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The Activity of Lactate and Malate Dehydrogenases in 
the Blood Serum of Chickens of Various Breeds and Crossbreds 
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D e p a r t m e n t  of Phys io log i ca l  T ra i t s  I nhe r i t ance ,  Ins t i tu te  of Gene t ics  and Animal  B r e e d i n g ,  J a s t r z ~ b i e c  
(Poland)  

Summar~r. Studies  on the ac t iv i ty  of l ac ta t e  and ma la t e  d e h y d r o g e n a s e s  in the blood s e r u m  of ' L e g h o r n ' ,  
' G r e e n l e g '  and 'Whi te  Rock '  ch ickens  and t he i r  c r o s s b r e d s  have shown that :  
1. The h ighes t  ac t iv i ty  of both e n z y m e s  o c c u r s  in ' G r e e n l e g '  ch icken ,  and the lowes t  in the ' L e g h o r n '  b i r d s .  
2. The mean  ac t iv i ty  of both e n z y m e s  in c r o s s b r e d s  was c o n s i d e r a b l y  h igher  than that obtained fo r  the con-  

t r o l ,  p u r e b r e d  b i r d s .  
3. The mean ac t iv i ty  of both e n z y m e s  was h igher  for  c r o s s b r e d s  than for  the whole populat ion.  

Key words :  Chicken - S e r u m  E n z y m e s  - C r o s s b r e d s  - Phys io log i ca l  H e t e r o s i s  - Vi ta l i ty  of C r o s s b r e d s  

In t roduct ion  

Many au thors  - including L e r n e r  (1972) and P i r c h -  

n e t  (1972) - who have s tudied the gene t ic  v a r i a b i l i t y  

and he red i t y  of t r a i t s  have drawn at tent ion to the 

meaning  of phys io log ica l  o b s e r v a t i o n s ,  which might  

be used  for  l ea rn ing  about the p r o c e s s e s  cond i t io -  

ning the phenotype c h a r a c t e r i s t i c s  of a n i m a l s ,  and 

a l so  for  finding ind i ca to r s  of the o r g a n i s m s  v i t a l i t y .  

A knowlege of r e l a t i o n s h i p s  of this  kind might  be u s e -  

ful for  b r eed ing  p r a c t i c e ,  to p r ed i c t  the product ion  

r e s u l t s .  This p rob l em has been  ment ioned  by Kol~taj  

(1973) and K u s z n i e r  (1972) ; Rako and c o w o r k e r s  

(1961, 1964) r e g a r d e d  h igher  p roduc t iv i ty  to be a 

r e s u l t  of spec i a l  t r a i t s  a r i s i n g  f r o m  c e r t a i n  b ioche -  

mica l  p r o c e s s e s  in the o r g a n i s m  and p roposed  the 

in t roduc t ion  of b i o c h e m i c a l  s e l e c t i o n  t e s t s .  

In r e c e n t  y e a r s  many s c i e n t i s t s  have devoted  

t h e m s e l v e s  to these  p r o b l e m s  with a v i ew to exp la in -  

ing,  in the s i m p l e s t  poss ib le  way, the phys io log ica l  

b a s i s  of useful  t r a i t s  and the e f fec t s  of h e t e r o s i s .  

Equa l ly  impor t an t  i s  the ques t ion  of whether  o r  not 

those  t r a i t s  a r e  condi t ioned gene t i ca l l y ,  i . e .  whether  

they a r e  c h a r a c t e r i s t i c  for  a b r e e d ,  a type ,  a l ine  o r  

a f ami ly .  It s e e m s  that the qua l i t a t ive  and quant i ta t ive  

o b s e r v a t i o n  of e n z y m e s  and o ther  b io log ica l ly  ac t ive  

subs t ances  whould be v e r y  impor t an t  in this  r e s p e c t .  

F o r  i n s t ance ,  Stutts e t  a l .  (1956) ,  examin ing  the 

l eve l  of g luta thione in poul t ry  in r e l a t i o n  to egg p r o -  

duct ion,  found a s igni f icant  nega t ive  c o r r e l a t i o n .  

Mannel (1966) found a c o r r e l a t i o n  be tween the con-  

tent  of g lucose  and pro te in  in the s e r u m  and the weight 

of 1 -day-o ld  ne s t l i ngs .  Rako et  a l .  (1964) d e m o n s -  

t r a t ed  changes  in the ac t iv i ty  of a lka l ine  phosphatase  

connec ted  with egg produc t ion .  Mar t in  e t  a l .  (1966) ,  

examin ing  the l eve l  of c e r t a i n  e n z y m e s  in the b r a in  

of the J apanese  qua i l ,  found c o n s i d e r a b l e  ac t iv i ty  of 

dehyd rogenase s  ( l a c t a t e ,  ma la t e )  and a s p a r t a t e  a m i -  

n o t r a n s f e r a s e  and a r e l a t i v e l y  lower  ac t iv i ty  of a ldo-  

l a se  and i s o c i t r i c  dehyd rogenase .  

P a v e l  and Svozi l  (1967, 1968) pointed out the r e -  

la t ion be tween  changes  in a m i n o t r a n s f e r a s e  and d e -  

hydrogenase  ac t i v i t i e s  in the t i s sue s  and blood s e -  

rum and ho rmona l  and c h i r u r g i c a l  c a s t r a t i o n .  Chand 

and Sapra  (1973) d e m o n s t r a t e d  s ign i f ican t  d i f f e r -  

ences  in c h o l e s t e r o l  l eve l  in the blood between ch i ck -  

ens  of the ' A u s t r a l o r p ' ,  'Whi te  C o r n i s h '  and 'New 

H a m p s h i r e '  b r e e d s  and the i r  c r o s s b r e d s .  

Buckland ( 1970),  o b s e r v i n g  high LDH ac t iv i ty  in 

cock  s e m e n  of the 'S ingle  C o m b '  mea t  b r e e d  and a 

r e l a t i v e l y  low ac t iv i ty  of g l u c o s e - 6 - p h o s p h a t e  dehy-  

d r o g e n a s e ,  a s s u m e d  this  to be connec ted  with the 

p r edom inance  of anae rob ic  m a t abo l i sm  in the s e m e n .  

In turn ,  Mamaz ina  and K o m a r o v a  (1969) found a s i g -  
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T a b l e  1.  M e a n  v a l u e s  of  LDH a n d  MDH a c t i v i t y  in  
s e r u m  of e x a m i n e d  b i r d s  ( I . U . )  • s t a n d a r d  e r r o r  
of  t h e  m e a n  

G r o u p  N LDH MDH 
of B i r d s  

' L e g h o r n '  22 1 0 8 . 8 0 •  1 3 3 . 8 6 •  9 . 3 3  
' G r e e n l e g '  18 1 6 5 . 7 3 •  2 0 1 . 4 4 •  
' W h i t e  R o c k '  19 1 3 9 . 3 6 •  7 . 4 3  1 4 5 . 2 1 •  7 . 4 4  
WR x G1 7 1 4 9 . 0 5 •  1 9 7 . 0 0 •  
G l X W R  21 1 8 2 . 1 6 •  8 . 6 4  2 2 1 . 3 3 •  
G1 x L g  13 1 6 6 . 0 1 •  9 . 5 8  2 3 0 . 3 0 •  
Lg x G 1  11 1 8 3 . 8 4 •  1 7 9 . 1 8 •  

T a b l e  2 .  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  of  e n -  
z y m e  a c t i v i t y  b e t w e e n  e x a m i n e d  b r e e d s  a n d  c r o s s -  
b r e d s  ( S t u d e n t ' s  t T e s t )  

E x a m i n e d  G r o u p s  LDH MDH 

Lg - G 1 + + + + 
L g - W R  + 
WR-G1 + 
Lg-G1 • Lg ++ ++ 
Lg-Lg  • G1 ++ ++ 
W R - W R  • G1 ++ 
WR-G1 • WR ++ ++ 

+ - s i g n i f i c a n t  d i f f e r e n c e s  
++ - h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  

n i f i c a n t  c o r r e l a t i o n  b e t w e e n  t h e  c o n c e n t r a t i o n  of  c o c k  

s e m e n  a n d  i t s  l a c t a t e  d e h y d r o g e n a s e  a c t i v i t y .  M a n y  

w o r k e r s  i n d i c a t e  c o n n e c t i o n s  b e t w e e n  e n z y m a t i c  a c -  

t i v i t y  a n d  p a t h o l o g i c a l  c o n d i t i o n s  - t he  r e l a t i o n s h i p  

to b e  u s e d  in  v e t e r i n a r y  d i a g n o s i s .  

On t h e  b a s i s  of t he  s u c h  r e s e a r c h ,  a n d  c o n t i n u i n g  

t h e  p r e v i o u s  o b s e r v a t i o n s  on  a l d o l a s e  ( M a j e w s k a  a n d  

Ko l~ t a j  1 9 7 3 ) ,  a n  a t t e m p t  w a s  m a d e  to  o b t a i n  i n f o r -  

m a t i o n  on  t he  a c t i v i t y  of  l a c t a t e  a n d  m a l a t e  d e h y d r o -  

g e n a s e .  I n v e s t i g a t i o n s  c o n d u c t e d  b y  Z i n k h a m  e t  a l .  

( 1 9 6 4 ,  1966)  in  a s i m i l a r  d i r e c t i o n  s h o w e d  t h a t  in  

p i g e o n ' s  b l o o d  the  l a c t a t e  d e h y d r o g e n a s e  i s  c o n t r o l l e d  

g e n e t i c a l l y .  T h i s  was  c o n f i r m e d  b y  S g a n i e s j a n  e t  a l .  

( 1 9 7 1 )  on  p u r e b r e d  a n d  c r o s s b r e d  d u c k s .  

No w o r k  d e a l i n g  w i th  t h i s  p r o b l e m  a n d  c o n c e r n i n g  

c h i c k e n s  h a s  b e e n  found  in  t he  l i t e r a t u r e ,  s o  i t  s e e m s  

t h a t  o u r  i n v e s t i g a t i o n s  m a y  c o n t r i b u t e  to  f u r t h e r  c l a r i -  

f i c a t i o n  of t he  p h y s i o l o g i c a l  b a s i s  of h e t e r o s i s ,  a n d  

p a r t i c u l a r l y  of t he  v a r i a b i l i t y  b e t w e e n  b r e e d s .  

Materials and Methods 

The observations were carried out on three-month- 
old chickens maintained under uniform conditions of 
husbandry and nutrition on an experimental farm at 
Michr6w, in the Institute of Genetics and Animal 
Breeding of Polish Academy of Sciences. 

For the experiment 131 chickens of the following 
breeds were chosen of random; ' Leghorn ', ' Green- 
leg' and ' White Rock' and crossbreds, WR • G1, 
G1 • WR, Lg • and Gl • The breed of the males 
used for mating is indicated first. 

4 ml of blood was drawn from the wing vein, 
heparin was added and the serum divided into two 
p a r t s  a n d  f r o z e n .  D u r i n g  t h e  f o l l o w i n g  2 w e e k s  t h e  
a c t i v i t y  of  e n z y m e s  w as  d e t e r m i n e d ,  on ly  o n e  d e -  
f r e e z e  b e i n g  a p p l i e d .  

L a c t a t e  d e h y d r o g e n a s e  w as  d e t e r m i n e d  b y  t h e  
m e t h o d  of  W r 6 b l e w s k i  a n d  La D u e  ( 1 9 5 5 ) ,  m o d i f i e d  
b y  A m e l u n g  a n d  H o r n  ( 1 9 5 6 )  a n d  H a s c h e n  ( 1 9 6 9 )  
on  a U n i c a m  700 s p e c t r o p h o m e t e r ,  u s i n g  a w a v e  
l e n g t h  of  340 m m  a n d  p r e p a r e d  F e r m o g n o s t  t e s t s .  

M a l a t e  d e h y d r o g e n a s e  was  d e t e r m i n e d  by  B e r -  
g a m a y e r ' s  ( 1 9 6 5 )  m e t h o d ,  a l s o  on  a U n i c a m  700 
s p e c t r o p h o t o m e t e r ,  u s i n g  a wave  l e n g t h  of  340 m m ,  
a n d  p r e p a r e d  B o e h r i n g e r  t e s t s .  

The  r e s u l t s  of  t h e  e n z y m e s '  a c t i v i t y  a r e  p r e s e n t -  
ed  in  i n t e r n a t i o n a l  u n i t s .  

R e s u l t s  a n d  D i s c u s s i o n  

The  m e a n  l e v e l  of LDH a n d  MDH a c t i v i t y  i s  p r e s e n t e d  

in  T a b l e  i .  I t  c a n  b e  s e e n  t h a t  h i g h e r  LDH a c t i v i t y  

a m o n g  p u r e b r e d  i n d i v i d u a l s  was  o b s e r v e d  in  ' G r e e n -  

l e g '  c h i c k e n s  ( 1 6 5 . 7  I . U . ) ,  f o l l o w e d  by  ' W h i t e  

R o c k '  ( 1 3 9 . 4 I . U . )  wi th  the  l o w e s t  in  ' L e g h o r n '  

( 1 0 8 . 8  I . U .  ) .  The  l a s t  v a l u e  a c h i e v e s  a b o u t  60 p e r  

c e n t  of  t h a t  f o r  t he  ' G r e e n l e g '  g r o u p .  

I n t e r e s t i n g  r e s u l t s  w e r e  o b t a i n e d  a l s o  f o r  t he  

c r o s s b r e d s  : ' G r e e n l e g '  • ' L e g h o r n '  a n d  ' L e g h o r n '  

• ' G r e e n l e g '  d e m o n s t r a t e d  r e s p e c t i v e  v a l u e s  of  1 6 6 . 0  

and  1 8 3 . 8  I . U . ,  w h i l e  t he  ' W h i t e  R o c k '  c r o s s e s  g a v e  

182.1 and 149.0 I.U. (GI• and WR• res- 

pectively). 

The mean values for crossbreds of both groups 

were much higher than the values for purebred birds. 

A similar situation was observed for MDH activ- 

ity. Among purebred birds 'Greenleg' hens demons- 

trated the highest enzyme activity (201.4 I. U. ) and 

'Leghorn' hens the lowest activity (133.8 I.U.), 

with intermediate values being obtained for 'White 

Rocks' (145.2 I.U.). The 'Greenleg' • 'Leghorn' 

crossbreds clearly differed depending on the breed 

of the male - G1 • (230.3 I.U.), Lg• (179.2 

I . U . ) .  

The mean value of MDH activity for the crossbreds 

from both these groups (204.7 I.U. ) was higher than 

the mean from the two purebred groups (167.5 I.U. ). 
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F i g .  1 . T h e  v a r i a b i l i t y  of  LDH-  e n z y m e  a c t i v i t y  in  e x a m -  
i n e d  g r o u p s  
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F i g .  2 .  The v a r i a b i l i t y  of  M D H -  e n z y m e  a c t i v i t y  in  e x a m .  
i n e d  g r o u p s  

T h i s  p h e n o m e n o n  a l s o  a p p e a r e d  i n  ' G r e e n l e g '  •  

R o c k '  c r o s s b r e d s  w h e r e  t he  m e a n  f o r  b o t h  t h e  p u r e -  

b r e d  t y p e s  w a s  1 7 3 . 3  I . U .  w h i l e  t h e  m e a n  f o r  the  

c r o s s b r e d  g r o u p s  w a s  2 0 9 . 7  I . U . o  H o w e v e r ,  i t  m u s t  

b e  e m p h a s i s e d  t h a t  t h e  n u m b e r  of  b i r d s  i n  t h e  WR X 

G1 g r o u p  w a s  o n e  t h i r d  of  t h a t  in  t he  G1 • ~ g r o u p  of  

c r o s s b r e d s .  

The  s t a t i s t i c a l  c a l c u l a t i o n s  ( t h e  " t "  t e s t )  c o l -  

l e c t e d  in  T a b l e  2 s h o w  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  

in  t he  LDH a c t i v i t y  a p p e a r e d  b e t w e e n  t h e  Lg a n d  t he  

G1 a n d  t he  LG a n d  WR b r e e d s ,  a s  we l l  a s  b e t w e e n  

b o t h  t he  G1 • Lg g r o u p s  of  c r o s s b r e d s  a n d  t h e  Lg p u r e -  

b r e d  b i r d s .  The  s a m e  a p p l i e s  to  t h e  GL X WR c r o s s -  

b r e d s  a n d  t h e  WR p u r e b r e d s .  

The  d i f f e r e n c e s  in  MDH a c t i v i t y  w e r e  found  a l s o  

b e t w e e n  t he  Lg a n d  G1 a n d  t he  WR a n d  G1 b r e e d s ,  a n d  

b e t w e e n  b o t h  t he  WR c r o s s b r e d  g r o u p s  an d  t he  WR 

p u r e b r e d .  

S i m i l a r  d i f f e r e n c e s  w e r e  a l s o  d e m o n s t r a t e d  b e t -  

w e e n  t he  Lg • GL a n d  G1 • Lg c r o s s b r e d s  a n d  t h e  

' L e g h o r n  ' b r e e d .  

The d i a g r a m  of  e n z y m e  l e v e l s  s h o w s  t h e  d i f f e r -  

e n c e s  o b t a i n e d  a s  b e i n g  in  f a v o u r  of c r o s s b r e d s ,  b o t h  

in  r e l a t i o n  to t h e  m e a n  f r o m  t h e  w h o l e  e x a m i n e d  p o p u -  

l a t i o n  a n d  in  r e l a t i o n  to t h e  c o n t r o l  p u r e b r e d  b i r d s .  

The  r e s u l t s  o b t a i n e d  c l e a r l y  d e m o n s t r a t e  the  p r e s -  

e n c e  of  d i f f e r e n c e s  b e t w e e n  b r e e d s  a m o n g  t h e  b i r d s  

i n v e s t i g a t e d  on  o n e  s i d e  a n d  c r o s s b r e d s  a n d  p u r e -  

b r e d s  on  t h e  o t h e r .  T h e s e  i n d i c a t e  t h e  e x i s t e n c e  of  a 

c e r t a i n  r e g u l a r i t y .  M a j e w s k a  ( 1 9 7 6 )  s h o w e d  t h a t  in  

r e l a t i o n  to  a l d o l a s e  a n d  a m i n o t r a n s f e r a s e  A s p A T  a n d  

ALAT no s u c h  p h e n o m e n o n  a p p e a r e d .  ' G r e e n l e g s '  

d e m o n s t r a t e d  r a t h e r  m e d i u m  v a l u e s  i n  r e l a t i o n  to 

o t h e r  b r e e d s .  

The r e s u l t s  o b t a i n e d  f o r  t he  c r o s s b r e d s  a r e  u n -  

e q u i v o c a l .  They  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  

f o r  t he  c o n t r o l  b i r d s ,  h i g h e r  t h a n  t h e  v a l u e s  o b t a i n e d  

f o r  t he  w h o l e  p o p u l a t i o n .  S i m i l a r  r e s u l t s  w e r e  o b -  

t a i n e d  by  D e m b o w s k i  ( 1 9 7 6 )  f o r  the  a c t i v i t y  of  a l d o -  

l a s e  a n d  a m i n o t r a n s f e r a s e s  in  r a b b i t s  a n d  by  S z w a -  

r o c k a -  . P r i e b e  ( 1 9 7 6 )  f o r  g l u t a t h i o n e  r e d u c t a s e  a c t i v -  

i t y  in  c h i c k e n s .  

T h i s  s e e m s  to i n d i c a t e  a " p h y s i o l o g i c a l "  h e t e r o s i s  

e f f e c t  w h i c h ,  c o n s i d e r e d  w i t h i n  t h e  f r a m e w o r k  of  t he  

g e n e r a l  p r o b l e m  of t he  k n o w n  i n c r e a s e d  v i t a l i t y  of  

c r o s s b r e d s ,  m a y  b e  c o n n e c t e d  w i th  t h e i r  g r e a t e r  p r o -  

d u c t i v i t y  a n d  m o r e  e c o n o m i c  m e t a b o l i s m  (Koke~taj 

1 9 7 3 ) .  On t h i s  b a s i s  t h e  a u t h o r s  s u g g e s t  t h e  n e e d  f o r  

f u r t h e r  o b s e r v a t i o n s  on  t h e  s u b s t r a t e - m e t a b o l i t e  r e -  

l a t i o n  i n  t h e  t i s s u e s  of p u r e b r e d  a n d  c r o s s b r e d  b i r d s .  

Such  i n v e s t i g a t i o n s  m a y  b e  i m p o r t a n t  in  c o n n e c t i o n  

w i th  q u a n t i t a t i v e  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  p o l y -  

m o r p h i s m  i n  f a r m  a n i m a l s ,  a n d  t h u s ,  t h e i r  p r o d u c t i -  

v i t y .  
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