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S u m m a r y .  F r e e  amino ac id s  w e r e  e s t i m a t e d  in the p l a s m a  of Leghorn,  Corn i sh  and White Rock hens ,  b red  
under  iden t ica l  cond i t ions .  It was found that the p l a s m a  of Leghorn hens had a l o w e r  content  of  amino a c i d s .  
The d i f f e r e n c e s  w e r e  e s p e c i a l l y  p ronounced  for  p ro l ine ,  g lu t amic  ac id  and g lyc ine .  It was e s t a b l i s h e d  that  a 
l o w e r  p e r c e n t a g e  of va l ine ,  l euc ine  and i so l euc ine  was typical  of Leghorn  hens in c o m p a r i s o n  with Corn i sh  
hens .  The obta ined  r e s u l t s  ind ica te  that the l eve l  of  f r e e  amino ac ids  in blood p l a s m a  is  gene t i ca l ly  c o n t r o l l e d .  

In t roduc t ion  

The finding that the amino acid  compos i t i on  of food 

(d ie t )  in f luences  the f r e e  amino  ac id  concen t r a t i on  

in hen blood p l a s m a  led  to i nves t i ga t i ons  on the r e l a -  

t ionsh ip  be tween  the kind of diet  and the l eve l  of amino 

ac ids  in p l a s m a  (Hil l  and Olsen  1963a, b;  Dean and 

Scott  1965, 1966; Tasaki  and Ohno 1971).  

It has  been  g e n e r a l l y  a s s u m e d  that a d e c r e a s e  o r  

an i n c r e a s e  of  the content  of an amino acid  in the diet  

b r ings  about a change in concen t r a t i on  of th is  amino 

ac id  in the p l a s m a .  A lack  of an amino  ac id  in the 

diet  was a lways  a c c o m p a n i e d  by a d e c r e a s e  in i t s  

l eve l  in p l a s m a ,  and s i m u l t a n e o u s l y ,  a d e c r e a s e  o r  

an i n c r e a s e  of the c o n c e n t r a t i o n s  of o the r  amino 

ac ids  (Tasaki  and Ohno 1971).  This phenomenon is  

a c c o m p a n i e d  by a d e c r e a s e  in food consumpt ion  and 

of  weight  gain in hens in mos t  c a s e s .  Apar t  f r o m  e x o -  

gen ic  amino ac id s ,  o the r  amino ac ids  have  been 

p r o v e d  to be g r o w t h - l i m i t i n g  f a c t o r s  in ch ickens ,  g ly -  

c ine  being the bes t  e x a m p l e  (Hil l  and Olsen  1963b).  

F u r t h e r  p a p e r s  a i m e d  to e s t a b l i s h  op t imal  c o n c e n t r a -  

t ions  of  p a r t i c u l a r  amino ac ids  in food and t h e i r  e f -  

f ec t s  on food consumpt ion  and weight gain in hens  (He-  

witt and Lewis 1972a, b ) .  S i m i l a r  changes  in c o n c e n -  

t r a t i on  of  s o m e  amino ac ids  have been o b s e r v e d  in the 

c o u r s e  of s t a r v a t i o n  (Hill  and Olsen  1963a, b ) .  

It s e e m s  f r o m  the data  of D e s m a r a i s  and P a r e  

(1974) that  the concen t r a t i on  of f r e e  amino  ac ids  in 

hen p l a s m a  may be g e n e t i c a l l y  c o n t r o l l e d .  These  

a u tho r s  found d i f f e r e n c e s  in the f r e e  amino  ac id  con-  

tent  of p l a s m a  of d i f fe ren t  l ines  of Leghorn hen.  A 

s i m i l a r  dependence  has  a l so  been e s t ab l i shed  for  

o the r  a n i m a l s  (Combs  et a l .  1959 ; Tuba 1953).  It was 

r e c e n t l y  found that a whole se t  of  b iochemica l  p a r a m -  

e t e r s  r e l a t e d  to s o m e  p roduc t ive  f e a t u r e s  i s  g e n e t i c a l -  

ly con t ro l l ed ,  involving,  among o t h e r s ,  the blood g lu -  

ta th ione l eve l ,  the l eve l  of f r e e  amino ac ids  in blood, 

and egg output (Stutts et a l .  1956 ; D e s m a r a i s  and 

P a r e  1974).  

P r e v i o u s  s tud ies  on the amino acid  pool of hen 

p l a s m a  have concen t r a t ed  on the r e l a t i onsh ip  be tween 

the concen t r a t i on  of f r e e  amino ac ids  in p l a s m a  and 

the compos i t i on  of food ( d i e t ) .  H ow eve r  examina t ions  

of the content  of f r e e  amino ac ids  in p l a s m a  should 

take into account  a n u m b e r  of o the r  f a c t o r s ,  such a s :  

a) age (Malcew and SzibuIowa 1973); b) phys io log i -  

cal  s ta tus  of an an imal  (Judina  and A n d r e e v a  1971);  

c)  s e x ;  d) t i m e  pe r iod  be tween blood co l l ec t i on  and 

a n a l y s e s  (Hewit t  and Lewis 1972c) ; e )  way of  f eed -  

ing (Tasaki and Ohno 1971). The content  of amino 

ac ids  in p l a s m a  may be typical  only fo r  a g iven s t r a i n  

and may be subjec t  to changes  c h a r a c t e r i s t i c  of th is  

s t r a i n  under  d i f fe ren t  phys io log ica l  cond i t ions .  

Taking this  into account ,  it s e e m e d  wor thwhi le  to 

r e s u m e  inves t iga t ions  of  the content  of amino ac ids  

in the p l a s m a  of d i f fe ren t  s t r a i n s  of hen.  

M a t e r i a l s  and Methods 

Leghorn ,  Co rn i sh  and White Rock hens w e r e  b r e d  at 
the f a r m  of the Ins t i tu te  of Gene t i c s  and Animal  B r e e d -  
ing of  the P o l i s h  A cadem y  of  S c i e n c e s  in J a s t r z e b i e c ,  
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Tab l e  1. Absolute c o n t e n t  ( ~ M / 1 0 0  m l )  and p e r c e n t a g e  of  f r e e  a m i n o  a c i d s  in p l a s m a  

A m i n o  a c i d  A b s o l u t e  c o n t e n t  ( ~ M / I O 0  m l )  P e r c e n t a g e  

L e g h o r n  Whi te  R o c k  C o r n i s h  L e g h o r n  Whi te  Rock  C o r n i s h  

L y s i n e  8 . 3 3 -  + 3 .96  7 . 8 6  + 3 . 6 9  6 . 1 6 -  + 1 .51  3 . 4 0 - + 1 . 0 3  2 . 6 5 + 0 . 8 4  2 . 5 6 - + 0 . 8 8  
H i s t i d i n e  2 . 2 0 -  + 0 . 9 0  3 . 6 9  + 1 .58  2.64*- 0 . 9 0  1 . 1 1 •  1 . 2 4 - + 0 . 5 0  1 . 1 6 - + 0 . 5 3  
A r g i n i n e  4.39-+ 2 . 4 9  7 . 1 1  -+ 4 . 3 9  4 . 1 3  z 1 .84  2 . 3 7 - + 1 . 1 0  2 . 1 7 - + 0 . 9 0  1 . 4 3 •  
A s p a r a t i c a c i d  3.60-+ 1 .61  5 .51  + 2 . 9 4  5.64-+ 1 .87  1 . 4 8 - + 0 . 4 7  1 . 6 8 - + 0 . 5 0  2 . 0 1 - + 0 . 6 0  
G l u t a m i c a c i d  8.31-+ 0 . 4 6  11.57-+ 3 . 7 3  12 .63  & 3 . 3 0  3 . 7 8 - + 0 . 4 7  3 . 8 2 z 0 . 4 5  4 . 4 1 - + 0 . 7 9  
T h r e o n i n e  35.94-+ 6 . 7 5  44.64-+ 13 .01  45.47-+ 7 . 9 6  15.35-+ 1 . 1 5  15.17-+ 1 .70  16.09-+ 1 .57  
S e r i n e  3 6 . 4 9  -+ 8 . 3 2  38.50-+ 9 . 4 3  35.09-+ 6 . 3 4  1 6 . 2 3 - + 5 . 1 0  1 3 . 2 2 + 0 . 5 1  1 2 . 5 8 - + 1 . 9 9  
P r o l i n e  17.68-+ 6 . 4 0  36.78-+ 9 . 9 8  3 3 . 1 8 - + 1 0 . 1 7  9 . 3 2 + 3 . 1 4  1 2 . 6 8 - + 1 . 6 7  1 1 . 5 5 - + 2 . 8 4  
G l y c i n e  27.09-+ 5 .22  3 8 . 7 3 - + 1 0 . 1 7  39.01-+ 5 .77  1 3 . 2 7 - + 1 . 8 4  1 4 . 9 1 - + 0 . 6 5  1 3 . 9 4 - + 1 . 4 1  
A l a n i n e  27.28-+ 7 . 4 1  32.85-+ 3 .41  29.17-+ 4 . 1 7  1 1 . 6 9 + 2 . 5 0  1 1 . 4 7 - + 1 . 3 3  1 0 . 4 5 - + 1 . 1 3  
V a l i n e  19.04-+ 8 . 8 3  22 .96  + 6 . 1 5  24.64-+ 3 . 2 7  6 . 7 6 - + 1 . 4 6  7 . 9 5 - + 0 . 8 1  8 . 8 2 - + 0 . 8 3  
M e t h i o n i n e  1.18-+ 0 . 3 4  1.23-+ 0 . 4 5  1 .33  & 0 . 4 6  0 . 5 2 - + 0 . 1 7  0 . 4 2 - + 0 . 0 9  0 . 4 6 - + 0 . 1 4  
I s o l e u c i n e  7.37-+ 4 . 0 9  8.96-+ 2 . 5 6  5.99-+ 1 . 7 5  2 . 6 0 - + 0 . 1 1  3 . 0 6 + 0 . 4 5  3 . 4 1 - + 0 . 4 4  
L e u c i n e  12.15-+ 5 .77  14 .32  + 3 . 6 4  15 .20  + 1 .91  4 . 2 2 - + 0 . 6 7  4 . 9 8 + 0 . 5 9  5 . 4 5 + 0 . 5 5  
T y r o s i n e  5.92-+ 1 .71  6 . 8 1  + 2 . 7 6  7.37-+ 1 .34  2 . 5 3 - + 0 . 7 1  2 . 2 6 - + 0 . 6 1  2 . 6 6 - + 0 . 5 3  
P h e n y l a l a n i n e  5 . 1 9 •  1 .84  6.27-+ 1 .63  6.55-+ 0 . 7 1  2 . 1 8 - ' 0 . 6 4  2 . 2 4 - + 0 . 4 1  2 . 4 0 - + 0 . 4 6  
Z B A A  17.16-+ 9 . 6 7  18.67-+ 9 . 2 9  12.93-+ 3 .03  
~ A A A  12 .36  + 2 . 7 2  17.09-+ 6 . 7 1  18.27-+ 4 . 9 4  
Z B A A / Z A A A  1.39-+ 0 . 4 7  1.09-+ 0 . 3 8  0.71-+ 0 . 5 1  
Z A A  2 1 0 . 2 9 - + 2 8 . 4 3  2 9 4 . 5 2 - + 8 2 . 9 5  2 8 0 . 5 3 - + 3 5 . 8 1  

Z B A A  - A s u m  of b a s i c  a m i n o  a c i d s ,  Z A A A  - A s u m  of  a c i d i c  a m i n o  a c i d s ,  r .AA - A s u m  of  a l l  a m i n o  a c i d s  

The v a l u e s  g i v e n  r e p r e s e n t  m e a n s  f r o m  8 -10  s p e c i m e n s  -+ 0 . 0 5  c o n f i d e n c e  i n t e r v a l .  M e a n s  f r o m  i n d i v i d u a l  
a m i n o  a c i d s  do not  c o n t a i n  v a l u e s  r e j e c t e d  by the  D ixon  Q t e s t ,  wh i l e  t he  v a l u e s  of  r B A A ,  F A A A  and 

B A A / ~  AAA and ~ AA f o r  d i f f e r e n t  s t r a i n s  r e p r e s e n t  m e a n s  f r o m  v a l u e s  o f  t h e s e  s u m s  f o r  i n d i v i d u a l  s p e c -  
i m e n s ,  wi thou t  a p p l i c a t i o n  of  the  D i x o n  Q t e s t .  

u n d e r  i d e n t i c a l  food and b r e e d i n g  c o n d i t i o n s .  I d e n t i -  
ca l  d ie t  and w a t e r  w e r e  g i v e n  ad l i b i t u m .  

B l o o d  c o l l e c t e d  in h e p a r i n  f r o m  the  wing  v e i n  in 
t he  m o r n i n g ,  b e f o r e  f e e d i n g ,  was  c e n t r i f u g e d  at 
5000 r p m .  f o r  15 m i n . ,  to s e p a r a t e  p l a s m a  f r o m  b lood  
c e l l s .  P l a s m a  p r o t e i n s  w e r e  s e d i m e n t e d  wi th  c o l d  
e t h a n o l  up to a f ina l  c o n c e n t r a t i o n  of  90 ~ ( 1 : 9 ) .  The 
s a m p l e s  w e r e  spun  at  30 ,000  g f o r  20 ra in .  and the  
o b t a i n e d  s e d i m e n t s  w e r e  w a s h e d  t w i c e  wi th  90 ~ e t h a -  
n o l .  S u p e r n a t a n t s  w e r e  e v a p o r a t e d  in an  o v e n  at  40 ~ C .  
The r e s i d u e s  w e r e  d i s s o l v e d  in 0 , 0 1  N HC1 w i t h  t h e  
a d d i t i o n  of  s t a n d a r d  n o r l e u c i n e  s o l u t i o n  and u s e d  f o r  
d e t e r m i n a t i o n s  of  f r e e  a m i n o  a c i d  c o n t e n t .  

S e p a r a t i o n  of  a m i n o  a c i d s  was  p e r f o r m e d  by i o n -  
e x c h a n g e  c h r o m a t o g r a p h y ,  a c c o r d i n g  to S t e in  and 
M o o r e  ( 1 9 5 4 ) ,  wi th  an  a u t o m a t i c  a m i n o  a c i d  a n a l y z e r  
" J e o l  JLC - 6 A H " .  S t a t i s t i c a l  e v a l u a t i o n  o f  r e s u l t s  i n -  
c l u d e d  m e a n  v a l u e ,  c o n f i d e n c e  r a n g e ,  D ixon  Q t e s t  
and S tuden t  t t e s t .  

R e s u l t s  and  D i s c u s s i o n  

A b s o l u t e  v a l u e s  of  a m i n o  a c i d  c o n c e n t r a t i o n s  and  p e r  

c e n t  a m i n o  a c i d  c o m p o s i t i o n  o f  b lood  p l a s m a  of  L e g -  

h o r n ,  Whi t e  R o c k  and C o r n i s h  h e n s  ( b a s e d  on 16 

a n a l y s e d  a m i n o  a c i d s )  a r e  p r e s e n t e d  in Tab l e  1. 

S o m e  a m i n o  a c i d s  e x h i b i t  s i g n i f i c a n t  s t a t i s t i c a l  

v a r i a b i l i t y .  Th is  a p p l i e s  e s p e c i a l l y  to a r g i n i n e ,  v a l i n e  

and i s o l e u c i n e  in L e g h o r n  h e n s  and  a r g i n i n e  in C o r -  

n i s h  h e n s .  

The o b t a i n e d  d a t a  s h o w  tha t  s e r i n e  i s  t he  d o m i n a n t  

a m i n o  a c i d  in  t he  b l o o d  p l a s m a  of  L e g h o r n  h e n s  

( 1 6 . 2 3  ~ of  t he  a m i n o  a c i d  poo l  ) .  The  nex t  m o s t  a b u n -  

dan t  a m i n o  a c i d s  a r e  t h r e o n i n e  ( 1 5 . 3 5  ~ ) ,  g l y c i n e  

( 1 3 . 2 7  ~) and a l a n i n e  ( 1 1 . 6 9  ~ ) .  T h r e o n i n e  i s  t he  p r e -  

v a i l i n g  a m i n o  a c i d  of  Whi t e  R o c k  and C o r n i s h  hen  

b l o o d  p l a s m a  ( 15, 17 ~ and  16 .09  ~ r e s p e c t i v e l y ) .  

Whi t e  R o c k  hen  b lood  p l a s m a  i s  a l s o  c h a r a c t e r i z e d  

by an i n c r e a s e d  c o n t e n t  o f  g l y c i n e  ( 14 .91  ~ ) ,  s e r i n e  

( 13 .22  ~ ) and  p r o l i n e  ( 12 .68  ~ ) .  The c o n t r i b u t i o n s  of  

g l y c i n e ,  s e r i n e  and  p r o l i n e  to t he  a m i n o  a c i d  pool  o f  

C o r n i s h  h e n s a m o u n t t o  1 3 . 9 4 ~ ,  12.58~, and II.55~, 

r e s p e c t i v e l y .  M e t h i o n i n e  i s  t he  a m i n o  a c i d  wi th  t h e  

l o w e s t  c o n t e n t  in p l a s m a  in a l l  t h e  i n v e s t i g a t e d  s t r a i n s  

( 0 . 5 2  ~ f o r  L e g h o r n  h e n s ,  0 . 4 2  ~ f o r  Whi t e  R o c k  h e n s  

and 0 . 4 6  ~ f o r  C o r n i s h  h e n s ) .  H i s t i d i n e  i s  a l s o  l ow 

( 1 . 1 1 ~ ,  1 . 2 4 ~  and  1 . 1 6 ~  f o r  L e g h o r n ,  Whi t e  R o c k  

and C o r n i s h  h e n s ,  r e s p e c t i v e l y ) .  A s p a r a t i c  a c i d  too  

i s  a m i n o r  a m i n o  a c i d  c o n s t i t u e n t  of  p l a s m a  in  L e g -  

h o r n  ( 1 .48  ~ ) and Whi te  R o c k  h e n s  ( 1 .68  ~ ) ,  wh i l e  a r -  

g i n i n e  i s  so  in  C o r n i s h  h e n s  ( 1 . 4 3  ~ ) .  
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Table 2. I n t e r s t r a i n  s t a t i s t i c a l l y  s ign i f ican t  d i f f e r -  
ences  in abso lu te  content  and pe rcen tage  of f ree  
amino  ac ids  in p l a s m a  

Amino acid  Absolu te  content  P e r c e n t a g e  

Lysine  
His t id ine  
A r g i n i n e  
A s p a r a t i c  acid 
Glu tamic  acid 
Threon ine  
Se r ine  
P r o l i n e  
Glyc ine  
Alan ine  
Val ine 
Methionine 
I so leuc ine  
Leucine  
Ty ros ine  
P h e n y l a l a n i n e  

0 + 

0 

ZAA 0 

ZAA 
+ 

0 
X 

A sum of amino  ac ids  
a d i f fe rence  between Leghorn and White Rock 
hens  
a d i f fe rence  between Leghorn and Corn i sh  hens  
a d i f fe rence  between Corn i sh  and White Rock 
hens  

The lowest  content  amino  acid  sum is typical  of 

p l a s m a  of Leghorn hens  (210 ~mole /100  m l ) ;  in the two 

r e m a i n i n g  s t r a i n s  th is  va lue  amount s  to 2 9 4 ~ m o l e /  

100 ml (White Rock hens )  and 280 ~mole /100  ml ( C o r -  

n i sh  h e n s ) .  This d i f fe rence  is  s t a t i s t i c a l l y  s ign i f ican t  

for  Leghorn and Corn i sh  hens (Table 2) .  No d i f fe rence  

was found in the ra t io  of bas ic  amino  ac ids  to ac id ic  

amino  ac ids ,  which was about 1.0 for  the examined  

s t r a i n s  (Table 2 ) .  

Leghorn hens  have the lowest  content  of a lmos t  all  

amino  a c i d s .  This d i f fe rence  is  e spec i a l l y  evident  in 

the case  of p ro l ine  (the d i f f e rences  for  the r e m a i n i n g  

s t r a i n s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t ) ,  g lu tamic  acid 

and glycine  (where  the d i f fe rence  be tween Leghorn 

and Corn i sh  hens i s  s t a t i s t i c a l l y  s i g n i f i c a n t ) .  Mor e -  

ove r ,  some  d i f f e rences  in pe rcen t  amino  acid compo-  

s i t ion  were  found, e . g .  Leghorn hens  p o s s e s s  a lower  

pe rcen t age  of va l ine ,  l euc ine  and i so leuc ine  than do 

Corn i sh  hens .  One can  sugges t  that the content  of i n -  

dividual  amino  ac ids  in  hen p l a s m a  i s  gene t i ca l ly  con -  

t r o l l ed .  This opinion is  in acco rd  with the r e s u l t s  of 

H r u b r a n t  ( 1965) and D e s m a r a i s  and P a r e  ( 1974 ) .  D e t e r -  

mina t ion  of the degree  to which the amino  acid  level  

is  gen t i ca l ly  con t ro l l ed ,  and how much it  i s  in f luenced  

by the s e r v e d  diet  and i t s  u t i l i za t ion ,  would undoubted-  

ly be a difficult  t a sk .  
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