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ABSTRACT 
This study was designed to 
determine the effect of dietary 
supplementation of extra Lysine 
(LYS) and/or Arginine (ARG) than 
normal requirements of Japanese 
quail chicks and their interaction 
on growth performance, carcass 
quality, immune response and 
nutrient digestibility in Japanese 
quail.. A total of 672 one – day old 
Japanese quail chicks were used 
in this study and randomly allotted 
into equal 16 groups (42 per each) 
of mixed sex. Group 1 was fed 
basal diet without 
supplementation (control). Quail 
chicks of groups 2, 3 and 4 were 
fed on the basal diet 
supplemented with ARG at 110, 
120 and 130% of the NRC (1994) 
requirement respectively. While 
quail chicks of groups 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15 and 16 were 
fed basal diet supplemented with 
LYS/ARG at ratios of 110/100, 
110/110, 110/120, 110/130, 120/100, 
120/110, 120/120, 120/130, 130/100, 
130/110, 130/120 and 130/130.  

From the obtained data it was 
observed that ARG 
supplementation without LYS 
(groups 2, 3 and 4) showed non 
significant improvement in body 
weight, weight gain, RGR, FCR 

when compared with control and 
also supplementation of LYS alone 
(groups 5, 9 and 13) showed non 
significant improvement in the 
growth performance parameters. 
While, both ARG and LYS 
supplementation had no effect on 
growth rates as showed in quail 
chicks of groups 15 and 16.  

There was an improvement of 
immune response with LYS and/or 
ARG supplementation as noticed 
in increased phagocytic activity 
and HI titer in quail chicks 
especially in the highest level of 
ARG supplementation (group, 4). 
Regarding serum parameters, 
there was an increase in serum 
total protein level in all groups fed 
on LYS and/or ARG supplemented 
diets when compared with the 
control and a significant increase 
in serum total cholesterol in the 
groups supplemented with higher 
levels of LYS alone (groups 5, 9 
and 13). Both LYS and ARG 
supplemented groups had some 
variation in concentration of SGPT 
and SGOT and the highest level 
was observed in higher 
supplement level of ARG (group 
4), while serum uric acid 
concentration increased with the 
level of LYS and/or ARG 
supplementation.  
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There was a significant increase 
lymphoid organ in quail chicks of 
group 4 which fed basal diet 
supplemented with LYS/ ARG at 
100/130 when compared with the 
control and other supplemented 
groups. LYS or ARG 
supplementation had no effect on 
dressing and liver percent, while 
both of them improved thigh 
percent, reduced visible fat 
accumulation% and improved 
breast meat percent and LYS is 
more efficient for increasing 
breast meat when compared with 
control. LYS supplementation is 
more related to increase CP% in 
breast meat than ARG and higher 
supplementation of both of amino 
acids increase CP% in liver and 
generally that supplement had 
minor effect on the nutrient 
digestibility. 

Key Words: Japanese quail, Lysine, 
Arginine, performance, Immune 
response, Serum parameters, 
Carcass quality, Liver and breast 
meat  composition, Nutrient 
digestibility.  

 

INTRODUCTION 
Japanese quail (Coturnix Coturnix 
Japonica) are widely distributed 
allover the world. They were raised in 
Japan as pet and singing bird, and 
then had become widely used for 
meat production. Now, quail are 
raised for many reasons, it can be 
used as one of poultry species for 
meat and egg production to share in 
solving the lack of animal protein for 
human nutrition in several countries. 
For this, it is important to research for 
economically meat-producing quail. 
Japanese quail have become an 
important laboratory animal because 
of their small body size, sexual 

maturity in 6 – 7 weeks, high rate of 
reproduction and the ability to 
produce 3 – 4 generation in the year 
(Skim and Vohra, 1984). 

Japanese quail are fit for investment 
purpose for many advantage as 
compared to chicken, quick return of 
low investment, short generation 
interval, high rate of egg production, 
fast growth rate and they appear to 
be relatively more disease resistance 
without vaccination. So, the quail 
farming should be encouraged and 
promoted as available source of 
meat and egg production. 

The amino acids are most important 
to achieve better growth, feed 
conversion and carcass quality 
potential. Most of the required amino 
acids are supplied from protein 
through feed ingredients. However, 
the relative levels of amino acids in 
feed ingredients are not the same as 
the relative levels needed by the bird, 
thus feed ingredients alone cannot 
efficiently supply the total amino acid 
requirements. Supplemental amino 
acids represent a way in which the 
amino acid ratios of a diet can be 
manipulated to match more closely 
the chick's ideal amino acids 
balance. The ratios of amino acids in 
diets are important simply because 
some amino acids are essential as 
they cannot be synthesized by the 
bird from other amino acids to meet 
its requirements.  

Lysine is considered as the second 
limiting amino acid in practical poultry 
diets. Lysine has no precursor role in 
the body and its utilization is solely 
for protein accretion. Moreover, 
uricotelic species (as birds) can not 
synthesize arginine because they 
have an incomplete urea cycle. Past 
research has clearly demonstrated 
the importance of providing chickens 
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adequate dietary arginine to support 
growth responses (Dean and Scott, 
1965; Allen and Baker, 1972; 
Burton and Waldroup, 1979; Cuca 
and Jensen, 1990). The antagonism 
between lysine and arginine in 
poultry diets is well known (D'Mello 
and Lewis, 1970; Allen et al.,, 1972; 
Austic, 1986 and D'Mello, 1994). 
Recent research has focused on the 
relationship between these two 
amino acids in efforts to increase 
breast meat yield or to reduce the 
effects of heat stress with conflicting 
results among authors (Mahmoud et 
al., 1996; Mendes et al., 1997; 
Brake et al., 1998; Waldroup et al., 
1998 and Veldkamp et al., 2000). 
Arginine has been reported to play 
an important role as a potent 
immunological modulator through 
production of nitric oxide (Collier and 
Vallance, 1989) and has been 
shown to directly influence the 
immune system of birds under 
several experimental models 
(Friedman et al., 1998; Kidd et al., 
2001). Requirements for arginine 
have been determined in proportion 
to lysine after recognizing their 
relationship during absorption at the 
intestinal mucosa (Riley et al., 
1989). An increase in the 
requirement for arginine has also 
been attributed to excess dietary 
lysine where an increase in kidney 
arginase activity has been shown to 
accentuate the degradation of 
arginine (Jones et al., 1967; Austic 
and Nesheim, 1970). On the other 
hand there are very rare studies 
concerning that relationship between 
amino acids in Japanese quail diets, 
so that the present study focused to 
investigate the influence of some 
dietary essential amino acids (lysine 
and arginine) interrelationships on 

growth performance, immune 
response, some blood parameters, 
nutrient digestibility, body 
composition and carcass 
characteristics of Japanese quail 
chicks. 

 

MATERIALS AND METHODS 
This work was carried out at Nutrition 
and Clinical Nutrition Department, 
Faculty of Veterinary Medicine, 
Alexandria University to investigate 
the possible effect of certain amino 
acids (Lysine and Arginine) 
interrelationship on growth, 
reproductive performance, carcass 
traits, some blood constituents and 
immune response of Japanese quail 
during the growing period. 

Birds: A total of 672 one-day-old 
Japanese quail chicks were used in 
this study. They were obtained from 
a private quail farm at Motobis city 
(Kafer El-Sheikh govemorate), the 
quail chicks were randomly allotted 
into 16 equal groups (42 per each) of 
mixed sex. 

Accommodation and 
management: The quail chicks were 
housed in a clean well ventilated 
room, previously disinfected with 
formalin. The room was provided with 
electric heaters to adjust the 
environmental temperature according 
to the age of the birds. The room 
floor was partitioned into 16 partitions 
1 square meter, each compartment 
was bedded by fresh clean wheat 
straw forming a deep litter of four 
centimeters depth. The litter was 
turned over every ten days and 
removed every 20 days. Feeds and 
water were supplied ad-libitum. 
Prophylactic measures against the 



 M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.                                     Vol. 27, No. 1, June  2008 (45-72) 
 

48

most common infectious diseases 
were carried out by using Colistine 
sulphate (1g/4 liter water) for 
Salmonellosis & E.coli infections at 
the first three days.. The chicks were 
vaccinated against Newcastle 
disease with different types of 
Newcastle disease vaccine as 
presented in table (1). After 
vaccination quail chicks received 
AD3E vitamins (1 ml/Liter water)  to 
improve chick vitality. 

Experimental design and feeding 
program: The Japanese quail chicks 
were randomly allotted into 16 
groups; each group of quail (42 per 
each). The ingredient composition 
and chemical analysis of the basal 
diet (BD) are presented in table, 2. 
The applied experimental design is 
presented in table3.  

Evaluation of growth 
performance: Body weight 
development (according to Vohra 
and Roudybush, 1971) and feed 
intake of quail in different groups 
were weekly recorded. The 
weight gain, feed conversion ratio 
and relative growth rate (RGR) 
according to Lambert et al., 
1936 and Brody, 1968 
respectively were calculated. 

Immune response measurements: 

1- Haemagglutination Inhibition 
test: Four sets of blood samples 
were collected from the experimental 
birds of each group at  14, 24, 33 and 
42 days of age. Blood samples was 
collected without anticoagulant for 
separation of sera to detect the titer 
of antibodies against Newcastle 
disease vaccine using 
haemaglutination inhibition test as an 
indicative of the bird’s immune 
response in the different 
experimental groups. Micro 
technique of HI test was done 

according to Takatasy (1955). 
Geometric mean titre (GMT) was 
calculated according to Brugh 
(1978). 

2-Phagocytic activity (PA) and 
index (PI): phagocytic activity was 
determined according to Kawahara 
et al. (1991). Fifty micrograms of 
Candida albicans culture were added 
to 1 ml of citrated blood, collected at 
the end of experiment by 
slaughtering five birds from each 
group .Treated blood samples were 
put in shaker water bath at 23 – 25o 
C for 3 – 5 hrs. Smears of blood were 
made and then stained with Geimsa 
stain. Phagocytosis was estimated by 
determining the proportion of 
macrophages which contain 
intracellular yeast cells in a random 
sample of 300 macrophages and 
expressed as percentage of 
phagocytic activity (PA). The number 
of phagocytized candida cells was 
counted in the phagocytic cells to 
calculate the phagocytic index 
according to the following equations: 

          Macrophages containing yeast 
PA    = ----------------------------------     X100 
          Total number of macrophages 
 
           Number of cell phagocytized 
P I =   ----------------------------------      X100 
           Number of phagocytic cell 

3- Differential leucocytic count: 
This test was done at the end of 
growing period as blood film was 
prepared according to the method 
described by Lucky (1977). Ten 
drops from May-Grunwald stain stock 
solution were added to equal amount 
of distilled water on a dry unfixed 
smear then mixed and left for 1 
minute for staining. The dye was 
decanted without rinsing. Diluted 
Geimsa stain was poured over the 
film as counter stain and left for 20 
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minutes then rinsed in water current 
and examined by oil emersion lens. 
The percentage and absolute value 

for each type of cells were calculated 
according to Maxine and Benjamin 
(1985). 



 M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.                                     Vol. 27, No. 1, June  2008 (45-72) 
 

50

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Blood parameters 
determination: At the end of the 
experimental period (6 weeks), 
blood samples were taken from 
quails (five birds from each 
group). Blood samples were left 
to drop on the side of the tube to 
prevent destruction of RBCs. 
Each blood sample was left to 
coagulate at room temp. 
Separation of serum was carried 
out by centrifugation of 
coagulated blood at 3000 rpm for 
10 minutes. The clear serum was 
transferred carefully to clean and 
dry vials and kept in deep freezer 
until analysis for determination of 
total serum protein, albumin,  
SGPT and SGOT,  alkaline 
phosphatase, total cholesterol, 

triglycerides, creatinine, creatine, 
urea and uric acid according to 
Doumas etal., (1981); Reinhold 
(1953); Reitman and Frankel 
(1957); Kind and king (1954); 
Zak et al., (1954); Sidney and 
Barnard (1973); Giorgio (1974); 
Henry (1978); Patton and 
Crouch (1977) and  Fossatti 
and Prencipe (1980) 
respectively. 

Digestibility Coefficient: At the 
end of the experimental period, 5 
birds from each treatment were 
taken and each was put in 
separate cage which allowed a 
complete separation between 
each group and excreta collection 
was started after 5 days of the 
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beginning to accustom the birds 
for the new battery conditions, 
the excreta were quantitatively 
collected for 4 days period during 
which feed consumption data 
were also recorded. The excreta 
then dried in hot air oven at 
105oC for 3 hours, following this, 
excreta was allowed equilibrate in 
moisture with the air before being 
weighed, then finally ground and 
stored until chemical analysis for 
different nutrients according to 
AOAC (1985). Then digestibility 
coefficients were calculated.  

Carcass characteristic: At the 
end of the experimental period, 5 
chicks from each group were 
randomly selected, fastened for 6 
hours and then weighed and 
slaughtered to complete bleeding 
and weighed to determine the 
dressing percentage. Liver, 
spleen, thymus and bursa were 
weighed and their relative 
weights to body weight were 
calculated. Gizzard, heart, visible 
fat, breast meat muscles 
(boneless and skinless) from 
each quail chick were weighed, 
also the thigh muscle (with its 
bone and skin) from each chick 
was weighed (Kidd and Kerr, 
1998). Pooled samples were 
taken from muscle and liver from 
each group at the end of the 
experimental period and the 
samples were dried in hot air 
oven at 105oC for 3 hours, finally 
ground and analyzed for dry 
matter, crude protein and ash 
according to AOAC (1985).  

Statistical analysis: The 
analysis of variance for the 
obtained data was performed 
using Statistical Analysis 

System (SAS, 1987) to assess 
significant differences. 

 

Results & Discussion 

Growth performance: The 
effects of dietary supplementation 
of lysine (LYS) and/or arginine 
(ARG) on body weight 
development of J. quail chicks 
are illustrated in table (4). The 
analysis of variance of the 
obtained data at the start of the 
experiment showed that there 
was no significant difference in 
body weight between different 
experimental groups, while there 
were differences in body weight 
development between the quail 
chicks fed different levels of LYS 
and/or ARG supplementation 
which began in the second week 
and more appeared at the end of 
the experiment.  

From the obtained data, it was 
observed that quail chick groups 
which fed on the basal diet 
supplemented by LYS and/or 
ARG at level 100/110, 100/120 
and 100/130 percent from NRC 
requirements which represent 
ratios, 105.77, 115.38 and 125.0 
in the diet between ARG and LYS 
(groups 2, 3 and 4) respectively, 
showed non significant increase 
in body weight development by 
about 1.01%, 2.47% and 4.74% 
respectively when compared with 
the control group (No., 1). The 
data declared that J. quail chick 
body weight improved linearly 
with increasing the 
supplementation of ARG in the 
diet and these observations are 
in agreement with those obtained 
by Kidd et al (2001) who 
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concluded that increasing dietary 
ARG but not lysine from 100 to 
120% of NRC recommendation 
increased body weights at day 
18. Also, the data are in 
agreement with Deng et al., 
(2005) and Waldroup et al. 
(1998) who indicated that the 
broiler chick body weight fed 
1.25% ARG was significantly 
lower than that of birds fed higher 
levels of ARG. Moreover, the 
results disagree with that of 
Chamruspollert et al. (2004) 
who found that ARG 
supplementation (15.2 and 25.2 
g/Kg diet) had no effect on body 
weight development in broiler 
chicks and that difference may be 
attributed to the higher 
supplementation level than other 
studies.  

The obtained data revealed that 
LYS supplementation without 
ARG (Groups 5, 9 and 13) which 
fed on the basal diet 
supplemented with 110, 120 and 
130% of the NRC lysine 
recommendation showed non 
significant improvement of the 
body weight by about   3.72%, 
2.66% and 3.24% respectively 
when compared with the control 
one. These results are in 
harmony with those of Yakout et 
al. (2004) who concluded that 
LYS supplementation in quail 
chicks diets (1.13, 1.23, 1.33, 
1.43 and 1.53%) improved body 
weight linearly with LYS level. 
Also, the results are in agreement 
with that of Bons et al. (2002), 
El-Banna et al. (2003; Jianlin et 
al. (2004)) and Rezaei et al. 
(2004).  On the other hand the 
analysis of variance of the 
obtained data showed that 
increasing the ARG 

supplementation with increasing 
LYS supplementation reduced 
the final body weight of quail 
chick when compared with group 
fed on the same of excess LYS 
without ARG supplementation 
except group 14 which were fed 
diet supplemented with LYS/ARG 
at 130/110 had significant 
(p<0.05) improvement in growth 
rates when compared with the 
control group. These results are 
in agreement with those of 
Austic and Scott (1975). 

 Table (5) shows the effect of 
dietary supplementation of 
different levels of LYS and/or 
ARG (100, 110, 120 and 130% of 
NRC recommendation of both 
amino acids) on body weight 
gain, relative growth rate, feed 
intake and feed conversion ratio 
(FCR).  

From the obtained data, it was 
observed that ARG 
supplementation without lysine 
(Groups 2, 3 and 4) showed a 
non significant improvement in 
total body gain, relative growth 
rate when compared with the 
control group. These 
observations are in agreement 
with those obtained by Kidd et 
al. (2001) and Deng et al. 
(2005).  

The analysis of variance of the 
obtained data revealed that LYS 
supplementation alone at level 
110%, 120% and 130% from the 
NRC recommendation (groups 5, 
9 and 13) respectively, non 
significantly improved  relative 
growth rate and body weight gain 
by about 3.84%, 2.89% and 
3.39% for the three groups 
respectively when compared with 
the control. The results are in 
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agreement with those of Bons et 
al., (2002); El-Banna et al. 
(2003); Jianlin et al. (2004) and 
Rezaei et al. (2004). On the 
other hand the statistical analysis 
of the obtained data showed that 
ARG supplementation with LYS 
(groups 6, 7, 8, 10, 11, 12, 15 
and 16) non significantly lowered 
weight gain and relative growth 
rate when compared with the 
quail group fed on the same level 
of LYS without ARG 
supplementation and with the 
control group, while group 14 
which fed on 130/110 (LYS/ARG) 
had significantly improved  body 
weight gain and relative growth 
rate by about 8.4% and 0.61% 
respectively when compared with 
the control. The results are in 
harmony with Dale et al. (1983). 

There is no specific trend for 
increasing of feed intake but 
generally can be attributed that 
increasing LYS supplementation 
more than ARG in quail diet 
increase the feed intake and 
more ARG supplementation 
without or with LYS regulated that 
intake except in quail chick 
group’s No. 10 and 11 which fed 
on LYS/ARG at level 120/110 
and 120/120 from NRC 
recommendation respectively. 

These results are in agreement 
with those of Tesseraud et al. 
(1999). The possible explanation 
for the higher feed consumption 
may be due to the LYS/ARG 
antagonism phenomenon. 
Limited increase of LYS level in 
the diet cause marked elevation 
of arginase activity; consequently 
increased ARG degradation 
which may necessitates the 

increase in ARG level in the diet 
(Scott et al., 1982 and Basiouni 
et al., 2006). Therefor, it could be 
possible that the birds had tried 
to eat more in an attempt to 
compensate for the differences in 
ARG level.  From the obtained 
data it was observed that the final 
FCR was improved in quail chick 
groups which fed on the basal 
diet supplemented with 120 or 
130% of ARG (groups 3 and 4) 
respectively by about 1.75% and 
3.26% when compared with the 
control, while LYS 
supplementation alone at level 
120% and 130% (groups 9 and 
13) respectively, slightly 
improved FCR. On the other 
hand supplementation of both 
LYS and ARG at different levels 
in quail diet deteriorate the FCR 
and that may be due to the higher 
feed intake and lower body 
weight gain in that groups, except 
group 14 which fed on 130/110 
(LYS/ARG) level which showed 
an improvement in FCR by about 
6.27% when compared with the 
control. These data are in 
agreement with those obtained 
by Han and Bakr (1991);  
Mendes et al. (1997) and Kwak 
et al. (1999). 

Blood Picture: The effects of 
LYS and/or ARG 
supplementation on some blood 
picture of Japanese quail in 
different groups are shown in 
table (6). The results regarding 
RBCs showed that there was a 
significant increase in group 4 
which fed the basal diet 
supplemented with the highest 
level of ARG (LYS/ARG, 
100/130). Also, there was a 
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significant increase in RBCs in 
groups 7, 9 and 10 which fed the 
basal diet supplemented with 
LYS/ARG at 110/120, 120/100 
and 120/110 respectively, when 
compared with the control group. 
At the same time there was a 
significant increase in RBCs in 
groups supplemented with 
highest levels of either LYS 
and/or ARG (groups 12, 15 and 
16 which fed basal diet 
supplemented with LYS/ARG at 
120/130, 130/120 and 130/130, 
respectively) when compared 
with the control group and other 
supplemented groups, while 
group 16 is non-significantly 
higher in RBCs than groups 12 
and 15. While WBCs, Hb and 
PCV had no specific trend and 
generally we can notice that 
increasing levels of both LYS 
and/or ARG had a negative effect 
on those parameters of J.quail 
chicks. 

Hemagglutination Inhibition 
test (HI) to Newcastle disease 
vaccine: Table (7) illustrates 
effects of supplementation of LYS 
and/or ARG at 100, 110, 120 and 
130% of the NRC (1994) 
recommendation of both 
essential amino acids on the 
results of HI titer to Newcastle 
disease vaccine. The analysis of 
variance of the obtained data 
showed different variations in HI 
titer at 14th, 24th, 33rd and 42nd 
days that there was a non 
significant increase in HI titer in 
quail chicks of group 4 and 11 at 
42nd day which received 
LYS/ARG at 100/130 (highest 
level of ARG) and LYS/ARG at 
120/120 respectively. This may 
indicate that ARG 
supplementation may have an 

effect on the immune response in 
quail chicks and these results are 
similar to that concluded by 
Chandrakant et al. (2006) who 
found that the antibody titers 
were significantly higher in ARG 
supplemented group when 
compared with unsupplemented 
group (control group).  

Phagocytosis and Differential 
Leukocytic count: The effect of 
dietary LYS and/or ARG 
supplementation on phagocytosis 
and differential leukocytic count 
are presented in table (8). The 
analysis of variance of the 
obtained data showed that there 
was an increase in phagocytic 
activity in all supplemented LYS 
and/or ARG groups when 
compared with control. The 
highest  phagocytic activity was 
observed in group 13 which fed 
basal diet supplemented with 
highest level of LYS (LYS/ARG at 
130/100), followed by group 4 
which fed on the higher level of 
ARG without LYS 
supplementation.. From this 
result, it was observed that the 
groups fed equal 
supplementation of LYS and 
ARG (groups 6, 11 and 16) which 
fed on the basal diet 
supplemented by 110/110, 
120/120 and 130/130 of 
LYS/ARG respectively showed 
no effect on phagocytic activity 
when compared with the control. 
Regarding differential Leukocytic 
count, it was observed that there 
were some differences between 
supplemented LYS and/or ARG 
groups and the control one which 
fed the basal diet without 
supplementation as lymphocyte 
count was maximized in chicks of 
group 11 which fed the basal diet 
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supplemented with LYS/ARG at 
120/120, while basophilic cells 
was higher in LYS and/or ARG 
supplemented groups when 
compared with the control group. 
And the highest number was 
observed in quail chick groups 
fed on the basal diet 
supplemented with different ARG 
levels without LYS (groups 2, 3 
and 4). On the other hand, the 
groups supplemented with higher 
levels of both LYS and ARG 
(groups 14, 15 and 16) had a non 
significant increase in basophilic 
cell number when compared with 
the control group. This means 
that ARG supplementation may 
have a higher effect in improving 
the immune response more than 
LYS supplementation for quail 
chicks. ARG has been reported 
to play an important role as a 
potent immunological modulator 
through production of nitric acid 
(Collier and Vallance, 1989) and 
has been shown to directly 
influence the immune system of 
chicken under several 
experimental models (Friedman 
et al., 1998 and Kidd et al., 
2001). The outcome of this study 
is in accordance with the finding 
of Kidd et al. (2001) and Shang 
et al. (2003) who found that ARG 
supplementation may enhance 
humoral immunity and attenuate 
the oxidative stress induced by 
burns in mice. 

Effect of LYS and/or ARG on 
serum total protein, albumin 
and globulin levels: The effects 
of supplementation of LYS and/or 
ARG at 100, 110, 120 and 130% 
of the NRC (1994) 
recommendation of both 

essential amino acids on serum 
total protein, albumin, globulin 
and albumin/globulin (A/G) ratio 
of Japanese quail in different 
groups are illustrated in table (9). 
From the obtained data, an 
increase in serum total protein 
level was noticed in all 
supplemented LYS and /or ARG 
groups when compared with the 
control. The data revealed that 
ARG supplementation without 
LYS showed non significant 
increase in serum total protein 
(groups 2, 3 and 4) when 
compared with the control, while 
it was observed that the increase 
was significant (p<0.05) with 
higher levels of LYS 
supplementation with or without 
ARG supplementation (groups 
13, 14, 15 and 16) and the 
highest total serum protein level 
was in group 16 which was fed 
basal diet supplemented with 
highest level of both LYS and 
ARG (LYS/ARG at 130/130). The 
data concerning albumin, globulin 
and A/G ratio showed different 
variations in which albumin was 
highest in group 16 and globulin 
was lowest in the control group 
and increased in all 
supplemented LYS and/or ARG 
group, while A/G ratio was also 
highest in the control group which 
fed the basal diet without any 
supplementation. This may 
indicate that globulin which is 
related to the immune response 
increased with increasing 
essential amino acid 
supplementation.  

Some Blood Serum 
Parameters: Table (10) shows 
the effects of dietary 
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supplementation of LYS and/or 
ARG at 100, 110, 120 and 130% 
NRC (1994) of both essential 
amino acids on SGPT, SGOT, 
alkaline phosphatase, 
cholesterol, triglycerides, 
creatinine, creatine, urea and uric 
acid of Japanese quail in different 
groups. 

From the obtained results, it can 
be noticed that there was 
variations in the effect of 
supplementation on SGPT in 
which it was significantly higher in 
the group supplemented with 
highest level of ARG and normal 
requirement of LYS (LYS/ARG at 
100/130) when compared with 
the control group. While, 
concerning SGOT and serum 
alkaline phosphatase, it can be 
observed that no significant 
difference between the 
supplemented LYS and /or ARG 
groups and control one, these 
findings are in agreement with 
those of Iordanova (1979). 

 Regarding serum total 
cholesterol the data revealed that 
there was a significant (p<0.05) 
increase in the quail chick groups 
supplemented with higher levels 
of LYS with normal requirements 
of ARG (groups 5, 9 and 13) and 
the highest level was recorded in 
the group (13) which  fed on 
highest level of LYS, that may be 
attributed to that excess LYS 
stimulated cholesterol 
biosynthesis and these results 
are in harmony with those of Dale 
et al. (1983) who fed a chick 
diets supplemented with three 
levels of L- LYS (0, 2, 4 and 6% 
of diet) and concluded that a 
marked hypercholesterolemia 
was observed in chicks fed the 
two higher levels of LYS. The 

obtained data showed a 
significant increase in serum 
triglycerides (Table 10) in the 
groups supplemented with higher 
levels of LYS with normal levels 
of ARG (groups 5, 9 and 13) 
although, there was no significant 
differences between these 
supplemented groups, the 
increase in triglycerides did not 
occur at higher levels of ARG and 
these results are in agreement 
with those of Dale et al. (1983) 
and Schmeisser et al. (1983) 
who investigated the effect of 
feeding broiler chicks a diet 
containing 4% L-LYS and 
observed an elevation of plasma 
lipids with this higher level.  

The results regarding serum 
creatinine and creatine are 
illustrated in table (10) in which 
there was an elevation in 
creatinine levels in the chicks of 
group 11 which fed basal diet 
supplemented with LYS/ARG at 
120/120 while the data regarding 
serum creatine showed that the 
level increased in quail chicks of 
groups 4, 8 and 12 which fed 
basal diet supplemented with 
LYS/ARG at 100/130, 110/130 
and 120/130, respectively 
although there was no significant 
differences between all 
supplemented groups and control 
one. The analysis of variance of 
the obtained data in table (10) 
regarding serum urea and uric 
acid showed that there was a 
significant increase (p<0.05) in 
urea in quail chicks of group 16 
which fed basal diet 
supplemented with highest levels 
of both LYS and ARG (130/130) 
when compared with the control 
group followed by group 12 which 
fed basal diet with LYS/ARG at 
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120/130 while the results 
concerning uric acid showed that 
there was a significant increase 
(p<0.05) in serum uric acid in 
quail chicks of group 16 when 
compared with the control group, 
and at the same time there was a 
non significant increase in the 
groups fed LYS levels at 120 or 
130% NRC with or without ARG 
supplementation (groups 9-16). 
These results may be attributed 
that, increasing the dietary 
concentration of LYS stimulates 
the activity of ARG catabolizing 
enzyme (arginase enzyme) which 
leads to increase in the 
catabolism of arginine leading to 
formation of uric acid.  

Carcass characteristics: The 
effects of dietary supplementation 
of LYS and/or ARG at 100, 110, 
120 and 130% NRC (1994) for 
both essential amino acids on 
dressing percent, gizzard, heart, 
thigh, visible fat and breast meat 
percent of Japanese quail in 
different groups at the end of 
experimental period are 
summarized in table (11). 

From the obtained data, it can be 
noticed that there was no 
significant difference in dressing 
percent and heart percent relative 
to the body weight between all 
experimental groups. While the 
results concerning gizzard % 
showed different data in which 
group 12 which fed the basal diet 
supplemented with LYS/ARG at 
120/130 had the highest value 
(2.85%). The analysis of variance 
of the obtained data indicated 
that higher level of ARG or LYS 
supplementation (groups 4 and 
13 respectively) significantly 

increased thigh percent by about 
5.9% and 6.17% respectively, 
when compared with the control 
group, while thigh percent non 
significantly influenced by both 
LYS and ARG supplementation 
together. This may indicate that 
there is no interaction between 
LYS and ARG on thigh weight. 
These conclusions are in 
agreement with that conducted 
by Moran and Bilgili (1990).                
Concerning visible fat percent, it 
can be noticed that significantly 
decrease by about 46.3%, 50.5% 
and 78.2% for groups 5, 9 and 13 
which fed the basal diet with 
110%, 120% and 130% LYS 
supplementation when compared 
with the control, and ARG also 
had the same trend for 
decreasing the accumulation of 
abdominal fat (groups 2, 3 and 
4), moreover the LYS and ARG 
synergistically interact to reduce 
the fat deposition as observed in 
gradually reduction with 
increasing the level of both amino 
acid supplementation. This may 
be attributed that LYS inter in the 
manufacturing of carnitine which 
have a role in fat catabolism. 
These findings are in harmony 
with those concluded by 
Leclercq (1998) who found that 
increasing dietary Lys decreased 
intramuscular fat. Also the 
obtained results are in agreement 
with those of Attia (2003) who 
found that Lys level at 0.95 and 
1.01 % significantly decreased 
body fat deposition compared 
with the negative control and with 
those obtained by  Hurwitz et al. 
(1998) who studied the effect of 
dietary arginine in diets 
containing 18, 20, 23 or 25% 
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dietary protein in broiler chickens. 
They observed that the amounts 
of extractable carcass fat or 
abdominal fat pad increased as 
dietary protein was lowered and 
were reduced by arginine 
supplementation. 

Regarding the effect of LYS 
and/or ARG supplementation on 
breast meat % of Japanese quail, 
it can be observed that there was 
a significant increase (p<0.05) in 
breast meat % in quail chicks of 
groups 13 and 16 (fed LYS/ARG 
at 130/100 and 130/130, 
respectively) when compared 
with the control group. Also, the 
groups supplemented with higher 
LYS/ARG ratio (groups 9, 14 and 
15) have a significant increase 
(p<0.05) in breast meat % when 
compared with the control group 
although there was a non 
significant differences between 
these groups. These findings are 
in agreement with those of 
Sibbald and Wolyntez (1986); 
Hickling et al. (1990; Bons et al. 
(2002) and Jianlin et al. (2004). 
While ARG supplementation 
(groups 2, 3 and 4) improved 
breast meat % by about 9.27%, 
17.56% and 27.25% respectively, 
when compared with the control 
group. The results agree with 
those of Corzo et al. (2003) who 
concluded that additional total 
ARG up to 1.05% was needed to 
maximize weight recovery of 
fillets and total breast meat yield. 

The effects of supplementation of 
LYS and/or ARG 
supplementation on Liver, spleen, 
thymus and bursa are 
summarized in table (12). The 
analysis of variance of the 
obtained data showed that there 
was a significant increase in liver 

% in quails of groups 3 and 4 
which were fed basal diet 
supplemented with LYS/ARG at 
100/120 and 100/130 when 
compared with those of the 
control group. However, there 
was no clear difference between 
other supplemented groups and 
the control one. The data 
concerning spleen % showed a 
significant increase (p<0.05) in 
quail chicks of group 4 which fed 
basal diet supplemented with 
LYS/ ARG at 100/130 when 
compared with the control and 
other supplemented groups. The 
results regarding thymus % 
showed no significant differences 
between all supplemented groups 
and control group, although the 
highest thymus % was noticed in 
group 4 (have a non significant 
increase when compared with the 
control group) which fed basal 
diet supplemented with LYS/ 
ARG at 100/130 followed by 
group 8 which fed basal diet 
supplemented with LYS/ ARG at 
110/130. At the same table, the 
data regarding bursa % in which 
there were no significant 
differences between all 
supplemented groups and the 
controls  

although the highest bursa % 
was noticed in group 8, which fed 
basal diet supplemented with 
LYS/ ARG at 110/130 followed by 
group 4 which fed basal diet 
supplemented with LYS/ ARG at 
100/130 and this means that the 
highest thymus and bursa weight 
were obtained by highest level of 
ARG supplementation with or 
without low level of LYS 
supplementation. These results 
are in harmony with those 
obtained by Shelat et al. (1997); 
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Efron and Brbul (1998); Kwak 
et al. (1999) and Basiouni et al 
(2006). The obtained data 
disagree with that of Kidd et al. 
(2001) 

Meat and liver chemical 
composition: The effect of 
dietary LYS and/or ARG 
supplementation on chemical 
composition (% on dry matter 
basis) of breast meat and liver of 
J. quail in different experimental 
groups are presented in table 
(13). From the obtained data, it 
can be observed that there was 
no great difference in moisture 
percent of breast meat between 
different experimental groups, 
while the highest value was 
obtained in group 5 (74.64%) 
which fed on the basal diet 
supplemented with 110% LYS 
from NRC requirement 
recommendation and the lowest 
values obtained in quail chick 
groups 12, 15 and 16, which fed 
on the basal diet supplemented 
with LYS/ARG at 120/130, 
130/120 and 130/130, 
respectively and that moisture 
percent reflected consequently 
on the dry matter content. 
Moreover ash percent of breast 
meat showed no great difference 
between different experimental 
groups. From the obtained 
results, it can be noticed that the 
chemical analysis of CP in breast 
muscles showed an increase in 
% of CP in groups supplemented 
with higher levels of LYS alone 
(groups 9 and 13 which fed the 
basal diet supplemented with 
LYS/ARG at 120/100 and 
130/100, respectively) or quail 
chicks of group supplemented 

with higher levels of both LYS 
and ARG (groups 11,  15 and 16 
which fed the basal diet 
supplemented with LYS/ARG at 
120/120, 130/120 and 130/130, 
respectively). These results may 
indicate that LYS is more related 
to increasing protein deposition in 
breast muscle than ARG 
supplementation singly. From the 
obtained data concerning 
chemical composition of liver it 
can be observed that there were 
no great differences in moisture 
content or DM content between 
supplemented and 
unsupplemented groups but DM 
of liver is highest in group 16 
which fed the basal diet 
supplemented with higher levels 
of both LYS and ARG at 130/130. 
It can be observed that the CP % 
of liver was higher in groups 
supplemented with either LYS 
and /or ARG when compared 
with the control group and the 
increase in CP % of liver resulted 
with increasing LYS 
supplementation alone or with 
ARG supplementations (groups 
9, 10, 12, 13, 14, 15 and 16) 
followed by the group 
supplemented with highest level 
of ARG alone (group 4).  The 
obtained results agree with those 
of Lehman et al. (1996); 
Leclercq (1998) and Urdaneta 
and Leeson (2004) 

Nutrient digestibility: Effect of 
dietary LYS/ARG 
supplementation on nutrient 
digestibility is presented in table 
(14). From the obtained results it 
can be observed that the 
digestibility of DM and ash didn’t 
had specific trend and generally 
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not altered with different LYS 
and/or ARG supplementations in 
different groups but the 
digestibility of CP improved in 
quail chicks of group 9 which fed 
the basal diet supplemented with 
LYS at 120% NRC without ARG 
supplementation followed by the 
control group which were fed the 
basal diet without amino acids 
supplementation. These results 
agree with that of Abd-Elsamea 
(2001). 

Conclusion: From the obtained 
data, it can be concluded that  
ARG or LYS supplementation 
separately improve growth 
performance of quail chick, while 
supplementation of both amino 

acids together especially with the 
higher levels may negatively 
affect growth performance of J. 
quail. Supplementation of ARG 
and/or LYS improve thigh, breast 
meat percent and reduce the 
accumulation of visible fat, 
moreover improve immune 
response but increase the 
concentration of some blood 
parameters. From economical 
point of view, improvement of 
healthy condition and higher 
immune response of J. quail 
chick can be concluded that ARG 
supplementation at higher level 
(130% from the requirement) 
better than LYS and/or LYS with 
ARG supplementation. 



INFLUENCE OF DIETARY LYSINE AND ARGININE INTERRELATIONSHIP 
ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND 

IMMUNE RESPONSE  IN JAPANESE QUAIL 

 

Alex. J. Vet. , Med.                  61              Vol. 27, No. 1, June  2008 (45-72) 

 



M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.               62      Vol. 27, No. 1, June  2008 (45-72) 
 



INFLUENCE OF DIETARY LYSINE AND ARGININE INTERRELATIONSHIP 
ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND 

IMMUNE RESPONSE  IN JAPANESE QUAIL 

 

Alex. J. Vet. , Med.                  63              Vol. 27, No. 1, June  2008 (45-72) 

 



M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.               64      Vol. 27, No. 1, June  2008 (45-72) 
 



INFLUENCE OF DIETARY LYSINE AND ARGININE INTERRELATIONSHIP 
ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND 

IMMUNE RESPONSE  IN JAPANESE QUAIL 

 

Alex. J. Vet. , Med.                  65              Vol. 27, No. 1, June  2008 (45-72) 

 



M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.               66      Vol. 27, No. 1, June  2008 (45-72) 
 



INFLUENCE OF DIETARY LYSINE AND ARGININE INTERRELATIONSHIP 
ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND 

IMMUNE RESPONSE  IN JAPANESE QUAIL 

 

Alex. J. Vet. , Med.                  67              Vol. 27, No. 1, June  2008 (45-72) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.               68      Vol. 27, No. 1, June  2008 (45-72) 
 



INFLUENCE OF DIETARY LYSINE AND ARGININE INTERRELATIONSHIP 
ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND 

IMMUNE RESPONSE  IN JAPANESE QUAIL 

 

Alex. J. Vet. , Med.                  69              Vol. 27, No. 1, June  2008 (45-72) 

 

REFERENCES 

Abd-Elsamea, M. O. (2001): Broiler 
performance as affected by crude 
protein, lysine and a probiotic. Egypt. 
Poult. Sci., Vol.21: 943-962. 

Allen, N.K. and Baker, D.H. (1972): 
Effect of excess lysine on the 
utilization and requirement for arginine 
by the chick. Poultry science, 51: 902 
– 906. 

Allen, N.K.; Baker, D.H.; Scott, H.M. 
and Norton, H.W. (1972): 
Quantitative effect of excess lysine on 
the ability of arginine to promote chick 
weight gain. J. Nutr. 102: 171 – 170. 

AOAC (1985): Official methods of 
analysis. Association of Official 
Analytical Chemists. 14th ed. 
Washington, D.C. 

Attia, Y. A. (2003): Performance, 
carcass characteristics, meat quality 
and plasma constituents of meat-type 
drakes fed diets containing different 
levels of lysine with or without a 
microbial phytase. Arch. Tierernahr, 
57(1):39-48. 

Austic, R.E. (1986): Biochemical 
description of nutritional effects. 
Pages, 59 – 77 in: Nutrient 
requirements of poultry and nutritional 
research, British Poultry Science 
Symposium C. Fisher, and BK.N. 
Boorman, ed, Butterworths, London, 
UK. 

Austic, R. E. and Nesheim, M. C. 
(1970): Role of kidney arginase in 
variations of the arginine requirement 
of chicks. J. Nutr., 100: 855-868.  

Austic, R. E. and Scott, R. L. (1975): 
Involvement of food intake in the 

lysine-arginine antagonism in chicks. 
J. Nutr., 105 (9): 1122-1131. 

Basiouni, G; Najib, H; Zaki, M.M. 
and Al-Ankari, A.S. (2006): Influence 
of extra supplementation with arginine 
and lysine on overall performance, 
ovarian activities and humoral immune 
response in local Saudi hens. 
International J. of Poultry Science, 5 
(5): 441 – 448. 

Bons, A.; Timmler, R. and Jeroch, 
H. (2002): Lysine requirement of 
growing male Pekin ducks. Br. Poult. 
Sci., 43(5):677-686. 

Brake, J.; Balnave, D. and Dibner, J. 
(1998): Optimum dietary arginine: 
lysine ratio for broiler chickens is 
altered during heat stress in 
association with changes in intestinal 
uptake and dietary sodium chloride. 
Br. Poult. Sci., 39(5):639-647. 

Brody, s. (1968): Bioenergetics and 
growth. Hafner publ. comp. N.Y. 

Brugh, M. G. (1978): A simple 
method for recording and analyzing 
serological data. Avian Disease, 22: 
362-365. 

Burton, E. M. and Waldroup, P. W. 
(1979): Arginine and lysine needs of 
young broiler chicks. Nutr. Rep. Int., 
19: 607-614. 

Chamruspollert, M.; Pesti, G. M. 
and Bakalli, R. I. (2004): Chick 
responses to dietary arginine and 
methionine levels at different 
environmental temperatures. Br. 
Poult. Sci., 45(1):93-100. 

Chandrakant, T.; Madhuri, K. and 
Mishra, S. C. (2006): L-Arginine 
stimulates intestinal intraepithelial 
lymphocyte functions and immune 



M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.               70      Vol. 27, No. 1, June  2008 (45-72) 
 

response in chickens orally 
immunized with live intermediate plus 
strain of infectious bursal disease 
vaccine. Immunopotentiators in 
Modern Vaccines, 24 (26): 5473-5480. 

Collier, J. and Vallance, P. (1989): 
Second messenger role for NO 
widens to   nervous and immune 
systems. Trends. Pharmacol. Sci., 10: 
427-431. 

Corzo, A.; Moran, E. T. and Hoehler, 
D. (2003) Arginine need of heavy 
broiler males: applying the ideal 
protein concept. Poult. Sci., 82(3):402-
407. 

Cuca, M. and Jensen, L. S. (1990): 
Arginine requirement of starting broiler 
chicks. Poult. Sci., 69:1377-1382.  

Dale, D. S.; Fred, A. K. and David, 
H. B. (1983): Effect of excess dietary 
lysine on plasma lipids of the chick. J. 
Nutr., 113: 1777-1783. 

Dean, W.F. and Scott, H.W. (1965): 
The development of an amino acid 
reference diet for the early growth of 
chicks. Poulttry Science., 44: 803 – 
808. 

Deng, K.; Wong, C. W. and Nolan, J. 
V. (2005):  Long-term effects of early 
life L-arginine supplementation on 
growth performance, lymphoid organs 
and immune responses in Leghorn-
type chickens. Br. Poult. Sci., 
46(3):318-324. 

D'Mello, J.P. (1994): Amino acids in 
farm animal nutrition. CAB. INT. 
Wallingford, Oxon, UK. 418 p. 

D'Mello, J. P. and Lewis, D. (1970): 
Effect of dietary methionine and 
arginine on uric acid excretion of 
cocks fed protein-free diet Amino acid 
interactions in chick nutrition. 
Interdependence in amino acid 

requirements. Br. Poult. Sci., 11: 367-
385.  

Doumas, B. T.; Bayso D. D.; Carter, 
R. J.; Peters, T. and Schaffer, R. 
(1981): Determination of total serum 
protein. Clin. Chem., 27:1642-1643. 

Efron, D.T. and Brbul, A. (1998): 
Modulation of inflammation and 
immunity by arginine supplements. 
Curr. Opin. Cliin. Nutr. Metab. Care, 1: 
531 – 538. 

El-Banna, R.; Refaie, A. and Nehad, 
A. (2003): Effect of lysine and betaine 
supplementation on growth 
performance and breast meat yield of 
heavy turkeys strain. Egypt. Vet. Med. 
Association 63 (6): 143-157. 

Fossatti, A. and Prencipe, S. (1980): 
Enzymatic colorimetric test for 
determination of uric acid. Clin. 
Chem., 28: 277.  

Friedman, A.; Bartov, I. and Sklan, 
D. (1998): Humoral immune response 
impairment following excess vitamin E 
nutrition in the chick and turkey. Poult. 
Sci., 77: 956-962. 

Giorgio, D. J. (1974): Nonprotein 
nitrogenous constituents in: Henry, R.; 
Cannon, D. and Winkelman, J. eds. 
Clinical Chemistry: Principles and 
Technics. 2nd Ed. New York: Harper & 
Row, 503-557.   

Han, Y. and Baker, D. H. (1991): 
Lysine requirement of fast and slow 
growing broiler chicks. Poult. Sci., 70: 
2108-2114. 

Henry, R. J. (1978): Clinical 
Chemistry Principles and Technics, 3rd 
Ed., Lamlar and Raw, P: 416. 

Hickling, D.; Guenter, W. and 
Jackson, M. (1990): The effect of 
dietary lysine and methionine on 
broiler chicken performance and 



INFLUENCE OF DIETARY LYSINE AND ARGININE INTERRELATIONSHIP 
ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND 

IMMUNE RESPONSE  IN JAPANESE QUAIL 

 

Alex. J. Vet. , Med.                  71              Vol. 27, No. 1, June  2008 (45-72) 

 

breast meat yield. Can. J. Anim. Sci., 
70: 673-678.  

Hurwitz, S.; Sklan, D.; Talpaz, H. 
and Plavnik, I. (1998): The effect of 
dietary protein level on the lysine and 
arginine requirements of growing 
chickens. Institute of Animal Science, 
Poult Sci., 77(5):689-696. 

Iordanova, V. (1979): Effect of 
varying amounts of lysine in the ration 
on chickens. Vet. Med. Nauki., 16(8): 
10-15. 

Jianlin, S. I.; Kersey, J. H.; Fritts, C. 
A. and Waldroup, P. W. (2004): An 
evaluation of the interaction of lysine 
and methionine in diets for growing 
broilers. International J. Poult. Sci., 3 
(1): 51-60. 

Jones, J. D.; Petersburg, S. J. and 
Burnett, P. C. (1967): The 
mechanism of the lysine-arginine 
antagonism in the chick: effect of 
lysine on digestion, kidney arginase, 
and liver transamidinase. J. Nutr., 93: 
103-116. 

Kawahara, E.; Ueda, T. and 
Nomura, S. (1991): In vitro 
phagocytic activity of white spotted 
shark cells after injection with 
Aeromoas salmonicida extraceular 
products. Gyobyo , Kenkyu, Japan, 
26(4):213-214.  

Kidd, M. T. and Kerr, B. J. (1998): 
Dietary arginine and lysine ratios in 
large white toms. Lack of interaction 
between arginine: lysine ratios and 
electrolyte balance. Poult. Sci., 
77(6):864-869. 

Kidd, M. T.; Peebles, E. D.; 
Whitmarsh, S. K.; Yeatman, J. B. 
and Wideman, R. F. (2001): Growth 

and immunity of broiler chicks as 
affected by dietary arginine. Poult. 
Sci., 80(11):1535-1542. 

Kind, P. R. N. and King, E. J. (1954): 
Estimation of plasma phosphatase by 
determination of hydrolysed phenol 
with amino-antipyrine. J. Clin. Path., 7: 
322-326. 

Kwak, H.; Austic, R.E and Dietert, 
R.R. (1999): Influence of dietary 
arginine concentration on lymphoid 
organ growth in chickens. Poult. Sci., 
78: 1536 – 1541. 

Lambert, W. V.; Ellis, N. R.; Block, 
W. H. and Titus, H. W. (1936): The 
role of nutrition in genetics. Am. Res. 
Sco. Animal prod., Vol. 29: 236. 

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

Lehman, D.; Pack, M. and Jeroch, 
H. (1996): Response of growing and 
finishing turkey toms to dietary lysine. 
Poult. Sci., 75: 711-718. 

Lucky, Z. (1977): Methods for 
diagnosis of fish disease.  Ameruno 
publishing Co, PVT, Ltd New Delhi, 
Bomby, New York. 

Mahmoud, H.A.; Teeter, R.G. and 
Makled, M.N. (1996): Arginine : 
Lysine ratio effects on performance 
and carcass variables of broilers in 
thermo neutral and heat stress 
environments. Poult. Sci., 75 
(supplement. 1): 88. 

Maxine, M. and Benjamin, B. S. 
(1985): Outline of veterinary clinical 
pathology 3rd Ed., Colorado State 
University. 



M .I. El-Katcha; M. A. Soltan and R. S. Shewita  

Alex. J. Vet. , Med.               72      Vol. 27, No. 1, June  2008 (45-72) 
 

Mendes, A. A.; Watkins, S. E.; 
England, J. A.; Saleh, E. A.; 
Waldroup, A. L. and Waldroup, P. 
W. (1997): Influence of dietary lysine 
levels and arginine: lysine ratios on 
performance of broilers exposed to 
heat or cold stress during the period of 
three to six weeks of age. Poult. Sci., 
76(3):472-481. 

Moran, J. R. and Bilgili, S. F. (1990): 
Processing losses, carcass quality, 
and meat yield of broiler chickens 
receiving diet marginally deficient to 
adequate in lysine prior to marketing. 
Poult. Sci., 69: 702-710. 

NRC (1994): National Research 
Council: Nutrient requirements of 
poultry, 9th Ed National Academy 
press, Washington, DC. 

Patton, C. J. and Crouch, S. R. 
(1977): Enzymatic determination of 
urea. Anal. Chem., 49: 464-469. 

Reinhold, R. R. (1953): 
Determination of serum albumin.   
Clin. Chem., 21: 1370 – 1372. 

Reitman, S. and Frankel, S. (1957): 
A colorimetric method for 
determination of serum glutamic 
oxaloacetic and glutamic pyruvic 
transaminase. Am. J. Path., 26: 1-13. 

Rezaei, M.; Nassiri, M. H.; Pour, R. 
J. and Kermanshahi, H. (2004): The 
effects of dietary protein and lysine 
levels on broiler performance, carcass 
characteristics and N excretion. 
International J. Poult. Sci., 3(2): 148-
152. 

Riley, W. W.; Welch, C. C.; Neild, E. 
T. and Austic, R. E. (1989): 
Competitive interactions between the 
basic amino acids in chicken intestine 
in situ. Nutr. Rep. Int., 40: 383-393.  

SAS (1987): Statistical Analysis 
System. Users Guide Statistics. As. 
Institute Cary, North Carolina 

Schmeisser, D. D.; Kummerow, F. 
A. and Baker, D. H. (1983): Effect of 
excess dietary lysine on plasma lipids 
of the chicks. J. Nutr., 113(9): 1777-
1783. 

Scott, M.L.; Nesheim, M.C. and 
Young, R.J. (1982): Nutrition of the 
chicken. M.L. Scott & Associate, 
Ithaca, New York. 

Shang, H.F.; Tsai, H.J.; Chiu, W.C. 
and Yeh, S.L. (2003): effects of 
dietary arginine supplementation on 
antibody and antioxidant enzyme 
activity in burned mice. Burns, 29: 43 
– 49. 

Shelat, S. G.; Arid, F. and Redei, E. 
(1997): Exposure to 
dehydroepiandrosterone in utero 
affects T cell function in males only. 
Neuroimmunomodulation, 4: 154-162.   

Sibbald, J. R. and Wolyntez, M. S. 
(1986): Effects of dietary lysine and 
feed intake on energy utilization and 
tissue synthesis by broiler chicks. 
Poult. Sci., 65: 98-105. 

Sidney, P. G. and Barnard, R. 
(1973): Improved manual 
spectrophotometric procedure for 
determination of serum triglycerides,   
Clin. Chem., 19 (9): 1077-1078. 

Skim, K.H. and Vohra, P. (1984): A 
review of the nutrition of Japanese 
quail. World’s Poultry Sci., 40: 261-
274. 

Takatasy, G. Y. (1955): The use of 
100 M in serological and virological 
micro methods. 

Tesseraud, S.; Le Bihan, D. E.; 
Peresson, R.; Michel, J. and 
Chagneau, A. M. (1999): Response 



INFLUENCE OF DIETARY LYSINE AND ARGININE INTERRELATIONSHIP 
ON GROWTH PERFORMANCE, CARCASS CHARACTERISTICS AND 

IMMUNE RESPONSE  IN JAPANESE QUAIL 

 

Alex. J. Vet. , Med.                  73              Vol. 27, No. 1, June  2008 (45-72) 

 

of chick lines selected on carcass 
quality to dietary lysine supply: live 
performance and muscle 
development. Poult. Sci., 78(1): 80-84. 

Urdaneta, R. M. and Leeson, S. 
(2004): Muscle (pectoralis major) 
protein turnover in young broiler 
chickens fed graded levels of lysine 
and crude protein. Poult. Sci., 83(11): 
1897-1903. 

Veldkamp, T.; Kwakkel, R. P.; 
Ferket, P. R.; Simons, P. C.; 
Noordhuizen, J. P. and Pijpers, A. 
(2000): Effects of ambient 
temperature, arginine-to-lysine ratio, 
and electrolyte balance on 
performance, carcass, and blood 
parameters in commercial male 
turkeys. Poult. Sci., 79(11): 1608-
1616. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vohra, P. and Roudybush, I. (1971): 
The effect of various levels of dietary 
protein on the growth and egg 
production of Coturnix Coturnix 
Japonica. Poultry Sci., 50: 1081 – 
1084. 

Waldroup, P. W.; England, J. A.; 
Kidd, M. T. and Kerr, B. J. (1998): 
Dietary arginine and lysine in Large 
White toms. 1. Increasing arginine: 
lysine ratios does not improve 
performance when lysine levels are 
adequate. Poult. Sci., 77(9): 1364-
1370. 

Yakout, H. M.; Mona Osman; Abo-
Zeid, A. E. and Amber, K. H. (2004): 
The lysine requirement and ratio of 
total sulfur amino acids to lysine for 
growing Japanese quails fed 
adequate or inadequate lysine. Egypt. 
Poult. Sci., 24(II): 497-507. 

Zak, B.; Dickenman, R; White, E.; 
Burnet, H. and Cherney, P. (1954): 
Rapid estimation of free and total 
cholesterol. Am. J. Clin. Path. 24: 
1307 

 


