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EFFECTS OF DIETARY LEVELS OF METHIONINE AND LYSINE
ON PERFORMANCE OF GROWING JAPANESE QUAIL

Mahomed M.M. Ali; Ibrhem A. Abdel Kader and Esmat M. Omar
Poultry Production Dept., Fac. of Agric., Fayoum Univ.

ABSTRACT:

The experimental work was designed to study the effects of
supplemental methionine (Met) and lysine (Lys) on performance of
growing japanese quail. Two hundred and seventy, lday - old
unsexed birds were allotted to 5 treatments and were fed the
experimental diets. The composition of the experimental diets were as
follows:

1. D1, corn-soybean meal diet with an animal protein source
containing methionine and lysine levels as recommended by
NRC, 1994.

2. D2, corn-soybean meal diet without any source of animal protein
or supplemental methionine and lysine. The diet has a deficiency
of methionine and lysine and considered as the negative control.

3. D3 is the same composition of D2 and supplemented with
methionine and lysine as recommended by NRC, and considered
as the control.

4. D4 is the same composition of D3 with supplemental methionine
and lysine to the level of 120% of NRC, recommendations.

5. D5 is the same composition of D3 with supplemental methionine
and lysine to the level of 140% of NRC, recommendations.

The results obtained indicated that there were insignificant
effects of increasing dietary Met and Lys levels on Japanese quail
growth performance. The diet containing no more than 1.12% Lys
and 0.42% Met (D2) was enough for satisfactory live body weight
(LBW), growth rate (GR), performance index (PI) and feed intake
(FI). With respect of the whole period, there were insignificant effects
of increasing dietary Met and Lys levels on Japanese quail feed
conversion (FC), crude protein conversion (CPC), and caloric
conversion ratio (CCR), also the dietary 1.12% Lys and 0.42% Met
levels were sufficient to obtain the optimum values of FC, CPC and
CER for Japanese quail. From the economical point of view, it can be
recommended that the diet containing no more than 1.12% Lys and
0.42% Met levels were the best diet for feeding the growing Japanese
quail.

Key Words: Quail Nutrition, Amino Acid, Methionine and Lysine,
Performance.

INTRODUCTION

Methionine is the first limiting amino acid followed by lysine in most
poultry diets. Therefore, supplementation of methionine (Met) and lysine
(Lys) to practical poultry diets should increase the efficiency of protein
utilization and result in a reduction of N excretion. Extensive literature have
been published that document the efforts to optimize the balance of amino
acids in poultry diets in order to decrease costs, reduce need for animal or
fish proteins, replace soybean meal with less expensive or more locally
available plant proteins, and utilize plant proteins more efficiently (D"Mello
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1994). Results of Shrivastav et al., (1984). indicated that 1.3% dietary lysine
was adequate for maximum growth and feed efficiency during the growing
periodof growing quails. Studies on the total sulfur-containing amino acid
requirements of starting and growing quail indicated that about 0.48%
methionine and 0.27% cyctine were adequate for optimum performance for
quail of both 0-3 and 4-5 weeks of age (Shrivastav and Panda, 1987).

The NRC (1994) recommened 0.5% methionine requirement of diet
for growing japanese quail. A moderate growth depression was observed by
Tamimie (1967) when supplemented a conventional diet with 1.2% L-
methionine. However, supplementing an adequate dietary protein for
Bobwhite quail with up to 2.0% methionine did not significantly depress
growth or influence feed consumption and feed utilization. Growth was
significantly depressed in quail fed diets supplemented with 2.25% or 2.5%
methionine. Feed consumption was significantly depressed and feed/gain was
significantly elevated by a dietary level of 2.5% methionine, which supplied
up to 1.35% excess methionine in the diet but it had no effect on growth or
feed utilization (Serafin, 1982). Shrivastav et al (1984) studied the
performance of growing quail from 0 to 3 weeks of age as influenced by
graded concentrations of lysine and they found that when the level of lysine
increased from 0.9% up to 1.3% optimum body weight gain was obtained.
Feed conversion ratio decreased from 2.59¢g feed/g gain with lysine level of
0.9% to 1.88g/gain with 1.7% lysine. The protein efficiency ratio increased
from 1.43 to 2.08 with the same increasing levels of lysine (0.9% to 1.7%).
Nitrogen absorbability % decreased with the same levels of lysine from
70.1% to 63.2%. Svacha et al. (1970) found that during the first and second
period(0-3 weeks and 0-5 weeks) of quail age when the dietary lysine
increased from 0.64% up to 1.46%, all the performance mesurments of quail
improved

Heartland (1999) indicated that the NRC (1994) recommended lower
levels of methionine for the growing period of broilers. Increasing
methionine by 12% improved growth, feed efficiency, carcass yield and
breast meat yield. However, El-Deek et al., (2002) reprted insignificant
effects of increasing methionine level on carcass % or intestinal length of
broilers. Si et al. (2001) studied the relationship of dietary lysine level to the
concentration of all essential amino acids (EAA) in broiler diets. They found
no significant interactions between level of lysine and the other EAA for live
performance and carcass characteristics. Additional lysine of 0.1% above
NRC (1994) recommendations increased the body weight at 21-42 days of
age. The objective of this work was to study the effect of different
supplemental levels of methionine and lysine on the performance of growing
Japanese quail

MATERIALS AND METHODS

The experimental work of the present study was carried out at the
Poultry Research Station, Poultry Production Department, Faculty of
Agriculture, EIl-Fayoum University. Chemical analyses were performed
according to the procedures outlined by A.O.A.C (1990). Two hundred and
seventy one day old unsexed Japanese quail birds were used in the
experiment and were initially fed diet 1(D1) for 10 days (Table 1) and the
(D1) contenued as the first treatment. Birds were individually weighed, wing-

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



EFFECTS OF DIETARY LEVELS OF METHIONINE AND....... 220
banded and randomly allotted to five dietary treatments. Each dietary
treatment contained 54 birds in 3 replicates of 18 quail each. Birds were
reared in electrically heated batteries with raised wire mesh floors and had
free access to feed and water. Batteries were placed into a room provided
with a continuous lighting and fans for ventilation. The birds were reared
under similar environmental conditions, and were given the experimental
diets from the end of the first 10 days of age until 38 days of age (growing
period). Live body weight (LBW) and feed intak (FI) values were recorded
weekly. Besides, records of daily mortality were obtained.

Live body weight gain (LBWG), growth rate (GR), feed conversion
(FC), crude protein conversion (CPC) and caloric conversion ratio (CCR)
were calculated. Also performance index (Pl) was calculated according to
North (1981).
The composition of the experimental diets were as follows:
D1, corn-soybean meal diet with an animal protein source containing
methionine and lysine levels as recommended by NRC, 1994,
D2, corn-soybean meal diet without any source of animal protein or
supplemental methionine and lysine. The diet has a deficiency of both
methionine and lysine and is considered as the negative control.
D3 is of the same composition as D2 but supplemented with both methionine
and lysine as recommended by NRC 1994, and is considered as the control.
D4 is of the same composition as D3 but supplemented with both methionine
and lysine to the level of 120% of NRC, 1994 recommendations (20% above
NRC).
D5 is of the same composition of D3 but supplemented with both methionine
and lysine to the level of 140% of NRC, 1994 recommendations (40% above
NRC)
Analysis of variance was conducted on the data in accordance with
procedures described by Steel and Torrie (1980) using general linear model
procedure of SPSS program (1997). Significant differences among treatment
means were determined using Duncan's multiple range test (Duncan, 1955).
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Table 1. Composition and analysis of the experimental diets.

Item Diet No

D, D, D D, Ds

Yellow corn, ground 59.00 56.00 55.92 55.56 55.20
Soybean meal (44% CP) 30.00 33.50 33.50 33.50 33.50
Herring fish meal (72% CP) 8.00 0.00 0.00 0.00 0.00
Corn gluten meal(65% CP) 0.00 7.50 7.50 7.50 7.50
Calcium cabonte 1.86 1.70 1.60 1.60 1.60
Di calcium phosphat 0.50 0.70 0.62 0.62 0.62
Sodium chloride 0.30 0.30 0.30 0.30 0.30
Vit.& Min. Premix™. 0.30 0.30 0.30 0.30 0.30
DL-Methionine 0.04 0.00 0.08 0.18 0.28
L-Lysine 0.00 0.00 0.18 0.44 0.70

Total 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Calculated analysis (%):-°
Crud protein 24.11 24.32 24.31 24.91 24.41
Ether extract 3.28 2.58 2.58 2.57 2.55
Crud fiber 3.45 3.67 3.67 3.66 3.66
Calcium ash 1.11 1.05 0.98 0.98 0.98
Available P 0.37 0.24 0.23 0.23 0.23
Methionine 0.52 0.42 0.50 0.60 0.70
Cystine 0.37 0.45 0.45 0.45 0.45
Lysine 1.48 1.12 1.30 1.56 1.82
ME, kcal/kg 2902 2904 2912 2918 2923
Determined analysis(%):-
Moisture 7.30 7.19 6.97 7.20 7.30
Crud fiber 23.97 23.48 24.09 24.09 24.22
Ether extract 3.50 2.40 2.88 2.90 2.80
Crud fiber 3.51 3.80 3.76 3.71 3.70
Ash 6.13 6.22 5.80 5.62 6.32
Methionine 0.33 0.29 0.37 0.47 0.57
Cystine 0.35 0.31 0.32 0.32 0.32
Lysine 0.97 0.72 0.92 1.18 1.44
Cost (L.E./ton);® 935.6 747.3 788.7 818.2 859.6
Relative cost* 125.2 100 105.5 109.5 115
Relative cost** 118.6 94.7 100 103.7 109

1-Each 3.0 kgs of premix supplies one ton of the diet with :- Vit. A, 120000001U;
Vit.E,10g; Vit.D3, 2500000 IU; VitK;2.5g; VitB; ,1g;Vit.B2,5g; Vit.B6,1.5g;
Vit.B12,10mg; Biotin,50mg; Folic acid, 1g; Nicotinic acid, 30g; Ca pantothenate,10g,
Choline chloride, 1050g;Zn, 55g;Cu,10g; Fe,35g; Co,250mg; Se,150mg; I, 1g; Mn, 60g
and antioxidant, 10g

2-According to tables of NRC,1994.
* Assuming diet 2 as a negative control

RESULTS AND DISCUSSION
1- Effect of Met and Lys supplementations on Japanese qualil
performance:

3-According to the market prices of 2001
** Assuming diet 3 as a corn- soybean control.

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



EFFECTS OF DIETARY LEVELS OF METHIONINE AND....... 222
Data in Table 2 show the effects of dietary Met and Lys
supplementations on LBW, LBWG, GR and FI of Japanese quail. Met and
Lys significantly affected LBW (P <0.05) at the 17d of age. Quails fed the
higher supplements of Met and Lys, (diets 4 and 5) and those fed diet 1
containing fish meal had the highest LBW at that age (17d). The lowest LBW
values were observed in the birds fed the diets deficient in Met and Lys (D2)
or those fed the recommended level of NRC (D3). It appears that quail birds
at this young age (10-17) are sensetive to the levels of Met and Lys.
However, insignificant effects were observed at the final age of 38d. The
final LBW of quails fed the diffrerent experimental diets ranged between
164.46 and 167.64g. It can be noticed that as the birds grew older, less
differences in LBW were observed among the different treatments. Leclercq
(1998) found that Lys deficiency decreased growth in broilers. Also
Heartland (1999) reported that increasing Lys levels from 0.85 to 1.05% in
broiler diets had no effect on final body weight. Generally, as the birds grew
older, the levels of Met and Lys became ineffective. This may be due to the
mild levels of Met and Lys (deficient or excess) which were not sufficient to
produce the effect of Met and Lys levels on body weight. Moreover, Met%
by calculation was found to be higher than that determind in the 5
experimental diets ranging between 23 and 57%. Similarly, it was founed that
calculated Lys in the experimental diets was higher than that determined by
26 to 56% (Table 1). Also Hicklinig et al (1990) found that the small
negative effect of Lys (1.51% of diet) on 21 days broiler body weight may be
due to the decrease in feed consumption and this depressed LBW. Significant
differences existed during the growth periods:10-17, 24-31 and 31-38 d.
However, these differences did not persist and varied during the growing
period. This led evidently to the observed result of no significant differences
among the different groups of the final body weight at 38d. The same
observetion was noted in LBWG data. The responses of growing poultry to
an amino acid are influenced by a wide range of factors which include:
immunological stress, environmental temperature, sex, age, species and
several dietary factors (D’Mello, 1994). Critical evaluation indicates that
these factors readily resolve into those which influence feed intake, and those
which reduce the efficiency of utilization of an amino acid. With respect of
LBWG or LBW during the whole experimental period, the effect of Met and
Lys levels (excess or deficient) are approximately equal in LBWG or LBW.
This may be explained depending upon the quantity of Met and Lys intake
and efficiency of their utilization. No significant differences of GR among
birds fed the experimental diets at all periods studied were noted, except of
24-31d period where groups fed D4 showed the lowest value of GR. This
supports the previous results which indicated that D2 was enough for getting
satisfactory LBW, LBWG and GR of Japanese quail used in the present
experiment. The results reported herein indicated that there was an
insignificant effect of increasing Met and Lys levels on Japanese quail
growth performance, and the diet containing no more than 0.42% Met and
1.12% Lys (by calculation) was enough for satisfactory LBW, LBWG, GR,
and FI. Excess Met is extremely toxic when fed to quails;as little as 0.5 to
0.6%, excess Met depressed growth and with continuous excess of Met (1-
1.5%), feed intake was reduced and GR was depressed to nearly 60%
(Tamimie, 1967).
2-Effect of Met and Lys supplementation on FC, PI,CPC and CCR:

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



Mahomed M.M. Ali; et al., 223
The data in Table 3 showed the effect of Met and Lys levels on FC,
CPC, Pl and CCR. During the period from 10 to 17 d of age, there were

significant differences (P<0.01) among treatments with respect to FC. Also,
better values of FC were related to quails fed the highest levels of Met and
Lys supplemented diets (D4 and D5), followed by those fed D1, meanwhile,
the worst FC value was obtained by those fed D2. Similar findnigs were
reported by Leclercq (1998) and Shrivastav and Panda (1987). During the
interval of 17-24d, the best FC was obtained in quail fed D4 while FC of
other treatments being almost equal in this respect. During the interval of 24-
31d, there were no significant differences among quail groups fed D1, D2,
D3 and D5. The birds fed these diets had the better FC values. The worst FC
was obtained by quail birds fed D4. During the interval of 31-38d, the best
FC value was obtained with the birds fed D2, while D3 and D5 had the
highest (worst) values of FC. There were no significant differences in FC
values among quail groups fed the different diets during the whole period of
age (10-38 d). There were insignificant differences among groups in respect
of PI during the whole period (10-38).

This indicates that increasing dietary Met and Lys levels had no effect
on PI values, and D2 was sufficient for Japanese quail PI. This again may
lead to the opinion that severity of excess or deficiency of Met and Lys was
mild and did not produce a clear effects on performance of quail fed such
diets. With respect to CPC during the interval from 17 to 24d and the whole
period (10-38), there were insignificant differences among groups. The same
trend was observed with FC data.

The data in Table 3 revealed that the levels of Met and Lys
supplementation significantly affected CCR during the period of 10-17, 24-
31 or 31-38 days of age. However, there were insignificant differences
among groups at 17-24d and 10-38d. It has been reported that quail birds
respond to a moderate deficiency of Met by increasing feed intake compared
with LBWG causing a decrease in the efficiency of FC (Carew and Hill,
1961). But in this study the levels of Met and Lys (deficient or excess)
apparently were not severe enough therefore when the FC, CPC or CCR were
calculated, the results obtained were not significant. It is worthy to note that
Leclercq (1998) found that the Lys requirement for broilers for FC was
always higher than that for gain. Also, Schutte and Pack 1995 reported that
the recommendations of sulphur-containing amino acids were sufficient for
optimal GR but not for FC.
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Table (2): Effect of Met and Lys supplementation on LBW, LBWG,GR
and FI of japaese quail fed the exprimental diets

Item Treatment
intAe?\‘jal D1 D2 D3 D4 D5
10 30.52+0.921 | 30.48+0.91 | 30.57+0098 | 30.43+0.95 | 30.54+0.89
17 63.69+1.75° | 60.47+1.74° | 60.79+1.68° | 64.82+1.60° | 64.94+1.68
LBW 24 100.34+2.42 | 95.90+1.95 | 98.24+2.26 | 102.51+1.95 | 101.25+2.04
31 139.89+2.67 | 135.59+2.50 | 138.45+2.49 | 137.37+2.53 | 143.29+2.12
38 166.04+2.69 | 166.90+2.42 | 164.46+2.34 | 167.43+257 | 167.64+2.12
10-17 | 32.86£0.99” | 29.84+1.10° | 29.86+0.97% | 34.02+0.87" | 34.00+0.98"
17-24 | 36.65+1.23 | 3543+1.06 | 37.0241.06 | 37.69+0.79 | 36.31+1.16
LBWG | 24 -31 | 39.54+1.01" | 39.69+1.06" | 40.22+0.86" | 35.15+1.042° | 42.04+0.86"
31-38 | 26.15+0.84% | 31.31+0.99" | 25.22+0.91% | 29.18+0.91" | 24.35+0.67°
10-38 | 135.21+3.62 | 136.2745.45 | 133.12+5.831 | 136.49+4.50 136.71+2.24
10-17 | 0.70+0.071' | 0.65+0.085 | 0.65+0.070 | 0.72+0.072 | 0.71+0.073
17-24 | 04540013 | 0.46+0.015 | 0.47+0.049 | 0.46+0.011 | 0.44+0.015
GR | 24-31 | 0.34+0.010" | 0.34+0.008" | 0.34+0.009" | 0.29+£0.010® | 0.29+0.010®
31-38 | 0.174#0.006 | 0.21+0.007 | 0.17+0.043 | 0.19+0.043 | 0.16+0.005
10-38 | 1.38+0.088 | 1.38+0.107 | 1.36+0.122 | 1.38+0.107 1.38+0.090
10-17 | 66.21+1.63' | 66.44+0.81 | 65.40+0.25 | 68.38+1.95 | 67.27+2.87
17-24 | 107.45#1.76 | 108.10+1.01 | 108.01+1.43 | 105.21+2.68 | 107.05+0.18
Fl 24 -31 | 142.1142.44° | 143.96+0.53® | 145.01+0.71®" | 140.73+1.75" | 147.89+0.35%
31-38 | 155.08+2.66" | 160.66+0.53" | 161.37+2.44% | 161.87+0.34* | 154.95+0.94°
10-38 | 470.86+4.45 | 479.33+2.91 | 479.81+2.20 | 476.21+4.21 | 477.15+3.20

1 Mean + standard error of the mean.
a and b: values in the same row with different superscripts are significantly different at P<

0.05.

A, B, C and D: values in the same row with different superscripts are significantly different

atP<0

.01.

LBW-=L.ive body wight, LBWG=Live body wighgain, GR= Growth rate and FI =Feed intake
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Table (3): Effect of Met and Lys supplementation on FC, PI,CPC and
CCR of japaese quail fed the exprimental diets

Item Treatment
Age D1 D2 D3 D4 D5
interval
10-17 | 2.12+0.074'"%  2.43:0.125% | 2.34+0.098°¢| 2.09+0.062"°| 2.08+0.073"
17-24 | 3.15+0.137° | 3.2040.102° | 3.05+0.100° | 2.84+0.057* | 3.16+0.146"
FC | 2431 | 3.724¢0.106" | 3.77+0.120" | 3.68+0.075" | 4.47+0.283° | 3.58+0.068"
31-38 | 6.25+0.212°¢| 5.38+0.165" | 6.89+0.311° | 5.82+0.192"°%| 6.64+0.213°
10 -38 3.52+0.056 3.54+0.047 3.64+0.056 | 3.53+0.057 | 3.51+0.004
10-17 1.58+0.085 | 1.41+0.083 1.45+0.080 | 1.56+0.075 1.60+0.08
17-24 2.2+0.102%® | 2.0+0.084° 2.1+0.10% 2.3+0.083% 2.2+0.10%®
Pl | 24-31 2.8+0.103 2.6+0.106 2.740.09 2.6+0.116 2.8+0.08
31-38 2.3+0.082° | 2.6+0.084% | 2.2+0.0801°¢ | 2.5+0.081° | 2.2+0.065°¢
10-38 | 4.82+0.149 4.80+0.134 4.60+0.128 | 4.80+0.146 | 4.80+0.116
10-17 | 0.51+0.018*%® | 0.57+0.030° | 0.56+0.022* | 0.50+0.015% | 0.50+0.018%
17-24 | 0.76+0.033 0.75+0.024 0.7440.024 | 0.69+0.014 | 0.77+0.036
cpc | 24-31 | 0.89+0.025" | 0.89+0.028" | 0.89+0.018" | 1.08+0.068° | 0.87+0.016"
31-38 | 1.50+0.0515¢ | 1.26+0.039" | 1.66+0.075° | 1.40+0.046"® | 1.61+0.052°P
10-38 | 0.84+0.014 | 0.83+0.011 0.7340.152 | 0.74+0.108 | 0.85+0.010
10-17 | 6.16+0.216*" | 7.06+0.365° | 6.71+0.267"% | 6.08+0.181" | 6.06+0.215"
17-24 | 9.14+0.399 9.29+0.296 8.90+0.292 | 8.30+0.169 | 9.22+0.429
CER 24-31 |10.81+0.308" | 10.97+0.349" | 10.73+0.219" | 13.02+0.826® | 10.46+0.198"
31-38 | 18.15+0.616° | 15.63+0.479" | 20.08+0.907° | 16.98+0.56"% | 19.38+0.62°°
10-38 | 10.23+0.164 | 10.30+0.137 | 10.61+0.164 | 10.30+1.301 | 10.25+0.117

1 Mean + standard error of the mean.
a and b: values in the same row with different superscripts are significantly different at P<

0.05.

A, B, C and D: values in the same row with different superscripts are significantly different
at P< 0.01.
FC= Feed conversion, Pl = Performance index, CPC= Crud protein cnversion and CCR=
caloric conversion ratio
3-Economical efficiency (E Ef):-

Table 4 showed that the best E Ef was found in quails fed D2 (negative
control diet) followed by D3, D4 and D5 respectively. Diet 2 was formulated
to be free from animal protein sources and synthetic amino acids. Therefore,
it was the cheapest diet since animal protein sources and synthetic amino
acids are known to be expensive. The poorest diet for net revenue was D1
which had the smallest value in this respect than any experimental diet. Table
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4 showed that feeding quail D2 resulted in the greatest value for E.Ef
followed by D3, D4, D5 and D1, respectively. It can be concluded that E.Ef
revealed the adequancy of this diet to be fed to growing Japanese quail.In
respect of mortality rate, the lowest value was found in birds fed D1 which
was 3.70% followed by those fed diets D2,D4 and D5 which had the same
value (5.56%). The highest value of mortality rate was found to be 7.41% in
birds fed diet 3 which was considerd as the control diet. The relatively higher
mortality rates in some groups are certainly not related to the feeding
treatment. From the above mentioned discussion it can be noted that D2 was
the best diet from the economical point of view.
CONCLUSIONS

The results reported herein indicated that there were insignificant
effect of increasing dietary Met and Lys levels on Japanese quail growth
performance, and the diet containing no more than 1.12%Lys and 0.42%Met
Is enough for satisfactory LBW,GR,PI and FI during 10-38 days of age.
Results also indicated that, with respect of the whole period, there were
insignificant effects of increasing dietary Met and Lys levels on Japanese
quail concerning FC, PER, and CCR, and D2 which contained 0.42% Met
and 1.12% Lys was sufficient to obtain the optimum values of FC, PER and
CCR for grwoning Japanese quail.

Table 4. Effect of Met and Lys supplementation on economical efficiency
of Japanese quail fed the experimental diets.

Item D, D, Ds D, Ds
Average feed intake kg/bird a 0.47 0.48 0.48 0.48 0.48
Price/kg feed (PT)" b 93.56 74.73 78.87 81.82 85.96
Total feed cost (axb)c 43.97 35.87 37.86 39.27 41.26
Price/one quail (PT)**d 225 225 225 225 225
Net revenue (PT) = d-c=e 181.05 189.13 187.14 185.73 183.73
Economical efficiency e/c*** 4.12 5.27 4.94 4.73 4.45
Mortality rate, % 3.70 5.56 7.41 5.56 5.56

*  Based on average prices of diets during the experiment
**  According to the local market price at the experimental time.
***  Net revenue per unit feed cost.

REFERENCES

A.0.A.C., 1990. Association of Official Analytical Chemists. Official Methods
of Analysis, 15" ed. Washington,D.C,USA.

Carew, L.B., Jr and F.W.Hill, 1961. Effect of methionine deficiency on the
utilization of energy by the chick. J.Nutr.74: 185-190.

D’Mello, J.P.F., 1994. Amino Acid Imbalances, Antagonisms and Toxicities,
in: Amino Acids In Farm Animal, D’ Mello J. P. F. Ed. CAB
International.

Duncan, D.B., 1955. Multiple Range and Multiple F Tests. Biometrics, 11:1-42.

El-Deek,A.A., Mona Osman., Mervat, S.E. Yossef., and Effat, Y.H. Sherif,
2002. Dietary corn gluten meal in two types of diets: Effect on
productive performance of broiler chicks. Egypt. Poult. Sci. J. 22:815-
838.

Heartland L., 1999. Dietary lysine affects carcass quality and meat yield in
broilers. Poultry Research Report 1, Heartland, Chicago, IL.

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



Mahomed M.M. Ali; et al., 227

Hickling, D., M. Guenter and M.E. Jackson, 1990. The effect of dietary
methionine and lysine on broiler chicken performance and breast meat
yield. Can. J. Anim. Sci.70: 673-678.

Leclercq, B., 1998. Specific effects of lysine on broiler production: Comparison
with threonine and valine. Poult. Sci. 77: 118-123.

North, M.O., 1981. Commercial Chicken Production Manual, 2" Edition. AVI
Publlshlng Company Inc, USA.

NRC, 1994. Nutrient Requirements Of Poultry. 9" rev. ed. National Research
Council, National Academy Press, Washington, DC.

Schutte, J.B, and M.Pack, 1995. Sulfur amino acid requirement of broiler
chicks from fourteen to thirty-eight days of age. (1) Performance and
carcass yield. Poult. Sci.74: 480-487

Serafin, J.A. 1982. Influence of dietary protein and excess methionine on
choline needs for young Bobwhite quail. Poult.Sci. 61:902-908.

Shrivastav, A.K. and B. Panda, 1987. Sulphur amino acid requirements of
growing Japanese quail. Ind J. Anim. Sci. 57:1308-1310.

Shrivastav, A. K., B. Panda and S.D. Ahuja, 1984. Lysine requirements of
growing Japanese quail. Ind. J.Poult. Sci.19: 61-62.

Si, J., C.A. Fritts, D.J. Burnham and P.W. Waldroup, 2001. Relationship of
dietary lysine level to the concentration of all essential amino acids in
broiler diets. Poult. Sci.80: 1472-1479.

SPSS, 1997. SPSS User’s Guide Statistics Version 8. Copyright SPSS Inc.,
USA

Steel, R.G.D. and J.H. Torrie, 1980 Principles and Procedures of Statistics: A
Biometrical Approach 2" Ed. McGraw-Hill Book Co., New York, USA.

Svacha, A., C.W. Weber, and B.L. Reid, 1970. Lysme methionine and
glycine requirements of Japanese quail to five weeks of age. Poult. Sci.
49: 54-59.

Tamimie, H.S. 1967. Influence of niacin and L-tryptophan on the growth
depressive performance of chick fed high levels of L-phenylalanine and
L-methionine. Life Sci.6: 587-594.

Al Clacd! ALY o1 o Guanll 5 0 gisall (pe AblIAL il ghuay Adial) 50
A dada Gaas g Bl ad ) ¢ A8 daaa deaa 3 gana
psadll daala — e 30 A0S — il gal) and

c\S\J\‘gcMbwsﬁiﬂdlwuﬁsagjmﬁﬁj@\ﬁq%qhﬂ\z&(,:\A.mjes
a5t e Gsinall e (UL Glandl (re SIS TV Eandl 13a d aadid | U Glend] aliy)
bl (o juilall o sl s (8 Lo e Cae H5 pliadl (8 a5 Lo )8 Ciijg ali) Vv jae e
tob Lo lgle Joaniall i) aal (e S 5 4y ol
a_um\wg\)_u,_;}r,uu\uw\,u‘;;um“y\uwmu)s&w)gbduu)ug
dﬂﬂ\‘j..u]\d_uu.s@j\uJ}J\wMJAuLuhﬁc\.LcYM\S(%u.u.u.d\\Y su.u}u.m ~iY)
d.i};.ﬂ\u.adsggsu.\.uum}u.u)_\.ud\odl_ulﬁ}\u)ubh}aydl.\sg_ﬂﬂ\wdjswbc@\_uy‘
uA.u.\l\ VY ‘u_\.q}l.u.o . iY)@L\l\‘uﬂd\ ).u:u}djsw\ ;\Jﬂ\‘\ﬁ&}ﬁ}}&)&bt«ﬁ)@bﬂ\
bl ladl Js<la ;\Aa..“ AALL:) Oig o aeat Jana g (A3l Jygaill Jana et glacty 44l (%
Ol 90Y VY 5 i otine O £ GJ:MM\MM\JJW;J\@MJMY\#\A@;)UAJ
) Geas TAGY DA SULN lend) sl Ale Jisad)

Fayoum J. Agric. Res. & Dev., Vol.20, No.1, January, 2006



