 23 g; Magnesium Sulphate 50 g; Ferrous Sulphate 10 g; Copper Sulphate 500 mg; Potassium iodide 100

mg.
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and P balance were observed in quails fed on HE diets,
while the CF digestibility and calcium balance were
not influenced. Non-significant (P 0.05) difference in
EE digestibility was obtained between medium energy
(ME) and HE diets, which was significantly (P 0.05)
higher than low energy (LE) fed diet.

The HP-HE combination

yielded significantly (P 0.05) higher FBW and weight
gain during 1-3 weeks of age (Table-2). During finisher
phase, significantly (P 0.05) higher FBW was attained
at all high protein and energy combination and of MP-
LE and LP-HE fed groups. Non-significant (P 0.05)
difference with respect to weight gain was obtained in
the diet containing MP-HE and LP-HE fed groups

>

<

<

<

>

Protein × Energy interaction:

Table-2: Growth performance at different levels of protein and energy during starter and finisher phase.

Treatments Final body wt. (g) Gain in wt. (g) Feed intake/ F.C.R P.E.R C.C.R

1-3 4-5 1-3 4-5 1-3 4-5 1-3 4-5 1-3 4-5 1-3 4-5

Effect of Protein

Effect of Energy

Effect of Protein × Energy

bird/day (g)

LP* 159.8 244.6 123.5 84.8 21.7 30.9 2.45b 5.12 1.78 1.09 6.86 15.3

MP 159.9 247.8 123.7 87.9 19.9 30.0 2.26 4.82 1.78 1.05 6.31 14.9

HP 161.7 247.7 126.0 86.0 19.3 32.3 2.16 5.28 1.75 0.88 5.98 13.8
S.E.M 1.93 2.12 1.88 1.85 0.30 0.88 0.06 0.19 0.05 0.03 0.17 0.44

LE* 160.7 246.1 124.8 85.3 21.4 33.2 2.40 5.00 1.68 0.93 6.25 14.9

ME 159.8 242.3 123.7 82.5 20.2 30.2 2.30 4.67 1.75 0.99 6.43 13.9

HE 160.9 251.8 124.8 90.9 19.3 29.7 2.17 3.89 1.88 1.10 6.46 15.2
S.E.M 1.95 2.12 1.91 1.84 0.31 0.88 0.06 0.19 0.04 0.03 0.16 0.44

LP-LE 164.5 244.4 128.5 79.9 23.5 31.7 2.56d 5.00 1.70 1.01 6.65 15.7b

LP-ME 155.3 237.0 119.1 81.7 21.0c 29.2 2.47 4.67 1.76 1.12 6.91 14.5

LP-HE 159.7 252.4 123.0 92.7c 20.5c 31.8 2.34 4.33 1.86 1.16 7.02 14.5

MP-LE 162.5 252.6 126.1 90.1 20.6 32.9 2.30 4.67 1.74 0.97 5.98 14.5

MP-ME 160.3 239.8 124.0 79.5a 20.5 28.7 2.32 4.33 1.72 0.99 6.49 14.7

MP-HE 156.8 250.9 121.0 94.1 18.6 28.3 2.15 3.33 1.86 1.19 6.45 12.6

HP-LE 155.1 241.1 119.7 86.0 20.1 35.0 2.35 5.33 1.58 0.81 6.12 16.0

HP-ME 163.8 250.0 127.8 86.2 19.2 32.8 2.11 5.00 1.76 0.86 5.90 15.4

HP-HE 166.2 252.0 130.5 85.8 18.7 29.1 2.00 4.00 1.91c 0.96 5.91 14.3
S.E.M 0.93 0.96 0.91 0.87 0.12 0.48 0.03 0.12 0.06 0.05 0.07 0.27
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Figures with different superscripts in each row differ significantly (P 0.05) *LP-low protein, MP-medium protein, HP-

high protein * LE-low energy, ME-medium energy, HE-high energy.

<

Table-3: Percent nutrient utilization at different levels of protein and energy

Treatments N-retention Digestibility (%) Mineral retained (%)

DM EE CF Calcium Av. Phosphorus

Effect of Protein

Effect of Energy

Effect of Protein × Energy

LP 44.6 86.4 87.7 42.6 37.7 35.1

MP 49.2 86.9 89.0 43.6 39.3 44.2

HP 48.9 85.8 85.5 38.0 33.8 38.1
S.E.M 2.04 1.15 1.11 2.31 2.68 2.94

LE 47.4 86.3 84.6 40.0 35.2 36.7

ME 42.5 83.8 88.6 42.5 34.0 34.5

HE 51.4 88.4 89.3 42.4 41.0 44.7
S.E.M 2.04 1.15 1.11 2.32 2.68 2.94

LP-LE 88.6 47.1 88.3 42.3 33.6 33.2

LP-ME 82.5 42.3 86.2 41.1 38.3 30.6

LP-HE 88.2 44.5 88.4 44.5 41.2 41.5

MP-LE 84.1 44.1 84.8 42.5 40.0 42.6

MP-ME 82.7 41.4 88.9 43.0 26.3 33.8

MP-HE 92.5 59.5 92.7 45.8 47.2 52.7

HP-LE 86.3 50.9 80.6 35.0 31.9 34.2

HP-ME 87.0 43.9 91.1 44.2 35.3 41.2

HP-HE 84.5 50.2 86.8 36.9 34.7 39.9
S.E.M 1.56 3.20 1.52 4.28 4.59 4.76
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Figures with different superscripts in each row differ significantly ( )P 0.05<
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which was significantly (P 0.05) higher than rest of
treatments. Lowest (P 0.05) daily feed intake/bird at

3 week of age was observed at HE supplemented diet
in both with HP and MP fed groups. However, daily
feed intake/bird was decreased with increase in energy

level at all the levels of protein at 5 week of age.
Highest FBW, weight gain and lowest daily feed intake
resulted in higher (P 0.05) FCR, PER and CCR in the
HP-HE and MP-HE supplemented diets during starter
and finisher phase respectively.

MP-HE fed group exhibited significantly
(P 0.05) higher digestibility's of DM, EE, and CF, N-
retention, calcium and available phosphorus balance.

Improper level of energy leads to restriction of
feed intake which also lower protein intake that might
induce amino acid deficiencies causing negative effect
on performance. Again protein has the highest heat
increment amongst dietary nutrients, therefore, low
protein diet recommended on heat stressed broilers
[11]. Effect of different levels of protein and energy on
growth performance and nutrient utilization were
studied in broiler quails.

Japanese quail required a dietary
protein level of 26 to 27% CP during initial phase of
growth (5-27 days of age) for optimum weight gain and
feed efficiency [12, 13]. Similarly, Rajini and Narhari
[14] also recommended that dietary protein level of
28% and 20% irrespective of energy level during
starter and finisher phase had better (P<<0.05) growth
rate and feed efficiency.The positive effect of higher
dietary level of protein on growth performance of quail
was obtained only up to starter phase [15, 16, 17]. FCR
significantly (P<0.05) better at high protein level
which remained statistically similar at medium (22%
CP) and low (20% CP) protein level during 0-28 days
of age [18]. Whereas, non-significant differences were
observed on gain in weight, feed intake and feed
efficiency at different (23 and 25% CP) levels of
protein at 5 weeks of age [19, 20]. Karaalp [21]
also reported that PER decreased (P<0.05) with higher
levels of crude protein in the diet (20-24% CP).

The improvement of gain in weight
and FCR at highest level of energy could be due to the
use of fat to increase the energy level and the increment
of digestibility of nutrients. With decrease of dietary
energy the feed intake increases due to compensate
energy intake [22]. Elangovan [23, 24] reported
that body weight gain was significantly higher in the
diet with 2900 and 2700 Kcal ME/kg than 2500 Kcal
ME/kg diet. While, CCR remained same at various
level of energy during 4-7 weeks of age [25].

An interaction existed in
weight gain between energy and protein as least weight
gain (P<0.05) observed in both ME (12.13 and 13.39)
fed groups with low CP diet [26]. Significantly
(P<0.01) higher gain in weight and better FCR was

observed by supplementing highest level of protein and
energy combination (27% CP with 3200 Kcal ME/kg)
[13, 27]. Whereas, Shrivastav [28] recommended
27% crude protein and 2800 kcal ME/kg for the quail
up to 2 weeks of age and 24% CP with the same energy
level from 3 to 5 weeks of age in dry tropical climate.
Better utilization of dietary protein with respect to
energy intake results highest (P<0.01) N-retention at
MP-HE was in agreement of results obtained by Kaur

[5] in quails fed different energy and protein or
EAA combination.With increase of live weight gain
might be increased mineral balance as most of the
enzymes related to protein and energy metabolism are
mineral dependent [29].

The results of the present study indicated that
white plumage Japanese quails performed well at 27
and 20% CP with 3000 Kcal ME/kg diet during starter
and finisher phase, respectively in autumn season. The
digestibility of proximate constituents and major
minerals (Ca and P) balance were higher at 20% CPand
3000 Kcal ME/kg during the finisher phase.
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authors read and approved the final manuscript.
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