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Genetic Differences in Growth Potential on Amino Acid 
Deficient Diets.* (27912) 

PAUL GRIMINGER AND HANS FISHER 
Department of Poultry Science, Rutgers, The State University, New Brunswick, N .  J .  

The chicken, unlike many mammalian spe- 
cies, has a well-defined requirement for argi- 
nine (1). It has been observed over a period 
of many years that body-weight gains of 
growing chickens given rations containing in- 
sufficient amounts of arginine show great va- 
riation( 2,3,4). This variation is so striking 
that, on diets containing about half the ar- 
ginine level considered necessary for opti- 
mum growth of the average chick, it is not 
uncommon to find some birds growing a t  a 
near normal rate, while others only maintain 
themselves. Whether the ability to grow on 
low-arginine intake by some but not all birds 
is genetically conditioned within a randomly 
bred flock is thus a question. 

McDonald(5) and Miller et aZ.(6) have 
shown a breed difference in conversion of me- 
thionine into cystine in chickens, and Heg- 
sted et aZ. ( 7 )  found that White Leghorns had 
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a higher arginine requirement than Barred 
Plymouth Rocks. Goodman (8) had reported 
strain differences among mice in utilization 
of the optical isomers of certain amino acids. 
In the present study we are reporting on the 
apparent heritability of differences in the 
growth pattern on an arginine-deficient diet 
for offspring from different dams in a ran- 
domly bred flock of Leghorns. Subsequently 
we also extended these inquiries to another 
amino acid (lysine) . 

Methods. Fifteen hens and one cockerel 
were taken at random from a flock of Cornell 
Randombred (9) Leghorn chickens. The hens 
were trapnested to identify the origin of each 
egg, and the eggs were incubated a t  regular 
intervals. All chicks that hatched were 
grown in battery brooders for 4 weeks on a 
casein-glucose ration that provided approxi- 
mately half the quantity of arginine which 
is considered necessary for optimum growth 
of the average chick receiving a casein diet. 
At 'the end of the 4-week period all birds 
were sexed. 
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After 3 separate hatches the cockerel was 
changed, and 2 more hatches were obtained 
from the eggs of the same hens. Over the 
entire period, 13 of the 15 hens provided suf- 
ficient offspring to justify inclusion in the 
experiment. 

In the second part of the study 2 further 
hatches were made from the same matings, 
and a sesame meal-glucose diet, providing ap- 
proximately half the quantity of lysine neces- 
sary for optimum growth of the average 
chick on this diet, was given to the offspring. 
During this part of the study only 12 of the 
hens produced sufficient eggs (i.e.,  offspring) 
to be of value for this comparison. The 
chicks were again grown to 4 weeks of age, 
at which time the sex of each was deter- 
mined. 

Results. No important differences in body 
weights of the offspring could be attributed 
to the 2 cockerels used in the mating. The 
results for all the chicks from any one dam 
given the arginine-deficient diet were there- 
fore combined. 

As expected, the total population of chicks 
grown on this diet showed considerable vari- 
ation in body weight. An analysis of vari- 
ance showed highly significant differences 
(P<O.Ol) among dams with respect to 
growth rate of both male and female off- 
spring. Since these differences were of a 
similar nature for chicks of both sexes from 
any given dam, all offspring from each dam 
were considered together and Duncan's mul- 
tiple range test (10) was used to find signifi- 
cant differences among dam families with re- 
gard to the 4-week weights of the offspring 
(Fig. 1). I t  is evident that dams G, J, and 
L produced slow-growing chicks on the ar- 
ginine-deficient diet, whereas others ( C ,  K, 
A) primarily produced offspring that grew 
significantly better on this diet. The aver- 
age weight of chicks from all dams with its 
standard deviation, based on individuals, was 
115 t 42, with a coefficient of variation of 

When similar analyses were made for the 
chicks that had been given the lysine-defi- 
cient diet, a much smaller spread in body 
weight was observed (Fig. l ) ,  although there 
were still some significant differences among 

37%. 

I c .  8 C M  F 4 
J u p  i F - 

4Dr 

FIG. 1. Average 4-week weights of chicks orig- 
inating from dams listed by letter; I, chicks grown 
on arginine-deficient diet, 11, chicks grown on 
lysine-deficient diet. Diff erences between dams not 
connected by bold-face line are significant at 1% 
level. 

FIG. 2. Frequency distribution of 4-week weights 
from chicks given an arginine-deficient diet. 

FIG. 3. Frequency distribution of 4-week weights 
from chicks given a lysine-deficient diet. 

dam families. The average for all chicks on 
this experiment was 126 t 32, with a co- 
efficient of variation of 25%. Aside from the 
smaller coefficient of variation for the chicks 
on the lysine-deficient diet, we also noted an 
interesting difference in distribution of the 
chick weights at 4 weeks of age, as shown in 
Fig. 2 and 3. While the frequency distribu- 
tion for chicks on the lysine-deficient diet ap- 
proaches a normal or Gaussian distribution, 
the histogram for the arginine-deficient 
chicks shows a curve which is strongly 
skewed to one side. 

We deemed it important to compare the 
growth potential of chicks from the dams, 
mentioned previously as having extremely 
slow- or fast-growing offspring on the argi- 
nine-deficient diet, when these were given a 
standard growing ration. Table I lists, in 
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TABLE I. Growth of Offspring of 6 Dams on 
Arginine- and Lysine-Deficient and Conventional 

Diets. 

r 4-week wt (g) .-\ 

Arginine- Lysine- 
Dam deficient deficient Conventional 

A 164 140 301 
K 148 107 278 
C 135 122 266 
L 83 144 244 
J 80 141 253 
G 75 98 191 

variance 33 26 13 
Coefficient of 

decreasing order, the average weights of 
chicks raised on the arginine-deficient diet, 
and compares these with the weights of the 
offspring, from the same dams, given the 
conventional and the lysine-deficient diet. 
The growth potential on the conventional 
diet ranked the dams in practically the same 
order as that for the arginine-deficient diet. 

It should also be mentioned that there 
were some differences in egg, and therefore 
body-weight, of the day-old chicks. Covari- 
ance analysis was used to evaluate the impor- 
tance of these differences on the 4-week 
(final) weights. This analysis indicated that 
the variation in day-old weights among the 
offspring could not explain more than a small 
portion of the variation in 4-week weights. 

This study shows the exis- 
tence of inherited differences in the growth 
potential of chicks on an amino-acid-deficient 
diet. I t  is noteworthy that the growth po- 
tential of the offspring of any one dam on 
the arginine-deficient diet appears to be un- 
related to the potential on the lysine-defi- 
cient diet. Thus, dams J and L produced 
offspring that grew slowly on the arginine- 
deficient diet, but relatively well on the ly- 
sine-deficient diet. Dam G appears to be an 
exception, since her offspring did poorly on 
all rations tested. On the other hand, the 
growth potential on the standard starting ra- 
tion was clearly similar to the potential on 
the arginine-deficient diet, except for a re- 
duced coefficient of variation. I t  remains to 
be seen whether supplementation with argi- 

Discussion. 

nine would further diminish the body weight 
differences in chicks receiving the standard 
diet. 

Nesheim and Hutt ( 11) recently reported 
differences in the arginine requirement for 
early growth among 3 strains of Leghorn 
chickens, and significant differences among 
sire families within strains. In  our work we 
show significant differences among dams in 
the growth potential of their offspring on ar- 
ginine- and lysine-deficient diets. Differ- 
ences among sire families cannot be ruled 
out, however, since only 2 cockerels were 
used in our study. 

Chicks from hens from a ran- 
dom-bred flock were raised to 4 weeks of age 
on either an arginine- or a lysine-deficient 
diet. The results showed an inherited growth 
potential for chicks given either amino-acid- 
deficient diet. In  most cases, offspring of 
any one dam behaved differently on the 2 de- 
ficient diets. The ranking of dams on the 
basis of growth potential of offspring given a 
complete ration was similar to that obtained 
on the arginine- but not the lysine-deficient 
ration. The coefficient of variation of 4- 
week weights was greatest on the arginine- 
deficient diet and least on the complete diet. 

Summary. 
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