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IMPROVEMENT OF FEED UTILISATION THROUGH THE USE OF ENZYME PRODUCTS 

H.L. CLASSEN and G.L. CAMPBELL 

Summarv 

Utilisation of many feedstuffs by poultry is limited by the lack of 
endogenous enzymes necessary for hydrolysis of fibre components. Poultry are 
also sensitive to the anti-nutritional effects of factors contained in feed 
ingredients. Dietary enzymes offer a mechanism whereby nutrient utilisation 
can be enhanced and/or negative effects reduced or eliminated. Enzyme use is 
well established for diets containing barley and has increased for other 
feedstuffs as well. Realisation of the potential of this technology to 
improve feeding value requires the establishment of specific substrates and 
enzyme requirements, knowledge of substrate effects and factors affecting 
substrate importance. In addition, the stability of enzyme supplements is 
essential for successful incorporation into commercial feeding programs. 

I. INTRODUCTION 

The potential for using enz.jmes in poultry diets to improve the 
nutritional value of feedstuffs has been recognized for years. Of particular 
significance is research relaced to enzyme use in barley diets (Fry et al. 
1958; Willingham et al. 1959: Rickes ec al. 1962) . Despite this relatively 
long history, commercial exploitation has only been significant during the 
last decade. With the developmenc of commercial and laboratory enzyme 
preparations, research on their use nas a130 increased dramatically. The 
scientific basis for enzyme addition is escablished for some feedscuffs while 
for others it is not. In addition, che potential for using diecary enzymes to 
improve the nutritional vaiue of other ingredients remains to be examined. 

Enzyme addition to barley diets is the primary commercial application 
and a130 is the best understood from a scientific standpoint. In this paper 
the theory and applicacion of dietary enzymes in barley diets will be examined 
to demonstrate key aspects of enzyme use that need to be considered for other 
feed ingredients. Other uses of dietary enzymes, current and potential, will 
also be discussed. For a review of dietary enzymes see Chesson (1987). 

11. ENZPE USE IN BARLEY DIZTS 

(a) Substrate: stzuct~re 
A key aspect of the scientific application of enzymes is knowledge of 

the substrate(s) of importance. In barley, the primary substrate is 6-glucan, 
a polysaccharide component of cell walls. 6-Glucan, primarily located in 
barley endosperm, is a polymer of glucose containing a mixture of 3 1-3 and D 
1-4 linkages. The presence of D 1-3 linkages leads to fzactions of the 3- 
glucan which are water soluble and possess viscous cnaracteristics in 
solution. It is the soluble fraczion wnich is considered of primary 
iniportance in determining the nutritional value of barley although it should 
be recognised that there is noc a clear distinction becween soluble and 

Department of Animal and Poultry Science, irniversity of Saskatchewan, 
Saskatoon, Saskatchewan, Canada, S7N OW0 



i n s o l u b l e  p o r t i o n s .  Some s o l u b i l i s a t i o n  of t h e  l a t t e r  f r a c t i o n  may occu r  
under  t h e  r i g o r o u s  c o n d i t i o n s  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t .  P o u l t r y  l a c k  
endogenous enzymes n e c e s s a r y  f o r  t h e  breakdown o f  3-glucan and t h e r e f o r e  i t  
remains  i n t a c t  t o  a  l a r g e  e x t e n t  a s  i t  p a s s e s  t h rough  t h e  d i g e s t i v e  t r a c t .  
Some h y d r o l y s i s  i s  l i k e l y  t o  o c c u r  i n  t h e  h indgu t  a s  a  consequence  of 
m i c r o b i a l  a c t i o n  b u t  i s  of unknown n u t r i t i o n a l  impor t ance .  

( b )  S u b s t r a t e :  a n t i n u t r i t i o n a l  e f f e c t s  
A s econd  impor t an t  f a c t o r  t o  c o n s i d e r  i s  t h e  mechanism whereby t h e  

s u b s t r a t e  i n f l u e n c e s  f e e d s t u f f  n u t r i t i o n a l  v a l u e .  A f t e r  i n g e s t i o n  of b a r l e y ,  
8 -g lucan  becomes s o l u b i l i s e d  i n  t h e  d i g e s t i v e  t r a c t  r e s u l t i n g  i n  i n c r e a s e d  
d i g e s t a  v i s c o s i t y  ( B u r n e t t  1966; S a l i h  e t  a l .  1 9 9 0 ) .  The i n c r e a s e  i n  d i g e s t a  
v i s c o s i t y  i s  c o n s i d e r e d  t o  b e  t h e  major  f a c t o r  i n f l u e n c i n g  t h e  n u t r i t i o n a l  
v a l u e  of b a r l e y  samples .  The e x a c t  e f f e c t ( s )  of v i s c o s i t y  has  n o t  been 
e s t a b l i s h e d  b u t  p o s s i b l e  mechanisms i n c l u d e  r educed  d i f f u s i o n  of endogenous 
enzymes and n u t r i t i o n a l  s u b s t r a t e s  and i n c r e a s e d  f e e d  pas sage  t i m e .  ' f i scous  
s u b s t a n c e s  a f f e c t  d i f f u s i o n  r a t e s  and t n e r e f o r e  i t  i s  c o n c e i v a b l e  t h a t  reduced 
enz-yme-subst ra te  i n t e r a c t i o n  would have a  n e g a t i v e  impact on n u t r i e n t  
a s s i m i i a t i o n  ( F e n g l e r  and Marquardt 19881. Feeding b a r l e y  has  been shown t o  
r educe  f e e d  pas sage -  t i n e  i n  r a c s  (Gohl and Gonl 1977) and c h i c k e n s  ( S a l i h  e t  
a l .  1 9 9 0 ) .  With o t h e r  v i s c o u s  c a r b o h y d r a t e s  t h i s  can  i n c r e a s e  t h e  d e p t h  of 
t h e  u n s t i r r e d  r a t e r  l a y e r  a d j a c e n t  zo  t h e  e p i t h e l i a l  l i n i n g  r,f t h e  smll  
i n t e s t i n e ,  which is  c o n s i d e r e d  t o  be  a  r a t e  l i n i t i n g  s t e p  i n  a b s o r p t i o n  
(Johnson and Gee, 1 9 8 1 ) .  Changes i n  d i g e s t a  f l ow r a t e  r e s u l t  i n  i n c r e a s e d  

m i c r o b i a l  numbers i n  t h e  small i n t e s t i n e  ( S a l i h  e t  a l .  1 9 9 0 ) .  A n e g a t i v e  
e f f e c t  of microorganism8 i s  i m p l i c a t e d  by t k e  enhanced r e sponse  of b i z d s  f e d  
b a r l e y  t o  antibiotic zupplementacion (Xoran and McGinnis 1965; C l a s s e n  e t  a l .  
1 9 8 5 ) .  Decon juga t ion  of b i l e  s a l t s  (Campbell  a t  a l .  1983; Te iqhne r  and 
Dashkeviscz  19883 and t h e  p roducc ioc  of t o x i x s  a r e  p o s s i b l e  e f f e c t s  of 
d e l e t e r i o u s  microorganisms.  I n c r e a s e d  f e e d  pas sage  t l3 .e  n i c t t  2133 i n f l u e n c e  
t o t a l  f e e d  i n t a k e .  S i n c e  b a r l e y  d i e t s  a r e  f z e p e n t l y  lower  i n  ene rgy  it i s  
i n p o r t a n t  t h a t  b i r d s  consume more f e e d  t o  rr.eec n u c r i e n t  r equ i r emen t s ;  
t h e r e f o r e ,  a  r e d u c t i o n  i n  f e e d  i n t a k e  would have  a  n e g a t i v e  e f f e c t  on 
performance.  

3-Giucan i s  a l s o  l i k e l y  t o  a c t  a s  a  p n y s i c a l  b a r r i e r  t o  endogenous 
amylase and t h e r e f o r e  r educe  t h e  u c i l i s a t i o n  of  s t a r c h  encapsu laced  w i t h i n  
endospermal  c e l l s  (Hesselman and h n  1 9 8 6 ) .  Breakdown of 8-glucan v i a  enzyme 
a d d i t i o n  r e s u l t e d  i n  enhanced h y d r o l y s i s  of s t a r c h  i n  t h e  a n t e r i o r  zegion of 
t h e  s m a l l  i n t e s t i n e  which may r e s u l t  i n  =ore  e f f i c i e n t  s t a r c h  u t i l i s a t i o n  
s i n c e  m i c r o b i a l  a c t i o n  on t h e  s t a r c h  i s  r educed .  

R e g a r d l e s s  of t h e  e x a c t  nechanisrn of a c t i o n  f e e d i n g  b a r l e y  and, 
t h e r e f o r e ,  3-glucan r educes  n u t r i e n t  a s s i m i l a t i o n ,  growth = a t e  and :he 
e f f i c i e n c y  o f  f e e d  u t i l i z a t i o n .  I n  a d d i t i o n ,  u n d i g e s t e d  8-glucan r e s u l t s  i n  
s t i c k y  d ropp ings  which c a n  have  an a d v e r s e  e f f e c t  on t h e  environment  of 
i n t e n s i v e l y  housed p o u l t r y .  I n c r e a s e d  l i t t e r  m o i s t u r e  and hence ammonia 
p r o d u c t i o n  has  t h e  p o t e n t i a l  t o  d i r e c t l y  damage t h e  r e s p i r a t o r y  t r a c t ,  f e e t ,  
l e g s  and b r e a s t s  of l i t t e r - h o u s e d  s t o c k s ,  and i n d i r e c t l y  i n f l u e n c e  r e s i s t a n c e  
t o  r e s p i r a t o r y  d i s e a s e .  F a e c a l  c o n d i t i o n  can  a l s o  i n c r e a s e  :he occurzence  of 
. . c; r ty  egcs  and r educe  t h e  e a s e  of nanure  s t o r a g e  and removal .  

( c )  S u b s t r a t e :  ? v d r o l , ~ s i s  
Hydro lys i s  of 3 -g lucan  i s  n e c e s s a r y  :3 a l l e v i a t e  I ts  negaci-re s f f e c t s  cn 

7 . he  f e a d i n g  v a l u e  o f  b a r l e y .  3-glucan deszr:ccion has  p r i ~ . a r i l y  been 

accompl ished by che  u s e  of enzyme s o u r c e s  =o r . t a in ing  e n d o - 3 - g l z c a ~ a s e  
a c t i v i t y ,  b u t  o t h e r  t r e a t m e n t s  such a s  gamma i r r a d i a t ~ o n  (C la s sen  e t  a i .  1985; 
Campbell  e t  a l .  1986, 1987) a r e  a l s o  e f f e c t i v e .  However, a t  t h e  p r e s e n t  t i n e  
t h e  u s e  of enzyme supplements  i s  t h e  most c o s t  e f f e c t i v e  and acceptable 
method. 



Sources of enzyme activity are variable but generally are derived from 
various types of microbial cultures (Chesson 1987). Although the degree of 
response to enzymes has been variable, a positive effect on barley feeding is 
consistent when proper precautions are taken to assure adequate levels of the 
enzyme activity. 

The majority of the enzyme-induced improvement in barley feeding value 
is from endo-B-glucanase activity (Rickes et al. 1962). However, other enzyme 
activity will probably increase the response. Recently, purified 0-glucanase ' 
was used to break down the cell wall carbohydrates of the cereal grain, rye 
(GrootWassink et al. 1989). Although the pure enzyme improved the feeding 
value of rye, crude enzyme preparations were more successful. It stands to 
reason that optimum hydrolysis of a complex carbohydrate interwoven into cell 

/ '  
I 

walls requires multiple enzymes. Related studies in plant physiology and 
biochemistry are essential for understanding this complex situation. In 
barley, pentosans also contibute to cell walls (Forrest and Wainwright 1977) 
and pentosanase activity is likely required to act together with endo-8- 
glucanase (de Silva et al. 1983). -Release of B-glucan from barley cell wall 
is apparently influenced bv 8 - ~ l u c a n - ~ o l u B l r a ~ e - 7 p ~ i  ana -x=ddregor: -1989~ but 
-Ehe importance of this enzyme(~) in feeding barley is unknown. Finally exo- 
enzymes may provide additional benefit by complete hydrolysis to monomeric 
glucose. The degree of hydrolysis necessary to achieve beneficial results is 
an important consideration in enzyme use. It is generally conceded that the 
improvement in performance demonstrated by enzyme use in barley diets is not 
due to complete hydrolysis of the molecule and the absoqtion of the glucose 
('White et al. 1983; Campbell et al. 1986; Chesson 1987). Instead, relatively 
minor hydrolysis alters the ability of O-glucan to fo-?n viscous solutions and 
act as a barrier to endogenous enzyme activity. Considering the relatively 
short time frame for enzyme-substrate interaction in the digestive tract and 
the relatively low level of enzyme supplementation, this would appear to be an 
important factor in the success of enzyme applications. However, recent 
reports in swine indicate that 8-glucan is essentially totally digestible and 
that enzyme supplemenzation facilitates this breakdown (Graham et al. 1989). 
Again further research is required to determine the fate of B-glucan breakdown 
products in the avian digestive tract. 

(d) Factors Influencina Enzyme Response 
Variation in the level of substrate or in this case, 0-glucan, can 

influence the enzyme response. Genotypic effects on 0-glucan content are well 
established (Campbell et al. 1989). Similarly, regional variations in the 
nutritional value of barley are known to occur (Willingham et al. 1960; 
Burnett 1966) and appear to be attributed largely to climatic effects on B- 
glucan content. M3isture stress, brought on by hot, dry conditions during 
crop maturation elevates both acid soluble and total 3-glucan content (Aastrup 
1979). Stage of maturity at harvest also plays a role in the 0-glucan problem 
(Hesselman and 'Phomke 1982). Campbell et al. (1989) examined the extract 
viscosity of sixteen barley cnltivars grown at five locations in Western 
Canada. Differences in extract viscosity among locations were most apparent 
for high-viscosity cultivars while those exhibiting low viscosity were more 
uniform across locations. Lowest viscosities were n6ted for the nost 
Northerly location (Beaverlodge, Alberta) which coincides with cooler 
temperacures and inczeased rainfall in this area. 

Campbell et al. (1989) compared the feeding vaiue sf barley cuitis.ars 
with different levels of soluble B-glucan as judged by excrac: viscosity. 
Low-viscosity barley consistently resulted in hlgher growth rate and more 
efficient feed conversion than high-viscosity samples. Comparison of the 
feeding value of high- and low-viscosity barleys without and with enzyme 
supplementation demonstrated that high-viscosity barley responds more to 



enzyme a d d i t i o n  b u t  t h a t  even l o w - v i s c o s i t y  samples  were s i g n i f i c a n t l y  
improved by enzyme a d d i t i o n .  P r o d u c t i v i t y  of b r o i l e r s  f e d  t h e  two b a r l e y  
t y p e s  was s i m i l a r  a f t e r  enzyme a d d i t i o n  i n d i c a t i n g  t h e  impor tance  of enzyme 
u s e  i n  r e d u c i n g  v a r i a b i l i t y  among b a r l e y  samples .  S i m i l a r l y ,  compar isons  of 
t h e  r e sponse  t o  enzyme a d d i t i o n  of n i n e  Saskatchewan-grown b a r l e y  samples  
r e v e a l e d  t h a t  t h e  c o e f f i c i e n t s  of v a r i a t i o n  were r educed  from 1 1 . 9  t o  3.3% i n  -_-__ .__. _ __ -._ 
E e  c a s e  of growth r a t e  and from 5 . 2  t o  2'.7% f o r  f e e d  t o  g a i n  r a t i o  by t h e  
a d d i t i o n  of enzyme ( C l a s s e n  e t  a l .  1 9 8 8 ) .  E l i m i n a t i o n  o f  0-glucan a s  a  s o u r c e  
o f ~ _ v . a r , i g b i l i t y  among b a r l e y  samples  has  impor t an t  i m p l i c a t i o n s  i n  t h e  more 
a c c u r a t e  f b > u l a t i o n - o f  F o u l t r y  d i e t s .  
\~ 

N a t u r a l l y  o c c u r r i n g  endo-i3-glucanases a r e  p r e s e n t  i n  b a r l e y  and it h a s  
been s u g g e s t e d  t h a t  t h e  r e l a c i v e  l e v e l  i n f l u e n c e s  b a r l e y  f e e d i n g  v a l u e .  I n  
compar isons  o f  h igh -  and  l o w - v i s c o s i t y  b a r l e y s  (Campbell  e t  a l .  1989) enzyme 
l e v e l s  t e n d e d  t o  b e  h i g h e r  i n  l o w - v i s c o s i t y  c u l t i v a r s .  However, v a r i a b i l i t y  
i n  v i s c o s i t y  due t o  environment  d i d  n o t  match enzyme l e v e l s .  Xa te r  s o a k i n g  
b a r l e y  p r i o r  t o  f e e d i n g  a l s o  improves i t s  n u t r i t i o n a l  v a l u e  (F ry  e t  a l .  1 9 5 8 ) ;  
a c t i v a t i o n  of endogenous o r  m i c r o b i a l  enz;rmes may be r e s p o n s i b l e  f o r  t h i s  
e f f e c t  (Wil l ingham e t  a l .  1959) . 

The a d v e r s e  e f f e c t  of f e e d i n g  b a r l e y  t o  ch i ckens  is  age  dependen t .  
S a l i h  e t  a l .  (1990) s t u d i e d  t h e  i n t e r a c t i o n  of b i r d  age  wi th  d i e t s  based  on 
b a r l e y ,  b a r l e y  p l u s  enzyme o r  wheat .  They f f o n d  t h a t  t h e  major  n e g a t i - ~ e  

r--c.-,-.-----. - - 
e f f e c t  of f e e d i n g  a  h i g h  0-glucan b , a r l e y  ..Zas~~ d u r X F -  =.,e , i r s =  f o u r  ueeks  of ~- - - .-. . . 
l i f e - f o r  b o t h  b r c l e r - - a n d  egg p r o d u c t i o n  s t i c k .  A f t e r  f o u r  weeks, grswch r a t e  - -~ ,. . ~ .  
and  o t h e r  p r o d u c t i o n  pa rame te r s  were s i m i l a r  f o r  b i r d s  f e d  t h e  t h r e e  
e x p e r i n e n t a l  d i e t s .  D i g e s t a  v i s c o s i t y  was h i q h e r  f o r  t h e  b a r l e y - f e d  b i r d s  
r e g a r d l e s s  of age  and  i r r e s p e c t i v e  of t h e  inprovement i n  performance.  On t h e  
o t h e r  hand, f e e d  t r a n s i t  t h e  was o n l y  lower f o r  b a r l e y - f e d  b i r d s  vnen 
performance was poor  and d i d  n o t  d i f f e r  from oche r  t r e a t a e n t  g roups  a t  l a t e r  

I. 

.... 
.. a g e s .  r w t : ? a t  t h e  n e g a t i v e  e f f e c t  of v i s c c s i t y  on y0ur.g b i r d s  is 

*.. -.-.- r e l a t e d  t o  f e e d  t r a n s i t  t i m e .  O lde r  b i r d s  a p p e a r  c a p a b l e  of z o r e  r e a d i l y  

t r a n s p o r t i n g  v i s c o u s  m a t e r i a l  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  and,  t h e r e f o r e ,  
p r o d u c t i o n  i s  no t  a d v e r s e l y  a f f e c t e d .  

As performance i s  a f f e c t e d  t o  a  l e s s e r  d e g r e e  by f e e d i n g  b a r l e y  t o  o l d e r  
b i r d s ,  enzyme a d d i t i o n  i s  l i k e l y  t o  be l e s s  e f f e c t i v e .  However, r e s e a r c h  wi th  
bo th  t u r k e y s  and b r o i l e r s  i n d i c a t e s  t h a t  b e n e f i c i a l  e f f e c c s  a r e  s t i l l  s e e n  
beyond f o u r  weeks of age  (Campbell  e t  a l .  1984; SaLnon e t  a l .  1 9 8 6 ) .  I n  
a d d i t i o n ,  enzyme supp lemen ta t ion  is  n e c e s s a r y  f o r  l i t t e r - h o u s e d  b i r d s  t o  
improve t h e  l i t t e r  q u a l i t y  and t h e  a i r  e n v i r o m e n t .  A h i g h  i n c i d e n c e  of 
b r e a s t  t r imming a t  ?recessing can o c c u r  i f  enzymes a z e  n o t  added t o  b r o i l e r  
d i e t s  (Campbell  e t  a l .  1 9 8 4 ) .  Use of enzymes i n  b a r l e y  d i e t s  f o r  l a y i n g  nens  
i s  l e s s  c l e a r .  R e s u l t s  r ange  from no e f f e c t  (Se rq  1959, 1961; Bustany and 
Clwinger  1988) t o  a  s m a l l ,  b u t  s i g n i f i c a n t ,  inprovement vh ich  may n o t  be  6 -  
glucanase-dependent  (C la s sen  and Campbell, Unpunl ished d a t a ) .  Enzyme a d d i t i o n  
f o r  l a y i n g  hens  may s t i l l  be  war ran ted  t o  improve manure consistency and 
h a n d l i n g  i n  deep p i t  c age  b a r n s  and t~ reduce  t h e  p o c e n t i a l  of s o i l e d  e g g s .  

( e l  Enzme  S t a b i l i t v  
3 i e c a r y  enzymes a r e  exposed t o  k.oscile e n v l r o n m e n ~ s   ring f e e d  

p r o c e s s i n g  and pas sage  th rough  t h e  d i g e s t i v e  c r i c t .  Zxamples i n c l u d e  n iqh  
t e m p e r a t u r e  c u r i n g  p e l l e t i n g ,  Icw pH i n  t h e  p roven==icg ius  and g i z z a r d  and t5.e 
e f f e c t  of p r o ~ e o l y c i c  enzymes. Enzyme a c t i v i t y  n e c e s s a r y  f s r  3-qlucan 
h y d r o l y s i s  can  be f3und i n  a  v i d e  r ange  of p i a c c  and m i c r o b i a i  s o u r c e s .  
Although t h e  e s s e n t i a l  endo-3-glucanase  a c t i v i t y  i s  p r e s e n t ,  s p e c i f i c  enzyne 
c h a r a c t e r i s t i c s  a r e  l i k e l y  v a r i a b l e .  A s  an example, a  c r u d e  enzyme s o u r c e  nas  
r e c e n t l y  been shown t o  c o n t a i n  d i f f e r e n t  forms of pen tosanase  which v a r y  i n  pH 
and t e m p e r a t u r e  s t a b i l i t y  (Grootwass ink e t  a l .  1 9 8 9 ) .  T h e r e f ~ r e  b i o l o g i c a l  
a8  w e l l  a s  l a b o r a t o r y  t e s t i n g  of enzyme a c t i v i t y  i s  e s s e n t i a l  p r i o r  t o  



acceptance of an enzyme source. In general, when acceptable biological 
activity is shown, caution is still necessary in regard to heat stability. 
High pelleting temperatures are not recommended unless clear evidence to the 
contrary is provided by the enzyme manufacturer. Failure to follow such 
guidelines eliminates the usefulness of enzyme addition and also reduces the 
acceptance of this technology by poultry producers. 

111. ENZYME USE FOR OTHER POULTRY FEEDSTUFFS 

Cell wall polysaccharides can have large effects on the nutritional 
value of feedstuffs, as evidenced by 8-glucan in barley, and therefore are 
potential substrates for dietary enzymes. Since cell wall polysaccharides 
vary with feed ingredients, enzyme preparations with specific activity are 
required for beneficial effects. It is improbable that complete hydrolysis to 
monosaccharide constituents is possible within the time frame of feed passage 
through the digestive tract; therefore, total utilisation of these fractions 
is doubtful. In addition, monosaccharides released by enzyme action may be 
poorly available or cause undesirable nutritional effects (Longstaff et al. 
1988). Partial destruction of cell wall mterial to eliminate anti- 
nutritional effects or provide enhanced availability or access to nutrients 
are more likely :outes of action. Orher examples of positive responses to 
enzyme addition have been shown for poultry feedstuffs. 

Oats, like barley, contains relatively high levels of 8-glucan. 
Therefore, hydrolysis of 8-glucan also improves its nutritional value for 
young birds (Campbell et al. 1986, 1987: Petterson et al. 1987: Edney et al. 
1989). However, feeding oats does not always have a negative influence on 
poultry production. Differences in response may be due to variability in the 
nature or content of 5-glucan. 

Broiler chicks fed rye as a cereal grain grow poorly due to pentosans 
(arabinoxylans) found prinarily in endosperm cell walls. Pentosans are 
viscous like 8-glucan and appear to affect productivity in a similar way. 
Enzymes with pentosanase activity are known to improve the feeding value of 
rye although most responses are not sufficient to make diets with rye as the 
sole cereal grain a practical alternative (Petterson and . h n  1988, i989; 
GrootWassink et al. 1989). Further research is required to obtain more 
effective enzyme sources or to design the proper enzyme cocktail to overcome 
the pentosan effect. 

Wheat endosperm cell walls also contain gentosans but the level and 
viscosity of extracts is markedly lower than for rye. Enzyme use in wheat 
based diets has met with variable results but has on numerous occasions 
resulted in an improvement in feeding value. Unpublished studies at the 
University of Saskatchewan and the University of Nottingham have shown that 
enzymes from different sources were capable of increasing the apparent 
metabolizable energy of wheat by up to 24%. Improvements in growth rate and 
feed conversion of broilers fed wheat-soybean rations also indicate a 
potential commercial benefit, although in these studies the beneficial 
response cannot be definitely attributed to the wheat. Cellulase (Trickodema 
viride), when combined with a diet containing high levels of wheat bran, 
caused an increase in the digestibility of cell wall components (Nahm and 
Carlson 1985). Some Australian wheats have Seen shown to have lower 
metabolisable energy than expected which is apparently due to reduced starch 
digestibility (Mollah st al. 1983). 3ased on the sesearch with barley it 
would not be unexpected to find genetic and environmental differences in 
nutritional value which affect the response to enzyme addition. Ciearly 
additional research is required to determine the reason for the variable but 
frequent improvement in the feeding value of wheat by the use of enzymes and 



t h e  r e l e v a n c e  t o  t h e  f e e d  i n d u s t r y .  
T r i t i c a l e  c u l t i v a r s  a r e  t h e  r e s u l t  of i n t e r s p e c i f i c  c r o s s e s  between r y e  

and wheat which t e n d  t o  resemble  wheat more t h a n  r y e  i n  t e rms  of n u t r i t i o n a l  
v a l u e .  P e t t e r s o n  and h n  (1988)  r e p o r t e d  s m a l i  b u t  s i g n i f i c a n t  improvements 
i n  t h e  growth and f e e d  c o n v e r s i o n  of b r o i l e r s  when d i e t s  c o n t a i n i n g  t h r e e  
d i f f e r e n t  t r i t i c a l e  c u l t i v a r s  were supplemented i r i t h  an enzyme s o u r c e  
c o n t a i n i n g  h i g h  l e v e l s  of D-glucanase and pen tosanase  a c t i v i t y .  The wide 
r ange  of c r o s s e s  u sed  t o  produce  - t r i t i c a l e  c u l t i v a r s  makes it  l i k e l y  t h a t  
v a r i a t i o n s  i n  r e sponse  t o  enz-(me supp lemen ta t ion  w i l l  o c c u r .  

D i e t s  based  on co rn  and v a r i o u s  p r o t e i n  suppiements  have a l s o  shown 
r e s p o n s e s  co enzyne p r o d u c t s .  Suga e t  a l .  (1978)  found c h a t  a  m u l t i p l e  enzyme 
c o c k t a i l  improved b r o i l e r  body weight  g a i n  and  f e e d  conve r s ion  by 5 and 2 
p e r c e n t ,  r e s p e c t i v e l y .  C l a s s e n  and  Campbell  ( u n p u b l i s h e d  d a t a )  a l s o  no ted  a  
s i g n i f i c a n t  improvement i n  b r o i l e r  f e e d  c o n v e r s i o n  when an Aspercr i l lus  a- 
d e r i v e d  enzyme s o u r c e  was added t o  corn-soybean meal s t a r t e r  and grower f e e d s .  

The p r e s e n c e  of v a r i o u s  t y p e s  of non- s t a r ch  p o l y s a c c h a r i d e s  i n  p r o t e i n  
supplements  a l s o  o f f e r s  promise  f o r  a p p r o p r i a t e  enz7fl.e s u p p l e ~ e r ~ t a t i o n  e i t h e r  
d u r i n g  che p r o c e s s i n g  ? rocedure  o r  a s  an  a d d i t i o n  t o  t h e  d i e t .  An t i -  
n u t r i t i o n a l  e f f e c c s  have  been scggesced  f o r  o l i g o s a c c h a r i d e s  i n  soybean meal 
(Leske  e t  a l .  i 9 8 8 ) ,  c e l l  w a l i  c a r b o h y d r a t e s  i n  a r . o l a  and soybean meal (Ward 
and Re iche rc  1986)  and v i s c o u s  n u c i l a g e s  i n  some cu ; t i va r s  of Canola ,  muscard 
and l i n s e e d  (Vose 1974; King e t  a l .  1982; M u r a l i k r i s h n a  e t  a l .  1987) 

Fungal phycase  ( A s p e r o i l l u s  f icuum) ~ ~ c z e a s e s  o r g a n i c  phosphorus  
u t i l i z a t i o n  when i n c o r p o r a t e d  i n t o  c h i c k  d i e t s .  Three  grams o f  a  c r u d e  
e x t r a c t  p e r  k i log ram of d i e t  were s u f f i c i e n t  t o  r e s u l t  i n  zomplete h y d r o l y s i s  
o f  n a t u r a l l y  o c c u r r i n g  p h y t a t e  i n  a  corn-soybean r e a l  d i e t  (Nelson e t  a l .  
1 9 7 1 ) .  Th i s  r e p r e s e n t s  a  s u b s t a n t i a l  q u a n t i t y  s f  enzyme t o  be  added t o  t h e  
d i e t ,  which i s  r e f l e c t i v e  of che  mode of a c c i o n  s f  phycase .  Unl ike  3-  
g l u c a n a s e s  o r  p e n t o s a n a s e s ,  where a n i y  mi-or dsnage t o  t h e  s u b s r r a t e  v i l l  
r educe  v i s c o s i t y  and  nave t h e  d e s i r e d  e f f e c t ,  p h y t a t e  d e g r a d a t i o n  w i l l  be a  
c o m p a r a t i v e l y  s low p r o c e s s .  Weighing t h e  c o s t  s f  p h y t a s e  a g a i n s t  t h e  v a l u e  of 
phosphorus  t h i s  would appea r  economica l ly  p r o h i b i t i v e  i n  t e r n s  of im.proved 
phosphorus  a v a i l a b i l i t y .  Minimal damage t o  p h y t a t e  may a l t e r  i t s  s o l u b i l i t y  
p r o f i l e  and a b i l i t y  t o  i n t e r f e r e  wi th  m i n e r a l  metabol ism,  i n  which c a s e  
p h y t a s e  supp lemen ta t ion  may b e  v i a b l e  i f  t h e  r e s u l t  was t o  reduce  s k e l e t a l  
a b n o r m a l i t i e s .  Areas where p h y t a s e  supp lemen ta t ion  i s  b e i n g  i n v e s t i g a t e d  a r e  
concerned w i t h  s o i l  p o i l u t i o n ,  a  l a r g e  p a r t  o f  which i s  due t o  e x c e s s i v e  
phosphorus  i n  animal  was t e .  I n c r e a s i n g  phosphorus u t i l i z a t i o n  v i a  enzyme 
supp lemen ta t ion  c o u l d  c o n c e i v a b l y  r educe  t h i s  problem. 

I V .  CONCLUS XONS 

The u s e  of d i e t a r y  enzyme s o u r c e s  i s  w e l l  e s t a b l i s h e d  f o r  p o u l t r y  b a r l e y  
based  d i e t s  and is  a  w ide ly  acknowledged method t o  improve t h e  n u t r i t i o n a l  
v a l u e  of o t h e r  f e e d  i n g r e d i e n t s .  E s t a b l i s h e n t  of s p e c i f i c  s u b s t r a t e s  ( and  
t h e r e f o r e  enzyme a c t i v i t y ) ,  s u b s t r a t e  e f f e c t s ,  f a c t o r s  a f f e c t i n g  s u b s t r a t e  
impor tance  and s t a b i l i t y  of enzyme c o c k c a i l s  a r e  r e q u i r e d  t o  f u l l y  e x p l o i t  
t h i s  t echno logy .  The renewed r e s e a r c h  i n t e r e s t  In  :h is  a r e a  and t h e  advent  of 
g e n e t i c  m a n i p u l a t i o n  of  a i c r o o r g a n i s m s  nakes  majoz advances l i k e l y  i n  t h e  nea r  
f u t u r e .  The economic v a l u e  of adding enzymes nus: be  d e c i d e d  on a  c a s e  5 y  
c a s e  b a s i s  by d e t e m i n i n g  t h e  ? r o b a b i l i t y  o f  i z p r o v e d  performance oz 
efficiency o r  t h e  b e n e f i t  co  t h e  a g r i c u l t c r a i  ~ n c u s r r y .  
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COMPLEX POLYSACCHARIDES I N  BROILER DIETS 

SUMMARY 

Many non- s t a r ch  p o l y s a c c h a r i d e s  (NSP),  bu t  no t  a l l ,  have an a n t i -  
n u t r i t i v e  a c t i v i t y  when t h e y  a r e  p r e s e n t  a t  low l e v e l s  ( ( 5 % )  i n  b r o i l e r  d i e t s .  
The a p p a r e n t  m e t a b o l i s a b l e  ene rgy  (AME) of t h e  d i e t s  i s  reduced and growth of 
b i r d s  may be  d e p r e s s e d .  Th i s  pape r  reviews ;he l i t e r a t u r e  d e t a i l i n g  t h e  a c t i o n  
o f  NSP and r e p o r t s  t h e  r e s u l t s  of s t u d i e s  l ook ing  a t  t h e  physico-chemical  
p r o p e r t i e s  of NSP which may be r e s p o n s i b l e  f o r  t h e i z  b i o l o g i c a l  a c t i v i t y .  

Add i t i on  of v a r i o u s  NS? t o  a  b a s a l  sorghum d i e t  caused  a  marked 
d e p r e s s i o n  i n  AME and growth i n  some c a s e s .  The a n t i - n u t r i t i v e  a c t i v i t y  was 
u n r e l a t e d  t o  t h e  v i s c o s i t y  of t h e  NS? when n e a s u r e d  i n  v i t r o .  3 e p O l p e r i 3 a t i 0 n  
of xan than  gum d i d  no t  a m e i l i o r a t e  t h e  d e p r e s s i o n  of .N. The d e c r e a s e  i n  
s t a r c h  d i g e s t i b i l i t y  which was a l s o  n o t e d  d i d  .?ot appea r  t o  be due t o  a- 
amylase i n h ~ b i t i o n  a s  xan than  g?lm d i d  noc a f f e c t  t h e  i n  v i c r o  o r  i n  viva 
a c t i v i t y  of t h i s  enzyme. 

P l a n t  p o l y s a c c h a r i d e s  have  d i f f e r e n t  b i o l o g i c a l  a c t - v i c i e s  when t h e y  a r e  
p r e s e n t  i n  d i e t s  f o r  b r o i l e r  c h i c k e n s .  For  example,  i t  i s  now w e l l  e s c a b l i s h e d  
t h a t  t h e  non- s t a r ch  p o l y s a c c h a r i d e s  (NS?) of b a r l e y  and r y e  a r e  r e s p o n s i b l e  
f o r  t h e  poor  n u t r i t i v e  v a l u e  of t h e s e  c e r e a l s .  I n  b a r l e y  ( 1 - 3 ) ,  (1-4)-9-glucan 
( a t  app rox ima te iy  4Cg/kg) c a u s e s  grawch d e p r e s s i o n  accompanied by s t i c k y  
d r o p p i n g s .  The a d a i r i o n  of 3 -g lucanases  t o  b a r l e y  d i e t s  a m e i l i o r a t e s  t h e  
growch d e p r e s s i o n  (Gohl e t  a l .  1978; Hesselmao and b a n  1 3 8 6 ;  C la s sen  e c  a l .  

. . 1988)  and a l lows  b a r l e y  t o  be  used  a t  h i g h e r  ; e v e ~ s .  
Rye c o n t a i n s  h i g h  l e v e l s  ( app rox ima te ly  10% d r y  w t . )  of a r a b i n o x y l a n s  

( p e n t o s a n z ) .  The a n t i - n u t r i t i v e  a c t i v l t y  of t h e s e  p o l y s a c c h a r i d e s  has  been 
demons t r a t ed  by Marquardt and co-workers (Antoniou and Marquardt 1982; Ward 
and Marquardt 1 9 8 7 ) .  Growch d e p r e s s i o n  i n  b r o i l e r s  was caused  by t h e  a d d i t i o n  
t o  e x p e r i m e n t a l  d i e t s  of pen tosans  i s o l a t e d  from r y e .  Enzyme supp lemen ta t ion  
of r y e  d i e t s  w i th  p e n t o s a n a s e s  improves t h e i r  n u t r i t i o n a l  v a l u e  ( P e t e r s o n  and 
Aman, 1988)  . 

Mollah e t  a l .  (1983)  r e p o r c e d  :hat scme A u s t r a l i a n  wheats have low AME 
v a l u e s  when i n c l u d e d  i n  p o u l t r y  d i e t s .  Wet d ropp ings  were obse rved  when 
b r o i l e r s  were f e d  t h e s e  d i e t s .  Th i s  i s  a l s o  found wi t :?  b i r d s  f e d  r y e  d i e t s .  
Fen tosans  a r e  a l s o  p r e s e n t  i n  some wheats a c  a p p r e c i a b l e  l e v e l s  ( app rox ima te ly  
7% d r y  w t . )  and ,  t h e r e f o r e ,  may c o n t r i b u t e  t o  :he low ME wheat phenomenon. 

Examinat ion  of t h e  l i t e r a t u r e  r e v e a l s  t h a t  nany NSP have a n t i - n u t r i t i v e  
a c t i v i t i e s  when added t o  b r o i l e r  d i e t s  (Tab le  1 ) .  A t  low l e v e l s  (c5Cgikg)  of 
i n c l u s i o n  growth d e p r e s s i o n ,  i n h i b i t i o n  of f a t  d i g e s c i o n  and n i t r o g e n  and d r y  
m a t t e r  r e t e n t i o n  have been obse rved .  Some NSP, kowever, have no d e t z i m e n t a l  
e f f e c c  and :he r ea son  f o r  t h e i -  l a c k  3f ac:ivicg i s  b ~ n c l e a r .  D i f f e r e n c e s  muse 
be due t o  t h e  d i f f e r e n t  p h y s i c o - c t e m ~ c a l  p r o z e s t i e s  3f t h e  p o l y s a c c h a r i ? e s  o r  
t h e i r  breakdown products. 



T a b l e  1. The e f f e c t s  of p o l y s a c c h a r i d e s  i n  b r o i l e r  d i e t s .  

P o l y s a c c h a r i d e  Level  E f f e c t  Re fe rence  

C e l l u l o s e  I n c r e a s e d  growth;  
reduced n u t r i e n t  
d i g e s t i b i l i t y .  

S a i t o  e t  a x .  (1959)  

C e l l u l o s e  Energy d i l u t i o n  growch 
d e p r e s s i o n  a t  > 6 % .  

S i b b a l d  e t  a l .  
( 1 9 6 0 ) .  

C e l l u l o s e  No d e t r i m e n t a l  e f f e c t .  Begin ( 1 9 6 1 ) .  

Guar gun 
Locust  gum 

Depressed growth and 
f e e d  e f f i c i e n c y ;  

Anderson and Warnick 
( 1 9 6 4 ) .  

.. Guar gum 
LOC'JS~ gum 

..-, Tragacan th  
. Car rageen in  

P e c t i n  
Ok:a. ( 

_ - Psyl ium husk 
- C e l l u l o s e  
-, Methyl c e l l '  s e  
.-. Carb.met . c e l l .  

Dext r i n  
Dextran  
L inseed  mucin 
G h a t t i  gum 
Agar a g a r  

Growth d e p r e s s e d  25-30%. 

Growth d e p r e s s e d  1 5 % .  

No d e t r i m e n t a l  e f f e c t .  

Vohra and Kra t ze r  
( 1 9 6 4 ) .  

C e l l u l o s e  
C i t r u s  p e c t i n  
S c l e r o g l u c a n  

Used a s  c o n t r o l  
Depressed growth,  l i p i d  
c h o l e s t e r o l  d i g e s t i b i l i t y .  

Gr iminger  and F i s h e r  
(1966) . 

Rye p e n t o s a n s  Growth and  f e e d  
e f f i c i e n c y  d e p r e s s i o n .  

Antoniou and  
Marquardt (1981) 

C i t r u s  p e c t i n  
Guar gum 

Depressed growth,  
l i v e r  :at and serum 
c h o l e s t e r o l  

Guar gum 
P e c t i n  
Arab ic  gum 
?ec:in 

Depressed growth and 
t i b i a 1  a s h .  
No e f f e c t .  
Depressed growch, 
l i v e r  f a t  and serum 
c h o l e s t e r o l .  

Grammer e t  a l .  (1982) . 

3 i shawi  and xCGinnis  
(19841. 

Rye pen t3sans  Reduced f a t  and dry  
m a t t e r  z e t e n c i o n  

Teng le r  and 
.hia=cyuardt (1988) . 

Wheac 
pen tosans  

Reduced ME, growth,  
and  s t a r c h  d i g e s t i o n .  

Choct and Annison 



P l a n t  NSP a r e  d i v e r s e  i n  s t r u c t u r e  and have v e r y  d i f f e r e n t  p h y s i c a l  and 
chemica l  p r o p e r t i e s .  They v a r y  g r e a t l y  i n  t h e i r  v i s c o s i t y  and i o n  exchange, 
hygroscop ic  and s u r f a c e  a c t i v i t y  p r o p e r t i e s  i n  aqueous sys t ems .  The a n t i -  
n u t r i t i v e  a c t i v i t y  of t h e  NSP has  been a t t r i b u t e d  ma in ly  t o  t h e i r  a b i l i t y  t o  
i n c r e a s e  t h e  v i s c o s i t y  of t h e  d i g e s t a  w i th  s u g g e s t i o n s  t h a t  t h i s  i n h i b i t s  
d i f f u s i o n  of d i g e s t i v e  enzymes and n u t r i e n t s .  The d i f f u s i o n  of NaCl and 
g l u c o s e  has  been shown t o  be i n h i b i t e d  by i n c r e a s e s  i n  v i s c o s i t y  i n  a  model 
sys t em u s i n g  d i a l y s i s  t u b i n g  t o  r e p r e s e n t  t h e  g u t  ( F e n g l e r  and Marquardt 
1 9 8 8 ) .  ~ u t r i e n t  movement i n  t h e  g u t  i s  a l s o  by means of c o n v e c t i v e  t r a n s p o r t  
a s  a r e s u l t  of p e r i s t a l s i s .  Edwards e t  a l .  (1988) r e p o r t e d  t h a t  i n c r e a s e s  i n  
v i s c o s i t y  i n h i b i t  c o n v e c t i v e  t ranspor :  of NaCl a f t e r  s t u d i e s  a l s o  u s i n g  
d i a l y s i s  t u b i n g  a s  a  model sys t em.  

It has  been a rgued  t h a t  i n c r e a s e s  i n  v i s c o s i t y  w i l l  a l s o  i n h i b i t  t h e  
a c t i v i t y  of d i g e s t i v e  enzymes. I n  s o l u t i o n s  of NSP t h e  d i f f u s i o n  of enzymes 
and s u b s t r a t e s  may b e  h i n d e r e d  by t h e  i n c r e a s e d  v i s c o s i t y  which i s  a  s i e v i n g  
e f f e c t .  The r a t e  o f  c a t a l y s i s  may s u b s e q u e n t l y  be a f f e c t e d .  The : c i n e t i c s  f o r  
t h e  r e a c t i o n ,  however, w i l l  a l s o  be a f f e c t e d  a s  t h e  chemical  a c t i v i t i e s  o f  
b o t h  r e a c t a n t s  and p r o d u c t s  w i l l  b e  i n c r e a s e d  due t o  t h e i r  e x c l u s i a n  from p a r t  
of t h e  s o l v e n t  by t h e  NSP. Laurent  (1971) demons t r a t ed  t h a t  a d d i t i o n  of a  
n e u t r a l  polymer d e c r e a s e d  t h e  Km ( c o n c e n t r a t i a n  of a  s u b s t r a t e  a t  wnich t h e  
r a t e  o f  an  enzyme r e a c t i o n  is  h a i f  t h e  maximum) o f  che d e p o i y m e r i s a t i o n  of 
h y a l u r o n i c  a c i d  by a  bacterial l y a s e  and :hus aczed  i n  an  o p p o s i t e  way t o  a  
c o m p e t i t i v e  i n h i b i t o r .  

I n h i b i t i o n  o f  t h e  breakdown and a b s o r p t i o n  of n u t r i e n t s  may a l s o  be  
caused  by NSP th rough  more d i r e c t  i n t e r a c t i o n s .  The p o l y s a c c h a r i d e s  may b i n d  
t h e  d i g e s t i v e  enzymes o r  t h e i r  s u b s t r a t e s .  They may a l s o  b i n d  t o  t h e  s u r f a c e  
o f  t h e  g u t  t h u s  inhibiting t h e  t r a n s p o r t  s f  n u t r i e n t s  from t h e  lm.en a s  w e l l  
a s  i n t e r f e r i n g  w i t h  t h e  s u r f a c e  r e s i d e n t  enzynes .  There  i s  ev idence  t h a t  NSP 
i n h i b i t  f a t  d i g e s t i o n  (Tab le  1). The d i g e s t i o n  of f a t  and sone  f a t  s o l u b l e  
n u t r i e n t s  ( i e .  c h o l e s t e r o l  and Vi tamin 3 )  depends on m i c e l l a r  f o n d t i o n  which 
may be  i n h i b i t e d  by s u r f a c e  a c t i v e  p r o p e r t i e s  of t h e  NSP. 

Enzymic supp lemen ta t ion  of b a r l e y  d i e t s  has  been shown t o  be b e n e f i c i a l .  
The depolymesised  8-glucan is  s i m i l a r  t o  c e l l u l o s e  wnich appea r s  t 3  b e  i n e r t  
i n  t h e  ch i cken  g u t .  T h i s  .nay be due t o  a  l a c k  of endogenous o r  . n i c r o b i a l  
c e l l u l a s e s  wnich a l l o w s  t h e  f ragments  t o  p a s s  s t r a i g h t  t h rough  t h e  lower  
i n t e s t i n e  a s  l a r g e  i n e r t  o l i g o s a c c h a r i d e s .  The f r agmen t s  of o t h e r  
p o l y s a c c h a r i d e s  may b e  l e s s  w e l l  t o l e r a t e d  and may have a n t i - n u t r i t i v e  
a c t i v i t i e s  of t h e i r  own. The P -ga l ac tose  o l i g o s a c c h a r i d e s ,  f o r  example a r e  n o t  
abso rbed  i n  t h e  s m a l l  i n t e s t i n e  and pas s  i n t o  t h e  l a r g e  bowel where t h e y  may 
s u b s e q u e n t l y  be f e rmen ted  by t h e  n i c z o f l o r a  t o  c a u s e  d i a r r h e a  and E l a t u l e n c e  
( S a i n i  1 9 8 6 ) .  Indeed,  t h e  g u t  m i c r o f l o r a  seem t o  p l a y  a  roLe i n  t h e  a n t i -  
n u t r i t i o n a l  a c t i v i t y  of r y e  pen tosans  a s  a n t i b i o t i c s  have been shown t o  
p a r t i a l l y  r e v e r s e  t h e  growth d e p r e s s i o n  caused by r y e  d i e t s  (Wagner e t  a l .  
1 9 7 7 ) .  

The con t inued  use  of h i g h  l e v e l s  of c e r e a l  g r a i n s  i n  p o u l t r y  d i e t s ,  i n  
c o n j u n c t i o n  w i t h  t h e  i n c r e a s e d  use  o f  nove l  g r a i n s ,  bo th  legume and non- 
legume, means t h a t  i n v e s t i g a t i 3 n s  i n t o  t h e  s p e c i f i c  e f f e c t s  of NSP an growth 
and ? e r f o r n a n c e  a r e  war ran ted  Th i s  a p e r  d e t a i l s  e x p e r i n e n t s  Lnvest;gaci.?g t h e  
b i o l o g i c a l  a c t i v i t y  sf :JS? i n  b r o i l e r  d i e t s .  

B i r d  manacer?.ent. I n  a l l  e x p e r i z e n t s  5 -6  xeek o l d  c - n z e r c i a l  t:qe male b r o i l e r s  
were u sed .  The b i r d s ,  o b t a i n e d  a t  1 day-old ,  were ma in t a ined  on c o n ~ . e z c i a l  
s t a r t e r  and f i n i s h e r  d i e t s  and were housed i n  b roode r s  and group c a g e s .  Dur ing 
expe r imen t s  b i r d s  were h e l d  i n  I n d i v i 2 u a l  metabol ism c a g e s .  



Exper imen ta l  d i e t s .  D i e t s  were f o r m u l a t e d  by add ing  p o l y s a c c h a r i d e s  i n  p l a c e  
of sorghum t o  t h e  b a s a l  d i e t  d e t a i l e d  i n  Tab le  2 . .  

Tab le  2 .  Composi t ion  of sorghum b a s a l  d i e t  ( g / k g )  

Sorghum 
Casein.HC1 
Dica l c ium phospha te  
Calc ium c a r b o n a t e  

820 Premix 5 .0  
134 NaCl 3 . 6  

2  6  Cho l ine  c h l o r i d e  0 .4  
11 

AME a s s a y s .  The .WE of t z i a l  d i e t s  was de t e rmined  u s i n g  t h e  c l a s s i c a l  t o t a l  
c o l l e c t i o n  method. B i r d s  weze randomly a l l o c a t e d  t o  e q u a l  l i v e  weight 
t z e a t m e n t  g r o u p s .  There  were e i g h t  b i r d s  i n  each  group and 48 i n d i v i d u a l  
metabol ism cages  a l l owed  5  t r i a l  d i e t s  and a  c o n t r o l  d i e t  t o  be  a s sayed  i n  
each  expe r imen t .  a i r d s  were f e d  t r i a l  d i e t s  a d  l i b i t u m  f o r  7 d a y s .  Exc re t a  
were c o l l e c t e d  d a i l y  and f e e d  i n t a k e  was mon i to red  o v e r  t h e  l a s t  4  days  of t h e  
t r i a l .  The e x c r e t a  from each  b i r d  was d r i e d  a t  30°C o v e r n i g h t .  The g r o s s  
e n e r g y  o f  t h e  t r i a l  d i e t s  and t h e  poo led  e x c r e t a  from each  b i r d  was d e t e - n i n e d  
u s i n g  bomb c a l o r i m e t r y .  
S t a r c h  d i q e s t i b i l i t v .  The s t a r c h  c o n t e n t s  of d i e t s  and e x c r e t a  were d e c e d n e d  
u s i n g  a  method b a s e d  on t h a t  d e s c r i b e d  by Aman and 3esse lman ( 1 9 8 4 ) .  
V i s c o s i t v  neasu remen t s .  The r e l a t i v e  v i s c o s i t i e s  of t h e  p o l y s a c c h a r i d e s  , x e d  
i n  t h e  t r i a l  d i e t s  were de t e rmined  u s i n g  an Ostsrald v i s c o m e t e r .  Values  a r e  
e x p r e s s e d  r e l a t i v e  t o  t h o s e  o b t a i n e d  f o r  d i s t i l e d  w a t e r .  The p o l y s a c c h a r i d e s  
were d i s s o l v e d  i n  d i s t i l l e d  wacer (100mg/100ml.) ac  room tzmpera tuxe  o r  w i t h  
g e n t l e  warming. Locust  bean gum was t h e  o n l y  p o l y s a c c n a r i d e  which d i d  n o t  
d i s s o l v e  m d e r  t h e s e  c o n d i t i o n s .  I t  was a l s o  i n s o l u b l e  i n  0.1X NaOH. 
D e p o l ' p e r i s a t i o n  of Xanthan s-zr.. Xanthan gm (1009)  was suspended i n  31  of RC1 
(O.:M, 0.5M o r  1x1 and h e l d  a t  100°C i n  a  domes t i c - type  s low cooke r  f o r  
d i f f e r e n t  t i m e s .  A f t e r  c o o l i n g  t h e  p r e p a r a t i o n  was d i a l y s e d  ( m o l e c u l a r  weight 
c u t  o f f  a p p r o x i m a t e l y  12000) e x h a u s t i v e l y  a g a i n s t  runn ing  t a p  wa te r  t o  zemove 
t h e  a c i d  and s m a l l  m o l e c u l a r  weight  p r o d u c t s .  The r e t e n t a t e  was d r i e d  i n  a  
f o r c e d  a i r  oven (80°C, 2 4 h r ) .  
a-Amvlase a c t i v i t v .  a-Amylase a c t i v i t y  was de t e rmined  u s i n g  t h e  f o l l o w i n g  two 
methods.  To d e t e r m i n e  t h e  e f f e c t  o f  xan than  gum on a-amylase wheat s t a r c h  
g r a n u l e s  (10mg) were i n c u b a t e d  i n  c i t r a t e  b u f f e r  (10m1, 4mM CaC12, pH5.2, 
40°C) wi th  a-amylase (Boehr inge r  Mannheim, E .C. 3 . 2 . 1 . 1  ., 0 .  lm l )  . Ali q - ~ o t s  
( I d )  were removed p e r i o d i c a l l y ,  added t o  methanol  (9ml)  and c e n t r i f u g e d .  The 
s u p e r n a t a n t  (5ml) was removed and e v a p o r a t e d  t o  d r y n e s s .  The z e s i d u e  was r e -  
suspended i n  c i t z a t e  b u f f e r  (pH4.6, LOml.), i ncubaced  w i t h  amylog lucos idase  
(Boehr inge r  Xannheim, E .C .2 .3 .1 .3 . ,  O. lml . ,  5 i 0 c ,  5 h r . l .  The g l u c o s e  c o n t e n t  
of t h e  m i x t u r e  was de t e rmined  u s i n g  t h e  g l u c o s e  o x i d a s e  method. The a-amylase 
a c t i v i t y  i n  g u t  c o n t e n t s  was measured by f o l l o w i n g  t h e  i n c r e a s e  i n  zeducinq 
poKer of an i n c u b a t i o n  m i x t u r e  c o n t a i n i n g  s t a r c h  w i t h  3 , 5  d i n i t r o s a l i c y l i c  
a c i d  a s  d e s c r i b e d  by Csrnan ( 1 9 8 2 ) .  

III. EXPCRiYENTAi .LW .&ESULTS 

The Z f f e c t  c f  NS? on ?.KZ and b r s i l e r  Growth. Sodiun a l g i z a t e ,  xanthan gun, 
i o c u s t  bean gum, low v i s c o s i t y  n e t h y l  c e l l u i o s e  and h igh  v i s c o s i t y  nechy l  
c e l l u l o s e  were added :o t h e  b a s a l  c i ie t  !30q/;Cg) i?. ?Lace of sor;hu..n. XsX 
and s t a r c h  d i g e s t i b i l i t y  of :he d i e t s  were d e t e r m i n e d .  The body weight g a i n  3f 
t h e  b r o i l e r s  d u r i n g  Ehe t z i a l  p e r i o d  was a l s o  mon i to red  (Tab le  3 ) .  The i l e a l  
s t a r c h  c o n t e n t s  of t h e  c o n t r o l  and 30g/kg xan than  gum t r e a t n e n t  g roup  were 
a s s e s s e d .  The r e s u l t s  a r e  shown i n  Tab le  4 .  



Tab le  3 .  E f f e c t  of v i scous  non-s tarch  po lysacc 'ha r ides  (30g/kg)  on l i v e w e i g h t  
g a i n ,  ILME and s t a r c h  d i g e s t i o n .  

D i e t  Liveweight ILXE 5tarc . i  X e l a t i v e  
g a i n  ( g )  (MJ/:<g E M )  d i g e s t i b '  :y v i s  .- 

c o e f f i c i e n t  

C o n t r o l  D i e t  44ga 1 3  .5aa  0 .  980e - 
Xanthan gum. :6ac 11.28' 3 . 3 5 a f  8 .0  
Locust  bean quzn. 224C 1 1 . 5 7 ~  3 .  95af -2 
L V M C ~ .  430ab 13 .  25a 0. 35ae 1 . 6  
H V K C ~  . 33zb 13 .  50a 0 .  99je  2 . 0  
sodium a l g i n a t e .  45ja  13 .2ga 0 .  98fie 12 .0  

1. V i s c o s i t y  of a  0.1% s o l u t z o n  r e l a t i v e  c5  u a t e r .  

2 .  I n s o i u b l e  i n  wazer and S.1Y NaCF. 
and h ~ q h  v i s c o s ~ t : ~  se:hyl c e l l o l o s e  

a ~ ~ ~ c .  V a i , ~ e s  w i th  unl i !<e  s u p e r s c r i p t s  a z e  signifi :anrl:r  different ( ? < 3 . 3 1 )  
e ,  f .  Valxes  w;rh n n l i k e  s u p e r s c z i p t s  a r e  4igr.i: i:anzl:r 5 i f f e r e n c  (?<0.353 . 

Tan le  4 .  S t azcn  contenc  5f i l e a l  d i g e s t a  of b ~ z d s  f e d  xar.znan -7 ( 3 0 g j : ~ q )  . 

S t a r c h  S t a r c n  S t a r c h  
(4  wet weighc) (4  d r y  welqnc) ( 4 )  

C o n t r o l  
Xanthan Gum. 

Xanthan ~m and l o c u s c  bean -3 caused  a  m r k e d  and h ~ q h l y  s i c j x ~ 5 i c a n Z  
(P<0 .01 )  d e p r e s s i o n  I n  welgnc g a i n  o v e r  t h e  t r i a l  c e r i 5 d .  T5.e h igh hrlscosi::r 

me thy l  c e l l u i o s e  a l s o  d e p r e s s e d  growch Suc t o  a  Lesse r  e x t a n t .  The A X ?  and 
s t a r c h  a iqe3 : ib i l i cy  of t h e  d i e c s  r i t h  :<anchan and l s c . ~ s c  bean FAT r e r e  
s i g n i f i c a n t l y  reduced a l s o .  These e f f e c z s  were nor r e i a t e a  t o  :he v i s c o s i t y  o f  
solutions formed by t h e  p o l y s a c c h a r i d e s  a s  sodium a l g i n a t e  had no e f f e c t  on 
any o f  che  measured ?aramecers .  
The e f f e c t  c f  d e o o l m e r i s e d  xantkan cum on ?J-Z. Three xan=?,an p m  hydzoiysaces  
(X ,3 , and  C) were p r e p a r e d  wi th  t h e  following t r e a t z e n t s :  0 .13  3C1, 100°C, fox  
1  hour ,  0.5M HC1, ; O O O ~  f o r  i hour  and :.OX 3C1, 100°C f o r  4  hour s  
z e s p e c t i v e l y .  Tke v i s c o s i t y  of each - ,repa=-xion and z h e i z  e f f e c t  on :he Wr' 
and  s t a r c h  d i g e s t i b i l i t y  of  t h e  b a s a l  3orgn.m. die: when added a c  23g/kg was 
de t e rmined .  The r e s u l t s  a r e  shown i n  Table  5 .  
P a r t i a l  depo iymer i za t ion  o f  xanchan gum wi th  hydroc>.loric a c i d  g r e a c i y  reduced 
t h e  r e l a t i v e  v i s c o s i t i e s  of t h e  s o l u r i o n s  formed by t h e  p o l y s a c c h a r i d e s  ( c f .  
Tab le  3  and Tabie  51 .  The p r e p a r a c i o n s ,  however, zeca ined  t h e  a n t i - n u t r i t i v e  
a c t i v i t y  of na t i - r e  xan than  p a  c a u s i n g  a  d e g r e s s i o n  i n  t5.e ?-!? and s e a r c h  
d i g e s t i b i l i t y  of b r o i l e r  d i e c s  when ir.cLadea a t  i0gl:<g of d i e t .  
S f f e c z  of xantkar.  327 37. 3-5-vlase 3cti ' r ic.r .  The e:fec= s f  xar.:?.an -3 on t?.e 
r a c e  s f  r e l e a s e  of ~ a l : ~ s e  f r z n  wheae s c a r c n  g a r u i e s  iias ir .ves=i,-ate".  ;?he=; 
s t a r c h  g r a n u l e s  (1Cp.g) siere Inc,&aced srir.3 a - m y l a s e  i.? b u f f e r  (137L) wick 
and wi thou t  xanchan  FA^ (0.1% 3/71.  The r e l e a s e  of n a l t s s e  frcm Z5.e s t a r c h  i s  
shown i n  F i p r e  1. Also a - m y l a s e  a c t i v i t y  i n  :he s m a l l  in:esti?.e of c o n t r o l  
b r o i l e r s  and b r o i l e r s  f e d  a  d i e t  c o n t a x i n g  xar.t?.an g.m. was d e c e r z i n e d .  The 
r e s u l t s  a r e  shown i n  Tab le  6.  



Table  5 .  The e f f e c t  of xanthan gun hydzo lysa te s  (30g/kg)  on llME and s t a r c h  
d i g e s t i b i l i t y .  

D i e t  X4E S t l r c h  R e l a t i v e  
(MJ/kg DX) d i g e s t l j i l i t y  ~ i s c o s i t y ~  
y 
Contzol  12.  73a 0 .  383a - 
Hydro lysa te s  
A ( 0 . 1 ~  H C ~ ,  ~ O O O C ,  1 h r . )  12 .0aab  0.968ab S E ~  
3 (0.5M HCL, 100°C, 1 h r . )  1 0 .  7 j c  0 .  95Z3 4.25 
c ( 1 . 0 ~  xc1, looOc, 4 h . i  1 0 . 7 4 ~  0.94ab 2 . 6 5  

l. V i s c o s i t y  of a  0.14 s o l u t i o n  r e l a t i v e  t o  r a z z r .  
2 .  Value n o t  determined a s  , sol ;~ .er  d i d  z o t  r e a d i l y  d i s so l - ?e .  
a f S l c .  Values wi th  u n l i k e  s c p e r s c r i ? = s  a r e  s i g n i t i c a n c l y  d i f f e r e n t  l P < 0 . 3 5 ) .  - I 

8.0 
'2g.l. Effec: of xancnan 
gun. (0 .14 W / V )  on tr.e 
r e l e a s e  of n a l t o s e  
f zon  scazcn Sy a - m y l a s e .  

0.0 1 
0.0 2.0 4.5 6.0 

TIME (hr )  

Table  5 .  The i n f l u e n c e  s f  d i e t l r y  :tar,:"n gum 3r. :ke C-=m:i?ase a c t i 7 i i t y  (mg 
of .maltose :e;eased/.dn) of je j ,unal  and i l e a l  :on:er.=z i n  S r s i l e r s  

D ie t  

Con tzg l  249 ( 2 2 )  - 1 6 1  (34)  
Xanthan pum (?Og/kg) 177 (34 )  1 1 0  (34)  

S tanda rd  e r r o r  i n  b r a c k e t s .  

Xanchan gum d i d  xo t  i n h i b i t  t h e  r e l e a s e  05 mal tose  Sy a-amylase fr-m s t a z c h  
g r a n u i e s .  ( F i g .  1) . Com3ared t o  c o n t r o l s  =he re  was no 9 i g n i f i c a r . t  d i f f e r e n c e  i n  
t h e  a - m y l a s e  a c t i v i t y  L n  =he  b i z d s  f e d  xar.than TO. The l e v e l s  measured irere 
h i g h l y  v a r i a b l e . ,  which made s t a t i s t i c a l  t e s c i n g  d i f t l c - l t .  

Resuonse of AM3 t o  NSP mix tuzez .  The WE of t z i a l  d i e t s  c o n t a i n i n g  xanthan qun 
( 2 0 g / k g ) ,  xanthan gum(lOg/kg) + l o c u s t  oean g u n  (;Og/kg) and l o c z s t  Eean qx~ 
(2Og/kg) were d e t e m i n e d .  The z e s u l i s  a r e  shown i n  T a ~ l e  7 .  

The *I: of t z i a l  d i e t s  was d e p r e s s e d  by i n c l c s i s n  of xancta?. and l o c ~ ~ s t  bean 
gun ar: 24.  There was no ev idecce  of an i n t e r a c t i o n  Setween tt ie tiro 
? o l y s a c c h a r i d e s  wnich a l t e r e d  = h e i r  ac=Fvi:y i n  lower ing t 5 e  n u c z i ~ i - ? e  va ice  
of t h e  k a s a i  d i e c .  



Tab le  7 .  E f f e c t  of non- s t a r ch  p o l y s a c c h a r i d e s  d x t u r e s  on ilME of d i e t s .  

D i e t  S t a r c h  
d i g e s t i b i l i t y .  
c s e f f i c i 5 n t  

C o n t r o l  12 .8ga 0 .  98ga 
Xanthan qum (ZOg/kg) . 1 2 . 0 5 ~  0 .97aab 
XS. ( lOg/kg)  i LaG (10g/kg)  . 1 1 . 6 6 ~  0.957O 
Locust  bean gurn(Z0g/!<g) . 1 1 . 4 0 ~  0.3500 

aro. v a l u e s  w i t h  u n l i k e  s u p e r s c r r p c s  a r e  s i g n i f i c a n t l y  d i f f a r e n t  ( P t 0 . 3 5 )  

IV. DiSC3SSI3N 

The v a r i a b i l i t y  i n  b i o i 3 g i ; a l  a c t i v i t i a s  of SSP In  ~ o u l t z : ~  d i e t s  i s  
i l l u s t r a t e d  by :he r e s u l t s  i n  Tab le  3 .  ?he s i g n ~ f i c a n t  ( ? < a .  2 : )  d e p r e s s r o n  i n  
iU13 c a u s e d  by xanthan and l o c d s t  Sean FAT iias accompanied by d e p r e s s i o n  i n  
g rouch .  30th. 3- t h e s e  e f f e c t s  a r e  n o t  due t s  s r q i e  ene rgy  d i l u t i o n  which i s  
t h e  p r o b a b l e  c a u s e  of t h e  s m a l l  n o n - s i q n i f i c a n t  ~ t S a c = s  obse rved  f o r  :he o t h e r  
NS?. The d e p r e s s i o n  i n  XME was a s s o c i a t e d  wi t? .  an i n n i h i t i ~ n  i n  s t a r c h  
d i g e s t i b i l t y  which i s  t o  ke  expec=ed u l zh  t r i a l  d i e t s  c o n t a l n i z q  t h e  h i g h  
l e v e l s  of c e r e a l s  and s u q g e s t s  t h a t  t h e  of a d d i t i o n  of xanthan TAT and l o c u s t  
bean gum t o  d i e t s  p r o v i d e s  a  n o d e l  f o r  t h e  low .W wheat phenomenon d e s c r i b e d  
by Xo l l ah  e t  a l .  (1483)  

The l a c k  of c o r r e l a t i o n  becween t h e  XME of t h e  d i e t s  and t h e  v i s c o s i t y  
of t h e  added ?IS? was unexpeczed and s u c g e s t s  :.'.at o t h e r  physico-chemical  
p r s p e r c i e s  a r e  r e s p o n s i b i e  f o r  t h e  a n t i - n u t r i t i v e  e f f e c z .  A l g ~ z a t e  i s  a  
p o l y u r o n a t e  ve ry  s i n - l a r  ir. s:r.~ccxre :o th.e p o l ~ g a l a c z x = s n a c e  of c i t z u s  
pectins which Aave t e e n  shown t o  have a growch d e p r e s s i n g  e f f e c t  i n  b r o i l e r s  
( P a t e l  e t  a i .  1 9 8 i ;  3 i snawi  and ~ ~ S i ? . n i s  1384) and t h e r e f o r e  would have been 
elcpected t o  show a  s i m i l a r  a c t i v i t y  c o n s i d e r i n g  t h a t  I t  a l s o  had a  h i g h  
v i s c o s i t y .  X l g i n a t e  i s  c o n s i d e r e d  t o  be b i o l o g i c a l l y  ir.er: and is  used  i n  
human food  p r o d u c t s  a s  i s  xanthan qum. The reason why one shou ld  t e  a c t i v e  and 
t h e  o t h e r  nor  i s  u n c l e a r .  

F u r t h e r  ev idence  t h a t  t h e  a n t i - n u t r i t i v e  ac:ivity o f  xanthan gum is  n o t  
due s o l e l y  t o  i t s  a b i l i t y  t o  f o m  v i scous  s o l u t i o n s  i s  p rov ided  by t h e  r e s u l t s  
i n  Tab le  5 .  The t h r e e  xan than  gum h y d r o l y s a t e s  a l s o  dep res sed  t h e  WE o f  =he  
b a s a l  d i e t  by i n h i b i t i n g  s t a r c h  d i g e s t i b i l i t y .  The h y d r o l y s a t e s  d i d  n o t  
produce  s o l u t i o n s  a s  v i s c o u s  a s  t h e  n a t i v e  xanthan gun b u t ,  due t o  t h e  
d i a l y s i s  p rocedure  used  i n  t h e i r  p e e ? a r a t i o n ,  t h e y  would s t i l l  have c o n s i s t e d  
of r e l a t i v e l y  l o n g  molecu le s  which p o s s i b l y  r e t a i n e d  o t h e r  2 r o p e r l t i e s  
r e s p o n s i b l e  f o r  t h e  a n t i - n u t r i t i v e  ac:ivl=y. 

P o l y s a c c h a r i d e s  nay i n t e r a c t  i n  s o l u t i o n  t o  produce e f f e c t s  which 
n e i t h e r  w i l l  a c h i e v e  a l o n e .  D ieca ry  p o l y s a c c h a r i d e s  from d i f f e r e n t  f e e d s t u f f s  
may a l s o  i n t e r a c t  t o  produce  b i o l o g i c a i l y  a c z i v e  s p e c i e s .  When xanthan gum i s  
.mixed w i t h  l o c u s t  bean qu.3 i n  a q u a l  proportions I n  s o l u c i o n  t h e  v i s c o s i t y  i s  
g r e a t e r  t h a n  siould be  e ~ e c t e d  (Kovacs 1 9 7 3 ) .  This  syne rq i sm i s  due =o 
s p e c i f i c  i n t e z a c z i o n s  be tueen  t h e  pol:~sacch.arices.  The d a t a  i n  Tab le  7 do n o t  
i n d i c a t e  t h a t  syne rg i sm between t h e s e  two C ~ O K  p l a c e  t s  S e p r e s s  W !  :o a  
g r e a c e r  exten: t h a n  e x p e c t e d  from t h e i r  i n c i v i k u a l  a c t i v i z r e s .  

The s t a r c h  c o n t e n t  i n  t h e  i l a , m  of c s n t r o l  b i r d s  and birds f e d  xan than  
gum d i f z e r e d  s i g z i f i c a n t l y  on ly  on a  wet weight b a s i s  (Table  4 ) .  T h i s  i s  
e i t h e r  a  r e s u l t  of t h e  hygroscop ic  n a t u r e  of t h e  po lysaccha r ide  o r  a  g e n e r a l  
u p s e t  o f  t h e  g u t  sys t em c a u s i n g  t h e  s e c r e t i o n  of water  i n t o  t h e  l m e n .  The 



t o t a l  s t a r c h  c o n t e n t  v a l u e s  were  s i m i l a r  i n  c o n t r o l  a n d  t r e a t m e n t  b i r d s  
i n d i c a t i n g  t h a t  t h e  r e d u c e d  s t a r c h  d i g e s t i b i l i t y  o f  t h e  d i e t  c o n t a i n i n g  
x a n t h a n  gum was a  r e s u l t  o f  a n  i n c r e a s e  i n  t h e  r a t e  o f  p a s s a g e  o f  t h e  d i g e s t a .  
The i n  v i t r o  e x p e r i m e n t s  d i d  n o t  show t h a t  x a n t h a n  gum h a s  a n  i n h i b i t o r y  
e f f e c t  on  Q-amylase.  The gum d i d  n o t  s i g n i f i c a n t l y  d e p r e s s  t h e  Q-amylase 
a c t i v i t y  i n  t h e  je junum o r  i l e u m  ( T a b l e  6 ) .  The r a n g e  o f  v a l u e s  o b t a i n e d ,  
however,  was g r e a t ,  which  m y  b e  b e c a u s e  t h e  amount of  m a t e r i a l  o b t a i n e d  f r o m  
t h e  b i r d s  was h i g h l y  v a r i a b l e .  
The p r e s e n t  s t u d i e s  c o n f i r m e d  t h a t  n o t  a l l  NSP p o s s e s s  a n t i - n u t r i t i v e  
a c t i v i t y .  T h i s  was shown c l e a r l y  w i t h  t h e  d i f f e r e n t  r e s p o n s e s  t o  x a n t h a n  gum 
a n d  s o d i u m  a l g i n a t e .  A l s o ,  t h e  a n t i - n u t r i t i v e  a c t i v i t y  of x a n t h a n  gum a n d  
o t h e r  NSP a p p e a r s  t o  b e  i n d e p e n d a n t  o f  t h e i r  a b i l i t y  t o  f o r m  v i s c o u s  
s o l u t i o n s .  L o w - v i s c o s i t y  x a n t h a n  gum f r a c t i o n s  r e t a i n  a c t i v i t y  a n d  some h i g h  
v i s c o s i t y  NSP a p p e a r  t o  h a v e  no  a c t i v i t y .  The a n t i - n u t r i t i v e  a c t i v i t y  of  t h e  
NSP i s  a s s o c i a t e d  w i t h  a  d e p r e s s i o n  o f  s t a r c h  d i g e s t i o n  which h a s  been  n o t e d  
t o  o c c u r  w i t h  low-AME c e r e a l s  ( H o l l a h  e c  a l .  1983;  ? n n i s o n  a n d  J o h n s o n  1 9 8 9 ) .  
No e v i d e n c e  was f o u n d ,  however ,  t h a t  t h e  i n - v i v o  a n d  i n - v i t r ~  a c t i v i t y  c f  Q- 
a m y l a s e  was i n h i b i t e d  by  t h e  x a n t h a n  gum. 
A t t e m p t s  h a v e  b e e n  made i n  t h e  p a s t  t o  i n c l u d e  d i e t a r y  f i b r e  l e v e l s  i n  Y ?  

p r e d i c t i o n  e q u a t i o n s  ( f i s h e r  1 9 8 7 ) .  I n  t h e  f u t u r e  t h e  t a s k  t h a t  c o n f r o n t s  
n u t r i t i o n i s t s  i s  t o  b e  a b l e  t o  more c l o s e i y  p r e d i c t  t h e  r e s p o n s e s  o f  p o u l t z y  
t o  s p e c i f i c  NSP, i n  t e r m s  o f  b o t h  d i g e s t i o n  a n d  u l t i m a t e i y  on  g r o w t h  a n d  
p e r f o r m a n c e .  Antagonism a n d  s y n e r g i s m  b e t w e e n  v a r i o u s  NSP z e q u i r e  
c l a r i f i c a t i o n .  Such a n  a p p r o a c h  c o u l d  p r o v i d e  a n s w e r s  t o  i n d u s t r y  p r o b l e m s  
(eg .10~-AME w h e a t )  a n d  a n  irnproved b a s i s  f o r  t h e  ? r e d i c t i o n  c f  AXE. 
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PROGRESS TOWARDS THE MODIFICATION OF GROWTH BY GROWTH 
HORMONE AND INSULIN-LIKE GROWTH FACTORS IN CHICKENS 

F. J. BALLARD*, G.L. FRANCISy< and R.J. JOHNSON*" 

S m a r v  - 
Research over the past decade has established that plasma 

concentrations of growth hormone (GH) in chickens reflect the pulsatile and 
episodic release of this hormone from the pituitary gland. This pattern is 
only evident during the first few weeks after hatching when the growth rate 
is highest; subsequently, pulses cannot be detected and blood concentrations 
of GH are low. The exogenous administration of chicken GH (CGH) has 
produced either no effect or a modest stimulation of weight gain and food 
conversion efficiency, with positive results obtained only when the 
endogenous pulsatile release of cGH was mimicked. 

The somatomedin hypothesis presented as an explanation for the GH 
stimulation of growth in mammals argues that the main role of GH is to 
increase the circulating concentrations of insulin-like growth factor-I 
(IGF-I) which is the actual mediator of growth. Recently, chicken IGF-I 
(cIGF-I) and cIGF-I1 have been characterised and research directed towards 
an understanding of their roles commenced. Chicken IGF-I has been shown to 
increase in plasma at an age when cGH is decreasing, and does not respond 
acutely to cGH pulses. Moreover, no sex or strain differences in cIGF-I 
concentrations were detectable that might have ex?lained alterations in 
growth rate. Although these results question the somatomedin hypothesis in 
chickens, an evaluation of IGF-I growth effects must await the outcome of 
chronic IGF-I administration experiments. 

I. INTRODUCTION 

In mammals, pituitary-derived GH acts on liver to produce and release 
IGF-I into the blood (Van Wyk 1984). Although most of the growth promoting 
effects of GH seem to be mediated by IGF-I, it is still not clear how much 
of this IGF-I has been derived from liver rather than being synthesised by 
those target tissues that also contain GH receptors. Certainly the plasma 
levels of IGF-I fall in response to situations that reduce growth, including 
poor nutrition, diabetes, infection and other types of trauma ('Jan Wyk, 
1984). They also increase upon exogenous administration of GH or when 
growth has been stimulated by the expression of a GH transgene (Mathews et 
al. 1988). A regulatory loop is completed when high plasma IGF-I levels act 
on the pituitary and hypothalamus to reduce GH secretion (Van Wyk 1984; 
Baxter 1986; Tyrrell et al. 1988). 

Exogenous GH and IGF-I have been shown to stimulate growth in 
virtually all studies with hypopituitary mammals, but the results are less 
consistent when the pituitary gland is present. This distinction has at 
least two component factors. First, GH does not restore growth if nutrition 
is inadequate or during catabolic states, probably because GH receptors are 
both reduced in number and fail to initiate IGF-I synthesis. Importantl:;, 
under these conditions growth can be at least partly restored by 
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circumventing the GH block via the direct administration of IGF-I 
(Scheiwiller et al. 1986; Schalch et al. 1989). 

Second, a species difference exists with respect to GH efficacy. Thus 
dramatic anabolic effects of injected GH on growth have been demonstrated 
with pigs (Etherton et al. 1987), but growth results with rats, cattle and 
sheep have been harder to demonstrate (Tyrrell et al. 1988; Ronge and Blum 
1989; Steele and Elsasser 1989). The differences may be caused by the 
failure to reproduce the pulsatile and episodic release of GH, by 
compensatory responses that reduce GH efficacy, or perhaps because the 
animals are at a stage in development when they do not respond to GH by an 
increase in growth. On this last point it is noteworthy that although 
cattle growth is not usually increased by GH, the hormone substantially 
increases milk yields when the animals are lactating (Tyrrell et al. 1988). 

In this overview of GH and IGP I shall cover recent research directed 
towards improved growth rates of chickens and also indicate the similarities 
or differences between the GH/IGF-I situation in chickens and in mammals. 

11. GROWTH HORMONE IN CHICKENS 

The administration of mammalian GH preparations to hypophysectomised 
chicks generally produces only modest or no effects on growth, even though 
growth is retarded by pituitary removal in an analogous way to that 
established for mammals (King 1969; Scanes et al. 1984, 1986). Likewise, 
no effects of GH could be demonstrated in sex-linked dwarf chickens (Harsh 
et al. 198h). On the other hand, growth stimulation was observed in an 
autosomal recessive dwarf chicken line (Marsh et al. 1984). Three 
explanations have been advanced for the poor responses: (1) chicken growth 
is poorly regulated by GH; (2) mammalian forms of GH may not be active in 
poultry; or (3) the dose patterns tested may not be appropriate. The good 
correlation between growth rate and GH levels in normally-growing chickens 
(Vasilatos-Younken and Zarkower 1987) and turkeys (Vasilatos-Younken et al. 
1988a) and the modest effects demonstrated by GH administration in some 
studies suggests that birds are responsive to GH. Xowever, recombinant cGH 
injected three times a day between 2 and 24 days of age at 0.5 
mg/kg/injection had little effect on growth parameters in chickens other 
than to reduce the growth-inhibitory responses of the saline-injected 
control group (Burke et al. 1987). In another study, Scanes et al. (1986) 
found that quite low doses of natural cGH (10 ug/d) given daily by injection 
for the first two weeks after hatching produced a 10-15% increase in body 
weight but only in male chicks. 

Recently Vasilatos-Younken and Zarkower (1987) and Johnson (1988) have 
demonstrated that endogenous GH levels in chickens are pulsatile only until 
about eight weeks from hatching, with the pulsatile pattern lost earlier in 
female birds. It was hypothesised that the loss of pulsatility might 
explain the lower growth rate of females and that if exogenous GH is to be 
effective, it may need to be administered in an episodic manner that mimics 
the situation in vivo. Support for this strategy comes from experiments 
wlth rats where episodic GH administration had a greater effect on growth 
than continuous infusion (Clark et al. 1985). Accordingl:~, 
Vasilatos-Younken et al. (1988b) measured growth responses from 8-11 weeks 
in chickens, a period when endogenous pulses of GH had ended, and compared a 
90 min pulse pattern of cGH administration to continuous infusion of the 
same total dose. The experiment demonstrated improved body weight gain, 
increased food conversion efficiency and decreased body fat, but only in 
those animals that received the hormone episodically. Interestingly, 
cartilage growth and IGF-I levels were increased to about the same extents 



in the two treatment groups. 
It is premature to conclude from the studies of Vasilatos-Younken et 

al. (1988b) and Burke et al. (1987) that improved growth in chickens is only 
achieved when cGH is administered episodically and after normal growth rates 
have slowed. While such a conclusion fits the data, the results must be 
tested more extensively. 

111. CHICKEN IGF-I ANE IGF-I1 

The concentrations of IGF-I in chicken plasma have been reported to be 
much lower than in mammalian species (Wilson and Hintz 1982; Daughaday et 
al. 1985), although since the assays use human IGF-I as the reference 
peptide and anti-human IGF-I antisera, the low levels detected could rather 
reflect poor antibody or receptor cross-reactivity. In order to resolve 
this point, Dawe et al. (1988) and Ballard et al. (1990) have purified IGF-I 
and IGF-I1 to homogeneity from chicken serum and used the pure growth 
factors to validate an assay for cIGF-I. Our results show that cIGF-I is 
detected in radioimmunoassays (RIA) with three different antisera prepared 
against human IGF-I (hIGF-I), and that the cross-reactivities were about 502 
relative to hIGF-I. Xoreover, a similar small potency difference was found 
in a cell culture bioassay. The concentration of IGF-I1 in chicken serum 
was found to be low and cIGF-I1 cross-reacted so poorly in the IGF-I RIA 
that any contribution of this second growth factor to measured IGF-I levels 
would be minimal. The assay for IGF-I in chicken plasma was also tested for 
interference by the IGF binding proteins remaining after acid-ethanol 
pretreatment. No significant interference could be detected (Ballard et al. 
1990). 

The purified cIGF-I and cIGF-11 peptides were completely sequenced in 
order to establish differences from the corresponding mammalian peptides 
(Kallincos et al. 1989; Sallard et al. 1990). Chicken IGF-I was shown to 
be a 70 residue peptide with 8 amino acid substitutions in relation to human 
IGF-I (Fig. la). Clearly these substitutions must have little significance 
for the immunological or biological activities of the growth Factor since 
cIGF-I and hIGF-I have similar potencies. Interestingly, the mammalian 
IGF-I peptides are highly conserved, with the porcine, bovine and human 
peptides being identical and only one, three and four substitutions 
occurring in ovine, rat and murine IGF-I respectively (Ballard et al. 1990). 

Sequence analysis of cIGF-I1 shows a 66-residue peptide with nine 
amino acid substitutions compared with the human homologue. The 
amino-terminal residue of mammalian IGF-I1 is also deleted (Fig. lb). These 
differences do not appear to contribute substantially to the biological 
activity of cIGF-I1 because the peptide has a very similar potency to ovine 
IGF-I1 (Kallincos et al. 1989) or to bovine IGF-I1 (Dawe et al. 1988) in a 
range of biological assays. However, although the chicken and mammalian 
IGF-I1 peptides have similar activities, those chicken tissues so Ear 
investigated do not contain the specific type 2 IGF receptor that occurs on 
most mammalian cell types (Rechler et al. 1980; Kallincos et al. 1989). 
The significance of this difference is unclear because no defLnitive role in 
IGF action has been ascribed to the type 2 IGF receptor. 

IV. PHYSIOLOGICAL CWYGES IN IGF-I CONCENTRATIONS IN CiiICKEN 
PLASMA .AND THEIR RELATIONSHIP TO GH LEVELS 

The plasma concentration of IGF-I in chickens increases about two-fold 
between one and seven weeks after hatching, with most of the increase 
occurring between weeks 1-3 (Johnson et al. !989; aallard et al. 1990). 



Fig. 1. Amino acid sequences of (a) cIGF-I and !b) cIGF-11. The single 
letter amino acid code is used with residues that differ from the respective 
human growth factors indicated by dots. 

The concentration in female birds of 20.3'1.1 (SEM) ng (numan 
equivalents)/ml at 1 week was higher than in males (15.8'0.9 ng/ml), but was 
reversed by i weeks where the respective concentrations in females and males 
were 34.1t1.2 and 41.321.3 ng/ml respectively [Ballard et al. 1990). These 
values represent the mearls from two commercial strains of broiler chickens 
and four strains selected for weight gain, food conversion efficiency or 
food consumption as weil as randomly-selected controls. There were no 
strain differences in IGF-I concentrations even though growth rates were 
disparate. 

In another study using only commercial broiler strains (Johnson et al. 
1989). the sex difference was also observed in young birds, as well as 
during the period of declining IGF-I concentrations that occurs near sexual 
maturity and in birds aged six months. It is pertinent to note that the low 
plasma IGF-I at sexual maturity contrasts with a sharp increase in plasma 
IGF-I at puberty in several mammalian species (Baxter 1986). 

The increase in plasma IGF-I in chickens between one and seven weeks 
occurs at the same time as GH is falling (Fig. Za, see also 
Vasilatos-Younken and Zarkower 198i; Johnson 1988; Johnson et al. 1989). 
This observation would be surprising if plasma IGF-I in chickens was under 
the direct positive control of GH. A comparison between GH and IGF-I in 
plasmas collected at 10 min intervals demonstrated no pattern (Fig. 2b, see 
also Johnson et al. 1989). Rather, the IGF-I levels were relativel:: 
constant in the presence of several GH pulses. This result contrasts with 
the situation in rats where IGF-I levels increase transiently after a Gi! 
pulse (Baxter et al. 1983). However, plasma concentrations of IGF-I are 
apparently increased following chronic administration of cGH to chickens 
(Vasilatos-Younken et al. 1988b), with the proviso that the RIA and 
extraction methods used may have detected IGF binding proteins instead of or 
as well as IGF-I (see below). A similar qualifier applies to an earlier 



A g e  ! d a y s 1  T ~ m e  o f  d a y  ( h )  

F i g .  2 .  Lack  o f  a n y  d i r e c t  r e l a t i o n s h i p  be tween  p lasma GH and  I S F - I  i n  
c h i c k e n s :  ( a )  c h a n g e s  i n  p lasma GH a n d  IGF-I  w i t h  a g e  i n  m a l e  b i r d s ;  ( b )  
l e v e l s  o f  GH a n d  IGF-I  a t  10 min i n t e r v a l s  i n  a  s i n g l e  a n i m a l  29 d a y s  a f t e r  
h a t c h i n g .  

s t u d y  where  IGF-I  l e v e l s  u e r e  r e d u c e d  i n  hypophysec torn ised  o r  dwarf  c h i c k e n s  
a n d  w e r e  partially r e s t o r e d  a f t e r  i n j e c t i o n  o f  cGH ( H u y b r e c h t s  e t  a l .  1 9 8 5 ) .  

A n a l y s i s  o f  p l a s m a  IGF-I  i n  c h i c k e n s  o v e r  a  2Sh p e r i o d  g i v e s  no 
i n d i c a t i o n  o f  a  d i u r n a l  rhy thm ( B a l l a r d  e t  a l .  1 9 9 0 ) .  However, a s  i n  
mammals, t h e  p l a s m a  c o n c e n t r a t i o n  f a l l s  m a r k e d l y  upon f a s t i n g  
( B a l l a r d  e t  a l .  1 9 9 0 ) .  Few r e s p o n s e s  o f  c I G F - I  t o  m a n i p u l a t i o n s  of  o t h e r  
hormones h a v e  been r e p o r t e d ,  e x c e p t  f o r  a  d e c r e a s e  f o l l o w i n g  c o r t i c o s t e r o n e  
( B u y s e  e t  a l .  1 9 8 7 1 ,  a  r e s p o n s e  a l s o  d e m o n s t r a t e d  i n  mammals (Unterrnan a n d  
P h i l l i p s  1 9 8 5 ) .  

The r e s p o n s e  o f  p l a s m a  IGF-I  t o  c h a n g i n g  e x t e r n a l  o r  h o m e o s t a t i c  
c o n d i t i o n s  i n  c h i c k e n s  is g e n e r a l l y  s i m i l a r  t o  t h a t  o c c u r r i n g  i n  mammals 

T a b l e  1 .  S i m i l a r i t i e s  a n d  d i f f e r e n c e s  be tween  p l a s m a  IGF-I r e s p o n s e s  i n  
c h i c k e n s  a n d  mammals 

C h i c k e n s  Mammals 

I n c r e a s e  a f t e r  b i r t h / h a t c h i n g  
I n c r e a s e  a t  s e x u a l  m a t u r i t y  
D i u r n a l  rhy thm 
GH-re laced  rhychm 
I n c r e a s e  a f t e r  e x o g e n o u s  CH 
D e c r e a s e  o n  hypophysectorny 
D e c r e a s e  o n  s c a r v a t i o n  
H i g h e r  l e v e l s  i n  young f e m a l e s  
D e c r e a s e  w i t h  g l u c o c o r t i c o i d s  

I P S  

No 
N 0 

No 
Yes 
Yes 
Yes 
Yes 
Yes 

: e s  
Yes 
S l i g h t  
' i e s  1 r a t s )  
? e s  
'Yes 
Yes 
Yes 
Yes 



(Table 1). The differences in chickens include a lack of an increase at 
sexual maturity, the absence of a rhythm relating to GH levels and the much 
lower plasma concentrations. 

V. ADMINISTRATION OF IGF-I TO CHICKENS 

The restricted availability of IGF-I has limited an examination of the 
response of chickens to the administration of exogenous growth factor. 
Francis et al. (1990) have recently compared the plasma clearances of 
radiolabelled hIGF-I and cIGF-I in chickens as a first step towards an 
evaluation of IGF-I treatments. These experiments show that cIGF-I is 
cleared with a half-life of 54 min over the first 90 min, somewhat slower 
than the 33 min found with hIGF-I tracer. Such half-lives are shorter than 
observed in rats (Zapf et al. 1986) or in lambs (Francis et al. 1988a), 
possibly because the IGF-I in chickens does not bind predominantly to a high 

Fig. 3. Detection of IGF binding 
proteins in (a) 10 ul of chlcken 
plasma, and (b) 1 11 of human plasma 
that have been electropnoresed, 
blotted on to nitrocellulose, probed 
wlth Labeiled nICF-I and subjected t3 
autoraaiograpny. The position of 
molecuiar mass markers (kDa) in 
parallel lanes is indicated. 

molecular weight binding protein in blood (Francis et al. 1990). In this 
context the differences in binding proteins between chicken and human plasma 
are readily shown with the ligand-blotting technique (Fig. 3), whlch detects 
binding proteins with labelled IGF-I after first separating the plasma 
proteins by sodium dodecyl sulphate-polyacrylamide gel electrophoresis and 
transferring them to a nitrocellulose sheet (Hossenlopp et al. 1986). 

The reduced concentrations of IGB binding proteins in chicken plasma 
may also explain the much lower circulating IGF-I levels as compared to 
mammals, because IGF-I that is not bound in rats r lambs is cleared frcm 
the circulation (Zapf et al. 1986; Francis et al. i9SYa). 

h rapid clearance of IGF-I from the blood does not necessarily mean 
that attempts to increase IGF-I levels in chickens will not produce an 
increased growth response. Indeed, when IGF-I is complexed to binding 
proteins in blood it is probably being withheld from the potential tissue 
sites of action. Thus IGF-I administration to chickens may actually lead to 
a more effective delivery of the growth factor. This logic applies equally 



t o  e x o g e n o u s  IGF-I  t r e a t m e n t  a n d  t o  I G F - I  i n c r e a s e d  e n d o g e n o u s l y  d u e  t o  t h e  
e x p r e s s i o n  o f  a n  i n s e r t e d  t r a n s g e n e .  Such  a p p r o a c h e s ,  t o g e t h e r  w i t h  t h e  
d e v e l o p m e n t  o f  IGF-I  m u t e i n s  t h a t  b i n d  p o o r l y  t o  p l a s m a  b i n d i n g  p r o t e i n s  
( F r a n c i s  e t  a l .  1 9 8 8 b ;  R o s s  e t  a l .  1 9 8 9 ;  C a s c i e r i  e t  a l .  1 9 8 9 1 ,  w i l l  
p r o v i d e  u s e f u l  i n f o r m a t i o n  i n  t h e  n e a r  f u t u r e  on  t h e  m o d i f i c a t i o n  o f  g r o w t h  
i n  c h i c k e n s  by t h e  i n s u l i n - l i k e  g r o w t h  f a c t o r s .  
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EFFECTS OF INCREASING PHOTOPERIOD LENGTH ON BROILER PRODUCTIVITY AM) HEALTH 

H.L. CLASSEN 

Recent r e p o r t s  have d e s c r i b e d  t h e  e f f e c t s  of l i g h t i n g  programs 
( i n c r e a s i n g )  f o r  b r o i l e r  c h i c k e n s  which a r e  c h a r a c t e r i z e d  by i n i t i a l l y  s h o r t  
p h o t o p e r i o d  l e n g t h  and g r a d u a l  i n c r e a s e s  t o  con t inuous  l i g h t  p r i o r  by 
marke t ing  a t  s i x  weeks of a g e .  The h y p o t h e s i s  was t h a t  s h o r t  p h o t o p e r i o d  
l e n g t h s  would reduce  f e e d  i n t a k e  and growth r a t e  d u r i n g  a  c r i t i c a l  s t a g e  when 
p r o p o r t i o n a l  i n c r e a s e s  i n  s i z e  a r e  l a r g e s t .  I n  t u r n ,  s lower  growth r a t e  would 
r educe  m e t a b o l i c  d i s e a s e  such a s  l e g  a b n o r m a l i t i e s  and sudden d e a t h  syndrome 
(SDS) which a r e  major  c a u s e s  of l o s s  i n  t h e  b r o i l e r  i n d u s t r y .  I n c r e a s i n g  t h e  
p h o t o p e r i o d  was h y p o t h e s i z e d  t o  s t i m u l a t e  :he development of r e p r o d u c t i v e  
hormones even though b r o i l e r s  a r e  marketed  p r i o r  t o  s e x u a l  m a t u r i t y .  I n  
p a r t i c u l a r ,  i n c r e a s e s  i n  male  s e x  hormones ( a n d r o g e n s ) ,  which a r e  a n a b o l i c  i n  
n a t u r e ,  c o u l d  cause  compensatory  growth and normal body weights  a t  .marketing.  
In  compar isons  t o  c o n t i n u o u s  l i g h t ,  i n c r e a s i n g  programs reduced t h r e e  week 
weight b u t  n o t  market  we igh t .  A t  t h e  same t h e ,  s k e l e t a l  d i s e a s e ,  SDS and 
o t h e r  forms o f  m o r t a l i t y  were s i g n i f i c a n t l y  reduced.  Androgenic hormone 
o u t p u t  was i n c r e a s e d  a s  i n d i c a t e d  by comb s i z e  and plasma a n d r o s t e n e a i o n e ,  b u t  
no r e l a t i o n s h i p  c o u l d  be  shown between plasma hormone and growth r a t e .  O the r  
e f f e c t s  of i n c r e a s i n g  programs i n c l u d e  a p p a r e n t l y  i n c r e a s e d  b i r d  a c t i v i t y  and 
s u p e r i o r  o r  e q u a l  f e e d  e f f i c i e n c y .  I f  k e p t  beyond s i x  weeks of age ,  growth 
r a t e s  a r e  s u p e r i o r  f o r  b r o i l e r s  on i n c r e a s i n g  l i g h t i n g  programs.  

I. INTRODUCTION 

Pou lc ry  s p e c i e s  have l o n g  been known t o  respond t o  pho tope r iod  o r  
day leng th  changes .  I n  t e rms  of r e p r o d u c t i o n  o r  egg p r o d u c t i o n ,  i n c r e a s i n g  o r  
l ong  p h o t o p e r i o d s  s t i m u l a t e  s e x u a l  m a t u r i t y  and s a i n t a i n  h igh  p r o d u c t i o n  
l e v e l s .  I n  a d d i t i o n ,  changes  i n  p h o t o p e r i o d  l e n g t h  have a  more pronounced 
e f f e c t  on r e p r o d u c t i o n  t h a n  exposu re  t o  c o n s t a n t  pho tope r iods  of d i f f e r e n t  
l e n g t h .  With p o u l t r y  r a i s e d  f o r  meat,  t h e  n a t u r e  of pho tope r iod  man ipu la t ion  
has  been d i f f e r e n t  presumably  because  of s e x u a l  immatu r i t y  a t  marke t ing .  The 
emphasis  has  l a r g e l y  r e v o l v e d  around maximization of f e e d  i n t a k e  d u r i n g  a  24 
hour  day .  Consequent ly ,  p o p u l a r  l i g h t i n g  programs f o r  ch i ckens  and t u r k e y s  
a r e  23 hour s  1 i g h t : l  hou r  d a r k  (23L:lD) o r  24L:OD. The r o l e  of d a r k n e s s  i n  
t h e  management o f  b r o i l e r  ch i ckens  has  y e t  t o  be  de t e rmined ,  however, 
c o n s i d e r a b l e  e v i d e n c e  s u g g e s t s  t h a t  :be u s e  of con t inuous  o r  nea r - con t inuous  
l i g h t  s h o u l d  n o t  be  r e c o m e n d e d  f c r  b r o i l e r  ch i ckens  (C la s sen  1988; C l a s s e n  
and R i d d e l l  1 9 8 9 ) .  S h o r t e r  day - l eng th  improves b i r d  h e a l t h  and r educes  s t r e s s  
bu t  a l s o  r e s u l t s  i n  s lower  growth r a t e  t h a n  con t inuous  l i g h t  (Fzeeman e t  a l .  
1981; Robbins e t  a l .  1984; Whi t ley  e t  a l .  1 9 8 4 ) .  I n t e r m i t t e n t  l i g h t i n g  
programs, which u t i l i z e  r e p e a t e d  l i g h t  and d a r k  p e r i o d s  w i t h i n  a  normal 2 4  
hour  day nave a l s o  been shown t o  improve b i r d  h e a l t h  wh i l e  a a i n t a i n i n g  e q u a l  
o r  s u p e r i o r  growth and food  conve r s ion  r o  b i r d s  g i v e n  z o n t i n u a l  l i g h t  
(Buckland e t  a l .  1971, 1973, 1976; Ononiwu e t  a l .  1979; Yaione e t  a l .  1380ab; 
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Wilson et al. 1984). Very few attempts have been made to use photoperiod to 
stimulate physiological responses in broiler chickens. This paper describes 
broiler lighting program using day-length which is initially short and 
increases during the broiler's lifetime. 

11. INCREASING LIGHTING P R O G M S  

Seven experiments utilizing approximately 32,000 birds have examined the 
effects of changing photoperiod length for broiler chickens. Examples of the 
iighting programs are shown in Table 1; in most experiments a 23L:lD (23H) 
lighting program served as a control. 

Table 1. Experimental lighting programs 

Intensity 
Trial day (lux) 23H 6 H TNC 

In three experinents, the 23H or conventional rogram was compared to a 
regime (6s) where the daylength was six hours from Ehree to 21 days an5 then 
increased to 23 hours in one step (Classen and Riddell 1989). ilhen the data 
from all three experiments was combined (Table 2), the bizds on the 6H ?rogram 
weighed less at 21 days but gained more weight for :he remainder of the 
experL~.ent thereby reaching a weight equal to the 23H broilers at 42 days. 

Table 2. Comparisons of conventional lighting (23H) to lighting program 
characterized by an increase in photoperiod 

aody weight gain (kg) Feed ~ e 9  
0-21 21-42 0-42 intake Feed/ Mortality ( % )  problems 
days days days (kg) gain S D S ~  Other ( % )  

23H vs 6H 
23H 0.604 1.247 1.858 3.568 1.88 2.64 2.99 3.40 
6 H 0.569 1.275 1.844 3.451 1.86 1.85 1.75 1.26 
23H vs INC 
23H 0.630 1.255 1.885 3.513 1.82 1.75 1.61 5.12 
INC 0.576 1.314 1.890 3.492 1.82 1.34 1.29 2.73 
23H vs INC and INC+1 
23HR .633 1.250 1.983 3.480 1.92 2.78 1.93 7.70 
INC .563 1.337 1.900 3.461 1.30 L.82 1.50 3.53 
INC + 1 .593 1.336 1.929 3.540 1.91 2.24 1.37 4.44 

SDS - sudden death syndrome. 



O v e r a l l ,  f e e d  t o  g a i n  r a t i o  was n o t  a f f e c t e d  by t h e  l i g h t i n g  p r o g r a m .  The 
major  b e n e f i t  of t h e  6HR program was a  63% r e d u c t i o n  i n  s k e l e t a l  d i s e a s e  o r  
l e g  problems.  M o r t a l i t y  due  t o  sudden d e a t h  syndrome (SDS) and o t h e r  c a u s e s  
was a l s o  r educed  i n  a  s i g n i f i c a n t  manner. A  c o n s i s t e n t  e f f e c t  o f  t h e  6H 
program was an i n c r e a s e  i n  t h e  s i z e  and r e d n e s s  of .male combs. T h i s  s u g g e s t s  
t h a t  t h e  change from 6  t o  23 hour s  of d a y l e n g t h  s t i m u l a t e d  t h e  b r o i l e r s  t o  
produce  male s e x  hormone which i s  r e s p o n s i b l e  f o r  comb growth.  

S i n c e  a  l a r g e  i n c r e a s e  i n  p h o t o p e r i o d  l e n g t h  i n c r e a s e d  hormone o u t p u t ,  
i t  was proposed t h a t  a  g r a d u a l  i n c r e a s e  mignt be  even more s t i m u l a t o r y .  The 
INC program, d e s c r i b e d  i n  Tab le  1, was compared t o  t h e  23H regime i n  t h r e e  
expe r imen t s  and t h e  r e s u l t s  were s i m i l a r  t o  t h o s e  d e s c r i b e d  f o r  t h e  6H 
l i g h t i n g  program (Tab le  2 ) .  The re  was no e f f e c t  on growth r a t e  and f e e d  
conve r s ion  b u t  g r a d u a l l y  i n c r e a s i n g  t h e  d a y l e n g t h  (INC) reduced l e g  problems 
by 47% and m o r t a l i t y  by a  s m a l l e r  b u t  s i g n i f i c a n t  amount. I n  one of t h e  
expe r imen t s  t h e r e  was a  s i g n i f i c a n t  i n c r e a s e  i n  f i n a l  body weight f o r  b i r d s  on 
t h e  INC program w i t h  t h e  r n a l o r i t y  of t h e  r e sponse  i n  t h e  .males. 

Body weight  was reduced d u r i n g  e a r l y  l i f e  u s i n g  t h e  6H o r  INC programs 
and t h e r e f o r e  an  expe r imen t  was d e s i g n e d  t o  s e e  t h e  e f f e c t  of an a d d i t i o n a l  
hour  of l i g h t  i n  t h e  midd le  of t h e  d a r k  g e r i o d  of t h e  I?IC program ( C l a s s e n  e t  
a l .  1 9 9 0 ) .  B r o i l e r s  r a i s e d  on c h i s  program ( I N C + i ) ,  grew more r a p i d l y  t h a n  
INC b i r d s  up t o  21  d a y s  and were n u m e r i c a l l y  h e a v i e r  t h a n  b o t h  INC and 23H 
b r o i l e r s  a t  42 days  (Tab le  2 ) .  INC and INC+1 r e s u l t e d  I n  s i m i l a r  l e v e l s  of  
m o r t a l i t y  and  l e g  problems which were s i g n i f i c a n t l y  lower  chan f o r  b i r d s  on 
t h e  23H program. The n a t u r e  and i n c i d e n c e  of s k e l e t a l  d i s e a s e  a r e  shown i n  
Tab le  3 .  Angular d e f o r m i t i e s  ( v a l g u s  and v a r u s )  a r e  p r e s e n t  i n  t h e  h i g h e s t  
numbers and a r e  a f f e c t e d  i n  a  pronounced way by l i g h t i n g  t r e a t m e n t .  O the r  
a p p a r e n t  d i f f e r e n c e s  due t o  l i g h t i n g  program a r e  shown f o r  s p o n d y l o l i s t h e s i s  
and e n l a r g e d  s t i f l e  j o i n t s .  

Tab le  3 .  E f f e c t  o f  l i g h t i n g  program on che  n a t u z e  and i n c i d e n c e  o f  s k e l e t a l  
d i s e a s e 1  

23H INC INC + 1 
c2 T  N TOTAL C T  N TOTAL C  T  N TOTAL 

A r t h r i t i s  2  0 0  2  
En la rged  s t i f l e  

j o i n t s  0  0  30 30 
R o t a t e d  t i b i a  

( l e f t )  4  0 0  4  
R o t a t e d  t i b i a  

( r i g h t )  0  1 0  1 
S p o n d y l o l i t h e s i s  7  3  6  16 
Valgus ( l e f t )  4 6  16 26 
Valgus ( r i g h t )  1 4 4  9  
Valgus ( b i l a t e r a l )  2  8  8  18 
Varus (left) 1  7  8  16 
Varus ( r i g h t  ) 1 4  5 10 
Varus ( b i l a t e r a l )  5 2 2  9  
X i s c e l l a n e o u s  5 2 3  5 

TOTAL 27 37 82 146 13 8  45 0 6  9 1 9  5 6  34 

1 Number of b i r d s  a f f e c t e d  (1872 b r o i l e r s  p e r  lighting program) .  
C - c u l l e d ;  T  - trimmed: N - n o t e d .  



T h e  b e n e f i t s  o f  i n c r e a s i n g  l i g h t i n g  p r o g r a m s  w o u l d  l i k e l y  b e  g r e a t e r  f o r  
b r o i l e r s  k e p t  t o  l a r g e r  w e i g h t s  w h e r e  l e g  p r o b l e m s  p o s e  a  more  i m p o r t a n t  
p r o b l e m .  To t e s t  t h i s  h y p o t h e s i s ,  t w o  i n c r e a s i n g  p r o g r a m s  w i t h  d i f f e r e n t  
r a t e s  o f  p h o t o p e r i o d  i n c r e a s e  w e r e  c o m p a r e d  t o  c o n s t a n t  l i g h t  ( C l a s s e n  e t  a l .  
1 9 8 9 ) .  The  two  i n c r e a s i n g  t z e a t m e n t s  r e s u l t e d  i n  s i m i l a r  p e r f o r m a n c e  a n d  b o t h  
p r o d u c e d  h e a v i e r  m a r k e t  w e i g h t  a n d  r e d u c e d  s k e l e t a l  d i s e a s e  a n d  m o r t a l i t y  i n  
c o m p a r i s o n  t o  b i r d s  g i v e n  c o n s t a n t  l i g h t  ( T a b l e  4 ) .  More g r a d u a l  i n c r e a s e s  i n  
d a y - l e n g t h  a n d  a  minimum n i g h t  o f  s i x  h o u r s  ( I n c r e a s i n g  2 )  r e s u l t e d  i n  l e s s  
m o r t a l i t y  d u e  t o  c a u s e s  o t h e r  t h a n  s k e l e t a l  d i s e a s e  a n d  SDS. 

T a b l e  4 .  E f f e c t  o f  l i g h t i n g  p r o g r a m  o n  p e r f o m n c e  o f  b r o i l e r s  t o  63 d a y s  o f  

a g e  

3 o d v  r e i z n t  s a i n  ( k g )  
C o n s t a n t  0 .  666a 1 . 5 1 6  2 . 1 8 2 ~  1 . 4 3 2 ~  3 . 6 1 2 ~  
I n c r e a s i n g  1 0 . 6 3 2 b  1 . 5 1 5  2 . 1 4 7 ~  1. 546a 3 . 7 0 1 a  
I n c r e a s i n g  2  0 . 6 2 7 ~  1 . 5 3 4  2 .  16zab  1. 534a 3 . 6 8 ~  
S M l  0 . 0 0 4  0 . 0 0 4  0 . 0 0 6  0 . 0 1 4  0 . 0 1 7  
F e e d  t o  q a i n  r a t i o  ( k g / k g )  
C o n s t a n t  ? . 5 1 7 a  2 . 0 1 2  1 . 8 5 0  2 . 6 1 3  2 . 1 1 9  
I n c r e a s i n g  1 1 . 4 2 4 ~  1 . 9 7 4  1 . 8 0 3  2 . 5 3 4  2 . 0 8 2  
I n c r e a s i n g  2  1 . 4 2 9 ~  1 . 9 5 9  1 . 8 0 0  2 . 6 2 4  2 . 0 9 1  
SEM 0 . 0 0 8  0 . 0 1 8  0 . 0 1 3  0 . 0 4 6  0 . 0 1 4  
S k e l e t a l  d i s e a s e  ( % )  

C o n s c a n t  1 . 7 6  2 . 3 3 a  4 .  l o a  3 . 9 6  7 . 5 6 a  
I n c r e a s i n g  1 0 . 7 2  0 . 7 2 ~  1 . 4 4 ~  1 . 2 8  2 .  8a3 
I n c r e a s i n g  2  1 . 0 4  0 . 7 2 ~  1.7f jb  1 . 9 2  3 . ~ 3 ~  
S  M 0 . 2 1  0 . 2 1  0 . 3 0  0 . 3 6  0 . 5 7  
S u d d e n  d e a t h  s v n d r o m e  ( $ 1  
C o n s t a n c  2 .  64a 1 . 6 8  4 . 3 3  1 . 2 9  5 .  94a 
I n c r e a s i n g  1 1 . 3 6 a  1 . 6 8  3 . 0 5  0 . 3 2  3 . 3 7 b  
I n c r e a s i n g  2  0 . 8 8 ~  0 . 7 5  1 . 6 3  0 . 2 1  4 .  6 s a b  
SEM 0 . 2 3  0 . 2 2  0 . 3 4  0 . 2 2  0 . 4 6  
O t h e r  m o r t a l i t v  ( % )  

C o n s t a n t  0 . 7 2  0 . 6 4  1 . 3 6  1 . 1 3 a  2 .74a  
I n c r e a s i n g  1 0 . 4 0  0 . 5 6  1 . 3 6  1 . 2 3 ~  2 . 8 g a  
I n c r e a s i n g  2  0 . 3 2  0 . 3 2  0 . 6 4  0 .  !lob 0 .  ~ 6 ~  
S M  0 . 1 1  0 . 1 3  0 . 1 7  0 . 2 1  0 . 3 4  

Means w i t h i n  a  c o l u m n  a n d  m a i n  t r e a t n e n t  b e a r i n g  d i f f e r e n t  s u p e r s c r i p t 8  
a r e  s i g n i f i c a n l t y  d i f f e r e n t  ( P < . 0 5 ) .  

S t a n d a r d  e r r o r  o f  t h e  m e a n s .  

I n  c o m p a r i s o n s  t o  i n c e - m i c t e n t  l i g h t i n g  p r o g r a n s  w h e r e  l i g h t  a n d  d a r k  
2 e r i o d s  a r e  r e p e a t e d  e v e r y  24  h o u r s  (1L:3D), I n c r e a s i n g  L I g n : ~ n g  a g a i n  r e d u c e d  
s k e l e c a i  p r o b l e m s  a n d  m o r : a l i t y  b u t  n o c  t o  t h e  5ar.e " e g r e e  a s  c s n p a r i s o n s  t o  
continuous l l g h t .  T h z s  p r a v ~ d e s  a d d i ~ i s n a l  e v i d e n c e  sf a  c e n e f i c i a l  e f f e c -  cf 
e x p o s u r e  t o  d a r k n e s s  ( C l a s s e n  a n d  A i d d e l l ,  u n p u o l i s h e d  d a c a ) .  

111. PHYSIOLOGICAL ZFBECYS 

R e d u c e d  s k e l e t a l  d i s e a s e  is t h e  m o s t  p r o n o u n c e d  a n d  c o n s i s t e n t  e f f e c t  a f  
i n c r e a s i n g  l i g h t i n g  p r o g r a m 8  b u t  t h e  e x a c t  r e a s o n  f o r  t h i s  e f f e c t  h a s  n o t  k e e n  



e s t a b l i s h e d .  P o t e n t i a l  e x p l a n a t i o n s  f o r  t h e  s u p e r i o r  s k e l e t a l  development 
i n c l u d e  one o r  a l l  o f  t h e  f o l l o w i n g :  

1. Reduced e a r l y  growth r a t e  
2 .  I n c r e a s e d  v i g o r o u s  a c t i v i t y  ( e x e r c i s e )  
3 .  Me tabo l i c  f a c t o r s  a s s o c i a t e d  w i t h  an ex t ended  p e r i o d  of  

d a r k n e s s  
I n c r e a s i n g  l i g h t i n g  s i g n i f i c a n t l y  a l t e r s  t h e  growth c u r v e  of b r o i l e r  

c h i c k e n s .  The i n c r e a s i n g  programs d e c r e a s e  e a r l y  growth, b u t  r e s u l t  i n  
compensat ion  l a t e r  s o  t h a t  f i n a l  body we igh t s  a r e  e q u a l  o r  s u p e r i o r  t o  
con t inuous  long  l i g h t i n g  t r e a t m e n t s .  Reduct ion  i n  growth r a t e  has  p r e v i o u s l y  
been shown t o  d e c r e a s e  t h e  i n c i d e n c e  of l e g  a b n o r m a l i t i e s  of d i f f e r e n t  t y p e s  
(Haye and Simons 1978; R i d d e l l  1983: R i d d e l l  e t  a l .  1 9 8 3 ) .  S i m i l a r l y ,  
m e t a b o l i c  d i s e a s e  such  a s  SDS and a s c i t e s  a r e  a l s o  d e c r e a s e d  w i t h  s l o w e r  
growth. 

S r o i l e r s  a r e  markedly  more a c t i v e  when g iven  i n c r e a s i n g  l i g h t i n g  
programs.  Again d e c r e a s e d  s k e l e t a l  d i s e a s e  has  been r e p o r t e d  i n  b i r d s  which 
e x e r c i s e  v i g o r o u s l y .  

I n  a  p r e l i m i n a r y  s t u d e n t  expe r imen t ,  plasma a l k a l i n e  phospha ta se  was 
found t o  i n c r e a s e  d r a m a t i c a l l y  i n  t h e  envizo .%~.enta l  day and d e c r e a s e  d u r i n g  
t h e  n i g h t  f o r  b r o i l e r s  g i v e n  i n c r e a s i n g  l i g h t i n g .  I n  c o n t r a s t ,  no c i r c a d i a n  
rhyt.hm was found f o r  b r o i l e r s  exposed t o  c o n t i n u o u s  l i g h t  and enzyme a c t i v i t y  
was n e v e r  h i g h e r  t h a n  t h a t  found d u r i n g  t h e  n i g h t  of t h e  i n c r e a s i n g  program. 
T h i s  ev idence  p l u s  t h e  r e s u l t s  of ccmpar isons  t o  i n t e & n i t t e n t  l i g h t i n g  s u g g e s t  
t h a t  s c o t o p h a s e  induced m e t a b o l i c  changes  ( c i r c a d i a n  rhythms)  may be e s s e n t i a l  
f o r  p r o p e r  s k e l e t a l  growth and mode l l i ng .  C i r c a d i a n  rhythms i n  bone growth,  
which a r e  l i g h t  dependen t ,  a r e  known t o  occu r  i n  mammals (Simmons 1962, 1968; 
Hansson e t  a l .  1974) . 

Recent r e s e a r c h  w i t h  mice s u p p o r t s  t h e  concep t  t h a t  d a r k n e s s ,  and more 
s p e c i f i c a l l y  t h e  hormone m e l a t o n i n ,  a r e  a s s o c i a t e d  wi th  i n c r e a s e d  h u n e  
f u n c t i o n  and an ima l  l i v a b i l i t y  ( P i e r ? a o l i  and X a e s t r o n i  1 9 8 7 ) .  The m a j o r i t y  
of m o r t a l i t y  i n  t h e  p r e s e n t  exper iment  was n o n - i n f e c t i o u s  b u t  a  r e d u c t i o n  i n  
s t r e s s  a s s o c i a t e d  w i t h  l i g h t , i n g  programs hav ing  d a r k  p e r i o d s  (Freeman e t  a l .  
1981) may i n f l u e n c e  b o t h  i n f e c t i o u s  and n o n - i n f e c t i o u s  d i s e a s e .  

I n c r e a s e d  androgen p r o d u c t i o n  i n  c h i c k e n s  g i v e n  t h e  e x p e r i ~ e n t a l  
t r e a t m e n t s  is s u g g e s t e d  by l a r g e r  ccmbs. Also  plasma andros t ened ione  was 
h i g h e r  f o r  f ema les  on an  i n c r e a s i n g  program: male hormone l e v e l s  were 
n u m e r i c a l l y  b u t  n o t  s i g n i f i c a n t l y  h i g h e r  t h a n  b r o i l e r s  g iven  c o n s t a n t  o r  
d e c r e a s i n g  l i g h t  (Robinson e t  a1.  1 9 8 8 ) .  The s e p a r a t i o n  of hormone l e v e l  was 
o n l y  n o t e d  a t  f i v e  weeks o f  age  and t h e r e f o r e  p o t e n t i a l  a n a b o l i c  e f f e c t s  of 
i n c r e a s i n g  l i g h t i n g  would more l i k e l y  o c c u r  i n  b i r d s  kep t  f o r  l o n g e r  p e r i o d s  
of t i m e .  The r e s u l t s  f o r  b r o i l e r s  grown t o  53 days  of age s u p p o r t  t h i s  
h y p o t h e s i s .  However, t h e  impor tance  of b i r d  m o b i l i t y  i n  l a t e r  growth canno t  
be r u l e d  o u t .  At tempts  t o  c o r r e l a t e  a n d r o s t e n e d i c n e  l e v e l  w i t h  growth r a t e  
have f a i l e d  t o  demons t r a t e  a  r e l a t i o n s h i p .  

I V .  LIGXTING PRCGiiFFM -3ECCMMEPJDATICNS 

Although che 5H, INC and INCti =rograms a l l  p rodccec  b e n e f i c i a l  e f f e c t s  
i t  would appea r  t h a t  t h e  l a t t e r  two nay be  s u p e r i o r .  To reduce  <he 3nock of 
changing t o  6 hour s  c f  L igh t ,  i~ -ay be b e n e f i c i a l  t o  g r a d c a l l y  reduce  
d a y l e n g t h  t o  t h a t  l e v e i  d u r i n g  :he f i r s t  sever, days  s f  t h e  b r o i l e r  c y c l e .  
B i r d s  on t h e s e  programs a r e  v e r y  a c z i v e  and can  be x o r e  d i f f i c u l :  ' 3  hand le  a t  
marke t ing .  To overcome p o t e n t i a l  problems,  b r o i l e r s  shou ld  be  exposed t o  
con t inuous  l i g n t  s e v e r a i  days  p r i o r  t o  l o a d c u t .  C u z r e n t l y  reconmended 
l i g h t i n g  programs f o r  b r o i l e r s  and r o a s t e z s  a r e  shown i n  Table  5 .  L igh t  
i n f i l t r a t i o n  w i l l  l i k e l y  r educe  -he  b e n e f i t s  of t h e  l i g h t i n g  programs b u t  t h e y  



are recommended even in barns without light control. Consideration should be 
given to reducing light infiltration during the first two to three weeks when 
day-length is shortest and the need for ventilation is lowest. 

Table 5. Current lighting program recommendation 

Light Intensity photoperiod" 

Age (dl (lux) Broiler Roaster 

0 2 0 24.OL:O.OD 24.OL:O.OD 
4 2 0 18.OL:6.OD 18.OL:6.OD 
7 5 6.OL:8.5D:l.OL:9.5D 6.OL:8.5D:l.OL:8.5D 
14 5 lO.OL:6.5D:l.OL:6.5D 9.OL:7.OD:l.OL:7.OD 
2 1 5 14.0L:4.5D:l.OL:4.5D 12.OL:5.SD:l.OL:5.5D 
2 8 5 18.OL:6.OD 15.OL:4.OD:l.OL:4.OD 
35 5 24.OL:O.OD 18.OL:6.OD 
4 2 5 To market 21.OL:3.OD 
4 9 5 24.OL:O.OD 

To market 

L - light; D -dark. 

Major improvements in bird health can be obtained without decreased 
production parameters by using an increasing photoperiod lighting program. 
Further research is required to determine the reason for improved health, bur: 
what ever the effect, financial gains from a reductzcn in bird loss due to leg 
problems and mortality can be accrued through the use of these programs. Also 
using increasing programs can be justified on the improvement of bird welfare 
alone. 
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ABILITY OF BIRDS TO DISCRIMINATE AGAINST ERGOT-CONTWINATED FEED 

W.L. Bryden, A . H .  L iu  and W . J . K .  Bakau 

The i n i t i a l  r e s p o n s e  of an ima l s  s u f f e r i n g  a  t o x i c  i n s u l t  i s  o f t e n  t o  
r educe  f o o d  i n t a k e .  With some mycotoxins ,  e s p e c i a l l y  :he t r i c h o t h e c e n e s ,  p i g s  
w i l l  r e f u s e  t o  e a t  con tamina ted  f e e d  (3 ryden  1 9 8 9 ) .  I t  has  been a rgued  t h a t  
t o x i c  s econda ry  m e t a b o l i t e s  o r  mycotoxins  of f u n g i  a c t  a s  a  chemica l  d e f e n c e  
sys t em t o  d e t e r  p o t e n t i a l  p r e d a t o r s .  Such a  sys t em would be p a r t i c u l a r l y  
r e l e v a n t  t o  f u n g a l  s c l e r o t i a  o r  e r g o t s  wnich a c t  a s  n u t r i e n t - s t o r a g e  and 
s u r v i v a l  o r  dormancy c a p s u l e s  f o r  t h e  fungus  (Wicklow and Cole  1 3 8 2 ) .  There  
i s  v e r y  l i t t l e  i n f o r m a t i o n  on r e f u s a l  of f e e d  con tamina ted  wi th  mycotoxins  i n  
p o u l t r y  and i n  t h e  p r e s e n t  scudy t h e  a b i l i t y  of p o u l t r y  t o  d i s c r m n a t e  
a g a i n s t  f e e d  c o n t a i n i n g  t h e  s c l e r o t i a  of C lav iceos  ourDurea was a s s e s s e d .  

Three  week o l d  c r o s s - b r e d  c o c k e r e l s  were a l l o c a t e d  i n t o  groups  
c o n t a i n i n g  f i v e  b i r d s  and randomly a s s i g n e d  t o  t r e a t n e n t s .  The f e e d e r  c n  each  
pen was d i . ~ i d e d  wi th  a  p a r z i t i o n  and one h a l f  was f i l l e d  wi th  t h e  b a s a l  grower 
d i e t  and t h e  o t h e r  h a l f  of t h e  f e e d e r  ,das f i l l e d  v l t h  t h e  b a s a l  d i e t  
c o n t a i n i n g  0 ,  1 0  o r  20 g  e r g o t / k g .  2 t k e r  groups  were o f f e r e d  t h e  d i e t s  
c o n t a i n i n g  e r g o t  o n l y .  There  were f i v e  r e p l i c a t e s  of each  t r e a t a e n t ,  and 
c h i c k e n s  were a l l owed  f r e e  a c c e s s  t o  t h e  f e e d e r s  f o r  2 1  d a y s .  

I n  t h e  second exper iment  c o m e r c i a l  c r o s s - b r e d  Laying hens ,  aged 55 
weeks and housed i n  s i n g l e  b i r d  cages  were o f f e r e d  a  l a y e r  d i e t  : on t a in ing  
e i t h e r  0 ,  5 ,  15 o r  45 g  e r g o t / k g .  I n  a d d i t i o n ,  o t h e r  b i r d s  were o f f e r e d  t i ~ o  
f e e d  c o n t a i n e r s ;  one c o n t a i n i n g  uncon tamina ted  f e e d  and t h e  o t h e r ,  f e e d  
c o n t a i n i n g  e r g o t .  S i x  hens  were mon i to red  f o r  14 days  on each t r ea t , r . en t .  

The a d d i t i o n  of  ground e r g o t  t o  mash d i e t s  r e s u l t e d  i n  a  s i g r . i f i c a n t  
(P<0.05)  d e c r e a s e  i n  t h e  perfo,-;nar.ce of b c t h  grcui.?g c h i c k s  and l a y i n g  5.er.s. 
The r e s u l t s  wi th  c h i c k s  showed t h a t  e r g o t  S e c r e a s e d  weight g a i n ,  d e p r e s s e d  
food  i n t a k e  and c a u s e d  a  c o r r e s p o n d i n g  r i s e  i n  food c o n v e r s i o n .  Chicks  f e d  
b o t h  l e v e l s  of e r g o t  deve loped  gangrenous  Les ions  of t h e  d i g i t s ,  b u t  t h i s  
l e s i o n  d i d  n o t  o c c u r  i n  c h i c k s  o f f e r e d  a  c h o i c e  between a  con tamina ted  and 
uncontaminated  d i e t .  These c h i c k s  a l s o  grew ar, t h e  normal r a t e .  Although 
l a y i n g  hens  d i d  n o t  d e v e l o p  gangrenous  l e s i o n s  e r g o t  d i d  d e c r e a s e  food i n t a k e  
and egg p r o d u c t i o n  wi th  b i r d s  consuming t h e  d i e t  c o n t a i n i n g  40 g  e r g o t / k g  
c e a s i n g  t o  l a y  af:er s even  d a y s .  However, l a y i n g  hens  o f f e r e d  a  c h o i c e  of 
d i e t s  c o n t i n u e d  t o  pe r fo rm a t  t h e  normal r a t e .  

The r e s u l t s  of t h e  expe r imen t s  e s t a b l i s h  t h a t  when o f f e r e d  a  c h o i c e  
between an  uncon tamina ted  d i e t  and a  d i e t  con tamina ted  wi th  e r g o t ,  pou1t:y a r e  
a b l e  t o  discriminate a g a i n s t  t h e  t o x i c  d i e t  and modify t h e i r  food i n t a k e  
a c c o r d i n g l y .  The u n d e r l y i n g  mechanism of :h is  a b i l i t y  is  no t  kr-own b u t  i t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  a  number of  a l k a l o i d s  c o n t a i n e d  v i t h i n  t h e  e r g o t s  of 
C .pu rpurea  a r e  a n t a g o n i s t s  of n e u r o t r a n s m i t t e r s  ( a ryden  1 9 8 9 ) .  - 

BRYDEN, W.L. (1989)  . ? roc . ! iu t r . 3oc . .Aus t .  14: i n  p r e s s .  
WICKLOW, 3 . T .  and COLE, R . J .  ( 1 9 8 2 ) .  C a n . J . 5 o t .  50: 525. 

S e p a r z s e n t  of  An iaa l  Husbandzy, ' J ~ i v e r s i z : ~  sf Syd--.ey, Canden, :Jew Sozck wa le s ,  
257': 



THE SIGNIFICXNCE OF CEREAL NON-STARCH POLYSACCHARIDES IN POULTRY DIETS 

M.CHOCT a n d  G.ANNiSON 

The p o o r  p e r f o r m a n c e  o f  b r o i i e r s  f e d  r y e - b a s e d  d i e t s  a n d  b a r l e y - b a s e d  
d i e t s  is  d u e  t o  t h e  h i g h  l e v e l  o f  p e n t o s a n s  i n  r y e  ( A n t o n i o u  e t  a l .  1981)  a n d  
t h e  8 - g l u c a n  c o n t e n t  o f  b a r l e y  (Gohl  e t  a i .  1 9 7 7 ) .  The anti-nutritive e f f e c t s  
o f  t h e s e  n o n - s t a r c h  p o l y s a c c h a r i d e s  (NS?) a r e  m a n i f e s t s d  by  c h e  d e p r e s s i o n  of  
n u t r i e n t  d i g e s t i o n  a n d  a b s o r p t i o n  ( A n t o n i o u  e t  a l .  1 9 8 1 )  . I t  h a s  b e e n  
r e p o r t e d  t h a t  a p p r o x i m a t e l y  25% of  wheat  c u l t i v a r s  grown i n  t h e  e a s t e r n  p a r t  
o f  A u s t r a l i a  show a n  u n e x p e c t e d l y  low m e t a b o l i s a b l e  e n e r g y  ( < 1 3  MJ/kg 3M) vhen  
u s e d  a s  t h e  main  e n e r g y  s o u r c e  i n  b r o i l e r  d i e t s  ( M o l l a h  e t  a l .  1 9 8 3 ) .  O t h e r  
s t u d i e s  showed t h a t  s t a r c h  d i g e s t i b i l i t y  of  b r o i l e r  d i e t s  containing low-% 
w h e a t s  was significantly d e p r e s s e d  ( R o g e l  e c  3 1 .  1 9 8 7 )  . I n  t h e  presen :  
s t u d i e s  a n  e x p e r i m e n t  was c o n d u c t e d  t o  examine  7 cormonly  a v a i l a b l e  c e r e a l s  
( T a b l e )  f o r  a p p a r e n t  n e t a b o l i 3 a ~ l e  e n e r g y  (XW) a n d  s - a r c h  d i q e s e i b i l l t : ~  (5D) 

, . .  
u s i n q  4-5 weeks o l d  c o r r n e r c i a l  b r o i l e r s  i n  ;nc; .~i- 'uai  c a q e s  ( 3  
b i r d s / t r e a t ! r . e n c )  w i t h  s u b s e q u e n t  measurernen:~  o f  c e s t o s a n  a n d  5 - g l u c a n  l e v e l s .  
The r e s u l t s  a r e  sncwn i n  :he T a b l e .  

aICE 1 7 . 3 6  9 9 . 2 7  0 . 0 0  0 . 0 4  0 . 0 4  
.?lAIZE 1 5 . 8 3  99 .48  4 . 2 6  0 . 1 2  4 . 3 8  
S3RGHUM 1 5 . 7 7  9 9 . 1 1  2 .34  0 . 1 0  2 . 9 4  
XHEAT 1 4 . 3 2  96 .64  5 . 3 5  0.5C - - -  

3 . 3 3  

XITICAL2 1 3 . 3 3  -- 6 . 9 7  - - - - 
3ARLZY 1 1 . 9 2  9 6 . 5 5  1 . 3 3  3 . 3 2  1 1 . 3 7  7 - -  

XYE 1 1 . 3 4  9 5 . 0 1  8 . 9 0  1 . 1 5  1 0 . 0 5  

A  h i g n l y  s i g n i f i c a n t  c o r r e l a c i o n  (?<3.03:; r = - 0 . 3 5 )  .das f s u n d  c e t w e e n  .LME 
a n d  p e n t o s a n  l e v e i s  i n  c e r e a l s .  F u r t h e m o r e ,  when t h e  s u n x e d  p e n t o s a n  a n d  3 -  
g i u c a n  l e v e l s  a r e  r e g r e s s e d  a g a i n s t  ALLX t h e  c o r r e l a c i o n  i s  h i g h e r  (?<O.OOl; 
r = - 0 . 9 8 ) .  T h e s e  d a t a  c o n f i r m  a n d  e x c e n d  t h e  o b s e r v a t i o n s  of  L q n i s o n  a n d  
Johnson  ( 1 9 8 9 )  who a l s o  n o t e d  t h e  s t r o n g  c o r r e l a c i o n  be tween  Fer i tosan  l e v e l s  
a n d  e n e r g y  m e c a b o l i s a b i l i t y  i n  c e r e a i s  . The c u r r e n t  i n v e s t i g a t i o r . 3  i n d i c a t e  
t h a t  :he NS? a l s o  c o r r e l a t e  c l o s e l y  x i t h  .LW, which s u q q e s c s  t h a t  a t  h i g h  
l e v e l s  t h e y  may i n h i b i t  s t a r c h  d i g e s t i b i l i f : ~ .  - ... h e low-rn  pne-ornenon 
e x p e r i e n c e d  i n  t h e  A u s t r a l i a n  wheat  i n d u s c r y  ?ay, t h e r e f o r e ,  be d-e c s  a  
v a r y i n g  l e v e l  o f  n o n - s t a r c h  p o l y s a c c h a r i d e s ,  e s p e c i a l l y  p e n t o s a n s ,  among 
c u i t i v a r s .  

ANNISON , G a n d  ZCHNSON, 3 . 2 .  ( 1 9 8 9 )  . P r o c .  Xus: . ? o u L t  . S m . .  1989: 7 9 .  
XNTCNIOU,T., YMQUARDT,F(.X. a n d  CXNSFTELD,? . E .  ( 1 9 8 1 )  . J . .Acr ic .  ? s o d  C?.e.?. 
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EFFECTS OF CALCIUM AND PHOSPHORUS ON VITAMIN D STATUS iN CHICKENS 

L . BERVEN and D . R. FiVISER 

Studies with rats have shown that dietary factors can enhance the 
metabolic destruction of vitamin D and lead to vitamin D-deficiency rickets 
(Cleinents et al. 1987). Experiments were conducted to determine the effect of 
changes in the level of dietary calcium and phosphorus on the requirements for 
vitamin D in broiler chickens. 

Day-old male broilers were raised on diets containing (i) adequate 
calcium (10.0 g/kg) or low calcium (3.0 g/kg) with adequate phosphorus (7.0 
g/kg available P), or (ii) diets containing graded levels of phosphorus (10.0, 
7.5, 5.0, 2.5 g/kg available P) and adequate calcium (10.0 g/kg). All birds 
were given orai doses of vitamin D3 three times per week. After 21 days plasma 
levels of vitamin D metabolites were measured Sy competitive protein binding 
assay. 

Plasma concentrationz of vitamin D3 metabolitez 

Calcium or D3 dose 25 (OH) D3 i, 25 (OH) 2D3 
Phosphorus (n, +sem) (n, +sem) 

(g/kg) (pg) (mol/l) (pmol/l) 

The plasma concentrations 'of 25-hydroxyvitamin D3 (25 (OH) D3) in chickens 
on the low-calcium diet were significantly lower (?<O.O01) than in chickenz on 
the normal calcium diet. Plasma 1,25-dihydroxyvltarnin D3 (1,25 (OH) 2D3) levels 
were significantly elevated (P<0.001) in chickenz on the low-calcium diet and 
this may account for their reduced 25(OH)D3 status. The plasma clearance rate 
of 25(OH)D3 was determined in both groups by .rLeasurenent of the elimination 
half-zime (t112) of a tracer amount of 3~-25 (OH)D3. The clearance rate was only 
slightly fascer in calcium-deficient chickens (t1/2=1.42 days) compared to 
chickenz with adequate calcium (tl/2=1.65 days). Therefore, calcium deficiency 
increases the utilisation of vitamin D only by increased conversion to 
1,25(OH)2D3 and not by enhanced destruction of 25 (OH)D3 to inactive 
metabolites. 

Dietary phosphorus levelz had minimal influence on vitamin D3 rnerrabolite 
concentrationz. Plasma 25 (OH)D3 and 1.25 (OH) 233 concentzations were slightly 
depressed and elevated respectively in Sirds fed the diet containing 2.5 g/kg 
phosphorus. TP-erefore, phosphorus deficiency sr excess phospr.orus do not appear 
to directly modify vitamin D staxus in broiler chickenz. 

CLEMENTS,M.R., JOHNSON,L. and FRASER,D.R. (1987). Nat.~re 324:62 

Departmenrr of Animal Husbandry, The University of Sydney, NSW 2006 



REPRODUCTIVE PERFORMANCE AS INFLUENCED BY IIUTRITIOIIAL MANAGEI.lEIIT IN CHICKEllS 
SELECTED FOR ASPECTS OF GROWTH AND BODY COMPOSITION 

Commercial broiler breeding programs now place emphasis on increased 
lean tissue growth rate but there is limited information avarlable as to the 
consequences of such selection on reproductive performance. An experiment was 
conducted to assess the effects of nutritional management on reproductive 
performance of 380 pullets from five lines of chickens selected for high (line 
F) or low (line L) abdominal fat, high body weight !line V), hrgh body weight 
combined with low abdominal fat (line WL), or at random (line C). 

Birds were given one of three rearing-laying feeding regimes viz. 
restricted-restrrcted (RR), restricte3-ad libitum (XA) or ad libitum-ad 
libitum (AA). The rearing and laying dlets contained 10.5 and 11.2 HJ f!E and 
150 and 160g CP/kg respectively and restricted blrds vere fed approximately 75 
and 90% of ad libitum food consumption during the rearing and laying perrods 
respectively. Changeover of treatments and drets ?as at 20 veeks and egg 
productlon was neasured to 60 xeeks. The results are shown rn the table. 

Bodyweight (BW,g), age ( A , d )  and body fat iF,g/kg) at onset of sexual maturrt;: 
hen-day egg production to 60 weeks (HDEP,eggs/brrd), fertilrty (Pert,%) 
and hatchability (Hatch,%) in pullets from the five llnes on three rearing- 
laying nutrient allowance regimes (R = restricted, .i = ad libitum) 
Xegime Line aw A HDEP Fert Hatch - 

R R F 2787b 190bcd 22.7abc 101.3C" 922.a 56.jabr 
L 31329 194a ?1.5bCde 106.1Cde 99.!Ia 63.3ab 
U 3701bC 19aa 24. !Ia ?9.6de 83.3ab 54.3abr 
WL 3541de 18Sde 24.93 3 . 2  90.ga 54.!abc 
C 3014s 193bC 22.dabcd 1G19ab 91.ia 67.7a 

Mean 3235' 192p 22.9 103.7p 89.2" 59.2p 
RA F 3136"J 18je 20.2de 102.qC" 84.3ab 56.3dbr 

L 32.16' 191bCd 20.jCde 127.ja 31.jabc 54.0abCd 
W 3771b 13ade 23.jab 97.jdef 65.3C 47.0" 
WL 3634Cd 189cde 23.ga 112.jbC 92.3" 69.08 
C 3133'9 189Cde 22.4ab 118.gsb 72.0bC 44.Oc - 

Mean 3133s 13 84 22.1 111.9p 79. lq 15.9q 
AA F 3337e 153'g 24. 6a 86.8'9 63.7C 23. 7d 

L 3571Cd 159' 19.je 10l.acd 83.0ab 49.7b 
W 40248 152g 23.jab 77.1" 922.78 52.0bC 
?L 401.1a 1.1gh 23.3ab 69.6" 72.0bC 63.0ab 
C 3543de 149gh 22.Sabc 108.2bcd 94.08 11. 3C 

Hean 3718p 150' 22.7 88.7'1 81.1~4 45.91 
LSD 0.05 13 2 5 2.4 12.5 5.1 15.6 

Wlth the exception of the hrgh-fat llne F there apuears to be a 
characterrstlc level of body fa: r3ther :han werght ghrcn determrnes the onset 
of sexual naturrty rn each llne. Egg productlon rn all llnes +as rmprojed cy 
rearlng perrod restrrctron +hlle rn contrast to the F ,  i and C l:nes, the L 
and 'rlL llnes beneflttea f r ~ m  full feedrng durrng lay 5ean fertlllti alld 
hatchablllty were better on continued restrrctron ai:houoh hatchabrlrtf rn 
llne VL rmproved vrth full feedlng rn lay rn contrast to irne C. Full feoarng 
durlng rearrng resulted In a drastlc reduction In hatchabrlrtf rn lrne F. 

Dept Farm Anlmal Xedlclne and Productron, Unlversrty of Jueensland, St. Lucra, 
Queensland 4067 



SELECTION TO OPTIMISE ECONOMIC RESPONSE Irr GROWTH AND FOOD UTILISATIO~J 
EFFICIENCY IN JAPANESE QUAIL (COTURPIIX COTURNIX JAFCNICA) 

D.B. ETSE 

Genetic improvement in food utlllsation efficiency in conmerclal broiler 
chickens has been hampered by a lack of information on the genetic ai~d 
phenotypic parameters associated with the relevant tralts and by the 
complexity of the various alternative selection strategies. Japanese quail 
(Cot>~rnix coturnix japonica) are a useful model for chlckens in select~on 
studies because of therr auch shorter gener~tLon inter7;al and lower 
maintenance costs. In this study phenotypic and genetic parameter estlmates 
for growth, food intake and food utilisation efficiency were deterained by sib 
analysis in Japanese quall. Xeasurements yere made of 14-day body weight 
(l1dU1, 26-day body verght (26dU) and 14-to 25-day food consl1mpt:on (FC) in 
366 qua11 produced from satings betxeon 40 males and 1 3 0  females sampled fro3 
the Fz generation oi an origlnai xatlng bet.deen two comerclal quail strains. 
Velght 3a1n (7G) and TCR were calculated from the above neasures. 

Slx se1ect:on lines .dere ostabllshed from the bass ~opulation. They xere 
selected for increased 26dV !line 71, ~ncreased FZ !line ? : ,  iecroased FCR 
(line E), an index combining 14dW, ?6dW and FC !line I,), a sul:i-stage ~nde:< 
with the same traits but ulth initlal seiec:ign and c>;lling 3n l?dlJ (line 1 2 )  
or at random (line Cl. Results are shown In ths table. 

Heritability and genetic (above diagonal) and phenotyplz !bel?u diauonal) 
correlation estlmates islre+dam, sexes combined) for 14-d weight (14dV). 26-d 
weight 126dW) and 14-to 25-d weight 3a1n (UG), food consumpt:on fFC! and FCR 
from slb analysis of 366 Japanese 7:iail. Stand3rd ?rr-rs in 7arenthesii. 
Xesponse (3) to selectlcn for one generation In the fr.:? l ~ n e s  1s shah-n teloh-. 

Tral: l4dU 26dW ii G FC FCR 

i4dY 0.46 (0.08) 0.89 (0.011 0.55 10.lj) 0 . 3 3  10.'33) 0.12 10.351 
26dU 0.80 0.52 (0.07) 0.39 (0.04) 0.38 (0.02) -0.36 10.2?) 
ii G 0.31 0.82 0.39 (3.08) 0.?4 (0.04) -0.77 (0.32) 
F C 0.55 0.i8 0.71 0.29 (0.07) -0.48 (0.251 
FCR 0.22 0.17 -0.48 0.23 0.08 (0.041 
Line 
;I 4.5 9.0 1. 0 10.7 0.31 
F 4.3 6.3 2.3 12.5 -0.05 
E 1.2 2.9 1.6 d.- 9 1 -0.36 
I I 5.2 3.5 2.2 6.1 -0.03 

Responses and heritability and genetlc 3nd phenotypic ccrreiation 
estimates were in reasonable agreement with those obtained In chickens (Pym 
and Nlcholls 1979!, although the herltabilit:? of ?CR %as considerably lower In 
the present study. From these prell~lnary data, selecti8;n 3n I: resulted I n  
slnilar response in Z6dU but conslder3bly reduced response 12 ?C ccmpired f2 

the ;' 1:ne selected for 25iY  lone. Sele,:::,-n sn il res:il:sd I n  ? re;it:.::Ly 
isw response In all tralts 3: thls early ;:a:? sf ?he selec:=3n s:gdy. 

PYX, 2.A.E. AIID !J:CHOLLS, ?.;. (I?:?). Sr. Pcuit. Scl. 2 2 :  7 3  

Department of Farm Anlaal Medlclne and Frcdaction. Unl;.erslty cf Cueensland. 
St. Lucla, Queensland 4067 



LACK OF EFFECT OF ZEOLITES ON PERFORMANCE AND EGG SHELL QUALITY 
OF TWO STRAINS OF LAYING HENS 

M.EVANS and D.J.FAXRELL 

Both natural (Clinoptilolite) and synthetic (Ethacal) 
zeolites are used in the diets of laying hens (see Evans, 1989). 

In the experiment there were 16 dietary treatments each with 
6 replicates each with LO birds. The factors included 2 strains 
of bird (New Xampshire x Xustralorp [NHxA], and New kiampshire x 
Xh1:e Leghorn [>JtixWLII] 1 ,  4 zeolite types (no zeolite, Ztnaca? 
(0.75%), Z1, 2 3  (2.53)), 2 phosphorus levels (0.6 4, i.2 % )  and 
two liaestone particle sizes (powder, 2mm chips). Z ?  and 23 are 
natural bimineralic zeolites mined at the 'Escott' pros?ect near 
Uerris creek, N.S.W. A total of 1230 oirds of 3 7  .weeks of age 
xere used in the experi:nent and ,were recorded until 68 ,weeks of 
age for 1 three week geriod and l.1 :*do week peri~ds. 

3ietary treatment did not affect hen da:~ egg proiu:tion 
(dDE?), egg veight ( Z N ) ,  egg nass ( S Y ) ,  nortality (nCi, or oody 
.weight change (3WC). S3ecifi.c gravity ( S G )  gf eggs wers 
significantly (2<0.05) reduced b y  the higher phospnorls (1.2 4 1  
level in the diet up to 52 ueeks of age but not thereafter. The 
SG was reduced from 52 veeks of age xhen liaestone chips were fed 
coinpared to limestone powder (D<0.05). Friar to this, the 
calcium source did not significantly influence SG. Calciurn 
source significantly (P<O.Ol) affected daily feed consumption 
(3FC). 3irds of 30th strains on diecs with iinestone chips 53.d a 
higher 3PC k'nan birds fed diets witn liJ7estone powder. 

T%e:e was a significanz (?<0.0!) strain effect on Z \ q ,  Zn, 
33YS, DFC, and feed efficiency. There uas no difference Setueen 
strains for XDEP or BW. The superiority of NXxXLti was due to a 
lower DFC and larger EW. This strain also laid eggs with a 
significantly (?<O.Ol) higher S G .  

Eggs uere sampled at 43 and 61 xeeks of age to deternine 
haugh units (XU), shell weight iSW) and shell thickness (ST). 
There were no significant effects of the dietary treatments on 
any of these measurements with the exception of ST which xas 
significantly (?<0.05) reduced on the high phosphorus level ~n 
eggs sampled at 43 weeks but not at 61 weeks. The N3xWLH had a 
significantly (P<O.Ol) greater SX and ST a: 30th 43 and 61 weeks. 

Samples of eggs vere taken at 48 and 5 1  weeks of age fgr 
consecutive days and classified and grouped into 5 shell defect 
categories for statistical analyses. These were gross cracked 
eggs, major shell defects, minor shell defects, hairline cracks 
and tocai defects. There was no significant affect on any 
category due to dietary kreatmenks, -with the exception that in 
eggs sampled at 4 8  xeeks only, l i ~ e s t o n e  chl3s s~gnificanzly 
(P<O.O5j increased the incidence 3f 3a;or snell defects. ??,I.; .was 
no- seen in eggs saxpled at 6 1  jeers. ::he !13:<;4L: nac 3 hi;?.er 
(?<0.31) lnciience of .nlzor shell defec~s ::?an zhe !19x.:. 

Departnent of a ~ o c h e : n i s c r y ,  Yicrobioiogy and ~ u t r i t i o n ,  
LJni;~ersicy of New zngland, .?irmida?e, NS:; 2351 



CALORIMETRIC MEASUREMENTS ON CHICKENS VACCINATED 
WITH INFECTIOUS BRONCHITIS 

D.J. FARRELL, R. CHUBB, E. THOMSON and YANG AIJUN 

Infectious bronchitis is a problem in the Australian 
poultry industry. This paper describes continuous calorimetric 
measurements on groups of 9  male broiler chickens to determine 
effects of eye-drop vaccination at 1  -d-old with Vic S ( 1  o 6  EID 5 0  
per ml) and on groups of 5  similar birds vaccinated at 7  or 8d 
of age and measurements made for the next 3  to 8d. 

The effects of vaccination and sham vaccination of broiler chicks 
at 1  or 7  or 8d of age on ME intake, heat production, energy 
balance (EB) (all in k ~ / k g ~  per d) and RQ in 3  experiments. 

Age (d) ME intake RQ Heat Energy 
production balance 

Control 1 - 3  
Inf ected 
Control 4-7 2 3 6 0  1 . 0 1  1 2 5 3  1 1 0 6  
Inf ected 2 2 8 7  1 . 0 5  1 2 0 2  1 0 8 6  

Control 8-1 1  221 7  1  . 0 5  11 6 5  1 0 5 3  
Infected 2 3 5 2  1  . 0 6  1 2 1  4  1 1 3 7  
Control 12-1  4  1 8 4 9  1 . 0 5  1 0 4 3  8 0 6  
Infected 1 9 1 8  1  . 0 3  1 0 7 5  8  4  3  

Experiment 2  
Control 1 - 3  1 9 3 6  1  . O O  11 5 9  7 7 7  
Inf ected 21 44  1 . 0 3  1 1 2 6  1 0 1 9  
Controls 4-6  2 3 0 2  1  . 0 7  1 1 8 4  1 1 1 8  
Inf ected 2 2 5 8  1  . 0 5  1 1 9 3  1 0 6 5  

Controls 7-1 0  2 5 9 5  1  . 0 6  1 2 0 0  1 3 9 5  
Inf ected 2 4 9 5  1  . 0 6  1 2 3 7  1 2 5 7  

Experiment 3  
Control 1 - 4  1 8 2 9  1 . 0 3  1 1 8 7  6  4  3  
Inf ected 2 0 3 4  1  . 0 3  1 1 7 4  8 6 0  
Control 5-7 1 7 7 7  1 . 0 1  1 1 1 9  6  5  8  
Inf ected 1 9 9 9  1 . 0 1  1 1 6 1  8 3 7  

Control 8-1 1  1 7 1 1  1 . 0 2  1 1 7 2  5  3 8  
Inf ected 1 4 3 2  0 . 9 8  1 1 7 1  261 
Control 1 2 - 1 5  1 8 2 1  1  . 0 4  1 1 0 8  7  3 1  
Infected 2 3 3 4  1 . 0 2  11 8 8  1 1  47 

Although no attempt was made to pair feed birds, neither 
heat production nor ME intake differed markedly between the 
control and infected birds. If anythlng infected birds in the 
period immediately following vaccination at Id reduced neat 
production and had a higher EB. Only in experiment 3  when birds 
were vaccinated at 8d was intake reduced between d8 and d l 1  even 
though heat production was the same as the controls. 

Department of Biochemistry, Microbiology and Nutrition, 
University of New England, Armidale, New South Wales 2351  



RECENT DEVELOPMENTS IN THE MANIPULATION OF BODY FAT IN POULTRY 
AND SOME OF THE CONSEQUENCES 

D.J. FARRELL, G.P.D. JONES and YANG AIJUN 

Summary 

Excess fat in broilers is still a problem despite genetic 
improvement in some commercial strains. Calorimetric 
measurements are reported showing a higher heat production in 
lean birds compared to their fat counterparts. Chemical 
manipulation of body fat by dietary inclusion can reduce 
carcass fat but usually there is also a decline in growth rate. 
These chemicals do not change the heat production of birds when 
compared before and after dietary inclusion. Short-term 
dietary manipulation of chicks at 6-7d of age for short periods 
(4-6d) to achieve zero growth frequently gave reduced abdominal 
fat pad size, some times less total body fat and often improved 
food efficiency. Calorimetric measurements on birds up to 35d 
of age that had been restricted for short periods to 
maintenance showed differences in heat production compared to 
control birds up to 35d of age. Sequential determinations of 
body fat in live birds using a tritiated water dilution method 
show the changes that occur following food restriction of 
broiler chicks. It is concluded that real progress is unlikely 
to be made in this area of reduced fat in broilers until 
consumer resistance generates much increased research effort. 

I. INTRODUCTION 

Much has been written recently about the problem of excess 
fat in the carcass of broiler chickens and the topic has been 
reviewed by McLeod (1982), Lin (1981 ) ,  Cherry (1987), Pym 
(1987) and Jones et al. (1989). 

Only one of four strains of commercial, 49-day-old male 
broilers currently grown in Australia has a total carcass fat 
content below 10% (Table 1) although growth rate of each strain 
is similar. 

Table 1. Growth rate and fat content of four current 
Australian commercial strains of male broilers (Jones and 
Farrell, unpublished data) 

Strain Bodyweight Foodefficiency Body fat Fat pad 
(W,g) ( %  W) ( %  W) 

Undoubtedly, the ultimate solution to excessive levels of 

Department of Biochemistry, Microbiology and Nutrition, 
University of New England, Armidale, N.S.W. 2351 



carcass fat lies in the hands of geneticists (as shown in Table 
1  ) .  At present it must be recognised that selection pressure 
for desirable traits, such as lean tissue deposition, may 
inadvertently introduce undesirable breeding characteristics 
(Gous 1 9 8 6 ) .  

In the short term, dietary manipulation of body 
composition is a viable alternative. This can be used 
successfully, not only with experimental broiler lines but with 
commercial broilers regardless of existing carcass fat levels. 

The purpose of this paper is to provide an up-date on 
recent developments to tackle the problem of excess carcass fat 
in broilers. Other factors that are associated with changes in 
carcass fat are also described; these relate mainly to energy 
metabolism, 

11. CALORIMETRIC MEASUREMENTS ON LEAN AND FAT LINES 

Experimental lines of broilers ( 2 5 - 4 2 d  of age) selected 
for fatness or leaness (Pym 1 9 8 5 )  showed in two experiments ( A  
and B) significant differences in heat production (Table 2 )  
when food intake was the same (Yang and Farrell, unpublished 
data). This would be expected because the net availability of 
metabolisable energy (NAME) is higher for protein deposikion 
(k ) than for fat synthesis (kf) (Webster 1 9 8 0 ) .  P 

Table 2 .  Comparisons of the mean (2SEM) heat production, 
metabolisable energy intake (ME), energy (E) balance and 
nitrogen (N) balance of groups of three fat and lean birds 
(aged 2 5 - 3 8  d) with sexes combined (Experiment A 3d) and groups 
of three female birds (aged 28-42  d) (Experiment B 5d) 

Experiment A (3d) Experiment B 
Fat Lean SEM Fat Lean SEM 

Body weight (kg) 2 . 3 3  2 . 3 3  0 . 0 1 8  2 . 0 3  1 . 9 9  0 . 0 1 6  
Weight gain (g) 2 0 2  1 9 4  1 4 . 1  3 9 7  3 8 0  5 . 2  
Food intake (g) 5  4  2  5 2 6  8 . 0  8 8 3  8 7 9  4 . 8  
Metabolisability ( % )  7 4 . 2  7 4 . 8  0 . 6 9  71 - 8  7 1 . 9  0 . 1 8  
ME intake ( k ~ / d / ~ )  1 0 5 1  1 0 4 7  2 2 . 2  1 0 9 4  1 1 2 4  2 . 5  
Heat production 

k J / d / ~  7 1 4 '  7 4 4  6 . 3  7 4 7 '  7 9 0  4 . 2  
Energy balance 

k ~ / d / ~  3 3 7  2  7  3  2 2 . 2  3 4 7  3 3 3  4 . 4  
k~/d/wO. 75 4  0  2  3 2 2  2 4 . 6  4 1 3  3 9 1  5 . 6  

E efficiency ( % )  3 0 . 0  2 5 . 3  1  . 3 1  31 . O  2 8 . 8  0 . 4 1  
N intake (g/d/~) 2 . 5 1  2 . 4 8  0 . 0 5 0  2 . 7 7  2 . 8 3  0 . 0 1 2  
N excretion ( g / d / ~ )  1  . 2 3  1 . 2 0  0 . 0 1 8  1  . 4 0  1 . 4 3  0 . 0 1 6  
N balance (g/d/W) 1 . 2 8  1 . 2 9  0 . 0 3 5  1  . 3 7  1 . 4 0  0 . 0 1 0  
N efficiency ( % )  5 0 . 1  5 1 . 9  0 . 5 2  4 9 . 0  4 9 . 3  0 . 4 5  

' ~ a t  line significantly (Pt0.05) different from lean line. 

The regression of energy retenti k ~ / d  per w ~ . ~ ~ )  
against ME intake ( X ,  k ~ / d  per W 8'5:Yt in Experiment A 



(Equations 1 and 2) indicated that NAME for weight gain was 
0.54 for the lean broilers. This was lower (Pt0.05) than that 
for the broilers selected for fatness (0.84). 

2 Lean line Y = -354 + 0.54X (R =0.84, RSD=53, n=13) (1 
Fat line Y = -635 c 0.84X ( ~ ~ = 0 . 9 0 ,  RSD=61, n-13) (2) 

MacLeod et al. (1988) found a significantly higher fasting heat 
production for lean broilers compared to their fatter 
counterparts. The observed differences in NAME between fat and 
lean birds is likely due to the energy costs of amino acid 
turnover associated with protein synthesis (Buttery and Annison 
1973) and to the low energy cost of lipid deposition (Annison 
1974). 

111. CHEMICAL MANIPULATION OF BODY FAT 

(a) Beta aqonists 
A group of compounds, the beta-adrenergic agonists, used 

to reduce body fat and increase lean deposition in livestock 
have received much attention (see Hanrahan 1987). Their exact 
mode of action is uncertain, but they seem to have the effect 
of depressing lipogenesis and markedly reducing tissue protein 
degradation with a small increase in protein synthesis (Buttery 
and Dawson 1988). These beneficial effects of beta agonists 
appear to be much reduced in broiler chickens (Hanrahan 1987) . 
Cimaterol had variable results in lines of broilers genetically 
selected for fatness and leanness (Yang 1989), but was more 
effective in the experimental lean line of females than in 
males by reducing body fat at 0.2 and 0.4ppm from 10.8% to 8.74 
and 8.5% respectively. In the fat line, males given 0.6ppm 
cimaterol had a reduced abdominal fat pad (3.4% to 2.2%). 
Corresponding reductions for females from 3.3% to 2.4% on 
O.4ppm were not significant but concomitant with a decline in 
bodyfat. Liveweight and food intake were reduced on dietary 
inclusions of cimaterol. However Yang (1989) observed no 
change in growth performance or fat pad size in either males or 
females in a commercial strain of broilers on a diet with 
0.5ppm cimaterol. 

(b) Lipolytic aqents 
Thyroid hormones and other lipolytic agents can regulate 

adipose metabolism (Fain 1980). In chickens the methylxanthines 
(theophylline and caffeine) exert their lipolytic action by 
potentiating the effects of the catecholamines on cyclic AMP in 
the adipose tissue (Langslow and Hales 1971). Jones et al. 
(1989) reported results which confirmed the positive effects of 
these agents in reducing body fat in broilers and also in 
reducing growth performance through a reduction in food intake. 
Further results are reported in Table 3. Only iodinated casein 
at either 50 or 100ppm was able to sustain growth rate whlle 
still reducing fat pad size. Iodinated casein in combinafion 
with theophylline or caffeine depressed growth but only with 
theophylline were the abdominal fat pad and carcass fat 
reduced. 



Table 3. The effects of iodinated casein (C) and/or 
theophylline ( T )  or caffeine (K) on the growth performance, 
food efficiency (FCR), abdominal fat pad (AEP) and carcass fat 
content of male commercial broilers grown from 28 to 49 d of 
age in two experiments (C and D) 

Control 0.05% 50ppm 0.05% T 100ppm O.OS%T SEM 
T C +50ppm C C lOOppm C 

Final 
weight(g) 1855a1 1 7 5 0 ~  1 9 0 8 ~  1675' 1 8 6 2 ~  167gbC 14.2 
weight 
gain(g) 1133a 100lb 1 1 ~ 3 ~  931b 1 1 3 4 ~  950b 12.9 
FCR 2.2ga 2.1gab 2 . 0 0 ~  2 . 1 ~ ~ ~  2.0tiCd 2.1gab 0.018 
AFP ( % )  1 .16a 0 . 8 0 ~  0.71bC 0.54' 0.7gb 0.53' 0.01 1 

Control 50ppm C 50ppm C 0.05% K 0.13 K SEN 
+O. O5%K 

Experiment D 
Final 
weisht(s) 21 52a 21 64a 2 0 0 3 ~  201 8b 1838' 14.0 
weight - 
gain(g) 1 3 2 3 ~  1 3 3 7 ~  1 1  75b 1 1  5ab 1 ooac 13.2 
FCR 1 .9ga 1 .9aa 2.07a 2 . 0 6 ~  2 . 0 6 ~  0.021 
AFP(%) 1 .30a 1 . 0 6 ~  1 .27a 1 . 0 5 ~  0.70' 0.013 
Carcass 
fat ( % )  

'Values with different superscripts are significantly different 
(P<O.O5) 

(c) Calorimetric measurements 
The introduction of various chemical agents to the diet of 

21-35 day old female broilers produced no marked changes in 
heat production (Table 4). 

Table 4. Effects, 3d prior to (dl-3) and following (d4-6) the 
inclusion of theophylline, iodinated casein a d imaterol in 
the diet on daily heat production (kJ/W or kJ/W a.7') of female 
commercial broilers aged from 21 to 35 d 

Theophylline Iodinated Cima terol 
Day Control (0.05%) casein (50ppm) (0.5ppm) 

(W) ) (W) ( ~ 0 . ~ 5  ) (W) (~0.75) (W) ( ~ 0 . ~ 5  ) 



IV. DIETARY MANIPULATION 

We have reported several experiments in which we have 
successfully reduced body fat of broilers by drastically 
depressing growth for several days starting at 6-7d of age 
(Jones and Farrell 1987, 1989; Farrell et al. 1989, Jones et 
al. 1989). The underlying principle of this manipulation is to 
reduce fat accretion during this time to zero. It is known 
that in the chicken both hyperplasia and hypertrophy of adipose 
cells continues until at least 12 weeks of age (Hood 1982). 
Both hyperplasia and hypertrophy of the adipocytes is affected 
by food restriction (Jones and Farrell 1989). 

When fat deposition in female commercial broilers was 
studied over a 10 week period using a tritiated water technique 
(Johnson and Farrell 1988) it was observed that the rate of fat 
deposition was bi-phasic (Fig. 1) and was similar to that 
observed by Leeson and Summers (1980). 

800 - 
Ad l ibitum c o n t r o l  

L+--E Rest r i c t ion  1 

700 '- 
U Rest r i c t ion  2 

'Weeks 

Figure 1 .  The deposition of carcass fat, determined using a 
tritiated water technique, in female commercial broiler 
chickens fed ad libitum or subjected to food restriction to 20% 
ad libitum intake for 4 d or to 25% ad libitum intake for 6 d 
commencing at 7 days-of-age. 

Fat deposition increased slowly to 3 weeks of age, during 
which time adipocyte hyperplasia would be dominant. After 3 
weeks of age the rate of deposition increased commensurate with 
adipocyte hypertrophy being mostly responsible for fat 
deposition. 

Our results showed that there may be additional benefits 
in restricting food consumption of chicks at an early age. 
Jones et al. (1989) reported improved feed efficiency and, on 



occasions, growth rate compared to unrestricted controls. On 
the other hand we (Jones and Farrell 1987; 1989) and others 
(Plavnik and Hurwitz 1985; Plavnik et al. 1986) have also 
reported a small reduction in final bodyweight as a consequence 
of early food restriction. 

The derived data indicate that food restrictions decreased 
carcass fat. However, these reductions were generally not 
significant. 

Recently we have repeated measurements (See Jones et al. 
1989) on a different strain of broiler chickens in which 4 
replicates of 8 unsexed birds were restricted at 7d of age 
using a food allocation of 20% of ad libitum for different 
periods or diet dilution with rice hulls. At 48d growth rate 
was the same (P>0.05) on all treatments (Table 5 ) ,  despite 
significantly lower intakes by birds on all experimental 
treatments compared to the unrestricted controls (1 ) . Both 
food allocation restrictions gave a significant improvement in 
feed efficiency. The abdominal fat pad (g or SW) was smaller 
in birds on treatments 2,3 and 5 compared with the control 
birds. Those on treatments 3 and 5 had less total fat than 
had the control birds. 

Table 5. Effects of dietary restriction of unsexed broilers at 
7d of age fed ad llbitum (I), 20% of ad libitum for 4d (2), or 
2d on, 2d off, 2d on (3) and 35% broiler crumbles/65% rice 
hulls (4) or 40% broiler crumbles/60% rice hulls (5) for 2d on, 
2d off, 2d on. 

Treatment 
1 2 3 4 5 LSD 

5 % 

Bodyweight (48d) 2315~' 221ga 2231a 2211a 2 1 8 8 ~  139.6 
Intake 466aa 4189; 4343b 4363b 4 ~ 8 4 ~  274.9 
FCR 2 . 1 5 ~  2.01 2 . 0 7 ~  2.10ab 2.11ab 0.078 
Total fat ( % )  16.ga 15.3ab 14.ab 15.5ab 14.4b 1.74 
Abd. fat pad 1 % )  2.57a 2.11b 2.0%~ 2.26ab 2.01b 0.39 
Dressed wt. ( 3 )  7 0 . 0 ~  68.aab 68.1 - - 1.68 

Values with different superscripts are significantly different 
(Pt0.05) 

Previously Jones et al. (1989) reported an enhancement in 
growth following a 2d x 2d food restriction but this was not 
observed here. The savings in food were 478g and 325g per bird 
on treatments 2 and 3 respectively. Only about 40% and 50% of 
this could be explained in terms of reduced growth thus giving 
net savings of about 280g and 157g per bird. 

The effect of early food restriction in broilers is to 
increase the heat production of the bird. Calorimetric 
measurements on female broilers (Table 6 )  show increased heat 
production of restricted-fed broilers up to 35 d of age. 



Table 6. The influence of food 5egkriction beginning at 7d of 
age on the heat production ( ~ J / w  ) of commercial female 
broiler chickens. 

Age (d) No of Restriction-1 Ad libitum Restriction-2 
birds (20% ad lib. 4d) (20% ab lib. 2 x 2d) 

INS = not significant; * = 0.01 tPt0.05; ** = 0.001 tPtO.O1; 
*** = Pt0.001. 

Another approach (Morris pers comm. ) to combatting the 
problem of excess carcass fat is to increase the important 
essential dietary amino acids that may otherwise limit lean 
tissue deposition but not necessarily growth. The assumption 
therein is that the capacity for maximum lean deposition in 
poultry exceeds that of maximum dietary energy intake, such 
that there is little surplus energy to support fat deposition. 
In the broiler this is ~ossible (Bartov 1979) and it does 
highlight the importance df protein:energy ratios in order to 
improve carcass conformation, particularly at the end of the 
growing period (Bartov 1987). 

Recent work by Campbell et al. (1987) showed that carcass 
fat in broilers substantially decreased with a high 
1ysine:apparent metabolizable energy ratio 1 g : M J  while 
protein deposition reached a plateau well below this ratio. We 
have shown that increasing the methionine and lysine levels to 
15% above recommended levels (NRC 1984), however, produced no 
effect on fat deposition (Farrell et al. 1989). When 
supplementation was combined with food restriction more 
favourable results were obtained, particularly with methionine 
supplementation; this improved FCR and decreased the size of 
the abdominal fat pad in commercial broilers. 

V. CONCLUDING REMARKS 

There are exciting future prospects in attempts to reduce 
carcass fat in commercial broilers using a number of 
techniques. As mentioned in previous reports some of these 
manipulations may have to be geared to specific strains of 
broilers and possibly even to sexes within strains. 
Opportunity for success should be greater with the fatter 
strains of broilers but we have consistently reduced fat pad 
size in the leanest commercial strain of broiler (A) (Table 1 ) .  

Several of the underlying changes that may occur as a 
consequence of short-term food restriction need to be stndied 
in more detail. Another important area is a study of some of 
the changes that occur in broiler breeder stock as a 
consequence of selection pressure. This is an area whlch has 
been neglected by research workers. Finally, it is only when 



consumer pressure is applied to poultry producers for a leaner 
bird, which will presumably fetch a premium price, will real 
progress be made in efforts to reduce carcass fat in broilers. 
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THE GLUCOSTATIC MECHANISM OF APPETITE REGULATION IN CHICKENS SELECTED FOR 
ASPECTS OF GROWTH AND FOOD UTILISATION EFFICIENCY 

S. ISKANDAR and R.A.E. PYll 

Strong evidence that glucose plays an important role in controlling food 
intake in chickens was presented by Shurlock and Forbes (1981). The present 
study was undertaken to determine whether genotype had an influence on the 
glucostatic mechanism of appetite regulation in chickens. Birds used in the 
study came from four lines selected for 12 generations for increased welght 
galn (line W) , increased food intake (line F) , decreased FCR (line E) , or at 
random (line C). Four solutions ranging in glucose concentration from 0 to 
5Og/l were infused at 33+1.2ml/h for three hours into the hepatic portal 
system of 49-d old male birds from the four lines following 18h starvation. 
The birds were then given one of three diets ranging in HE from 9.5 to 13.9 
MJ/kg with a constant ratio between energy and the other nutrients. Food 
Intake was measured after 6h. A total of 96 birds were measured In the study. 
each blrd being tested on one diet following glucose infusion at the four 
levels, with a 24h recovery interval between each ~nfusion. 

Whilst there were significant (P(0.05) effects on intake of line, diet 
and glucose level there were significant (P(0.05) line X diet and diet X 
glucose level interactions as Indicated in the fiuure below. The line 
glucose level interaction was, however, not slgnlflcant. 

Line El 
DIETARY ME ( ~ ~ / k g )  GLUCOSE INFUSICN (g/~) 

Food intake (g/bird) of the four lines on the three diets (a), and as affected 
by glucose infusion concentration on the three diets (L= 9.5, M= 11.4 and H= 
13.9 MJ ME/kg) (b) 

There was a reductlon In food Intake wlth lncreasrng dletary nutrrent 
denslty ln the E llne but not in the other lines rndlcatlng that the f ~ r m e r  
llne was not eatlng to gastralntestlnal tract capacity. The aletary difference 
in response to glucose infusion level lndlcates a certain threshold hepatlc 
glucose concentration below vhlch satlety signals ars not generatsd. Thsre i a s  
no apparent effect of llne on the glucostatlc xechanlsm of appetrte control. 

SHURLOCK, T.G.H. and FORBES, J.3. (1981). Br. Poul:. Scl. z: 333. 
Dept Farm Animal Medicine and Production, University of Queensland, St Lucra. 
Queensland 4067 



EFFECTS OF DIETARY INCLUSION OF FIELD PEAS, LUPINS, NARBON BEANS 

AND CHICKPEAS ON THE GROWTH PERFORMANCE OF BROILER CHICKENS 

R.J. JOHNSON+ and P.J. EASON 

Summary 

The availability of grain legumes for inclusion in broiler diets is dramatically increasing 
in Australia. The occurrence of anti-nutritional factors in legumes necessitates a 
vigilant policy with regard to their level of inclusion in diets for broiler chickens due to 
possible growth, efficiency, litter condition and pigmentation problems. The present 
study involved a broiler growth trial to measure the effects of dietary inclusion of field 
peas (Pisium sativum), lupins (Lupinus au~ustifolius), narbon beans picia narbonensis) 
and chickpeas (Cicer erietinum) on the growth and feed efficiency of broiler chickens. 
Legumes were incorporated into practical wheat/sorghum diers essentially at the 
expense of soybean meel, and nutrient levels were maintained between diets. Broiler 
starter (0-21 days) and finisher (21-42 days) diets were fed to four replicate groups of 
34 birds for each of twelve diets. The field peas, lupins end narbon beans were 
included at approximately 80, 140 and 200 g/kg, the two varieties of chickpeas were 
included at 200 g/kg, and the control diet contained 200 g jkg soybean meal. Diets 
which contained narbon beans depressed (P < 0.05) growth and feed intake. Growth 
and efficiency of the broilers fed diets containing the other IeGumes were not 
significantly different from the control treatment. 

I. INTRODUCTION 

Three factors are clear with regard to the use of grain legumes in the Australian 
poultry industry. The first is that Australia relies heavily on importations of protein 
supplements for stockfeed, pr~ncipally fish meal (27,000 tonnes) and soybean meal 
(40,000 tonnes) valued at approximately SA33 million in 1988/89. The second factor 
is that the production of gram legumes in Australia has increased dramatically over the 
last decade, from about 0.2 to over 1.75 million tonnes (Sidiropoulos,L. pers.comm). 
This expansion in production has seen an increased usage of grain legumes by the 
stockfeed industry as medium contributors to both the protein and energy components 
of diets. Price and availability considerations would result in a relatively high level of 
inclusion for grain legumes in broiler diets. 

This leads to the third and final factor of relevance, that nutritionists use a wide 
spectrum of maximum inclusion levels in bro~ler diets which is to some degree 
independent of the price and availability of the grain legumes. The reason for this is 
that grain legumes contain a number of anti-nutritional compounds such as protease 
inhibitors and haemagglutinins which could potentially reduce broiler performance. 
Litter condition and skin pigmentation problems have also been observed w~th grain 
legumes in broiler diets. 

Victorian Department of Agriculture and Rural Affairs. An~mal Research Inst:tu!e, Werribee. VIC 3030. 
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These three factors indicate a need for continued assessment of the use of grain 
legumes in poultry diets. Given their potential future importance to the poultry industry, 
there is a surprising lack of information on legumes in broiler diets under local 
conditions. The present paper describes an experiment which measured the response 
of broilers under practical conditions to different and increasing quantities of grain 
legumes in the diet. 

II. METHODS 

Birds and their manaaement 

Day-old broiler chickens were obtained from a commercial hatchery and placed 
on a deep litter of wood shavings in a temperature controlled shed. The shed was fan- 
ventilated with 48 floor pens each with an area of 3.73 mZ. Thirty-four mixed-sex (equal 
numbers) chickens were placed in each pe?, giving a stocking density of 0.093 mZ per 
bird at day-old and approximately 24 kg/mb at 42 days of acje, afier correction for feed 
and water containers. infra-red heating lamps were provided until the birds were 28 
days of age, and ambient shed temperature was maintained at 25°C until 21 days and 
20°C thereafter. Water and feed were provided ad libitum. Birds were treated with an 
antibacterial in the water for the first three days after hatching to protect acjainst yolk- 
sac infection. 

Grain eaumes 

The chemical composition of the grain legumes used ~n the growth trial is given in 
Table 1. Field peas (Pisium sarlvum, cgitivar Dundale), luplns (Luo~nus auous:ifciius, 
cultivar Yandee) and narbon beans narbonensis) were obtained from the 
Department of Agriculture at Walpeup. Chickpeas (Cicer arietinum) of both the Kabuii 
type (cultivar Kanlva) and Desi type (cultivar Dooen) were obtained from Victoria. 

Table 1. Composition of the gram legumes used in the broiler experiment. 

Soybean Lupins Field Narbon Chickpeas 
Constituent meal peas beans Kabuli Desi 
@/kg air-dry) 

Dry matter 
protein' 
Fat 
Fibre 
Ash 
G E ( M J / ~ ~ ) '  
AME(MJ /kg)' 
Lysine 
Methionlne 

N x 6.25, ' Gross energy; ' Apparent rnerabolisable energy 



Metabolisable enerav determinations 

Apparent metabolisable energy (AME) was determined on all major ingredients and 
mixed diets using a rapid broiler assay (Johnson, 1987). This assay is a modification 
of the Farrell rapid bioassay on adult cockerels (Farrell, 1978) except that broiler 
chickens, previously trained over a 7-day period to rapidly consume feed, are used. 
For the ingredients a test diet was offered composed of equal parts of a sorghum 
basal (per kg containing sorghum 989.5 g, dicalcium phosphate 6.5 g limestone 2.9 
g and vitamin/minerals 1.1 g) and the test ingredient. Birds were allowed to consume 
feed for a 1 hour period followed by a 42 hour excreta collection period. AME values 
for ingredients are given in Table 1. 

Treatments 

Field peas, lupins, narbon beans and two types of chickpeas were inc!uded in 
typical least-cost broiler starter and finisher diets, predominantly at the expense of 
soybean meal. The peas and narbcn beans were each included at three levels of 8C, 
140 and 200 g/kg, the upins were included at three levels of 80, 130 and 180 g/kg 
due to difficult~es in attaining the specified AME level with~n a constraint of 60 g/kg of 
added fat, wh~le the two chickpea types were each Included at 200 g/kg. The control 
diet contained soybean meal at a level of 2OOg/kg. There were fcur replicates of 34 
Sirds allocated tc each of the twelve dietary treatments. Separate starter (1 -21 days 
of age) and finisher (21-42 days of age) diets were formulated according to ;he 
recommendations. Starter diets ccntained (/kg) 13.0 MJ AME, 12.5 g total lysine, 6.0 
g methionine, 9.3 g methionine+cyst(e)ine, l og  calcium, 5.5 g available phosphorous. 
Finisher diets contained (/kg) 13.0 MJ AME, l o g  total lysine, 4.5 g methionine, 7.3 g 
methionine+cyst(e)ine, 10 g calclun and 5 g available phosphcrous. 

Measurements 

Feed intake was measured over 7-day periods. Liveweight was measured at day- 
old, 21 days and 42 days of age without prior feed withdrawal. Mortality was recorded 
and causes diagnosed. Litter molsture was determined at 42 days of age by taking 
random samples from each pen followed by oven-drying at 80°C for 5 days. At 42 
days of age two birds (one male and one female) from each pen were slaughtered to 
determine organ (liver, pancreas) and abdominal fat pad weights. Analyses of variance 
were carried out using a randomized complete block design. 

Ill. RESULTS AND DISCUSSION 

Mortality and arow-th performance 

Results are given in the Table 2. Mortality was not significantly influenced by diet, 
but birds fed the diet wh~ch contained 2OOgjkg of narbon beans tended to have a 
higher mortality. Birds on the nzrbon bean diets had lower (P < 0.C5) liveweignt galn 
and feed intake than birds on tne other d~ets. The observed significant differences in 
feed conversion for b~rds on :he narbon Sean diets were removed when feeO 
conversion was expressec on a common livewelght bssis, to 1.75 kg (ses Tzbe 21, 
Indicating that the reduction in liveweight was due primarily to a reduction in feed 
intake. There were no sign~ficant differences between the control d~et  and those diets 
which contained field peas, lupins or chickpeas. However, increasing the inclusion 
level of field peas tended to slightly reduce feed intake (3 O/o at the highest inclusion 
level) and liveweight at 42 days of age (2.7 96 at the highest I ~ C ~ U S ~ O ~  level). 



Table 2. The effects of dietary inclusion of grain legumes on broiler growth and feed efficiency 

Parameter Diet 
1 2  3 4 5 6 7 8 9 1 0 1 1  1 2 S i g ' S E M  
Soy Field peas Lupins Narbon beans Chickpeas d=q 

80 140 200 80 130 180 80 140 200 KabuliDesi 

Liveweight (g) 
21d 785 785 778 785 796 784 798 722 695 621 801 793 "' 11.3 
42d 2316 22W 2234 2229 2252 2237 2293 2109 2050 1886 2300 2251 "' 28.0 

Feed Intake (g/bird) 
0-21 d 50.3 50.5 49.6 49.0 50.2 50.2 51.2 45.5 43.9 37.7 50.0 50.7 "' 0.8 

2 1 -42d 149 150 144 142 146 146 151 134 132 117 148 145 "' 2.4 
042d 99.0 99.7 96.2 94.9 97.5 98.1 100.2 89.4 87.3 76.3 98.6 97.6 "' 1 5  

Feed conversion ratio (g feed/g gaini 

Mortality (96,042d) 
4.4 2.9 2.9 2.9 4.4 2.2 5.2 2.2 3.7 8.1 3.7 2.2 NS 0.45 

Litter moisture (%) 
26.725.7 25.7 26.4 24.3 26.5 25.7 25.1 26.9 26.9 24.8 23.0 NS 3.5 

Abdominal fat (96) 
2.9 3.3 3.2 3.1 3.2 3.2 3.2 3.2 2.7 2.3 2.8 3.4 NS 0.4 

Significances were NS. not sign~ficant: "' P < 0.001. 

Narbon beans included at 350glkg caused a cessation cf growth in young pigs (Davies, 
1986), but an initial evaluation in broiler chickens with inclusion to 100g/kg did not 
significantly affect growth or efficiency, although liveweight at 21 days was reduced by about 
3% (Easondd.,  1987). The present study with higher inclusion levels and with greater bird 
numbers has shown that raw narbon beans could not be used at more than 50 g/kg in 
broiler diets. No information is available on the anti-nutritional factor in narbon beans 
responsible for the observed depression in feed intake and growth. The presence of an 
heat-labile anti-nutritional factcr in field peas has been shown previously (Morandd. ,  1S68), 
and the present results indicate that this factor may tend to depress feed intake and growrh 
of broilers in cold-pelleted diets. Different results may be obtained in steam-pelleted diets. 
The finding that dietary inclusion of lupins resulted in comparabie growth and performance 
to the soybean meal control supports previous Australian studies (Smetana, 1973; Yule and 
McBride, 1976). 
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FEARFULNESS AND SOME PHYSIOLOGICAL CONSEQUENCES OF C H R O N I C  DISTRESS I N  THE 

DOMESTIC FOWL 

R. Bryan JONES 

Summary 

The r e l a t i o n s h i p s  between u n d e r l y i n g  f e a r f u l n e s s  and s e l e c t e d  
p h y s i o l o g i c a l  consequences  of d i s t r e s s  were examined i n  hens  and p u l l e t s .  
The t o n i c  immobi l i t y  ( T I )  f e a r  r e a c t i o n s  and h e t e r o p h i l / l y m p h o c y t e  (H/L) 
r a t i o s  o f  a d u l t  hens  were  p ro longed  a t  4  and 11 days  a f t e r  i m p l a n t a t i o n  o f  
o smot i c  i n f u s i o n  minipumps r e l e a s i n g  c o r t i c o s t e r o n e .  Chronic  e l e v a t i o n  of 
plasma c o r t i c o s t e r o n e  may t h u s  p r e d i s p o s e  hens  t o  r e a c t  more f e a r f u l l y  t o  
a l a rming  s t i m u l a t i o n .  Plasma c o r t i c o s t e r o n e  c o n c e n t r a t i o n s  and H/L r a t i o s  
were i n c r e a s e d  a t  20 and 44h r e s p e c t i v e l y  a f t e r  f r u s t r a t i o n  o f  f e e d i n g  
began. H/L r a t i o s  r o s e  p r o g r e s s i v e l y  d u r i n g  t h e  68h f r u s t r a t i o n  p e r i o d  
whereas c i r c u l a t i n g  c o r t i c o s t e r o n e  l e v e l s  remained v i r t u a l l y  c o n s t a n t  a f t e r  
20h. There  was a  n o n - s i g n i f i c a n t  but  c o n s i s t e n t  t r e n d  towards  g r e a t e r  
a d r e n o c o r t i c a l  r e s p o n s i v e n e s s  t o  t h i s  s t r e s s o r  i n  hens  c l a s s e d  a s  h igh  ( l o n g  
T I )  r a t h e r  t han  low ( s h o r t  T I )  f e a r - r e s p o n d e r s .  F a s t i n g  and /o r  f r u s t r a t i o n  
o f  f e e d i n g  f o r  72h i n c r e a s e d  H/L r a t i o s  i n  Brown L e g h o r n  p u l l e t s  a n d  
d e s t a b i l i s e d  t h e i r  T I  h i e r a r c h i e s .  P o s i t i v e  i n t r a - i n d i v i d u a l  c o r r e l a t i o n s  
were found between p r e - t r e a t m e n t  TI d u r a t i o n s  and subsequen t  H/L r e s p o n s e s  
t o  f a s t i n g / f r u s t r a t i o n .  S i m p l e  b e h a v i o u r a l  m e a s u r e s ,  s u c h  a s  T I  a n d  
o p e n - f i e l d  r e s p o n s e s  nay have p r e d i c t i v e  v a l u e  conce rn ing  subsequen t  
a d r e n o c o r t i c a l  and l e u c o c y t i c  r e s p o n s i v e n e s s  t o  s t r e s s f u l  s t i m u l a t i o n .  

INTRODUCTION 

D e s p i t e  i t s  complex n a t u r e ,  t h e  m o t i v a t i o n a l ,  d e f e n s i v e  a s p e c t s  o f  f e a r  
a r e  w ide ly  r e c o g n i z e d  ( J o n e s  1987a;  1987b; 1989a ) .  I t  is r ega rded  h e r e  a s  
an  a d a p t i v e  p s y c h o p h y s i o l o g i c a l  r e s p o n s e  t o  p e r c e i v e d  d a n g e r ,  w i th  f e a r  
behav iou r  i d e a l l y  f u n c t i o n i n g  t o  p r o t e c t  t h e  an ima l  from i n j u r y .  Fea r  i s  
a n  impor t an t  component o f  s t r e s s  and an ima l s  g e n e r a l l y  show c l o s e l y  
i n t e g r a t e d  b e h a v i o u r a l  and neu roendoc r ine  r e s p o n s e s  t o  a v e r s i v e  s t i m u l a t i o n  
(Dan tze r  and Mormede 1973; Harvey e t  a l .  1984) .  For  example ,  exposu re  t o  
a n  a l a r m i n g  e v e n t  a c t i v a t e s  t h e  b r a i n  and neu roendoc r ine  sys tem and t h e r e b y  
g e n e r a t e s  a  f l u c t u a t i n q  i n t e r n a l  f e a r  s t a t e  ( J o n e s  1987a ) .  The i n t e n s i t y  
of c h i s  i nduced  f e a r  s t a t e  is s e n s i t i v e  t o  f a c t o r s  such a s  p a s t  e x p e r i e n c e  
and hormonal s t a t u s  and i t  w i l l  a l s o  v a r y  w i t h  conce ived  changes  i n  t h e  
n a t u r e  and po tency  o f  t h e  f r i g h t e n i n g  s t i m u l u s .  The i n i t i a l  r e s p o n s e  is  
c h a r a c t e r i s e d  by i n c r e a s e d  a c t i v i t y  of t h e  sympatho-medullary sys t em and t h e  
r e l e a s e  o f  c a t e c h o l a m i n e s .  These c a u s e  seconda ry  p h y s i o l o q i c a l  changes ,  
such a s  i n c r e a s e d  h e a r t  r a t e ,  p e r i p h e r a l  v a s o c o n s t r i c t i o n  and t h e  
m o b i l i z a t i o n  o f  e n e r z y  s t o r e s ,  which p r e p a r e  t h e  animal  f o r  a  f i q h t  o r  
f l i g h t  r e a c t i o n .  Th i s  may he fo l lowed  by a c t i v a c l o n  of t h e  
h y p o t h a l a m o - p i t u i t a r y - a d r e n o c o r t i c a l  a x i s .  The r e l e a s e  o f  
a d r e n o c o r t i c o t r o p h i c  hornone (ACTH) from t h e  p i t u i t a r y  g l a n d  s r i n u l a c e s  t h e  
a d r e n a l  c o r t e x  t o  s e c r e t e  c o r t i c o s t e r o i d s .  These a m p l i f y  t h e  a e t a b o l i c  
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e f f e c t s  o f  t h e  c a t e c h o l a m i n e s  and  p r o t e c t  a g a i n s t  o v e r - r e a c t i o n  by 
s u p p r e s s i n g  n o r m a l  d e f e n s e  mechanisms .  B e h a v i o u r a l  f e a r  r e a c t i o n s  may be 
s h o w n  d u r i n g  o n e  o r  b o t h  o f  t h e s e  s t a g e s  a n d ,  i f  s u c c e s s f u l ,  t h e y  may 
e l i m i n a t e  t h e  t h r e a t e n i n g  p r o p e r t i e s  o f  t h e  s i t u a t i o n  and  t h u s  r e d u c e  b o t h  
f e a r  i n t e n s i t y  a n d  t h e  a s s o c i a t e d  n e u r o e n d o c r i n e  a c t i v a t i o n .  U n d e r l y i n g  
f e a r f u l n e s s  a n d  n e u r o e n d o c r i n e  r e s p o n s i v e n e s s  t o  s t r e s s o r s  v a r y  b e t w e e n  and  
w i t h i n  p o p u l a t i o n s  o f  c h i c k e n s  ( S i e g e l ,  P.B. 1985;  J o n e s  1 9 8 9 a )  a n d  may 
i n f l u e n c e  t h e  i n t e n s i t y  o f  t h e  i n d u c e d  f e a r  s t a t e .  Thus ,  f o r  e x a m p l e ,  
b i r d s  which  h a v e  b e e n  c l a s s i f i e d  a s  f e a r f u l  i n  o n e  s i t u a t i o n  a r e  a l s o  l i k e l y  
t o  s h o w  m o r e  e x a g g e r a t e d  o v e r t  f e a r  r e a c t i o n s  t o  a  w i d e  v a r i e t y  o f  
p o t e n t i a l l y  a l a r m i n g  s t i m u l i  t h a n  a r e  t h e i r  l e s s  f e a r f u l  c o u n t e r p a r t s  ( F a u r e  
1982;  J o n e s  1 9 8 7 b ) .  

T h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  f e a r  a n d  of  s h o r t - t e r m  
pituitary-adrenocortical a c t i v a t i o n  is c l e a r .  However,  t h e y  may s e v e r e l y  
h a r m  a  c h i c k e n ' s  w e l f a r e  a n d  p e r f o r m a n c e ,  p a r t i c u l a r l y  i f  i n t e n s e  o r  
p r o l o n g e d .  For  e x a m p l e ,  f e a r  r e s p o n s e s  s u c h  a s  p a n i c  and  v i o l e n t  e s c a p e ,  
which  a r e  i n a p p r o p r i a t e  t o  a n  i n t e n s i v e  e n v i r o n m e n t ,  may w a s t e  e n e r g y  a n d  
i n j u r e  b i r d s  o r  t h e i r  companions  ( J o n e s  1985;  1 9 8 9 a ) .  High u n d e r l y i n g  
f e a r f u l n e s s  i s  a l s o  a s s o c i a t e d  w i t h  d e l a y e d  m a t u r i t y  and  r e d u c e d  g r o w t h ,  e g g  
p r o d u c t i o n  a n d  e g g s h e l l  q u a l i t y  ( B e s s e i  1 9 8 L ;  J o n e s  a n d  H u g h e s  1 9 8 6 ;  
Hemsworth a n d  B a r n e t t  1 9 8 9 ;  J o n e s  1 9 8 9 a ) .  S i m i l a r l y ,  c h r o n i c a l l y  e l e v a t e d  
a d r e n o c o r t i c a l  a c t i v i t y  o r  c o r t i c o s t e r o n e  t r e a t m e n t  d e p r e s s e d  g r o w t h  and  
r e p r o d u c t i v e  c a p a c i t y  a n d  a l t e r e d  r e s i s t a n c e  t o  d i s e a s e  ( S i e g e l  1 9 8 7 ) .  

A c l e a r e r  u n d e r s t a n d i n g  o f  t h e  b e h a v i o u r a l  and  ~ h y s i o l o g i c a l  components  
o f  f e a r  a n d  d i s t r e s s  i s  i m p o r t a n t .  S t r e s s  n o t  o n l y  e l e v a t e s  p l a s m a  
c o r t i c o s t e r o n e  c o n c e n t r a t i o n  ( B e u v i n g  1980;  Harvev  e t  a l .  1984)  b u t  a l s o  
i n c r e a s e s  t h e  r a t i o  of  c J , r c u l a t i n g  h e t e r o p h i l s  t o  l y m p h o c y t e s  ( G r o s s  and  
S i e g e l  1 9 8 3 ) .  The p r e s e n t  r e p o r t  f o c u s s e s  on t h e  p o s s i b l e  e x i s t e n c e  a n d  
n a t u r e  of  a n y  i n t e r r e l a t i o n s h i p s  be tween  f e a r f u l n e s s  ( e s t i m a t e d  u s i n g  t h e  
t o n i c  i m m o b i l i t y  ( T I )  r e a c t i o n ) ,  p l a s m a  c o r t i c o s t e r o n e  (C)  c o n c e n t r a t i o n  a n d  
h e t e r o p h i l / l y m p h o c y t e  (H/L)  r a t i o .  T I  i s  a  s t a t e  o f  r e d u c e d  r e s p o n s i v e n e s s  
t o  e x t e r n a l  s t i m u l a t i o n  i n d u c e d  by b r i e f  p h y s i c a l  r e s t r a i n t  and i t s  d u r a t i o n  
i s  p o s i t i v e l y  r e l a t e d  t o  t h e  a n t e c e d e n t  f e a r  s t a t e  ( G a l l u p  1 9 7 9 ;  J o n e s  
1 9 8 6 ) .  T h e  c l o s e  a s s o c i a t i o n s  b e t w e e n  a  b i r d ' s  T I  r e a c t i o n  a n d  i t s  
r e s p o n s e s  i n  o t h e r  p o t e n t i a l l y  f r i g h t e n i n g  s i t u a t i o n s  s u p p o r t  i t s  v a l i d i t y  
a s  a n  i n d e x  o f  g e n e r a l ,  u n d e r l y i n g  f e a r f u l n e s s  ( J o n e s  1 9 8 7 ~ ) .  

( a )  E f f e c t s  o f  c o r t i c o s t e r o n e  (C)  i n f u s i o n  

S h o r t -  and  l o n g - t e r m  e x p o s u r e  t o  f r i g h t e n i n g  s t i m u l a t i o n  a r e  known t o  
e l e v a t e  p l a s m a  C  c o n c e n t r a t i o n s  i n  c h i c k e n s  ( B e u v i n g  1980;  J o n e s  a n d  Harvey  
1 9 8 7 ) .  However, t h e  i n f l u e n c e  of  c i r c u l a t i n g  C l e v e l s  on t h e  e l i c i t a t i o n  
a n d  e x p r e s s i o n  o f  f e a r  i n  b i r d s  is  n o t  c l e a r .  The T I  r e a c t i o n s  o f  26 a d u l t  
W h i t e  L e g h o r n  h e n s  w e r e ,  t h e r e f o r e ,  m e a s u r e d  o n e  d a y  b e f o r e  a n d  4 a n d  1 1  
d a y s  a f t e r  i m p l a n t a t i o n  o f  o s m o t i c  i n f u s i o n  minipumps r e l e a s i n g  e i t h e r  C 
s o l u t i o n  ( 1 5  u g / h r )  o r  p o l y e t h y l e n e  2 l y c 3 l  v e h i c l e  a l o n e  ( J o n e s  e t  a l .  
1 9 8 8 ) .  B l o o d  ( 1 x 1 )  was  a l s o  v i t h d r a w n  a t  t h e s e  p o i n t s .  P l a s m a  C 
c o n c e n t r a t i o n s  were  n e a s u r e d  l ~ s i n g  a  s p e c i f i c  r a d i o i m m u n o a s s a y  ( B e u v i n g  and 
Vonder 1 9 8 1 )  a n d  3/L r a t i o s  were  c a l c u l a t e d .  

? r e - t r e a t m e n t  T I  r e a c t i o n s ,  C c o n c e n t r a t i o n s  a n d  H / L  r a t i o s  w e r e  
s i m i l a r  i n  b o t h  e r o u p s  ( T a b l e  1 ) .  I n f u s i o n  of v e h i c l e  a l o n e  e x e r t e d  no 
a p p a r e n t  b e h a v i o u r a l  o r  e n d o c r i n e  e f f e c t s  a n d  t h e  i n c r e a s e s  i n  H/L r a t i o s  
i n  t h e  c o n t r o l  g r o u p  p r o b a b l y  r e f l e c t e d  l o w - l e v e l  l e u c o c y t i c  r e s p o n s e s  t o  
d i s c o m f o r t  a n d  t i s s u e  damage c a u s e d  by t h e  o p e r a t i o n .  I n  c o n t r a s t ,  



Table 1. Tonic immobility (TI), plasma corticosterone concentrations and 
heterophil/lymphocyte (H/L) ratios in White Leghorn hens before 
and af ter implantat ion with minipumps delivering either 
corticosterone (C) or vehicle (V) (means 2 SEM) 

Duration Corticosterone 
of TI(s) (ng/ml) H/L ratio 

1 day pre- 265.8 277.3 1.16 1.10 0.11 0.15 
implantation - +36.2 - +36.7 - +0.17 - +0.22 - +0.02 ~ 0 . 0 2  

4 days post- 555.7 287.1* 2.82 0.85** 1.14 0.29** 
implantation - +83.2 - +68.8 - +0.26 - +O. 13 - +0.09 20.03 

11 days post- 639.8 213.3* 2.93 0.87* 1.75 0.48** 
implantation - +91.2 - +41.3 - +0.36 - +O. 15 - +0.23 0 . 0 5  

P values derived from analysis by the Wilcoxon matched-pairs signed-ranks 
test; *P<0.02; **=P<0.01 

circulating C levels vere significantly and similarly elevated at 4 and I! 
days after implantation of the C pumps. The induced C concentrations were 
within a physiological range, i.e. they fell below those previously found 
after the application of various stressors (Beuving 1980). The progressive 
increase in H/L ratios with sustained infusion of C supported previous 
findings obtained when C was administered either in the diet or via 
implanted pellets (Gross and Siegel 1983; Davison et al. 1986). 

The prolonged TI reactions found in those hens receiving C suggest 
that, not only may chronic elevations of circulating C impair growth and 
reproductive performance (Siegel 1987), but they may also predispose 
chickens to react more fearfully to alarming stimulation. Interestingly, 
broilers showed prolonged TI after transportation, (Cashman et al. 1989), a 
procedure known to elevate plasma C levels (Freeman et al. 1984), and hens 
which consistently laid eggs vith abnormal shells, a stress-related 
phenomenon, were more fearful than normal layers (Jones and Hughes 1986). 
Naturally-increased pituitary-adrenocortical activity also induces 
behavioural inhibition indicative of heightened fearfulness in ducks, rats 
and pigs (see Jones et al. 1988). Fositive relationships have also been 
reported between circulating cortisol levels and the appearance of panic and 
anxiety disorders in man (Goldstein et al. 1987; Kopp et al. 1989). 
However, it is not yet clear whether C exerrs its effects directly or l~ia a 
negative feedback effect on either the h y p o t h a l a m o - p i t u i t a r y - a d r e n o c o r t i c a l  
axis or on the release of other brain ACYH-1Lke peptides. 

(b) Xesuonses to ?istress in hens showing short or lons TI fear reactions 

The possibility that a hen's underlying fearfulness might influence its 



s u b s e q u e n t  a d r e n o c o r t i c a l  a n d  l e u c o c y t i c  r e s p o n s e s  t o  c h a l l e n g e  h a s  b e e n  
t e s t e d  ( B e u v i n g  e t  a l .  1 9 8 9 ) .  

T h e  T I  r e a c t i o n s  o f  5 0  i n d i v i d u a l l y - c a g e d ,  36-week-o ld  W h i t e  L e g h o r n  
h e n s  w e r e  m e a s u r e d  a n d  r a n k e d  f r o m  l o w  t o  h i g h .  T h o s e  1 0  b i r d s  s h o w i n g  t h e  
s h o r t e s t  i m m o b i l i t y  r e a c t i o n s  ( 7 6 . 9 2 5 . 2 ,  mean 2 SEM) a n d  t h e  1 0  s c o r i n g  t h e  
l o n g e s t  d u r a t i o n s  ( 8 1 8 . 1 2 4 6 . 1 )  w e r e  c l a s s i f i e d  a s  l o w  (LEI  o r  h i g h  (HE) f e a r  
r e s p o n d e r s  r e s p e c t i v e l y .  T h e r e  was n o  o v e r l a p  b e t w e e n  g r o u p s  i n  t h i s  
c h a r a c t e r .  

An i n d w e l l i n g  p o l y e t h y l e n e  c a n n u l a  w a s  i n s e r t e d  i n t o  e a c h  b i r d ' s  
b r a c h i a l  a r t e r y  ( B e u v i n g  e t  a l .  1 9 8 9 ) .  T h i s  a l l o w e d  r e m o t e  c o l l e c t i o n  o f  
b l o o d  a n d  t h e  h e n s  w e r e  n o t  o v e r t l y  d i s t u r b e d  e i t h e r  by i t s  p r e s e n c e  o r  by 
t h e  w i t h d r a w a l  o f  b l o o d .  

A s i n g l e  d o s e  ( 0 . 1  I U / k g )  o f  p o r c i n e  ACTH was i n j e c t e d  v i a  t h e  c a n n u l a  
o n  t h e  f o l l o w i n g  d a y  a n d  b l o o d  s a m p l e s  w e r e  w i t h d r a m  a t  0 ,  6 ,  1 0  a n d  1 4  
m i n u t e s  r e s p e c t i v e l y .  As e x p e c t e d  ( E t c h e s  1 9 7 6 ;  B e u v i n g  a n d  Vonder  1 9 8 6 ) ,  
ACTH a d m i n i s t r a t i o n  s i g n i f i c a n t l y  i n c r e a s e d  p l a s m a  C  c o n c e n t r a t i o n s  b u t  t h e  
mean m a x i m a l  e l e v a t i o n s  w e r e  s i m i l a r  i n  b o t h  t h e  LF ( 1 2 . 5 2 0 . 8  n g / m l )  a n d  t h e  
HE ( 1 3 . 0 2 1 . 4 )  g r o u p s .  V a r i a t i o n s  i n  a d r e n o c o r t i c a l  s e n s i t i v i t y  t o  ACTH 
w e r e ,  t h e r e f o r e ,  u n l i k e l y  t o  h a v e  a c c o u n t e d  f o r  t h e  d i v e r g e n c e  i n  T I  
r e s p o n s e s  b e t w e e n  g r o u p s .  Of c o u r s e ,  t h e  LF a n d  HE h e n s  may h a v e  r e l e a s e d  
d i f f e r e n t  a m o u n t s  o f  c a t e c h o l a m i n e s  a n d / o r  ACTH i n  r e s p o n s e  t o  c a p t u r e  a n d  
T I  i n d u c t i o n .  

ACTH i n j e c t i o n  e x e r t s  o n l y  a  t r a n s i e n t  e f f e c t  o n  c i r c u l a t i n g  C  ( B e u v i n g  
a n d  V o n d e r ,  1 9 8 6 )  a n d  a  s u b s e q u e n t  4 8 h  r e c o v e r y  p e r i o d  w a s  c o n s i d e r e d  
s u f f i c i e n t  t o  a l l o w  a n y  c a r r y - o v e r  e f f e c t s  t o  d i s a p p e a r .  B l o o d  s a m p l e s  
w e r e  t h e n  t a k e n  i m m e d i a t e l y  b e f o r e  f e e d i n g  was f r u s t r a t e d  by b l o c k i n g  e a c h  
h e n ' s  a c c e s s  t o  i t s  f o o d  h o p p e r  w i t h  a  c l e a r  p e r s p e x  p l a t e .  T h e  
i n a c c e s s i b l e  f o o d  r e m a i n e d  v i s i b l e .  F u r t h e r  b l o o d  s a m p l e s  w e r e  c o l l e c t e d  
r e m o t e l y  a f t e r  2 0 ,  4 4  a n d  6 8 h  a n d  p l a s m a  C  c o n c e n t r a t i o n s  a n d  H/L r a t i o s  
w e r e  m e a s u r e d .  Y a i n  e f f e c t s  w e r e  c o m p a r e d  u s i n g  a n a l y s e s  o f  v a r i a n c e  a f t e r  
t h e  d a t a  w a s  p a r t i t i o n e d  i n t o  t w o  s e g m e n t s ,  i . e .  0  v s  2 0 h  s a m p l e s  ( n o  
s t r e s s o r  v s  s t r e s s o r )  a n d  t h e  20-44-68h s a m p l e s  ( s t r e s s o r  c o n s t a n t l y  
p r e s e n t ) .  

T h e  i n c r e a s e d  p l a s m a  C  c o n c e n t r a t i o n s  a n d  H/L r a t i o s  i l l u s t r a t e  t h e  
s t r e s s f u l  n a t u r e  o f  t h e  d e n i a l  o f  a c c e s s  t o  v i s i b l e  f o o d  ( T a b l e  2 ) .  The C  
l e v e l s  w e r e  a g a i n  w e l l  w i t h i n  a  p h y s i o l o g i c a l  r a n g e  b u t  t h e  s u s t a i n e d  n a t u r e  
o f  t h e  a d r e n o c o r t i c a l  a n d  l e u c o c y t i c  m o d i f i c a t i o n s  s u g g e s t e d  t h a t  t h e  b i r d s  
f a i l e d  t o  a d a p t  t o  t h i s  s t r e s s o r .  C o n s i s t e n t  w i t h  p r e v i o u s  r e p o r t s  ( s e e  
S i e g e l ,  H.S. 1 9 8 5 ) ,  a d r e n o c o r t i c a l  a c t i v a t i o n  p r e c e d e d  l e u c o c y t i c  e f f e c t s .  
H o w e v e r ,  w h e r e a s  H/L r a t i o s  c o n t i n u e d  t o  r i s e  w i t h  p r o g r e s s i v e l y  l o n g e r  
p e r i o d s  o f  f r u s t r a t i o n ,  t h e  e l e v a t e d  C  c o n c e n t r a t i o n s  f o u n d  a f t e r  20h  t h e n  
r e m a i n e d  v i r t u a l l y  c o n s t a n t .  S u c h  c o n s t a n c y  n i g h t  b e  i n t e r p r e t e d  i n  
v a r i o u s  w a y s :  a )  t h e  o b s e r v e d  a d r e n o c o r t i c a l  r e s p o n s e  may h a v e  b e e n  
sufficient t o  c o p e  w i t h  t h i s  p a r t i c u l a r  s t r e s s o r ,  b )  t h e  p e r c e i v e d  
a v e r s i v e n e s s  o f  t h e  f r u s t r a t i o n / f a s t i n g  r e g i m e  m i g h t  h a v e  r e a c h e d  i t s  
c e i l i n g  w i t h i n  2 0 h ,  c )  a d r e n o c o r t i c a l  a c t i v a t i o n  n a y  h a v e  b e e n  m o d u l a t e d  by 
c o n t r a s t i n g  e f f e c t s  o f  h a b i t u a t i o n  a n d  n e t a b o l i c  demand a n d  d )  t h e  
s e n s i t i v i t y  o f  p l a s m a  C  c o n c e n t r a t i o n  2s a n  i n d e x  o f  s t r e s s  may d i m i n i s h  
a f t e r  a  c e r t a i n  p o i n t ,  a t  l e a s t  d u r i n g  t h i s  t y p e  o f  c h r o n i c  p r o c e d u r e .  H/L 
r e s p o n s e s  t o  f r u s t r a t i o n  o f  f e e d i n g  w e r e  s i g n i f i c a n t l y  h i g h e r  i n  HE r a t h e r  
t h a n  LF h e n s  ( P < 0 . 0 2 )  b u t  t h i s  may h a v e  s i m p l y  r e f l e c t e d  p r e - t r e a t r i e n t  g r o u p  
d i f f e r e n c e s ,  b e c a u s e  t h e r e  was n o  s i g n i f i c a n t  time x  g r o u p  i n t e r a c t i o n .  
H i g h - f e a r  h e n s  a l s o  s h o w e d  h i g h e r  p l a s m a  C  l e v e l s  a t  e a c h  p o s t - t r e a t m e n t  
s a m p l i n g  p o i n t  t h a n  d i d  l o w - f e a r  h e n s .  A l t h o u g h  t h e  l a t t e r  d i f f e r e n c e s  



T a b l e  2. P l a s m a  c o r t i c o s t e r o n e  a n d  h e t e r o p h i l / l y m p h o c y t e  ( H / L )  r e s p o n s e s  
t o  f r u s t r a t i o n  of  f e e d i n g  i n  low- (LF) a n d  h i g h - f e a r  (HF) h e n s  
(means  2 SEM) 

P lasma c o r t i c o s t e r o n e  H/L r a t i o s  
c o n c e n t r a t i o n s  ( n g / m l )  

D u r a t i o n  of  
f e e d i n g  f r u s t r a t i o n  LF HF LF HF 

f a i l e d  t o  r e a c h  s i g n i f i c a n c e  ( P > O . l t 0 . 2 ) ,  I c o n s i d e r  them r e l e v a n t  i n  v i e w  
o f  t h e i r  c o n s i s t e n c y  a n d  t h e  f a c t  t h a t  p r e - f r u s t r a t i o n  c o n c e n t r a t i o n s  w e r e  
v i r t u a l l y  i d e n t i c a l  i n  t h e  t w o  g r o u p s .  P r e v i o u s  f i n d i n g s  h a v e  a l s o  
s u g g e s t e d  t h a t  u n d e r l y i n g  f e a r f u l n e s s  a n d  a d r e n o c o r t i c a l  a c t i v a t i o n  a r e  
p o s i t i v e l y  a s s o c i a t e d .  F i r s t l y ,  f o r  i n s t a n c e , . c h i c k s  s e l e c t e d  g e n e t i c a l l y  
o v e r  s e v e r a l  g e n e r a t i o n s  f o r  h i g h  a c t i v i t y  i n  a  n o v e l  e n v i r o n m e n t  w e r e  n o t  
o n l y  l e s s  f e a r f u l  i n  a  v a r i e t y  o f  s i t u a t i o n s  t h a n  t h o s e  o f  t h e  c o r r e s p o n d i n g  
i n a c t i v e  l i n e  b u t  t h e y  a l s o  showed l o w e r  r e s t i n g  a n d  s t r e s s - i n d u c e d  p l a s m a  C  
c o n c e n t r a t i o n s  ( F a u r e  1 9 8 0 ) .  S e c o n d l y ,  t h e  a d r e n o c o r t i c a l  r e s p o n s e  t o  
c a p t u r e  a n d  t r a n s p o r t  was h i g h e s t  i n  t h o s e  h e n s  w h i c h  had  shown t h e  g r e a t e s t  
h o m e - c a g e  a v o i d a n c e  o f  t h e  e x p e r i m e n t e r  ( B r o o m  e c  a l .  1 9 8 6 ) .  I t  i s  
c o n c e i v a b l e  ' t h a t  f e a r f u l  c h i c k e n s  a r e  a l a r m e d  more f r e q u e n t l y  a n d  more 
p r o f o u n d l y  t h a n  t h e i r  l e s s  f e a r f u l  c o u n t e r p a r t s .  C o n s e q u e n t  d i f f e r e n c e s  i n  
t h e  d e g r e e  o f  n e u r o e n d o c r i n e  a c t i v a t i o n  may, i n  t u r n ,  p e r p e t u a t e  o r  
e x a g g e r a t e  t h e  b e h a v i o u r a l  d i c h o t o m y .  

( c )  C h r o n i c  d i s t r e s s ,  f e a r  a n d  l e u c o c y t i c  r e s p o n s e s  

C h r o n i c  f a s t i n g  o r  f r u s t r a t i o n  of  f e e d i n g  a r e  known s t r e s s o r s  which  
i n c r e a s e  p l a s m a  C l e v e l s  ( S c a n e s  e t  a l .  1980;  Beuving  e t  a l .  1 9 8 9 ) .  T h e  
H/L r a t i o s  a n d  T I  r e a c t i o n s  o f  i n d i v i d u a l l y - c a g e d  Brown L e g h o r n  p u l l e t s  
(17-18 weeks o l d )  were  m e a s u r e d  b e f o r e  a n d  a f t e r  t h e i r  e x p o s u r e  t o  one  of  
t h r e e  t r e a t m e n t s  l a s t i n g  a p p r o x i m a t e l y  72h ( J o n e s  1 9 8 9 ) .  F i r s t l y ,  c o n t r o l  
b i r d s  w e r e  a l l o w e d  t o  f e e d  ad  l i b i t u m .  S e c o n d l y ,  b i r d s  w e r e  f a s t e d ,  i . e .  
t h e i r  f o o d  h o p p e r s  were  c o m p l e t e l y  e m p t i e d .  A t h i r d  group  was f r u s t r a t e d  by 
d e n y i n g  them a c c e s s  t o  v i s i b l e  f o o d  w i t h  a  c l e a r  p e r s p e x  p l a t e .  

? r e - t r e a t m e n t  H/L r a t i o s  w e r e  s i m i l a r  i n  a l l  t h e  g r o u p s  and  r e m a i n e d  
v i r t u a l l y  u n a l t e r e d  i n  t h e  a d  l i b i t u m  c o n t r o l  g r o u p  ( T a b l e  3 ) .  I n  
c o n t r a s t ,  H/L r a t i o s  w e r e  n a r k e d l y  i n c r e a s e d  f o l l o w i n g  72h p e r i o d s  of  e i t h e r  
f a s t i n g  o r  f r u s t r a t i o n  of  f e e d i n g ,  a g a i n  i l l u s t r a t i n g  t h e  s t r e s s f u l  n a t u r e  
o f  t h e s e  p r o c e d u r e s .  Of c o u r s e ,  t h e  e f f e c t s  o f  d e p r i v a t i o n  a n d  o f  
f r u s t r a t i o n  c a n n o t  be e n t i r e l y  s e p a r a t s d  u s i n g  t h i s  s o r t  o f  a p p r o a c h .  Not 
o n l y  were t h e  f r u s t r a t e d  b i r d s  a l s o  d e p r i v e d  of  f o o d  b u t  f a s t e d  p u l l e t s  may 
a l s o  h a v e  e x p e r i e n c e d  f r u s t r a t i o n  b e c a u s e  t h e i r  assumed e x p e c t a t i o n  of  
f i n d i n g  f o o d  i n  t h e  h o p p e r s  was t h w a r t e d .  



T a b l e  3 .  T I  d u r a t i o n s  a n d  H/L r a t i o s  i n  Brown L e g h o r n  p u l l e t s  b e f o r e  
a n d  a f t e r  a  72h r e g i m e  o f  e i t h e r  a d  l i b i t u m  f e e d i n g ,  f a s t i n g  
o r  f r u s t r a t i o n  o f  f e e d i n g  (means  2 SEX) 

Ad l i b i t u m  F a s t i n g  F r u s t r a t i o n  o f  
f e e d i n g  ( n = 1 5 )  ( n  = 1 4 )  f e e d i n g  ( n = 1 5 )  

D u r a t i o n  o f  T I ( s )  

H/L r a t i o s  

K r u s k a l - W a l l i s  one-way a n a l y s e s  o f  v a r i a n c e  a n d  X i l c o x o n  m a t c h e d - p a i r s ,  
s i g n e d - r a n k s  t e s t s  w e r e  u s e d  f o r  a c r o , s s  a n d  b e t w e e n  g r o u p  c o m p a r i s o n s  
r e s p e c t i v e l y .  V a l u e s  w i t h  d i f f e r e n t  s u p e r s c r i p t s  a r e  d i f f e r e n t  a t  
P t 0 . 0 0 1 .  

A l l  t h r e e  g r o u p s  s h o w e d  s i m i l a r  T I  r e s p o n s e s  p r i o r  t o  t r e a t m e n t .  
I m m o b i l i t y  d u r a t i o n s  w e r e  r e d u c e d  upon r e t e s t i n g ,  p r e s u m a b l y  t h r o u g h  
h a b i t u a t i o n ,  b u t  t h i s  e f f e c t  was r e l a t i v e l y  homogeneous.  Both  f a s t i n g  a n d  
f r u s t r a t i o n  m i g h t  have  b e e n  e x p e c t e d  t o  i n c r e a s e  g e n e r a l  a r o u s a l  b u t  n e i t h e r  
p r o c e d u r e  seemed t o  a f f e c t  T I  b e c a u s e  t h e  mean r e s p o n s e s  o f  c o n t r o l  a n d  
s t r e s s e d  b i r d s  w e r e  s i m i l a r .  P r e v i o u s  m a n i p u l a t i o n s  o f  a r o u s a l  v i a  f o o d  
d e p r i v a t i o n ,  f r u s t r a t i o n  i n d u c e d  by n o n - d e l i v e r y  o f  a n  e x p e c t e d  f o o d  r e w a r d ,  
o r  b y  a m p h e t a m i n e  i n j e c t i o n  a l s o  e i t h e r  f a i l e d  t o  a f f e c t  c h i c k s '  T I  
r e a c t i o n s  o r  a t t e n u a t e d  them ( s e e  G a l l u p  1 9 7 9 ) .  I t  w o u l d ,  t h e r e f o r e ,  
a p p e a r  t h a t  T I  a n d ,  p r e s u m a b l y ,  u n d e r l y i n g  f e a r f u l n e s s ,  a r e  n o t  a f f e c t e d  i n  
a n y  d i r e c t ,  s y s t e n a t i c  way by n o n s p e c i f i c  v a r i a t i o n s  i n  a r o u s a l .  

However ,  a n  i n t e r e s t i n g  p i c t u r e  emerged  upon t h e  e x a m i n a t i o n  o f  
i n t r a - i n d i v i d u a l  r e l a t i o n s h i p s  r a t h e r  t h a n  o v e r a l l  e f f e c t s .  B i r d s  w e r e  
r a n k e d  w i t h i n  g r o u p s  on  t h e  b a s i s  o f  t h e i r  T I  d u r a t i o n s ,  b o t h  b e f o r e  a n d  
a f t e r  t r e a t m e n t  a n d  t h e  d e g r e e  of  a s s o c i a t i o n  b e t w e e n  p r e -  a n d  
p o s t - t r e a t m e n t  r a n k s  was a s s e s s e d  w i t h i n  g r o u p s  (Spearman r a n k  c o r r e l a t i o n  
c o e f f i c i e n t ) .  A s i g n i f i c a n t ,  i n t r a - i n d i v i d u a l  c o r r e l a t i o n  was f o u n d  a c r o s s  
T I  t e s t s  i n  t h e  c o n t r o l  g r o u p  (Spearman rs = 0 . 6 4 ,  p t 0 . 0 2 ) .  T h i s  s u g g e s t e d  
t h a t  i t s  members h a d  m a i n t a i n e d  r e l a t i v e l y  s t a b l e  p o s i t i o n s  i n  a  f e a r f u l n e s s  
h i e r a r c h y .  On t h e  o t h e r  h a n d ,  t h e  T I  h i e r a r c h y  was t o t a l l y  d e s t a b i l i s e d  i n  
t h e  f a s t e d  a n d  f r u s t r a t e d  g r o u p s  ( r s  = 0 . 2 8 4  a n d  0 . 1 2 8  r e s p e c t i v e l y ) .  
T h e r e  is no c l e a r  r e a s o n  f o r  s u c h  d e s t a b i l i s a t i o n  b u t  i t  may r e f l e c t  t h e  
s u c c e s s  o r  o t h e r w i s e  o f  w h a t e v e r  c o p i n g  s t r a t e g i e s  n i g h t  h a v e  been  a d o p t s d  
by t h e  b i r d s .  

I n f u s i o n  of  C p r o l o n g s  T I  i n  a d u l t  [White L e g h o r n  h e n s  ( J o n e s  e t  a l .  
1 9 8 8 )  a n d  f a s t i n g / f r u s t r a t i o n  i s  known t o  e l e v a t e  c i r c u l a t i n g  C 
c o n c e n t r a t i o n s  ( B e u v i n g  e t  a l .  1 9 8 9 ) .  T h e r e  i s  t h u s  no o b v i o u s  e x p l a n a t i o n  
f o r  t h e  a p p a r e n t l y  p a r a d o x i c a l  f a i l u r e  of  t h e  p r e s e n t  s t r e s s o r s  t o  i n f l u e n c e  



T I  w h i l e  s i m u l t a n e o u s l y  e l e v a t i n g  H/L r a t i o s .  However, d e s t a b i l i s a t i o n  of  
t h e  T I  h i e r a r c h y  a n d  d i f f e r e n c e s  b e t w e e n  s t u d i e s  i n  s t r a i n ,  a g e  a n d  d u r a t i o n  
o f  t r e a t m e n t  n a y  h a v e  b e e n  i m p o r t a n t  f a c t o r s .  E x p o s u r e  t o  s t r e s s o r s  a l s o  
weakens  t h e  c o r r e l a t i o n  b e t w e e n  p l a s m a  C c o n c e n t r a t i o n s  a n d  H/L r a t i o s  
( G r o s s  a n d  S i e g e 1  1 9 8 3 ) .  I n d e e d ,  t h e  i n p l a n t a t i o n  o f  minipumps r e l e a s i n g  
o n l y  v e h i c l e  i n c r e a s e d  H/L r a t i o s  w i t h o u t  a f f e c t i n g  c i r c u l a t i n g  C l e v e l s  
( J o n e s  e t  a l .  1 9 8 8 ) .  

S i n c e  f a s t e d  a n d  f r u s t r a t e d  p u l l e t s  showed s i m i l a r  b e h a v i o u r a l  a n d  
l e u c o c y t i c  p r o f i l e s  b o t h  b e f o r e  a n d  a f t e r  t r e a t m e n t ,  t h e  d a t a  f rom t h e  t v o  
g r o u p s  was p o o l e d .  The b i r d s  w e r e  r a n k e d  f rom low t o  h i g h ,  1 . e .  f rom 1  t o  
2 9 ,  a c c o r d i n g  t o  t h e i r  p r e -  and  p o s t - t r e a t m e n t  i m m o b i l i t y  d u r a t i o n s  a n d  
t h e i r  H/L r e s p o n s e s  t o  s t r e s s .  P r e - t r e a t m e n t  T I  d u r a t i o n s  a n d  s u b s e q u e n t  
H/L r e s p o n s e s  t o  f a s t i n g  o r  f r u s t r a t i o n  of f e e d n g  were  p o s i t i v e l y  c o r r e l a t e d  
w i t h i n  i n d i v i d u a l  b i r d s  ( r s  = O.i r8 ,  t = 2 . 8 1 ,  p c 0 . 0 1 ) .  L e u c o c y t i c  
r e s p o n s e s  t o  c h r o n i c  s t r e s s o r s  may, t h e r e f o r e ,  be more p r o n o u n c e d  i n  p u l l e t s  
v i t h  h i g h  r a t h e r  t h a n  l o w  u n d e r l y i n g  l e v e l s  o f  f e a r f u l n e s s ,  a l t h o u g h  
c a u s a l i t y  is n o t  n e c e s s a r i l y  i m p l i e d .  P o s t - t r e a t m e n t  T I  r e a c t i o n s  a n d  H/L 
e l e v a t i o n s  w e r e  n o t  s i g n i f i c a n t l y  a s s o c i a t e d  a n d  t h i s  nay  h a v e  r e f l e c t e d  t h e  
d e s t a b i l i s a t i o n  o f  t h e  T I  h i e r a r c h y .  

Two main  c o n c l u s i o n s  may be d r a m  r e g a r d i n g  t h e  r e l a t i o n s h i p  b e t w e e n  
g e n e r a l ,  u n d e r l y i n g  f e a r f u l n e s s  a n d  t h e  p h y s i o l o g i c a l  c o n s e q u e n c e s  of  
d i s t r e s s .  F i r s t l y ,  c h r o n i c  e l e v a t i o n  o f  p lasma c o r t i c o s t e r o n e  
c o n c e n t r a t i o n s  may p r e d i s p o s e  h e n s  t o  r e a c t  more F e a r f u l l y  t o  a l a r m i n g  
s t i m u l a t i o n .  S e c o n d l y ,  h e n s  a n d  p u l l e t s  c l a s s i f i e d  a s  h i g h  ( l o n g  T I )  
r a t h e r  t h a n  low ( s h o r t  T I )  f e a r  r e s p o n d e r s  t e n d e d  t o  snow g r e a t e r  i n c r e a s e s  
i n  c i r c u l a t i n g  c o r t i c o s t e r o n e  c o n c e n t r a t i o n s  a n d  h e t e r o p h i l / l y m p h o c y t e  
r a t i o s  w i t h  c h r o n i c  d i s t r e s s ,  o r  a t  l e a s t  t h a t  a s s o c i a t e d  w i t h  
f a s t i n g / f r u s t r a t i o n  o f  f e e d i n g .  S i m p l e  b e h a v i o u r a l  m e a s u r e s ,  s u c h  a s  t o n i c  
i m m o b i l i t y ,  m i g h t  t h u s  h a v e  p r e d i c t i v e  v a l u e  c o n c e r n i n g  s u b s e q u e n t  
a d r e n o c o r t i c a l  a n d  l e u c o c y t i c  r e s p o n s i v e n e s s  t o  s t r e s s f u l  s t i m u l a t i o n .  
T h i s  p o t e n t i a l l y  i m p o r t a n t  n o t i o n  m e r i t s  f u r t h e r  s t u d y .  

O t h e r  p o t e n t i a l l y  f r u i t f u l  a r e a s  o f  r e s e a r c h  i n c l u d e :  a )  t h e  a s s e s s m e n t  
o f  f e a r  i n  g e n e t i c  l i n e s  s e l e c t e d  f o r  low o r  h i g h  a d r e n o c o r t i c a l  s e n s i t i v i t y  
t o  ACTH i n j e c t i o n  a n d / o r  t o  v a r i o u s  s t r e s s o r s  a n d  b )  t h e  e f f e c t s  o f  
p r o c e d u r e s  d e s i g n e d  t o  r e d u c e  f e a r f u l n e s s ,  e . g .  a r t i f i c i a l  s e l e c t i o n ,  
s o c i a l i z a t i o n  o r  e n v i r o n m e n t a l  e n r i c h m e n t  ( J o n e s  1 9 8 9 )  on  b e h a v i o u r a l  a n d  
p h y s i o l o g i c a l  r e s p o n s i v e n e s s  t o  c h r o n i c  d i s t r e s s .  
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NUTRITIONAL MODELLING FOR PROFITXBL': EGG PRODUCTION 

T h e r e  a r e  s e 7 J e r a l  c o m p e l l i n g  a r g c m e n t s  s u p p o r t i n g  t h e  need t o  
a d o p t  m o d e l l i n g  t e c h n l c p e s  t o  determine t h e  mos; econcmic  d i a z  
s p e c i f i c a t i o n  f o r  a  l a y i n g  f l o c k .  

C - r r e n t  l a y l n g  s t r a i n s  v a r y  widel:/ i n  p e r f a r n a n c e  ? o t e n t ~ a l  and 
bod:, w e i g h t .  I n  t h e  3 4 t h  Random Sample Layer  T e s t ,  peak  p r o d u c t i o n  
r a t e s  - J a r r e d  f rem 49cjiday t o  57g/day  and  l i v e  ,welgr.: r a n g e d  f r c n  1 . 2 k q  
t o  1 . 5 k g  a t  1 3  ,weeks of  acje. D e r e c j e l a t l o n  of  t h e  NSX ecjg i c d u s t r y  w r l l  
p r o v i d e  f o r  a  w r d e r  d i f f e r e n t i a t i o n  l n  pr-c-ng Se tween  t h e  :ypes o f  
m a r k e t s  a v a r l a b l e  t o  ecjg ?reducers. T h e r e  i s  a n  lncreas i? .g  t r e n d  r= 
a l t e r n a z i v e  s u p p l i e s  o f  f s e d .  T h e s e  i n c l c d e  o n - f a r a  f e e d  n i x r n g  a z d  zh.2 
s u p p l y  o f  custcm-mlxed d l e t s  on  a  " c o s t  ? l ~ s "  b a s i s  vh-ch c a n  l e a d  z c  
marked d i f f e r e n c e s  bez.ween f a r m  i n  tr.e c o s t  of  L n c r e a s ~ n q  = h e  ?ail:/ 
s c ~ p l y  o f  n c t r l e n t s ,  s c c h  a s  amrno a c ~ d s ,  t c  a  la:rr?.cj f l o c k .  

Tco o f t e n  c h e  eccncmlc  Lmcact of  ac. i le , i i r .g a  i n a l l  incrcve.-.enz Ln 
e c q  c u t p u t  f r z n  a  Laying f l o c k  h a s  n o t  beer. = o r r e c = L y  e v a l u a t e d .  A 

f l e l d  t r i a l  cond.dcred a - t n  y e  j C C A  l a y e r s  a t  Se./en H i l l s  
d e m o n s i r a c e d  a n  L.a=.rovemer.z of  1 . 5 g i d a Y  13 C I L ~ : I  e$G n a s s  ;rcd.uczicr. 
c o u l d  b e  a c 5 i e v e d  3y  feed2r.q a h i g 7 . e ~  s;ec:f:catL-r. f e r d g i x .  T?.e h ~ g h e r  
s p e c i f i c a t i o n  f e e c h r x  c o s t  a n  a d d i t i o n a l  514.50 p e r  i3nr.e b e t  :he 
i n c r e a s e d  p r o d c c t l o n  ~ m p r o v e d  r e t u r 3 s  by 3.72 c e n c s  p e r  dozen  egcjs a t  
t h e  A p r i l  1989 e g g  p r ~ c e  o f  190 c e n t s i k g  + 1 . 5  cenzs/X; f c r  e a c h  ; o f  
mean egg  x e i g h t  above  459.  An impr3vement of  1 .37  c e n c s  s e r  dozen  egcjs 
was o b t a i n e d  a i  t h e  Oczcber  1289 p r i c e  3f  1 5 3  cenzs /Xq.  T t e s e  q a l c s  
a r e  x p c r z a n z  - t h e  n e t  Income f c r  e g g  = r z c c c z i g ~  f z r  t n e  :JPZZ 3 r . z ~ - -  . .Y  

Zune 1989 ranged  f r c m  3 . 2  - 12 c e n a s / d o z e n .  
The Xeac ing  Hoael  ( T ~ s h e r  r t  dl. 1973)  i s  a  u s e f u l  zoo1  f 3 r  

o r e d i c t i n g  th r e s p o n s e s  of  a  1ayl r .g  f l o c k  t o  v a r y l n g  i n p c t s  o f  a 
l i m i t i n g  n u t r r e n t .  W ~ t n  c h e  assistance o f  t?.e Eqg I n d u s t r y  3.esearc.n 
C s c n c l l  t h e  :iSX i r q r i c , x l c x r e  5 ? r s h e r i e s  h a s  d e v e l o p e d  a  c s m p u t e r  ? r z q r m  
u t ~ l i s r n g  t h e  mocel r o  a s s l s c  i n  a d v l s i n g  eqg p r o d u c e r s  o f  t h e  nos-, 
p r o f i t a b l e  f e e d m l x e s  f o r  a  ? a r = i c u l a r  i i z u a t i o n  o f  f e e d  r n g r e d i e n z  c z s t s  
and egg  p r i c e s .  

The program u t l l i s e s  d a t a  c n  t h e  b o d y w e l g h t ,  p r o d u c t i o n  p o t e n t i a l ,  
e n v i r o r r n e n t a l  t e m p e r a t u r e ,  f e e d  i n g r e d i e n r  c o s t s  and ecjg p r l c e s  t o  
e s t a b l i s h  t h e  most  p r o f i t a ~ l e  d i e t  s p e c i f i c a t - o n .  An interface ,wr:.i a  
l e a s t  c o s t  feedmrx f o r m d l a t i o n  packacje i h e n  s r o d u c e s  t h e  mosi  j r o f r z a b l e  
feedmix  on a  p e r  u n r t  of  e n e r g y  b a s i s .  

A s  an example ,  t h e  most  p r o f i t a b l e  f e e d n i x  f a r  a  c l i e n z  who 
c o n s r g n e d  h i s  e g g s  t o  t h e  NSX Egg C c r p o r a t l o n  d u r i n g  Oczober 1989 a t  a  
p r i c e  o f  $1 .58/kg  had a n  ~ n g r e d i e n t  c o s t  s f  S l 9 4 / t o n n e  and c o n t a i n e d  
1 0 . 3  M J  of  m e t a b o l i s a b l e  e n e r g y  ( - ) / k g  and 8 . l g  l y s ~ n e / k g .  I f  t,L.at 
c l r e n t  d i r e c z  marke ted  and was a b l e  t o  a c n l e v e  a  marg ln  m o v e  m a r k e t i n g  
c o s t s  o f  10 c e n t s / d o z e n  on ecjgs above  559 :her t 5 e  o-,ii?.urr, f e e d n - x  
u o u i d  have  c o s t  S 1 9 6 / t o n n e  and ccn=as:ed 1 C . 3  5 2  o f  5E/kq and 3 . 3 9  
: : /s ire/ka.  7b.ose s o l u t l s n s  ,were b a s e d  zn a  Tean kouse t e m p e r a z x r e  3f  
13OC. A mean house  c e n j e r a t x r e  s f  i ; O C  ;.ccl5 r e T L ~ z e  -rare :sr.se c ~ e z a  
of 11."; of 5PiXg c = s t i n g  an a d d - t i o n a l  5;0/z?nr.e. 

FIS:iEII, C., XOP-XIS, T.3.. & ZE:I:lI:IGS, ?..C. ( 1 9 7 2 )  S r .  ? r u ? E .  Sc:, 
1 4 :  469 - 



OATS ?EDUCE FGG CHOLESTEROL 

R.E. MORENG*, D .  BALNAVE*~,  'i". S H ~ - E Y * * *  a n d  M.  MCDONALD*'" 

Concern  w i t h  cholesterol i n  e g g  y o l k  h a s  r e s u l t e d  i n  a  d e c L i n e  i n  e g g  
c o n s u m p t i o n  a n d  a t t e n p t s  have  b e e n  made t o  ?reduce e g g s  w i t h  l o w e r  c i o l e s t e r o l  
l e v e l s .  C h o l e s t e r o l  l e v e l s  c i r c z l a c i n g  i n  t h e  b l o o d  o f  humans h a s  b e e n  
r e p o r t e d  t o  b e  i n f l u e n c e d  by t h e  d a i l y  i n t a k e  of  s a c x r a t e d  f a t t y  a c i d s  (Miles 
1989)  a n d  s o l u b l e  f i b r e  (Van Horn e t  a l .  1 5 8 6 ) .  The c o n s u m p t i o n  of o a t  b r a n  
a n d  s a t  meal  have  b e e n  shown t o  r e d u c e  b l o o d  c . i o l e s t e r o 1  i n  humans (Van Horn 
e t  a l .  1986)  b u t  o f t e n  t h e  e f f e c :  is s m a l l  (<SS r e d u c t i s n ) .  

The p r e s e n t  s t u d y  was d e s i g n e d  t o  z e a s u r e  t h e  r e s p o n s e s  i n  e g g  
c h o l e s t e r o l  r e s u l t i n g  f r o m  t h e  u s e  of  wnole o a t s  a n d / o r  r i c e  p o l l a r d  i n  d i e t s  
o f  l a y i n g  h e n s .  The f a t  conpone?.: s n  b o t h  t h e s e  f e e d s t u f f s  c o n t a i n  a  h l g n  
p r o p o r i t o n  o f  u n s a t u r a t e d  f a t t y  a c i ? s .  O a t s  cor.tairr l e s s  t o t a l ,  b u t  n o r e  
s o l u b l e ,  f i b r e  t h a n  rice ~ o l l a r d .  

Txo r e p l i c a t e s  s f  - e n  45-week s l d  1ayir.g i s n s  v e r e  f e d  3r.e o f  f o u r  
d i e c s .  3 i e t  1 c o n t a i n e d  !gi!cg) : s c r g h . , ~ ~  317,  i iheac 4 2 0 ,  soyabear. ?.eal 90, 
meat meal  130 ,  ; - l y s i n e  3 . 4 ,  3 L - r n e r i l a n ~ n e  2 . 5  and  v i z a n l n s  and  r ? L e r a l s  3 2 .  
rn 3 i e t s  2 a n d  3 respectively r:=e ~ o l l a r d  s r  s a t s  (150  g / :<g)  z e p l a c e d  an  
e q u i v a l e n t  q u a n t i t y  of  wheac a n d  i n  3 i e c  1 b o t h  were s u b s t i z u t e d  i n  l i e u  of 
v n e a t  a t  s i m i l a r  c o n c e n c r a c i o n s .  Z q g  c n 3 l a s c e r z l  was z e a s u r e d  2 s - n g  t h e  
method of I s h i k a w a  e c  a l .  ( 1 3 7 4 ) .  The r e s c l c s  a r e  shown i n  t h e  : a b l e .  

R e s p o n s e s  t o  d i e t a r y  i n c l c s i o n  of  3 a c s  a a d j o r  r i z e  c o l l a r d  

D i e t a r y  Ego w e i g h t  Yolk w e i g h t  Zgg c h o l e s t e r o l  
s u p p l e m e n t  (3) ( g ;  ! n g / g )  ( z g / y o l X )  

None 
R i c e  p o l l a r d  
O a t s  
O a t s  - r i c e  p o i l a r d  
LSD (?<0.051  

Shane (1989)  h a s  i n d i c a t e d  t h a t  t h e  economics  o f  d i e t a r y  m a n i p u l a t i o n  of  
e g g  y o l k  l i p i d  do  n o t  a p p e a r  t o  3f:er a n y  c - . m . e r z r a l  S e n e f i t  a t  = h e  p r e s e n t  
t i m e .  However, i n  t h e  ~ r e s e n c  s c u d y  -he  e g g  y o l k  c h o : e s t a r o l  c 3 r . c e n t r a t i s n  
a n d  t o t a l  e g g  c h c l e s t e r o i  were  r e d c c e d  s i g n i f i c a n t l y  by  i n c l u d i n g  o a c s  i n  t h e  
d i e t  i n  l i e u  of  w h e a t .  C a t s  red-ced  egg  c h o i e s t e r o l  l e v e l s  by  a p p r a x i n a t e l y  
1 0 6 .  
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EVALUATING INCUBATION ?.PACTICES 

ROBERT E. MORENG 

Attempts  by humans t o  r ep roduce  t h e  ch i cken  and o t h e r  p o u l t r y  t h rough  
t h e  a p p l i c a t i o n  of a r t i f i c i a l  i n c u b a t i o n  may be looked upon by a l l  a s  t h e  
epi tome of s u c c e s s  i n  t h e  f i e l d  o f  an ima l  r e p r o d u c t i o n .  Th i s  may no t  
n e c e s s a r i l y  be  based  upon t h e  a b i l i t y  t o  d u p l i c a t e  t h e  p r o c e s s  of t h e  hen,  b u t  
f o r  t h e  a b i l i t y  t o  m u l t i p l y  t h e  c a p a c i t y  of  t h e  hen many t i m e s .  The 
advan tages  g a i n e d  f o r  t h e  p o u l t r y  i n d u s t r y  have been enormous. Those invo lved  
i n  o t h e r  a r e a s  o f  animal  r e p r o d u c t i o n  s k o u l d  be  env ious  of ou r  s u c c e s s .  I n  
o r d e r  t o  copy t h e  hen a t t e m p t s  have been made t o  d u p l i c a t e  t h e  c o n d i t i o n s  
c o n s i d e r e d  n e c e s s a r y  f o r  co -o rd ina t ed  embryonic development .  Th i s  has  been 
accompl ished th rough  a  g r e a t  d e a l  o f  e f f a r t  t o  combine t h e  major  b i o l o g i c a l  
components w i th  d e s i g n s  f o r  mass p r o d u c t i o n .  Perhaps  t h e  hen would f i n d  t h i s  
s t o r y  amusing a s  h e r  i n c u b a t i o n  p rocedures  a r e  d e r i v e d  from n a t u r a l  i n s t i n c t s  
and produce  a  h igh  p e r c e n t a g e  of c h i c k s  :=on t h e  f e r z i l e  eggs  she  s e t s  upon. 
How much p r o g r e s s  have we r e a l l y  accompl ished?  What f u t u r e  l i e s  ahead? W i l l  

i n c u b a t i o n  t echno logy  keep pace  wi th  commercial  p r o d u c t i o n  r ecp i r emen t s  bo th  
s c i e n t i f i c a l l y  and economica l ly?  

INTRODUCTION 

E a r l y  h i s t o r y  of t h e  development of a r t i f i c i a l  i n c u b a t i o n  (Landauer 
1976) r e v e a l s  many a t t e m p t s  t o  d u p l i c a t e  t h e  p r o c e s s e s  of t h e  b i z d  and 
p r o v i d e s  a  v e r y  i n t e r e s t i n g  t a l e  demons t r a t i ng  how a  r e l a t i v e l y  uncompl ica ted  
p rocedure  i n  t h e  c o n f i n e s  o f  t h e  n a t u r a l  envi:on~.ent of t h e  hen has  Seen 
i n t e r p r e t e d  i n t o  a  r e l a t i v e l y  compl i ca t ed  p rocedure  i n  an a r t i f i c i a l  s e t  o f  
man-made c o n d i t i o n s .  Romanoff (1960)  s t a t e d :  "Prom t h e  v e r y  beg inn ing  of o u r  
knowledge o f  embryoioqy, t h e  a v i a n  embryo has  occup ied  a  unique p o s i t i o n  among 
t h e  h i g h e r  v e r t e b r a t e s .  I t  has  an e x t r a - u t e r i n e  e x i s t e n c e .  A l l  i t s  
r equ i r emen t s ,  e x c e p t  oxygen, a r e  p rov ided  w i t h i n  t h e  egg,  which i s  by f a r  t h e  
most s e l f - c o n t a i n e d  organism,  and i s  c a p a b l e  of deve lop ing  i n  a  t e r r e s t r i a l  
envi ronment .  Also,  because  of i t s  u n i v e r s a l  a v a i l a b i l i t y ,  i t  undoubtedly  has  
been an o b j e c t  of embryo log ica l  o b s e r v a t i o n s  from e a r l i e s t  h i s t o r i c a l  t ime" .  

The development of t h e  h e n ' s  egg from b l a s t o d e r n  t o  ch i ck  i s  one o f  t h e  
most f a n t a s t i c  p rocedures  fo l lowed  by t h e  eye  of man, from an  a p p a r e n t  
q u i e s c e n t  s t a g e  t o  l i f e  i t s e l f .  The m i r a c l e  o f  l i f e  can be demons t r a t ed  
e a s i l y  i n  t h e  e d u c a t i o n a l  p r o c e s s  from t h e  e a r l i e s t  days  o f  s c h o o l i n g  th rough  
advanced t e t r a l o g i c a l  s t a d i e s ,  where t h e  response  of t h e  embryo t o  t h e  
i n f l u e n c e  of d r u g s  and v a r i o u s  chemica l s  has  been demons t r a t ed .  I n  a c d i z i o n ,  
t h e  a v i a n  embryo has  proved i n  i c s  own way t o  be a  u s e f c l  n e d i , m  f o r  th.2 7.ass 
p r o d u c t i o n  of . racc ines  and a t h e r  l a b o r a t o r y  p r o d - c t s  t h a t  suppor t  nLT.an 
w e l f a r e .  

, , The b a s i c  s t u d y  of ernbryoiogy i?.clsces a  z a r e f u l  exam;.:atlon of -"  L..e 
a v i a n  embryo th rough  t h e  f o u r t h  day of i ~ c u b a t i - r ,  s i n c e  up L O  :hi3 s t a g e  ,of 
development t h e  embryo shcws s i m i l a r i t i e s  zo  o t h e r  ar.lmals, compar3b12, f o r  
example, t o  abou t  2 0  days  i n  t h e  p i g  and 1 3  weeks i~ t h e  h,man. ?=om t h i s  
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p o i n t  forward d i f f e r e n t i a t i o n  p roceeds  a s  t h e  embryo becomes " b i r d  l i k e "  o r  
moves i n  whatever d i r e c t i o n  i t s  g e n e t i c  code d i c t a t e s  t o  become a  dog, p i g ,  
ho r se ,  cow, e t c .  The embryo p r o v i d e s  t h e  b a s i s  of  l i f e  i t s e l f  i n  .many more 
f o r m  t h a n  i s  a p p r e c i a t e d .  

I n c u b a t i o n  of t h e  egg w i t h  t h e  o b j e c t i v e  of p roduc ing  a  l i v e ,  h e a l t h y  
and normal-appear ing o f f s p r i n g  i s  t h e  o b j e c t i v e  of a  l a r g e  segment of  t h e  
commercial  p o u l t r y  i n d u s t r y  which depends h e a v i l y  on h a t c h i n g  many m u l t i p l e s  
of  t h a t  egg. The p r o d u c t i o n  of  t h e  f e r t i l e  egg i s  a  very  impor t an t  s t e p  t o  
c o n s i d e r  i n  t h i s  whole p r o c e s s  and comprises  a n o t h e r  phase  i n  i t s e l f .  To t h e  
i n d u s t r y  t h e  q u a l i t y  of eggs  and h a t c h a b i l i t y  a r e  of  t h e  utmost importance .  
The number of eggs  i n  and t h e  number of v i a b l e  c h i c k s  o u t ,  "garbage i n  garbage 
o u t "  i s  t h e  computer analogy,  i s  o n l y  a  p o r t i o n  of t h e  s t o r y  f a c i n g  our  
i n c u b a t o r  manufac tu re r s  and h a t c h e r y  a p e r a t o r s  and f o r  a  p e r i o d  of  2 1  days  
e v e r y t h i n g  must be " t e x t  book p e r f e c t "  f a r  t h e  pur;rose f o r  which t h e  machine 
i s  in t ended .  

( a )  H i s t o r v  of a r t i f i c i a l  Lzcubation 
The l i t e r a t u r e  r e v e a l s  t h a t  a r t i f i c i a l  incubation was p r a c t i s e d  i n  China 

between 246 and 207 B.C. u t i l i s i n g  i n c u b a t i n g  ovens d u r i n g  t h e  Chin ; r e r iod .  
According t o  Landauer (1976)  t h i s  i nvo lved  a  s y s t e n  of moving eggs  from one 
i n c u b a t o r  t o  t h e  o t h e r  t o  p r o v i d e  u n i f o m  d i s t x i b u t i o n  of h e a t .  Xe a l s o  n o t e s  
t h a t  t h e  e a r l y  Egyp t i ans  a l s o  , u t i l i s e d  v a r i o u s  methods of a r t i f i c i a l  
i n c u b a t i o n .  This  l a t t e r  e f f o r t  l e d  t o  t h e  development of i n c u b a t o r  ovens bu t  
a t t e m p t s  t o  t z a n s f e r  t h i s  knowledge t o  I t a l y  i n  1644 by t r a n s p o r t i n g  
i n c u b a t o r s  ( o v e n s ) ,  and t h e  a r t i s a n s  t o  o p e r a t e  them, were g e n e r a l l y  
u n s u c c e s s f u l ,  p o s s i b l y  due t o  d i f f e r e n c e s  i n  c l i m a t i c  c o n d i t i o n s .  

Methods of  a p p l y i n g  a  r e l i a b l e ,  s t e a d y  flow of h e a t  vi..ic?, c o u i i  be 
c l o s e l y  r e g u l a t e d  p rov ided  a  c h a l l e n g e  t h a t  r equ ized  a  g r e a t  d e a l  of  enerqy 
and t ime t o  r e f i n e .  The major  s c e p s  towards  s o l v i n g  t h e s e  prablems appear  co 
have cu lmina ted  i n  t h e  accomplishments of Reamur and by Xuzard i n   he 1700's 
who b u i l t  and developed an i n c u b a t o r  c a p a b l e  of hand l ing  6000 eggs .  
T h e r e a f t e r  r e f inemen t s  c o n t i n u e d  i n t o  t h e  1800 ' s .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  p r o g r e s s  a l o n g  t h e  long  pa th  towards t h e  development of t h e  modern 
i n c u b a t o r  appea r s  t o  have moved s lowly  and Landauer (1976) s t a t e s  "While t h e  
g e n e r a l  u s e  of i n c u b a t i o n  equipment had co awa i t  t h e  p rope r  h i s t o r i c a l  
s e t t i n g ,  i t  s h o u l d  be  no ted  t h a t  t h e  unsolved problem of a r t i f i c i a l  i n c u b a t i o n  
s e r v e d  a s  a  p o t e n t  s t i m u l u s  t o  t h e  i n v e n t i o n  ( t h e m o s c a t i c  d e v i c e s ,  s e i f -  
r e g u l a t i n g  lamps) and t h e  improvement (thermometer,  hygrometer) of ins t=lunents  
wnich found many impor t an t  a p p l i c a c i o n s  i n  oche r  f i e l d s .  I t  i s  c l e a r  t h a t  t h e  
h i s t o r y  of  an i d e a ,  even i f  i t  conce rns  a  vezy c o c c r e t e  and a p p l i e d  techni-e ,  
i s  q u i t e  d i f f e r e n t  from t h e  h i s t o r y  of s p e c i f i c  i n v e n t i o n s  made r e l a c i v e  co 
t h e  same s u b j e c t " .  

The development o f  t h e  incubacor  s i n c e  t h i s  p e r i o d  i n  t ime has  a l s o  
p r o g r e s s e d  a t  a  r e l a t i v e l y  slow ;race because  of t h e  p e r s i s t e n t  problem of 
p r o v i d i n g  a  s u i t a b l e  environment f o r  l a r g e  n m k e r s  of eggs .  A g r a d u a l  
e v o l u t i o n  from ho t  water  t o  ho t  a i r  heac ,  £=om s o l 2 3  :-el sou rces  t o  e l e c t r i c  

. , h e a t ,  fzom 3 c i l l  a i r  t o  f o r c e d  d r a f z  v e n c i l i t a c i o n ,  and from n ~ n r d i t y  by L;se 
of  wacer ?an t o  e v a p o r a t i v e  pad and on K O  z o r e  p r e c i s e  humidicy cone ra1  by 
sp ray - fogg ing  d e v i c e s ,  o c c u r r e d .  5gg cuzr.ir.g .was accor.pLished by numerous 
t e c h n i q u e s  buc t h e  u l t i n a t e  accompiis~hmenc p rcbab ly  iias a t t a i n e d  iiten t h e  
mechan ica l ly - t ined  xecnanism was developed t o  move egqs  ~ h r o u g h  a 90°C a r c  a t  
s p e c i f i e d  t imes  th roughou t  t h e  i n c u b a t i o n  p e r i o d .  S ince  t h e s e  b a s i c  
i n n o v a t i o n s  t h e r e  have been refinements i n  incubacor  d e s i g n  t o  improve t h e  
e f f i c i e n c y  of o p e r a t i o n  and reduce t h e  l abour  invo lved  i n  s e t t i n g  and 
t r a n s f e r r i n g  e g g s .  R o l l - i n ,  r o l l - o u t  t r a y  r acks  and p l a s t i c  f l a t s  f o r  s e t t i n g  
eggs  a r e  among t h e  most obvious  impravements.  The l a z q e r  u n i t s ,  wi th  l e s s  
i n i t i a l  c o s t  p e r  egg c a p a c i t y  a s  w e l l  a s  t h e  lowest  o p e r a t i n s  expense ,  have 



l e d  a s  s a l e s  advan tages .  Of c o u r s e ,  t h e  computer has  been i n t r o d u c e d  a s  w e l l  
t o  mon i to r  and r e g u l a t e  c o n d i t i o n s .  However, q u e s t i o n s  e x i s t  conce rn ing  t h e  
v a l u e  r e t u r n e d  f o r  v a l u e  i n v e s t e d .  A l l  i n  a l l ,  egg h a n d l i n g ,  s e t t i n g  and 
c h i c k  h a r v e s t i n g  a r e  major  i t ems  of l a b o r  and expense .  

Now l e t  u s  pause  f o r  a  moment and go back t o  c o n s i d e r  t h e  l o n e l y  hen.  
I f  s h e  c o u l d  watch t h i s  development from a  g r e a t  p i a t f o r m  n e s t  i n  t h e  s k y  s h e ,  
no doub t ,  would f i n d  amusing t h e  a t t e m p t s  of man, t h e  s u p e r i o r  be ing ,  t o  
d u p l i c a t e  t h i s  r e l a t i v e l y  s imp le  p r o c e s s  i n  h e r  l i f e .  Many have s t u d i e d  t h e  
i n c u b a t i o n  of eggs  by t h e  hen >under n a t - ~ r a l  c o n d i t i o n s  and t h e  g e n e r a l  
c o n c l u s i o n  i s  t h a t  t h e  ch i cken  i s  n o t  n e a r l y  a s  accompl ished a s  man i n  
p r o v i d i n g  i d e a l  c o n d i t i o n s .  The hen, whi le  a t t e n t i v e ,  does  n o t  appea r  t o  be  
a s  p r e c i s e  acd  a c c u r a t e  a s  man i n  h i s  a t t e m p t  t o  e s t a b l i s h  t h e  "mechanica l  
hen".  No doub t  mar. has mi s sed  some f a c t o r s  i n  c h i s  a t t e m p t  t o  t r a n s p o s e  b u t  
many have been i d e n t i f i e d .  Some have been s e c  a s r d e  because  of t h e  v e r y  f a c t  
t h a t  implementa t ion  would c o s t  more :han t h e  Se r . e f i t s  g a i n e d .  Landauer (1967)  
s t a t e s  "The problem of h a t c h a b i l i t y  i s  of g z e a t  economic i3por tance  a s  w e l l  a s  
of o u t s t a n d i n g  s c i e n t i f i c  i ~ t e r e s t " .  I r o u c f o o t  (1363)  n o t e s  "Smal l  
improvements i n  t h e  h a t c h a b i l i t y  of cn i cken  and t u r k e y  eggs  can r e s u l t  i n  
i m p r e s s i v e  economic g a i n s " .  C h r i s t e n s e n  and Sag ley  (1989) d e s o r i b e  t h e  
h a t c h a b i l i t y  of t u r k e y  eggs  a s  be ing  ~ o t o r i o u s ~ y  poor ,  w l tn  m o r t a l i t i e s  
between t h e  24 th  and 2 8 t h  day of i l c u b a t i o n  a c c o u n t i n g  f o r  t h e  g r e a t e s t  
p r o p o r t i o n  o f  a l l  d e a t h s .  Why? Is it because  we h a v e n ' t  r e a l l y  l e a r n e d  how 
t o  i n c u b a t e  t h e  agg of t h e  t u r k e y ?  

( b )  I n c u b a t o r  c o n d i t i o n s  
Examinat ion  o f  t h e  b a s i c  c o ~ d i t i o n s  i d e n t i f i e d  f o r  inc1;bation may be  

a p p r o p r i a t e  a t  t h i s  p o i n t .  
1. Tempers ture ;  ?7.Z3c ( 9 9 . 5 O ~ )  f s r  i n c u b a t i o n  t h e n  ",ecrease t o  

36 .g0c  (98  OF) d u r i n g  t h e  hacch ing  p e r i o d .  The c o n t r o l  of t empera tu re  is  
q u i t e  a c c u r a t e  and p r e c i s e  t h rough  t h e  use  of rr,odern t empera tu re  c o n t r o l  
methods.  X o n i t o r i n g  and o t h e r  t e c h n i v e s  have Seen d e s i g n e d  t o  minimize 
v a r i a t i o n s  i n  t e m p e r a t u r e  w i t h i n  t h e  i n c c b a t o r  b u t  v a r i a t i o n s  throughout t h e  
chamber w i l l  o c c u r .  Micimal a i r  t z a p p i n g ,  c u r r e n t  e d d i e s ,  t empera tu re  pocke t s  
and d i v e r s i o n s  can e a s i l y  e x i s t  w i t h i n  f o r c e d  a i r  machines .  Temperature  
i n t e r a c t s  w i t h  o t h e r  c o n d i t i o n s  of i n c u b a t i o n  t o o  and t h e s e  i m p l i c a t i o n s  must 
be c o n s i d e r e d .  

D i f f e r e n c e s  i n  t e m p e r a t u r e  g r a d i e n t s  appea r  t o  be  a n i n o r  f a c t o r  i n  t h e  
i n c u b a t i o n  p r a c t i c e s  of v a r i o u s  w i l d  b i r d s  a l t h o u g h  i t  i s  g e n e r a l l y  a g r e e d  
t h a t  t e m p e r a t u r e  i s  t h e  ma:or f a c t o r  i n v o l v e d  i n  t h e  i n c u b a t i o n  p roceduze .  
According t o  Freeman and Vince (1974)  "Under a r t i f i c i a l  c o ~ d i t i o n s  a t t e m p t s  
a r e  made t o  m a i n t a i n  incubator t e m p e r a t u r e s  wit?.in q u i t e  narrow l i m i t s  thzough 
t h e  i n c u b a t i o n  p e r i o d  and t h i s  aim i s  c o n s i s t e n t  w i t h  h i g h  h a t c h a b i l i t y .  
However, i n  t h e  w i ld ,  where h a t c h i n g  s u c c e s s  i s  a l s o  h igh ,  i n c u b a t i o n  
t e m p e r a t u r e s  a r e  l e s s  c o n s t a n t .  F l u c t u a t i o n s  i n  n e s t  and egg t e m p e r a t u r e s  a r e  
found even i n  s p e c i e s  where one o r  t h e  o t h e r  paren: i s  on d u t y  a t  t k e  n e s t  f o r  
a t  l e a s t  95% of t h e  t i m e " .  Lundy (1369)  noces :hat " 1 n t e m i t t e r . t  c o o l i z q  of 
eggs  f o r  s h o r t  p e r i o d s  helow t h e  normal i r . c sbazs r  :emperat.are of 37 .5  t o  38O~:  
i n  v a r i o u s  t7(pes and s i z e s  of i z c - b a c s r s  31ways z e s u l f s  i n  2r.creased 
h a t c h a b i l i t y  i f  t h e  r e s u l t s  a r e  comsarec  xlt?. 2ncooled  z s n t z o l s  o r  wit:: 
c o n t r o l s  c o o l e d  l e s s  f r e c p e n t l y  - - " .  3 c s s i a n  u o r k e r s  have a l s o  suqqes t ed  t h a c  
" i n t e r m i t t e n t  c o o l i n g  i s  n o r e  va:si.ble i u r i n g  t h e  f i r s :  t h a n  duri .?g t h e  l a s t  
week of i nc -ba t ion" .  Th i s  i s  a  silb;ec: srhich r e q c i r e s  f u r t h e r  s t u d y ,  a l s r . 3  
w i t h  t h e  need f o r  knowledge r e g a r d i n g  t h e  s p e c i s l  temperature requ i r e r . en t s  cf 
s p e c i f i c  g e n e t i c  l i n e s  s i n c e  t h e  phys io iogy  of new and rapid-growing ztocX3 
may w e l l  i n c l u d e  changes  i n  embryo ~ e t a b o l i s m .  

2 ,  V e n t i l a t i o n ;  gaseous  exchanqe must t a k e  p l a c e  a t  a  r a t e  which 
irill s a t i s f a c t o r i l y  remove t h e  ca rbon  d i o x i d e  3x2 s c p p l y  adequa te  oxyqer. o v e r  



t h e  p e r i o d  of embryonic growth.  Th i s  f a c t o r  i s  a l s o  a s s o c i a t e d  w i t h  a i r  
movement, n o t  o n l y  i n  and  o u t  of t h e  i n c u b a t o r  b u t  a l s o  a round  t h e  eggs  
themse lves .  K a l t o f e n  (1969) s t u d i e d  t h e  e f f e c t s  of a i r  movements on t h e  
h a t c h a b i l i t y  and weight  l o s s  of ch i cken  eggs  and,  u s i n g  a i r  speeds  from 0.08 
t o  3 m/s,  d e t e c t e d  no u n f a v o u r a b l e  i n f l u e n c e  of h i g h  a i r  s p e e d s .  Accord ing ly  
t h i s  a u t h o r  r e p o r t e d  t h a t  w i t h  " s t i r r e r  speeds"  o f  60, I20 and 180 rev/min t h e  
b e s t  h a t c h i n g  r e s u l t s  were a lways  o b t a i n e d  i n  t h e  i n c u b a t o r  wi th  t h e  h i g h e s t  
" s t i r r e r  speed" .  He f u r t h e r  conc luded  t h a t  t h i s  r a s  due ts a  g r e a t e r  
accumula t ion  of h e a t  between t h e  eggs  wi th  lower  s p e e d s .  Lundy (1969) has  
s t a t e d  t h a t  t h e r e  is  a  c o n t i n u o u s  r e l a t i o n s h i p  between oxygen s u p p l y  and 
p a r t i a l  p r e s s u r e ,  t h e  embryo b e i n g  h i g h l y  s e n s i t i v e  t o  d e c r e a s i n g  oxygen 
c o n c e n t r a t i o n s  below 1 5  p e r  c e n t  (p02 = 114 m q g )  and above 40 p e r  c e n t  (p02 - 
304 & g ) .  The embryo i s  much more s e n s i t i v e  t o  e x c e s s  ca rbon  d i o x i d e  t h a n  t o  
a  d e f i c i e n c y  of oxygen. The s e n s i t i v i t y  a p p a r e n t l y  d e c r e a s e s  w i th  t h e  age  of 
t h e  embryo and w i t h  t h e  c h i c k  a t  t ime  o f  h a t c h .  Xe know t h a t  a t  h igh  
a l t i t u d e s  t h e  lower a tmosphe r i c  p r e s s u r e s  change t h e  a v a i l a b i l i t y  of g a s e s  and 
t h e i r  r a t e  of exchange between t h e  embryo and i t s  env i ronmen t .  ay  u t i l i z i n g  
chambers t o  s i m u l a t e  s p e c i f i c  c o n d i t i o n s  we have r e c e n t l y  snown i n  o u r  
l a b o r a t o r i e s  i n  Colorado t h a t  fewer  t uzkey  eggs  b a t c h  a t  1524 rn t h a n  a t  s e a  
l e v e l .  

3 .  Turn ing ,  a s  w e l i  a s  t h e  p o s i t i o n  of :he egg,  s h o u l d  be  g i v e n  
c a r e f u l  c o n s i d e r a t i o n .  The f r equency  and d u r a t i o n  a s  w e l l  a s  t h e  d i r e c t i o n  of 
r o t a t i o n  and p o s i t i o n  of t h e  egg a r e  i m p o r t a n t .  The l i t e r a t u r e  a p p e a r s  t o  be 
w e l l  s u p p l i e d  w i t h  e v i d e n c e  showing t h a t  eggs  a r e  b e s t  i n c u b a t e d  l a r g e  end up 
compared t o  s m a l l  end up.  These two p o s i t i o n s  have been n o s t  s t x d i e d  d u r i n g  
a r t i f i c i a l  i n c u b a t i o n  i n  modern i n c u b a t o r s  a s  eggs  a p p a r e n ~ l y  a r e  more e a s i l y  
hand led  i n  t h e s e  p o s i t i o n s .  Does t h e  hen make t h i s  d i s r i n c t i o n  th roughou t  t h e  
p e r i o d  of i n c u b a t i o n ?  Should  t h e  egg be  r o t a t e d  r a t h e r  t h a n  t u r n e d ?  Does 
t h e  hen r e a l l y  t u r n  h e r  eggs  o r  does  s h e  r o t a t e  o r  r o l l  them and, i f  s o ,  how 
o f t e n  and t o  what deg ree?  T h i s  movement no t  o n l y  accormnodates t h e  embryo by 
p r o v i d i n g  a  means by which adhe rence  t o  t h e  s h e l l  and a s s o c i a t e d  merrbranes is  
,minimized, b u t  t h i s  s h o u l d  a l s o  p r o v i d e  a  means by xh ich  t h e  egg  is  moved 
th rough  t h e  v a r i o u s  t e m p e r a t u r e  g r a d i e n t s  e x i s t i n g  i n  t h e  n e s t  s u r r o u n d i n g  t h e  
hen h e r s e l f .  Both of t h e s e  f u n c t i o n s  s h o u l d  be c o n s i d e r e d  of i -or tance  t o  
t h e  d e v e l o p i n g  embryo. Funk and Forward (1960)  r e p o r t e d  h p r o v e d  h a t c h a b i l i t y  
from m u l t i p l e  t u r n i n g  b u t  t h i s  was c o n s i d e r e d  economica l ly  unaccep tab le  by t h e  
i n d u s t z y .  

4 .  R e l a t i v e  humid i ty  of t h e  i n c u b a t s r  envi ronment  w i l l  i n f l u e n c e  t h e  
r a t e  a t  which wa te r  is  l o s t  from t h e  egg d u r i n g  embryonic development and t h i s  
r e l a t e s  d i r e c t l y  t o  h a t c h a b i l i t y .  l a t e r  l o s s  from t h e  egg is  d i r e c t l y  r e l a t e d  
t o  egg t e m p e r a t u r e ,  egg  weight ,  s h e l l  weight  and t h e  p o r o s i t y  of t h e  s h e l l .  
According t o  Lundy (1969)  wa te r  l o s s  is  r e l a t e d  t o  h a t c h a b i l i t y  and abou t  L O  
t o  12 p e r  c e n t  l o s s  i s  o p t i m a l  f o r  b e s t  h a t c h a b i l i t y .  Excess ive  wa te r  l o s s  
r e s u l t s  i n  t h e  embryo's envi ronment  becoming d e h y d r a t e d  t o  a  p o i n t  where t h e  
embryo cannot  move f r e e l y  w i t h i n  t h e  egg due t o  t h e  e n l a r g e d  ai: c e l l ,  Xhere 
t h e  egg has  e x c e s s  wa te r ,  and t h e  a i r  c e l i  does  -or aeve lop  s u f f i c i e n t l y  f o r  
t h e  l ungs  t o  f3~nc:ion,  t h e  errbryo may aczual l ; .  ?=own. Cptlmum S u n i c i z y  i s  
g e n e r a l i y  a c c e p t e d  t o  be  i n  t h e  r ange  between 53 and 6 5 % .  Theze I s  l i t t l e  
e v i d e n c e  t o  s u g g e s t  t h a t  humid i ty  e x e r t s  adii::onal i n f l u e n c e s  on t h e  
d e v e l o p i n g  embryo a l t h o u g h  t h e r e  have been scggesr1or.s t h a t  c o n s i d e r a t i o n  
s h o u l d  be  g i v e n  t o  t h e  a p p l i c a t i o n  of F' ick's  ?i:sr Law of D i f f u s i o n  which 
s t a t e s  t h a t  "The amount of wa te r  an egg l o s e s  d u r i n g  i n c u b a t i o n  is  t h e  p roduc t  
of t h e  s u r f a c e  a r c  of t h e  egg,  t h e  vapor  p r e s s u r e  g r a d i e n t  a c r o s s  t h e  s h e l l  
and t h e  p e r m e a b i l i t y  o f  t h e  s h e l l " .  

( c )  F e r t i l e  eqq t o  c h i c k  
How many comcnercial h a t c h e r y  workers have  knowledge of t h e  b a s l c  



p r o c e s s e s  t h a t  t a k e  p l a c e  w i t h i n  t h e  e g g  be tween  t h e  t i m e  t h e  e g g  i s  p l a c e d  i n  
t h e  " s e t t e r "  a n d  t h e  t i m e  t h e  c h i c k  i s  removed f rom t h e  " h a t c h e r " ?  S h o u l d  
t h e y  r e a l l y  b e  e x p e c t e d  t o  u n d e r s t a n d  t h e s e  p r o c e s s e s ?  T h e r e  a r e  t h o s e  who 
would a r g u e  t h a t  t h e  i n c u b a t o r  o p e r a t o r  must  b e  f a m i l i a r  w i t h  t h e  p a c h i n e  t h a t  
i s  b e i n g  u t i l i z e d  a n d  t h a t  i t  must  b e  f i n e - t u n e d  a s  a  good  m u s i c i a n  t u n e s  h i s  
i n s t r u m e n t .  I t  must  p e r f o r m  a t  i t s  maximum. The p o i n t  o f  t h e  d i s c u s s i o n  
m i g h t ,  however,  b e  t h a t  t h e  i n c u b a t o r  o p e r a t o r  o f  t h e  f u t u r e  would s i m p l y  
" t h r o w  a  s w i t c h "  a n d ,  a s  l o n g  a s  f e r t i l e  e g g s  a r e  s u p p l i e d  on  s c h e d u l e ,  t h e  
c h i c k s  c o u l d  be  boxed  a s  t h e y  emerged  f rom t h e  machlne  on c o m p l e t i o n  o f  t h e  
i n c u b a t i o n  p e r i o d .  The n e c e s s a r y  knowledge  s h o u l d  be  d e r i v e d  f rom t h e  
s c i e n t i f i c  community a n d ,  when t h e y  t r u l y   now what i s  r e q u i r e d  t o  p r o d u c e  a  
c h i c k ,  m a n u f a c t u r e r s  s h o u l d  o b t a i n  c o m p e t e n t  a n d  u n d e r s t a n d i n g  e n g i n e e r i n g  
t h a t  c a n  p r o v i d e  t h e  m e c h a n i c a l  suppor:. 

P e r n a p s  t h e  b a s i s  f o r  s u c c e s s  is  i n  t h e  s t a t e m e n t  made many y e a r s  a g o  b y  
M a r t i n  ( 1 9 3 9 )  i n  i n t r o d u c i n g  t h e  s u b ; e c t  o f  i n c n b a t i o n  r e s e a r c h :  "The d e s i r e d  
t r e n d  o f  f u t u r e  r e s e a r c h  i n  i n c u b a t i o n  i s  f o r  ernbr: iologists ,  g e n e t i c i s t s  a n d  
n u t r i t i o n  w o r k e r s  t o  s t u d y  f u r t h e r  t h e  c a u s e s  o f  d e v e l o p i n g  e-nbryos.  T h i s  
s h o u l d  a s s u r e  more u n i f o r m i t y  a n d  g r e a t e r  economy of h a t c h i n g " .  C h r l s t e n s e n  
a n d  a a g l e y  ( 1 9 8 9 )  summarize t h e  p r o b l e m  a s  s e e n  t o d a y  a s  f o l l o w s :  
" H a t c h a b i l i t y  d e f i n e s  a  b r o a d  s e q u e n c e  of  e v e n t s  - when t h e  e g g  is  fertilized, 
a l l  t h e  c h e m i c a i s  a n d  mechanisms a r e  p r e s e n t  t o  f o r m  a  new p o u l t  w i t h  t h e  
n o t a b l e  e x c e p t i o n  o f  oxygen  - h e a t  must  b e  a p p l i e d  t o  s y n c h r o n i z e  t h e  
d e v e l o p m e n t  - t h e  a b ~ l i t y  t o  s y n c h r o n i z e  h e a c ,  oxygen a n d  t h e  b i o c h e m i s t r y  o f  
t h e  e g g  t o  p r o d u c e  a n  embryo f r o m  t h e  e g g  w i t h i n  a  g i v e n  t i m e  f r a m e . "  
Romanoff (1967)  more d i r e c t l y  s t a t e d  "The developing a v i a n  e g g  i n  i t s  e n c i r e t y  
i s  t h e  n o s t  complex  p h y s i o c h e m i c a l  syscem.  A t  a l l  s t a g e s ,  i t  m a i n t a i n s  a  
c o n s t a c t  e q u i l i b r i u m  beeween t h e  e r b r y o  and i t s  e x t r a e n n r y o n i c  s t r u c z u r e s  - 
membranes a n d  non-embryonic  components  o f  t h e  e g g " .  When one  c o n s i d e r s  t h e  
c o m p l e x i t y  o f  t h e  s y s t e m  w i t h i n  t h e  d e v e l o p i n g  e g g ' s  e n v i r o n m e n t  t h e  n e c e s s i t y  
f o r  a b s o l u t e  b a l a n c e  a n d  s y n c h r o n i z a t i o n  may b e  u n d e r s t o o d  a n d  c h e  g u i d a n c e  
s y s t e m  f o r  t h i s  d e v e l o p m e n t  of  l i f e  must  b e  h i g h l y  r e g a r d e d  bepond t h e  
" a p p l i c a t i o n  o f  h e a c " .  Xe must r e c o g n i s e  h e a t  a s  t h e  s t i m u l a t ~ n g  f o r c e  t o  
i n i t i a t e  t h i s  mechanism buc t h e  p r o c e s s  must b e  s u p p o r t e d  a s  i t  a d v a n c e s .  A 

r e f i n e d  g e n e t i c  c o d i n g  mechanism musc be  f o l l o w e d ,  s y n c h r o n i z e d  w i t h  a n  
a p p r o p r i a t e  e n v i r o n m e n t  c o n d u c i v e  t o  t h i s  d e v e l o p m e n t .  How t h i s  f e a t  may b e  
a c c o m p l i s h e d  by t h e  hen  h e r s e l f  may be  c o n s i d e r e d  a s  s o m e t h i n g  of  a  m i r a c l e .  

The main a c c o m p l i s h m e n t  h a s  b e e n  an economic  a d v a n c a g e  t h r o u g h  t h e  
a t t a i n m e n t  o f  t h e  a b i l i t y  t o  i n c u b a t e  l a r g e  riders o f  e g g s  o v e r  a  r e l a t i v e l y  
c o - o r d i n a c e d  p e r i o d  of  t i m e  w i t h  a  h a c c h i n g  p e r c e n t a g e  s i n i l a r  t o  t h a t  o f  t h e  
h e n .  I t  is  assumed c h a t  t h i s  h a s  been  a c c o m p l i s h e d  a c  a  minimum l a b o r  c o s t  
a n d  a t  a  maximum economic  a d v a n t a g e  b a s e d  upon t h e  f i n a n c i a i  investment i n  a l l  
f a c t o r s  i n v o l v e d .  

( d )  F u t u r e  r e q u i r e m e n t s  
N e w  i n n o v a t i o n s  a r e  r e q u i r e d  i n  i n c u b a t i o n  p r a c t i c e s  which w i l l  more 

c o m p l e t e l y  meec t h e  b a s i c  e n v i r o n m e n t a l  c o n d i t i o n s  by p r o v i d i n g  g r e a c e r  
u n i f o r m i t y  t o  e a c h  a n d  e v e r y  e g g .  New t e c h ~ i q e s  xaXe f e a s i b l e  some s f  c h o s e  
p r e v i o u s l y  c o n s i d e r e d  z n p r a c t i c a b l e  b e c a u s e  3f a  l a c k  of  a v a i l a b l e  
x e t h o d o l 3 g y .  We s n o u l d  ~ 3 n c l n - e  t o  r e a c h  ~ 2 c c  t5.e p o s i  s f  a v a i l a b l e  z e c h n i c a l  
I n f o m a t i o n  i n  3c.i.er f i e l d s .  Althougi:  t h e  ;ompccer h a s  p z 3 v l z e d  t h e  b a s i s  f o r  
m o n i t o r i n g  c o n d i t i o n s  i n  some of t h e  newer i n c - b a c s r  i n n o v a c i o n s ,  n o r e  
s o p h i s t i c a t e d  a p p l i c a t i o n  i s  r e q u i r e d  a n d  t h e  charricer musc r.cc o n l y  b e  
e n g i n e e r e d  zo  n o n i t o r  buc a l s o  t o  p e r f 3 r m .  we musc implement methods  a n d  
t e c h n i q u e s  t h a t  w i l l  p r o v i d e  more u n i f o m  c o n d i e i o n s  t h r o u g h o u t  t h e  i n c u b a t i o n  
chamber s o  t h a t  a l l  e g g s  e x p e r i e n c e  s i m ~ l a r  z e m p e r a t u r e  a n d  h u m i d i t y  r a n g e s .  
Eggs n u s t  be  s u b j e c t e d  t 3  a c c u r a t e  f l u c c u a c i o n s  s o  c h a t  t h e y  nay  be  c o o l e d  a n d  
warned a c  s p e c i z i e d  s c a g e s  f o r  s p e c : i i e s  : h e  p e r i 3 d s  d u r i ~ g  t h e  c o u r s e  of  



development .  T h i s  no doubt  w i l l  r e q u i r e  hea t  t e c h n i q u e s  f o r  e f f i c i e n t  
exchangers  a s  we l l  a s  mechanisms f o r  h e a t i n g ,  c o o l i n g  and d i s t r i b u t i n g  g a s e s ,  
and a c c u r a t e  t e c h n i q u e s  f o r  l o c a t i n g  and measur ing t h e s e  changes .  Perhaps  
microwave-type h e a t i n g  of i n c u b a t i n g  eggs  i s  not  t o o  f a r  from r e a l i t y .  

The i n c u b a t o r  of t h e  f u t u r e  must be  des igned  t o  p rov ide  v e n t i l a t i o n  
th rough  minimal a i r  movement w i t h i n  t h e  i r icubat ing charrber and, a t  t h e  same 
t ime ,  t o  p r o v i d e  t h e  gaseous  environment :o b a t h e  each egg wi th  r h e  
a p p r o p r i a t e  l e v e l  of oxygen f o r  :he p a r t i c - i a r  s t a g e  cif inc31bat ion,  a s  we l l  a s  
t o  c o n t r o l  carbon d i o x i d e  l e v e l  a t  t h e  optinurn f o r  normal r e s p i r a t i o n  and 
growth.  Th i s  d e s i g n  shou ld  i n c o r p o r a t e  a  h ~ ~ i d i t y  sys tem which cou ld  
m o i s t u r i s e  t h e  i n c u b a t o r  a i r ,  s a t u r a t e  o r  desert-dry a s  r e q u i r e d ,  t o  fog  o r  
s p r a y  and s a n i t i z e  egg s h e l l s ,  and t o  i n f u s e  csmponents through :he s h e l l  po re  
sys tem i n t o  t h e  errbryonic c i r c u l a t o r y  sys t em.  These l a t t e r  w i l l  i c c l x d e  
n u - r i e n t s ,  v a c c i n e s ,  m e d i c i n a l  components, ?.-.o_~,oces and o t h e r  growth- 
s t i m u l a t i n g  and p r o t e c z i v e  compounds. A t  Cslorado r e  have Seen i n v e s t i g a t i n g  
t h e  use  of a  l i q u i d  nedium f o r  c o n t a i n i n g  t h e  f e r t i l e  egg and t h e  deve lop ing  
ercbryo. Th i s  t f l e  of environment  cou ld  respond a c c 3 ~ r a t e l y  t o  t h e  r eqx i remen t s  
of t h e  embryo when t h e  p rope r  b a t h  s o l u t i o n  i s  - t i l i s e d ,  an5 i t  would p r o v i d e  
an a c c u r a t e  means by which compounds c o u l d  be i - co rpora red  i n t o  r h e  deve lop ing  
embryo. A s  one c o n s i d e r s  t h e  advantages  of u s i n g  a  l i q u i d  inccbati?.g 
environment many p o t e n t i a l  problems a r i s e  wnich x u s t  be cons ide red  s t e p  by 
s t e p  a s  p r o g r e s s  toward complet ion i s  addres sed .  

The i n c u b a t o r - h a t c h e r  shou ld  be p r e s s u r i s e c  Co p rov ide  a  hypezba r i c  
environment .  Eggs s h o u l d  b e  t u r n e d  th rough  m u l t i p l e  axes  and r o t a t e d  i n  o r d e r  
t o  maxirnize e.mbryonic development .  Sing:=.-stage i cc"5a t ion  pods -4iz.i.in a  
m u l t i p l e - s t a g e  Incuba to r  room o r  ci-..-rner, :swr.-f zee h a t c h i n g  cnarrkers .xith 
audio-  and p h o t o - s t i m u l a t i n g  p rocedures  .-nc ?.ec?.anl=al " h a = - ~ e s t i c g "  of = n i c k s  
would a l s o  be u t i l i z e d .  1ncorporat i .d  i n t o  c h i s  would he a  c h a r b e r  wi th  a  
sp ray - fog  f o r  n a s a l  vacc ine  a d m i n i s t r a t i o n  vhich would a l s o  have t h e  
c a p a b i l i t y  t o  i d e n t i f y  c h i c k s  by s e x .  This  might a l l  be accomplished through 
a  con t inuous  flow system i n  which t h e  eggs would F.ove fzom z e t t i c g  :o 
h a t c h i n g .  

P e r h a p s  t h e  words of  Freeman and 'Jince ( 1 9 7 4 )  p rov ide  t h e  b a s i s  f o r  an 
a p p r o p r i a t e  c l o s e  t o  t h i s  d i s c u s s i o n .  Th i s  s t a t emen t  a l s o  appeared i n  t h e  
conc lud ing  remarks t o  t h e i r  p u b l i c a t i o n :  " I n  =he l i f e - c y c l e  of an  a n i n a l  any 

, , s t a g e  i s  t h e  p roduc t  of e a r l i e r  ones  and a t  t h e  sarr.e : ~ n e  lrc must n e c e s s a r i l y  
i n f l u e n c e  f u r t h e r  s t ages" - - - - " the  newly-hatched c c c k  i s  a  product  of 
i n c u b a t i o n  and t h e  a d u l t  i s ,  i n  t u r n ,  t h e  p rodcc t  of t h e  newly-hatched c h i c k  
a s  f u r z h e r  i n f l u e n c e d  by t h e  envizor-nenc. S a t z h i n g  shou ld  n o t ,  t h e r e f o r e ,  5e  
c o n s i d e r e d  a s  an  end-point  f o r  i t  is s imul t aneous ly  a  Seg inn ing .  it i s  perhaps  
n o t h i n g  more t h a n  a  conven ien t  r e f e r e n c e  po inc" .  

The i n c u b a t i o n  sys tems of t h e  f u t u r e  n u s t  be c ~ n s i d e r e d  i n  t h e  c o n t e x t  
t h a t  t h e y  supp ly  some of t h e  s t e p s  tciwards :he p roduc t ion  of p o u l t z y  meat 
which p r o v i d e s  a  p r o t e i n  food s o u r c e  f o r  =n espam.ding world p o p u l a t i o n .  I t  
i s ,  t h e r e f o r e ,  ?er t i? .ent  t o  t h e  t o t a l  effcir: =.'.at t k e  p rocess  of i ncuba t ion  
moves forward i n  b a s i c  :echniques s s  iiel; a s  ir,cuszr:al p z c C u c t ~ o n .  The 
i n d u s t r y  :ocay i s  r a p i d l y  appr3achizg :he eecict .wcere z t e  r e p r o d c c t i - ~ e  ;bases 
must keep pace  x i t h  t h e  p r o d u c t i . ~ e  phases .  Y 2 1 3  n e c e s z ~ c a = e s  saxe  cc-9:"'- --..a:ec 

, . , . and L n d u s t r a l i z e c  approaches  toward ar:lrlz:aL z.cuoa::oc vhlch a r e s e n t l y  
e x h i b i t s  some s e r i o u s  s i g n s  of having reac?.ed a ? l a t e = u .  
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ADVANCES 1N THE CHEMOTHERAPY OF COCCIDIOSIS IN  BROILER CHICKENS 

S.W. PACE 

Summarv 

Res is tance  o f  t h e  pa thogen ic  spec ies  o f  E imer ia  t o  c u r r e n t l y  
a v a i l a b l e  a n t i c o c c i d i a l  med ica t i ons  i s  r a p i d l y  emerging as an i m p o r t a n t  
prob lem impeding optimum b r o i l e r  p r o d u c t i o n  wor ldw ide .  Th i s  has r e s u l t e d  
i n  a  c r i t i c a l  need f o r  s a f e  and e f f e c t i v e  a l t e r n a t i v e  d rugs .  D i c l a z u r i l ,  a  
b e n z e n e a c e t o n i t r i l e .  i s  a  nove l  broadspect rum a n t i c o c c i d i a l  compound o n l y  
r e c e n t l y  s y n t h e s i s e d  and deve loped f o r  use i n  b r o i l e r  ch i ckens .  Dose 
t i t r a t i o n  s t u d i e s  have r e v e a l e d  a n t i c o c c i d i a l  a c t i v i t y  a g a i n s t  some spec ies  
o f  E i m e r i a  a t  feed i n c l u s i o n  r a t e s  o f  o n l v  O.7ppm. Optimum c o c c i d i o c i d a l  
a c t i v i t y  i s  demonst ra ted a g a i n s t  a l l  pa thogen ic  E i m e r i a  o f  ch i ckens  a t  1 

ppm. F loo rpen  s t u d i e s  and f i e l d  t r i a l s  t h roughou t  t h e  w o r l d  have 
s u b s t a n t i a t e d  t h e  e f f i c a c y  o f  t h i s  compound. A  major  f e a t u r e  o f  t h e  a c t i o n  
o f  d i c l a z u r i l  i s  t o  i n h i b i t  o o c y s t  p r o d u c t i o n  and e x c r e t i o n ,  t hus  p r o v i d i n g  
a  p o w e r f u l  weapon i n  t h e  e p i d e m i o l o g i c a l  management o f  c o c c i d i o s i s .  

[ .  INTRODUCTION 

C o c c i d i o s i s  remains one o f  t he  most i m p o r t a n t  d i seases  a f f e c t i n g  t h e  
h e a l t h  and p r o d u c t i v i t v  o f  c h i c k e n s  used f o r  b r o i l e r  p r o d u c t i o n  (Groves 
7986) .  S ince  t h e  i n t r o d u c t i o n  o f  t h e  sulphonamides a lmost  50 yea rs  ago. 

Table 1 .  A n t i c o c c i d i a l  f a m i l i e s  

Decade o f  i n t r o d u c t i o n  A n t i c o c c i d i a l  f am i l \ .  Evamole 
1 9 4 0 ' s  Sulphonamides "Su lpt iaquir ioxa l i n e  

N i  t r o f u r a n s  
Organic  a r s e n i c a l s  
C a r b a n i l i d e  
Ni t robenzamides 
Thiamine analogues 
4 - h y d r o x y q u i n o l i n e s  
S u b s t i t u t e d  benzo ic  a c i d  
P y r i d i n o  i s  
P y r i m i d i n e s  
Q u i n a z o l i n o n e s  
Guanid ines 
P o l y e t h e r  ionophores 

P o l y e t h e r  ionophores 

Combinat ions 
P u r i n e  analogues 
B e n z e n e a c e t o n i t r i l e s  

-Fu razo l i done  
Roxarsone 
? N i c a r b a z i n  
*Zoalene (DOT) 
-Amprolium 
B u q u i n o l a t e  
- *€ thopaba te  
C l o p i d o l  
-"Pyr imethamine 
RHa lo fug inone  
=Robenid ine 
*Monens i n  
' Lasa loc id  
*Naras in  
-5a l i nomvc in  
'Maduramvc i n  
- U a r a s i n / N i c a r b a z i n  
A r p r i n o c i d  
D i c l a z u r i l  

*Commerc ia l lv  a v a i l a b l e  i n  A u s t r a l i a .  
+Used as comb ina t i on  o n l v :  e thopaba te  + amoro l ium,  pyr imethamine - 
sulphonamide 
S m i t h K l i n e  Beecham Animal H e a l t h  P roduc ts ,  P.O. The Oaks, NSW 2570 



p r o p h y l a c t i c  i n - f e e d  m e d i c a t i o n  has become e s t a b l i s h e d  as a  c r i t i c a l  
v e h i c l e  f o r  c o c c i d i o s i s  c o n t r o l .  Tab le  1  l i s t s  t h e  v a r i o u s  c l a s s e s  o f  
a n t i c o c c i d i a l  compounds t h a t  have become a v a i l a b l e  s i n c e  t h e  1 9 4 0 ' s .  As 
p o i n t e d  o u t  b y  McOougald (1986) many o f  t hese  drugs were l i m i t e d  i n  t h e i r  
u s e f u l n e s s  because o f  unaccep tab l y  low e f f i c a c y ,  i ncomp le te  s p e c t r a  o f  
a c t i v i t y ,  t o x i c i t y  o r  t h e  development o f  r e s i s t a n c e .  

As can be seen i n  Tab le  I ,  a n t i c o c c i d i a l  chemotherapy i n  t h e  7 0 ' s  
and 8 0 ' s  has been dominated b y  t h e  p o l y e t h e r  i onophores .  Not  
unexpec ted l y ,  r e l i a n c e  on a  s i n g l e  c l a s s  o f  compound, s h a r i n g  s i m i l a r  
modes o f  a c t i o n ,  has r e s u l t e d  i n  t h e  emergence o f  s p e c i f i c  r e s i s t a n c e .  
shared by a l l  members o f  t h e  c l a s s  ( J e f f e r s  1989) .  I n  o r d e r  t o  ex tend  
t h e  u s e f u l  l i f e  o f  e x i s t i n g  a n t i c o c c i d i a l  d rugs i t  becomes i n c r e a s i n g l y  
i m p o r t a n t  t o  f i n d  s a f e  and e f f e c t i v e  a l t e r n a t i v e  compounds w i t h  un ique  
modes o f  a c t i o n .  The f o l l o w i n g  r e v i e w  summarises manv o f  t h e  kev  aspects  
o f  t h e  n o v e l  c o c c i d i o c i d a l  compound d i c l a z u r i l ,  a  b e n z e n e a c e t o n i t r i l e ,  
t h e  s t r u c t u r a l  f o rmu la  o f  wh ich i s  s e t  o u t  i n  F i g u r e  1 .  

F i g u r e  1 .  S t r u c t u r a l  f o rmu la  o f  d i c l a z u r i l  

1 1 .  EFFICACY 

The a n t i c o c c i d i a l  a c t i v i t v  o f  d i c l a z u r i l  has been d e s c r i b e d  i n  t h e  
c h i c k e n  (Braem 1989; V a n p a r i j s  e t  a1.1989 c  d ) ,  t u r k e v  ( L a n p a r i j s  1989b) 
and r a b b i t  ( V a n p a r i j s  e t  a l .  1989a) .  E v a l u a t i o n  o f  t h e  a c t i v i t y  o f  
d i c l a z u r i l  i n  ch i ckens  a g a i n s t  E . a c e r v u l i n a ,  € . t e n e l l a ,  €.maxima. 
E . n e c a t r i x ,  E . b r u n e t t i  and E . m i v a t i  ( m i t i s )  has been under taken i n  
c o n t r o l l e d  b a t t e r y  and f l o o r p e n  expe r imen ts  as w e l l  as under commercial  
c o n d i t i o n s  i n  f i e l d  t r i a l s .  

Tab le  2 s e t s  o u t  t h e  r e s u l t s  o f  dose t i t r a t i o n  s t u d i e s  ( V a n p a r i j s  
e t  a l .  1989d) under taken  i n  Be lg ium u s l n g  b i r d s  w i t h  s i n g l e  spec ies  
i n f e c t i o n s .  The r e s u l t s  a r e  expressed as t h e  cornoosi te a n t i c o c c i d i a l  
i ndex  (,YcManus e t  a l .  1 9 6 8 ) .  '#hen i t  i s  cons ide red  t h a t  a  sco re  o f  180 
i s  a s s o c i a t e d  w i t h  good c o c c i d i o s i s  c o n t r o l  i t  can be seen t h a t  eben a t  
O. lppm, t h e  a c t i v i t v  o f  d i c l a z u r i l  a g a i n s t  E.maxima i s  a c c e p t a b l e .  
E .  m i v a t i  ( m i t i s )  i s  t h e  d o s e - l i m i t i n g  spec ies  and a t  t h e  commerc ia l l v  
recommended r a t e  o f  lppm, t h e  a c t i v i t v  o f  d i c l a z u r i l  a g a i n s t  a l l  major  
pa thogen ic  spec ies  o f  E i m e r i a  i s  a t  o r  above 180. 



Table  2 .  A n t i c o c c i d i a l  i n d i c e s  ( X I ) *  o b t a i n e d  i n  dose t i t r a t i o n  b a t t e r y  
t r i a l s  w i t h  d i c l a z u r i l  

Dose Ra te  o f  D i c l a z u r i l  i n  feed (ppm) 
E i m e r i a  spec ies  0 . 0  0 . 1  0 . 5  1 .O 5.0 

t e n e l  l a  
a c e r v u l  i n a  
n e c a t r i x  
b r u n e t t i  
maxima 
m i v a t i ( m i t i s )  

*ACI = % s u r v i v a l  - % r e l a t i v e  we igh t  g a i n  - d r o p p i n g  i ndex  - oocys t  i n d e x  

The r e s u l t s  o f  i n i t i a l  b a t t e r y  s t u d i e s  have been con f i rmed  i n  13 f l o o r p e n  
t r i a l s  conducted i n  6 c o u n t r i e s  (Braem 1989) .  The r e s u l t s  o f  an 
A u s t r a l i a n  r e p l i c a t e d  f l o o r p e n  s t u d y  (Page 1989) c a r r i e d  o u t  u s i n g  mixed 
sex b r o i l e r  ch i ckens  i n f e c t e d  w i t h  f i e l d  i s o l a t e s  o f  E . a c e r v u l i n a  and 
€ . t e n e l l a  a r e  p r e s e n t e d  i n  Tab le  3 .  I n  a l l  parameters  measured 
d i c l a z u r i l  demonst ra tes  s i g n i f i c a n t  a c t i v i t v  even a t  O.Spvm. A d d i t i o n a l  
s t u d i e s  have now been comple ted and w i l l  form t h e  b a s i s  o f  l a t e r  
communicat ions.  

Table 3 .  Summary o f  r e s u l t s  o f  A u s t r a l i a n  f l o o r p e n  s t u d y  

Treatment ,MTLS Oocvst coun t  -\LW(y) FCR X o r t a l i  t y ( D J 2 )  
70A I ( o v g )  70A[ 042 04 2  C T 

I UC 3.62a 95017a 1504a 2.079a 10.8a 15. l a  
d i c l a z u r i l  O.Sppm O.OOb 4333b 1880b 1 .877b O.Ob 6 . 3 b  
d i c l a z u r i l  l .0ppm 0 .08b  67b 1905b 1'.868b 0.Ob 7 .4b  
d i c l a z u r i l  2.0ppm 0 .07b  0  b  1893b 1 .872b O.Ob 8.8b 

IUC : i n f e c t e d  u n t r e a t e d  c o n t r o l s  OAI: day a f t e r  i n f e c t i o n  
MTLS : mean t o t a l  l e s i o n  sco re  ALW: average l i v e  we igh t  
FCR : f e e d  c o n v e r s i o n  r a t i o  
C  : c o c c i d i a l  T : t o t a l  
(Means h a v i n g  a  common l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  (P>0.05)  

111. SITE OF ACTION 

A l though  d i c l a z u r i l  a t  lppm has an a lmost  a b s o l u t e  
e f f e c t  i n  t h e  p r e v e n t i o n  o f  oocys t  e x c r e t i o n  b y  a l l  major spec ies  o f  
E i m e r i a ,  d i f f e r e n c e s  between t h e  spec ies  have been observed i n  r e l a t i o n  
t o  the  presence o f  c o c c i d i a l  l e s i o n s .  For example, l e s i o n s  due t o  
€ . t e n e l l a  and E . a c e r v u l i n a  a r e  c o m p l e t e l y  p reven ted ,  w h i l e  s l i g h t  l e s i o n s  
can o c c a s i o n a l l v  be observed w i t h  t h e  o t h e r  pa thogen ic  spec ies .  These 
f i n d i n g s  have suggested a  s p e c i e s - s p e c i f i c  mechanism o f  a c t i o n ,  the 
e l u c i d a t i o n  o f  k h i c h  has been t h e  s u b j e c t  o f  a  s e r i e s  o f  h i s t o l o g i c a l  and 
u l t r a s t r u c t u r a l  s t u d i e s  (Maes e t  a l .  1988. 1989; Verheyen e t  a l .  
1988 ,1989) .  These e loquen t  i n v e s t i g a t i o n s  have i d e n t i f i e d  t h e  
development s tages  i n  t h e  c o c c i d i a l  l i f e c y c l e  t h a t  a r e  s e n s i t i c e  t o  
d i c l a z u r i l  and have c l e a r l y  demonst ra ted t h a t  t h e  a c t i o n  i s  c o c c i d i o c i d a l  
A  summary o f  t he  r e s u l t s  i s  p resen ted  i n  F i g u r e  2 



I 1 n e c a t r i x  

i I a ce rvu l i na  
I 

1 D rune t t i  
I 
I 

~ ( EIMERIA 

i SPECIES 

I m a x i m a  

1 
I 

s t age  o f  a c t i o n  o f  d i c l a z u r ~ l  

DEVELOPMENTAL STAGE SENSITIVE TO DICLAZURIL I 

- lesion induc ing s tages 

TROPHOZOITE 

F i g u r e  2 .  S i t e  o f  a c t i o n  o f  d i c l a z u r i l  a g a i n s t  endogenous s t a g e s  o f  
d i f f e r e n t  E i m e r i a  s p e c i e s  o f  t h e  c h i c k e n  

C l e a r l y ,  t h e  a c t i o n  o f  d i c l a z u r i l  o recedes  t h e  l e s l o n - i n d u c i n g  
s tages  o f  € . t e n e l l a  and E . a c e r v u l i n a .  However,  l e s i o n s  due t o  E.maxima 
appear d u r i n g  gametogeny - p r i o r  t o  d i c l a z r ~ r l l ' s  a c t i o n  a g a i n s t  t h e  
zygo tes  o f  t h i s  s p e c i e s .  T h i s  e x p l a i n s  t h e  p o s s i b l e  presence o f  l e s i o n s  
b u t  absence o f  o o c y s t s .  I n  a l l  s i t u a t i o n s  t h e  c o c c i d i a l  l i f e  c y c l e  i s  
c o m o l e t e l y  i n t e r r u p t e d .  

SCHIZONT 

I V .  I rnUNITY 

The i m p l i c a t i o n s  o f  m e d i c a t i o n  o f  b i r d s  w i t h  d i c l a z u r i l  on t h e  
deve lopment  o f  immuni ty  t o  c o c c i d i a l  c h a l l e n g e  i s  n a t u r a l l y  o f  g r e a t  
impor tance .  Development o f  t h e  immune response t o  E i m e r i a  i n f e c t i o n s  i s  
complex (Rose 1 9 8 6 ) ,  b u t  appears  t o  have been p rovoked ,  a t  l e a s t  i n  p a r t .  
b y  t h e  t i m e  o f  e a r l y  sch i zogeny .  W i t h  an a p p r e c i a t i o n  o f  t h e  s i t e  o f  
c o c c i d i o c i d a l  a c t i o n  o f  d i c l a z u r i l .  i t  i s  o n l y  i n  t h e  case o f  € . t e n e l l a  
t h a t  d i c l a z u r i l  a c t s  i n  e a r l y  sch i zogenv .  S p e c i f i c  i n v e s t i g a t i o n  o f  t h e  
immune response o f  d i c l a z u r i l  - t r e a t e d  and E . t e n e l l a  - i n f e c t e d  b i r d s  
t o  r e c h a l l e n g e  w i t h  E . t e n e l l a  when m e d i c a t i o n  has been w i thd rawn .  
sugges ts  t h a t  s u f f i c i e n t  f i r s t  g e n e r a t i o n  s c h i z o n t s  deve lop  t o  i nduce  
p r o t e c t i v e  immun i t y  (tMaes e t  a l .  1 9 8 9 ) .  

GAMONT 

V .  SAFETY 

I 
ZYGOTE 1 

Knowledge o f  t h e  c i r cums tances  i n  h h i c h  t he  use o f  a  
chemothe rapeu t i c  agen t  i s  a s s o c i a t e d  w i t h  adverse e f f e c t s  a l l o w s  t i l e  
f o r m u l a t i o n  o f  r a t i o n a l  d i r e c t i o n s  f o r  use and the  i n t r o d u c t i o n  o f  
a p p r o p r i a t e  p r e c a u t i o n s .  A  r e v i e w  o f  t h e  adve rse  e f f e c t s  o f  compounds i n  



common use in poultry production has recently been published (Reece 
1988). It was noted that many of the widely used anticoccidials have 
particular safety limitations. However, identification of these 
limitations has permitted the recommendation of necessary safeguards and 
continued use. The safetv profile of diclazuril has been evaluated 
extensively in target and non-target species (Table 4), in controlled 
laboratory experiments and under conditions of normal commercial use 
(Janssen Pharmaceutica, unpublished results). These studies have 
revealed no adverse effects on growth rates, feed conversion 
efficiencies, mortality and a broad range of biochemical and 
haematological parameters. Similarly, a studv of the effect of 
continuous exposure of broiler breeders to diclazuril-medicated feed (1 
and 5ppm) discerned no negative effects on egg production, shell quality. 
hatchability or semen quality. 

Table 4 .  Studies of oral toxicitv of diclazuril in target and non-target 
species 

Species Oose rate 00s i ng Number of 
m q /  kq b .  w t  . mq/kq feed f requencv Animals Result 

Chicken 5000 single dose 20 UAE - 
Chicken 

Chicken 

Turkev 
Ouck (Peking) 
Ouck (Peking) 

Horse 
Cattle 
Dog 

25 continuous 
dav 0-37 

3 continuous 
dav 0-42 

100 continuous 7 davs 
100 continuous 7 dabs 
10 continuous 

riay 0 - 56 
daily. 6-7 days 
single dose 
single dose 

- 
I ,AAE 
I N A €  
2 NAE 

"NAE = no adverse effects 

Diclazuril at the recommended use rate has been included 
in rations of broilers concurrently medicated with each of a variety of 
antibacterials (tylosin tartrate, oxytetracycline hvdrocholoride. 
ampicillin, ervthromycin. furaltadone, tiamulin), anticoccidials 
(monensin, narasin, lasalocid, salinomycin, maduramycin, halofuginone, 
robenidine, nicarbazin, amprolium, sulphaquinoxaline plus pyrimethamine), 
growth promoters (virginiamycin, zinc bacitracin, avoparcin, nitrovin and 
roxarsone) and anthelmintics (flubendazolel. No adverse interactions 
have been observed. 

The overall satetv in use of diclazuril is affirmed bv 
conmercial use for more than I ?  months in the successful 3roduCtlon of 
more than 5 million birds. 



V I .  RESISTANCE 

As emphasized b y  Long and J e f f e r s  (1986)  t h e  s e l e c t i o n  o f  E i m e r i a  
r e s i s t a n t  t o  a n t i c o c c i d i a l  d rugs  has been one o f  t he  major  l i m i t a t i o n s  t o  
c o c c i d i o s i s  c o n t r o l  b y  chemoprophy lax is  i n  t h e  p a s t .  Indeed t h e  r a p i d  
emergence o f  r e s i s t a n c e  a f t e r  r e l a t i v e l y  l i t t l e  commercial  use 
c o n s i d e r a b l y  reduced t h e  a n t i c o c c i d i a l  u t i l i t v  o f  b u q u i n o l a t e  i n  t h e  
1 9 7 0 ' s  and a r p r i n o c i d  i n  t h e  1 9 8 0 ' s  (Chapman 1982) .  However, a l t e r n a t i v e  
approaches t o  c o c c i d i o s i s  c o n t r o l  a r e  n o t  a t  p r e s e n t  s u f f i c i e n t l v  
deve loped t o  r e p l a c e  chemotherapy. For t h i s  reason,  c o n s i d e r a b l e  
r e l i a n c e  i s  p l a c e d  on a n t i c o c c i d i a l s  which w i l l  c o n t i n u e  t o  form t h e  
c o r n e r s t o n e  o f  c o n t r o l  w e l l  i n t o  t h e  f u t u r e  (Long 1987: Chapman. 1 9 8 8 ) .  
The need f o r  new a n t i c o c c i d i a l  agents  i s  a c u t e .  e s p e c i a l l y  t o  reduce t h e  
r e s i s t a n c e  s e l e c t i o n  p r e s s u r e  imposed bv c u r r e n t  compounds. I t  i s  v i t a l  
a l s o  t h a t  new agents  a r e  used j u d i c i o u s l y  and t h a t  t h e i r  p r o p e n s i t y  t o  
s e l e c t  r e s i s t a n c e  i s  assessed p r i o r  t o  commercial  use .  L a b o r a t o r y  
s e l e c t i o n  s t u d i e s  o f  t h e  development o f  r e s i s t a n c e  t o  d i c l a z u r i l  have 
been under taken  b o t h  i n  t h e  U.K. and i n  The U e t h e r l a n d s .  (Janssen 
Pharmaceut ica  unpub l i shed  r e s u l t s )  Because o f  t h e  e f f e c t  o f  d i c l a z u r i l  
i n  i n h i b i t i n g  o o c y s t  o u t p u t ,  s e l e c t i o n  t r i a l s  have had t o  be r u n  a t  dose 
r a t e s  c o n s i d e r a b l y  lower  than  recommended c o m m e r c i a l l y .  U e v e r t h e l e s s .  
t h e  s t u d i e s  suggest  t h a t  s p e c i f i c  d i c l a z u r i l  r e s i s t a n c e  w i l l  n o t  be  
s e l e c t e d  r a p i d l y .  

V I I .  ACTIVITY AGAINST RECENT FIELD ISOLATES 

The s e n s i t i v i t y  o f  r e c e n t  f i e l d  i s o l a t e s  o f  c o c c i d i a  t o  d i c l a z u r i l  
has been d e s c r i b e d  i n  t he  U n i t e d  Kingdom (Chapman 1989) .  The ,Vether lands 
(Vertommen and Peek 1989) and A u s t r a l i a  (Groves 1 9 8 9 ) .  Chapman (1989)  
examined t h e  s e n s i t i v i t y  o f  f i f t e e n  i s o l a t e s  o f  E .  t e n e l l a  t o  d i c l a z u r i l .  
a  number o f  p o l v e t h e r  ionophores and t h e  comb ina t i on  o f  n a r a s i n  and 
n i c a r b a z i n .  A11 s t r a i n s  were c l a s s i f i e d  as s e n s i t i v e  t o  d i c l a z u r i l .  
w h i l e  v a r y i n g  numbers o f  s t r a i n s  were f o l ~ n d  t o  be r e s i s t a n t  t o  each o f  
t h e  o t h e r  a n t i c o c c i d i a l s .  S i m i l a r  r e s u l t s  were r e p o r t e d  bv Vertommen and 
Peek (19891 who t e s t e d  mixed i s o l a t e s  o f  E .  a c e r v u l i n a .  E .  t e n e l l a  and 
E ,  maxima o b t a i n e d  from b r o i l e r  farms th roughou t  The Ne the r lands .  I n  
A u s t r a l i a ,  Groves (1989)  examined t h e  a c t i v i t y  o f  d i c l a z u r i l ,  a  number o f  
i onophares  and t h e  comb ina t i on  o f  n a r a s i n  and n i c a r b a z i n ,  a g a i n s t  a  
compos i te  f i e l d  i s o l a t e  c o n t a i n i n g  p redominan t l y  € . t e n e l l a .  w i t h  s m a l l e r  
p r o p o r t i o n s  o f  E ,  a c e r v u l i n a  t y p e  o o c v s t s  arid E .  maxima. D i c l a z u r i l  was 
t h e  o n l y  compound t o  p r e v e n t  l e s i o n s  due t o  E .  t e n e l l a .  C o n s i s t e n t  w i t h  
t h e  s i t e  o f  a c t i o n  ( S e c t i o n  111) l e s i o n s  due t o  t h e  o t h e r  spec ies  were 
observed.  The s e n s i t i v i t y  t o  d i c l a z u r i l  o f  f i e l d  i s o l a t e s  f rom th roughou t  
t he  w o r l d  i s  n o t  s u r p r i s i n g ,  c o n s i d e r i n g  t h e  absence o f  p r i o r  exposure t o  
a n t i c o c c i d i a l s  w i t h  t h i s  mode o f  a c t i o n .  Hohever,  these p r e l i m i n a r v  
r e s u l t s  do suggest  t h a t  c r o s s  r e s i s t a n c e  w i t h  p r e v i o u s l v  used d rugs  i s  
u n l i k e l y .  

V I I I .  CONCLUSION 

The a v a i l a b i l i t y  o f  d i c l a z u r i l  w i t h  broadsuect rum a n t i c o c c i d i a l  
a c t i v i t y  and a  n o v e l  mechanism o f  a c t i o n  comes a t  a  t i m e  when r e s i s t a n c e  
t o  the  w i d e l y  used p o l y e t h e r  ionophores i s  i n c r e a s i n g .  D i c l a z u r i l  
i n t e g r a t e d  i n t o  b r o i l e r  h e a l t h  programmes s h o u l d  o f f e r  t h e  a b i l i t y  t o  
e f f e c t i v e l y  and s a f e l y  c o n t r o l  c o c c i d i o s i s  and enab le  optimum w e l f a r e  and 
p r o d u c t i v i t y .  
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THE INHERITANCE OF PLASllA INSULIN-LIKE GROWTH FACTOR-I AND CORRELATIONS WITH 
PERFORMANCE TRAITS IN HEAT-TYPE CHICKENS 

R.A.E. PYM*, F.M. TOMAS** and R.J. JOHNSON*** 

There is increasing interest in alternative selection strategies aimed 
at improving the efficiency of lean tlssue growth in meat-type chickens. 
Because of the mediating role of insulin-like growth factor-I (IGF-I) in 
protein synthesis and cartilage development (Scanes 1987), plasma 
concentration of IGF-I may be a suitable and useful trait for inclusion in a 
selection program for increased lean tissue growth in broilers. The present 
study was designed to provide information on the genetic and phenotypic 
parameters associated with IGF-I in a population of meat-type chickens. 

Heritability and genetic and phenotypic correlations between plasma IGF-I 
(measured at 42d), 56-d liveweight (56dW), 23 to 56-d food intake (FI) and 
feed conversion ratio (FCR) and abdominal fatness (AF) at 56 days, vere 
determined by sib analyses in a population of 327 pedigreed chickens produced 
by matings between 13 cockerels and 72 pullets from a line of chickens 
randomly bred for eight generations from an Australian commercial broiler 
strain. Results are shown in the table. 

Heritability and genetic (above diagonal) and phenotypic (below diagonal) 
correlation estimates (slre+dam) for 56dU. FI, FC?, AF and IGF-I from sib 
analysis of 327 neat-type chickens. Standard errors in parenthesls. 

Trait 56dW FI FCR A F IGF-I 

56dW 0.49 (0.131 0.88 (0.05) -0.21 i0.22) 0.72 (0.12) -1.05 (0.42) 
71 0.90 0.55 (0.13) 0.21 (0.21) 0.75 (0.11) -1.10 (0.43) 
FCR 0.13 0.12 0.73 (0.14) 0.09 (0.22) -0.30 (0.37) 
AF 0.64 0.68 0.17 0.49 (0.13) -0.43 (0.39) 
IGF-I 0.02 -0.02 -0.07 -0.02 0.10 (0.03) 

Plasma IGF-I concentratlons (ng/ml) were also neasured In ten 35-d old 
male chlckens sampled from each of flve llnes selected for slx generations for 
Increased abdomlnal fatness (31.30+1.37), decreased abdomlnal fatness 
(33.7321.521, lncreased 56-d llvewelght (33.43L1.17 ) ,  Increased 56-d 
llvewelght comblned wlth decreased abdomlnal fatness 132.75+1.591, or at 
random (33.49+0.91). There were no slgnlflcant dlfferences In plasma IGF-I 
between the llnes. 

The large genetlc correiatlon estlsates betveen plasma IGF-I and the 
other tralts are the llkely result of a mathematical artlfact caused by the 
low slre and dam varrance components for thls tralt, as lndlcated by the low 
herltabillty estlmate. These varlance components become the denominator In the 
calculation of the genetlc correlation. The lack of any llne dlfferences In 
plasma IGF-I In the second study comblned dlth the low herltablllty estlmate 
from the flrst, suggests that plasma IGF-I, neasured uslng the present nethods 
and techniques, may not have a role as a selection tralt In neat chlcken 
breedlng programs. 

SCANES, C.G. (1987). CRC Crlt. Rev. Poult Blol. L: 51 
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PROTEIN TURNOVER IN CHICKENS SELECTED FOR DIFFEREIIT ASi'PCTS OF GROWTH AIID 
BODY COMPOSITION 

R.A.E. PYI.!* and F  . ; I .  TOEfAS1+ 

P r o t e i n  t u r n o v e r  I n  t h e  w h o l e  body  a c c o u n t s  f o r  a b o u t  25% of m a i n t e n a n c e  
e n e r g y  r e q u i r e m e n t s  i n  t h e  g r o w i n g  c h l c k e n  and m u s c l e  p r o t e i n  t u r n o v e r  i s  a  
l a r g e  component  of  t h i s .  I n  a  p r e v i o u s  s t u d y  (Tomas e t  a l .  i 9 S S )  we r e p o r t e d  
t h a t  s e l e c t i o n  f o r  i n p r o v e d  f o o d  u t i l i s a t i o n  efficiency i n  c h i c k e n s  r e d u c e d  
t h e  r a t e  of  m u s c l e  p r o t e i n  b reakdown.  I n  t h e  p r e s e n t  s t u d y ,  p r o t e l n  b r e a k d o x n  
and  s y n t h e s i s  r a t e s  w e r e  a e a s u r e d  i n  l l n e s  of  c h i c k e n s  s e l e c t e d  f o r  S I X  

g e n e r a t i o n s  f o r  i n c r e a s e d  ( l i n e  F )  o r  d e c r e a s e d  ( l i n e  L) abdominal f a t n e s s .  
I n c r e a s e d  8-week l i v e w e l g h t  ( l i n e  U) , i n c r e a s e d  8-week I i v e w e l g h t  c o m b i n ~ d  
w i t h  d e c r e a s e d  a b d o m i n a l  f a t n e s s  ( l i n e  VL) o r  a t  random (line C ) .  

X e a s u r e s  o f  p r o t e l n  b reakdown and  s y n t h e s i s  r a t e s  were  n a d e  on t e n  a a i e  
c h i c k e n s  f r o m  e a c h  o f  t h e  a b o v e  f l v e  l i n e s  a t  3 5  d a y s  of a g e .  The b l r l s  s e r e  
l a c e d  i n  s i n g l e  c a g e s  a t  21  d a y s  of a g e  and  gi:.en a  d l e t  f r e e  of  a n l ! n a l  
p r o t e l n  and  c o n t a i n i n g  i 9 5 g  c r u d e  p r o t e i n  and  1 3 . 0  ?!E/kg. E x c r e t a  f rom 
i n d i v i d u a l  b i r d s  was c o l l e c t e d  q u a n t i t a t l - e l y  on d a y s  34 and  3 5 ,  d r i e d  a n d  
s u b s e q u e n t l y  a n a l y s e d  f o r  P i L - m e t h y l h l s t l d i n e  (3:IH), t o  p r a v i d e  a  m e a s u r e  of  
m y o f i b r i l l a r  p r o t e l n  b r e a k d o w n .  On d a y  3 5  t h e  b l r d s  y e r e  i n j e c t e d  w i t h  a 
m e a s u r e d  amount  of  r a d l o a c t i v e i y  l a b e l l e d  a n l n o  a c l d  : : - [ 2 , i , " ] ? h e n y l a l a n i n e )  
and  a f t e r  a  p r e c i s e l y  n e a s u r e d  ~ n t e r , ~ a l ,  s a m p l e s  2 f  b r e a s t  3 n l  t h l g h  n u s c i s  
v e r e  t a k e n  a n d  I m m e d i a t e l y  p l a c e d  i n  l l q u l d  n l t r o a e n  f o r  l a t e r  n e a s u r e  of t h e  
s p e c i f i c  radioactivity a £  amino  a c i d  i n c o r p o r a t ? d  I n t o  n u s c l e  t o  p r o v l d e  an 
e s t i m a t e  of  t h e  r a t e  o f  m u s c l e  p r o t e i n  s y n t h e s i s .  l l e a s u r e s  were  n a d e  of  2 1 - t o  
35-day g r o w t h ,  f o o d  I n t a k e  a n d  9CR and  of  whole -body  p r o t o l n  a n d  L i t  
composition 3t  t h e  t x o  a g e s .  R e s u l t s  of t i l e  s t u d y  - r e  s h o s u  :r. t h e  t a b l e .  

Growth r a t e  ( G R ,  g / d ) ,  TCR, l e a n  t l s s n e  g r o d t h  r a t ?  (LYGX, o l d ) ,  3:!H e:<crf::nn 
ipmol / lOOg l e a n  body m a s s )  and f r a c t l o n a l  r a t e s  (%, 'd l  2 f  p r a t e l n  b reakdown 
( K d ) ,  s y n t h e s l s  ( K g )  a n d  accretion ( K a )  I n  t e n  s a l ?  c h l c k e n s  s a m p l e d  f rom e a c h  
of  t h e  f l v e  l l n e s .  

L i n e  G R  FCR LTGR 3:IH Kd KS Ka 

A l t h o u g h  l e a n  t l s s u e  g r o w t h  r a t e  was g r e a t e r  I n  t h e  L  a n d  2L l l n e s  t h a n  
I n  t h e  C  l l n e ,  t h e r e  r e r e  no  s l g n l f l c a n t  d l f f e r e n c s s  b e t u e e n  t h e  l l n e s  I n  t h e  
f r a c t l o n a l  r a t e s  o f  p r s t e l n  a r e a k d o w n ,  s y n t 3 e s l s  3 r  a c c r e t l c n .  F h l l s t  L:?s 
differences I n  s y n t h e s l s  r a t e ,  a l t h o u g h  n o t  s l q n l f l c a n t ,  s e r e  i n  ? h e  e:cpec:ed 
direction, t h e r e  x a s  no  l o g l ~ a i  r e l 3 t : o n  b e t w e e n  s e l e c t ~ o n  c r l t e r l a  ;nd 
p r o t e l n  b reakdown r a t e  ii; t h e  l l n e s .  

TO;IAS, F .N. ,  JOI:ES, L.X. a n d ? Y H ,  3.A.S.  ( 1 9 3 3 ) .  B r .  P o u l t .  Scl,:_?_: 35? 

* Dept Farm Anlmal  M e d l c ~ n e  and  Production, U n l . ? e r s l t y  ~ f  C u e e n s l a n d ,  
S t  L u c l a ,  Q u e e n s l a n d  4067 

**CSIRO D 1 7 .  Human I l u t r l t l o n .  K l n t o r e  .Avenue, Adelaide, S o u t h  A u s t r a l l a  5000 



The P h y s i o l o g i c a l  B a s i s  o f  Poor  Egg S h e l l  Q u a l i t y  i n  Lay ing  Hens: 
The E f f e c t  o f  S a l i n e  D r i n k i n g  Water on E l e c t r o l y t e  B a l a n c e  a n d  

Rena l  F u n c t i o n  

J.R. R o b e r t s *  and D .  Balnave** 

E l e c t r o l y t e  b a l a n c e  a n d  r e n a l  f u n c t i o n  .were a s s e s s e d  i n  
l a y i n g  h e n s  r e c e i v i n g  n o r n a l  l e v e l s  o f  sod ium c h l o r i d e  (NaCl)  i n  
f e e d  o r  i n  w a t e r ,  a n d  i n  h e n s  r e c e i v i n g  29  N a C l / l i t r e  i n  d r i n k i n g  
w a t e r  i n  a d d i t i o n  t o  t h e  n o r m a l  NaCl s u p p l e m e n t  i n  f e e d .  B i r d s  
d r i n k i n g  2 9  N a C l / l i t r e  were d i v i d e d  i n t o  t h o s e  p r o d u c i n g  good  
q u a l i t y  e g g  s h e l l s  and  t h o s e  l a y i n g  e g g s  w i t h  poor  q u a l i t y  s h e l l s .  
P l a s m a  s o d i u m  l e v e l s  a n d  t h e  f r a c t i o n a l  e x c r e t i o n  o f  s o d i u m ,  
c h l o r i d e  a n d  p o t a s s i u m  were s i g n i f i c a n t l y  e l e v a t e d  i n  b i r d s  
d r i n k i n g  29 NaCl/l i : re a s  ccmpared w i t h  t h e  c o n t r o l  a n i m a l s .  

I .  INTRODUCTION 

The p r e s e n c e  o f  e l e c t r o l y t e s  s u c h  a s  s o d i u m  ( ~ a ' )  a n d  
c h l o r i d e  C ) ,  i n  d r i n k i n g  w a t e r ,  h a s  b e e n  snown t o  h a v e  a  
d e l e t e r i o u s  e f f e c t  on e g g  s h e l l  q u a l i t y  a t  c o n c e n t r a t i o n s  a s  low 
a s  2G0 mg N a C l / l i z r e  ( 3 a l n a v e  a n d  S c o t t  1 9 8 6 ;  9 a l n a v e  a n d  
Y o s e l e w i t z  1 9 8 7 )  . ;n a d d i t i o r . ,  t h e  s a n e  q u a n t i t y  o f  NaCl 
p r e s e n t e d  i n  f e e d  d o e s  n o t  a d v e r s e l y  a f f e c z  e g g  s h e l l  quality. 

The p h y s i o l o g i c a l  rnechanisa  by which NaCl a E f e c t s  t h e  q u a l i t y  
o f  e g g  s h e l l s  r e q u i r e s  f u r c k e r  i - v e s t i q a z i o n .  The p r e s e n t  s t u d y  
was d e s i g n e d  t o  i n v e s t i g a t e  t h e  e l e c t r o l y t e  b a l a n c e  i n  l a y i n g  hens  
r e c e i v i n g  NaCl i n  e i t h e r  f e e d  o r  w a t e r .  B i r d s  r e c e i v i n g  2000 rng 
N a C l / l i t r e  d r i n k i n g  w a t e r  were  d i v i d e d  l n t o  t h o s e  p r o d u c i n g  e g g  
s h e l l s  o f  good q u a l i t y  and  t h o s e  p r o d u c i n g  g o o r  q u a l i t y  s h e l l s .  

L a y l n g  h e n s  were  h o u s e d ,  i n d $ v i d u a l l y ,  i n  commerc ia l  l a y e r  
c a g e s ,  i n  a  room i c  t h e  U n i v e r s i t y  o f  Nau 5ng:acd Animal i Iouse .  
They were  m a i n ~ a i n e c !  a t  22°C 2r.d a  16L:83  p h o t c p e r i , 3 d .  F o u r  
g r o u p s  e a c h  o f  s i x  h e n s  w e r e  1 2 v e s t i g a z e d .  Group 1 ( c o n t r o l )  
a n i m a l s  (Bcdy w e i g h t  1 .67+0 .07  kg )  were  f e d  a  l a y e r  mash w i t h  NaCl 
s u p p l e m e n t  ( 2 g / k g )  a n d  g i v e n  c e i o n i z e d  w a t e r  a s  t h e  d r i n k i n g  
s o l u t i o n .  These  b i r d s  were  l a y i n g  e g g s  w i t h  good s h e l l s .  Groups 
2  a n d  3  r e c e i v e d  f e e d  c o n t a i n i n g  t h e  NaC: s u p p l e m e n t  a n d  were 
p r o v i d e d  w i t h  2 9  K a C l / l i t r e  d r l n k i n g  s o l a c i o n .  GI~c? 2  b i r d s  
(1.91'0.09 k g )  were l a y i n g  e g g s  w i t h  good s h e l l s  and Group 3  b i r d s  
(I. 65k0.09 k g )  were  laying e g g s  wiZh p c o r  q c a l i t y  s h e l l s .  B i r d s  
i n  Group 4 ( 1 . 8 3 i O .  C9 kg)  r e c e i v e d  Eeed w i t h o u t  t h e  iiaC1 

*Depar tmen t  o f  P h y s i o l o g y ,  U n i v e r s i t y  o f  N e w  E n g l a n d ,  A r m i d a l e ,  
New S o u t h  Wales,  2351 
**Depar tment  of  A n i n a l  Husbandry,  U n i v e r s i t y  o f  Sydney,  Camden, 
N e w  S o u t h  N a i e s ,  2570 



supplement, a drinking solution of lg NaCl/litre and were laying 
eggs with good shells. Results of previous studies indicated that 
the overall intake of NaCl by Group 4 would be equivalent to that 
of Group 1. Birds were 51-58 weeks of age at the time of the 
experiments. 

Renal function was assessed by standard clearance 
experiments, employing the "constant infusion" technique. 
Catheters were placed, under local anaesthesia, into both brachial 
veins. A cloacal cannula, fashioned from a 1.5 ml plastic 
microcentrifuge tube, was sutured into the cloaca, under local 
anaesthesia, for collection of ureteral urine. The bird was then 
restrained in a cloth sling, suspended from a wooden frame. A 
solution of 0.1% inulin plus 0.1% ?Afi (para-aminohippuric acid) in 
2.5% mannitol (180 mOsm/kg) was infused into one brachial vein at 
the rate of 0.2 ml/kg/min (following a priming injection of lOmg 
inulin plus lOmg PAH in 1 ml). Blood samples were collected from 
the opposite brachial catheter and ureceral urine was collected, 
from tne cloaca1 cannula, into pre-weighed plastic vials which 
were re-weighed to determine volumes. Two clearance periods, each 
of 30 mlnutes, .xere conducted. 

Some blood was piaced immediately into an AVL 984 Eiectrolyte 
Analyser for the measurement of iscisea calclun (caff), Naf and 
Kf. A heparlnised haematocrit tube was filled for the 
determination of haematocri~ and the remainder was centrifuged to 
separate the plasma. Urlne sampies were nixed thoroughly and an 
aliquot diluted 1:l with 0 . 5 M  LlOti to dissolve the uric acid 
precipitate. The remaining urlne was centrifuged and the 
supernatant analysed for osmotic concentration. The osmotic 
concentration of plasma and urinary superriatant was analysed using 
a Wescor Model 5100 Vapour Pressure Osmometer. Plasma and diluted 
urine samples were analysed for lnulin by the method of Waugh 
(1977); PAH by the method of Brun (1957) ; chloride by 
chloridometry (Xadiometer Mcdel CNTIO), and Naf and K+ by an AVL 
Electrolyte Analyser. T3ta: calcium In urine was measured on a 
Cobas Bio Spectrcpnotorcetric AuEoanalyser. 

111. RESULTS 

There were no significant differences in the body weights of 
the birds among the four groups. The osmotic pressure (O.P.) acd 
concentrations of ~a', K', C1- and cai+ in tne plasma of the hens 
are shown in Table 1. Values wlrh the same superscripts are 
significantly different frcm eacn ;:her. 

Osmotic aressrre ana tne cc?.co~.tznL:3ns of KT, rl- and Cat+ 
were not slgnlf icar.~lgi 3: f fc? rc?r .~  bez:deen grsups. tiowever, mean 
plasma Caff :e~.dec zc. he Y7.e ?.:;.-,esz i 2  ~?.e h e ~ s  layir,g c o r  
quality egg shells. Tho plasma >:a- cf Srs-p 1 was s~gnlficantly 
lower than that cf Zrougs 2 ar.2 3. ?lasma >:aT ,hias slgnlficantly 
higher in Group 2 -,.'lan ln S r o u ~  4. 



TABLE 1 P l a s m a  E l e c t r o l y t e s  o f  Hens o n  t h e  D i f f e r e n t  T r e a t m e n t s  

Group  ? Group 2 Group 3 Group 4 

O.P.mosm/kg 292.1 k1.3 288.6 12.8 292.9 i0.9 290.0 i1.57 
Na+ m~ 148.9 10.4AB 151.4 il.OAC 150.6 i0.4B 150.0 kO.gC 
K+ m~ 3.60 k0.08 3.54 50.10 3.65 k0.10 3.61 10.08 
C1- m~ 119.9 k0.8 118.1 k1.1 120.5 k0.6 119.8 k1.5 
~ a + +  m~ 1.449k0.021 1.474k0.013 1.420k0.022 1.399k0.023 

R e n a l  f u n c t i o n  p a r a m e t e r s  a r e  s u m m a r i s e d  i n  T a b l e  2. V a l u e s  
w i t h  t h e  same s u p e r s c r i p t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  
o t h e r .  

TABLE 2 R e n a l  F u n c t i o n  o f  Hens on t h e  D i f f e r e n t  T r e a t m e n t s  

GFR m l / m i n / k g  
ERPF m l / m i n / k g  
ERBF m l  . m i n / k g  
F . F .  % 
V m l s  
O.C. m l / m i n  
F.W.C.  m l / m i n  
F . E .  Na+ % 

F . E .  K +  % 

F . E .  c1- % 
F . E .  ~ a + + %  

G r o u p  1 Group 2 Group 3 Group 4 

G l o m e r u l a r  f i l t r a t i o n  r a t s  (GFR) a n d  u r i n e  f l o w  r a t e  (V) w e r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  g r o u p s .  E f f e c t i v e  r e n a l  
p l a s m a  f l o w  (ERPF) a n d  t h u s  e f f e c t i v e  r e n a l  b l o o d  f l o w  (ERBF) a n d  
f i l t r a t i o n  f r a c t i o n  ( F .  F .  ) w e r e  v a r i a b l e .  The ERPF a n d  ERBF w e r e  
s i g n i f i c a n t l y  h i g h e r ,  a n d  t h e  F . F .  s i g n i f i c a n t l y  lower ,  i n  Group  4 
t h a n  i n  G r o u p  2. O s m o l a r  c l e a r a n c e  ( 0 .  C.  ) a n d  f  r e e w a t e r  c l e a r a n c e  
( F .  W .  C .  ) w e r e  n o t  s i g n i f i c a n t l y  d i f  f e r e n t  b e t w e e n  g r o u p s .  
However ,  t h e  f r a c t i o n a l  e x c r e t i o n s  o f  s o d i u m  ( F . E .  ~ a + ) ,  c h l o r i d e  
( F  . E .  C1-) a n d  p o t a s s i u m  ( F . E .  K') w e r e  h i g h e r  f o r  G r o u p s  2 a n d  3 
t h a n  f o r  G r o u p  1. The  f r a c t i o n a l  e x c r e t i o n  o f  Na', C1- a n d  K+ 
w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  G r o u p s  1 a n d  4 .  The  
f r a c t i o n a l  e x c r e t i o n  o f  ~ a + +  was  h i g h e s t  i n  G r o u p s  3 a n d  4 
a l t h o u g h  t h e s e  d i f f e r e n c e s  w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

IV DISCUSSION 

T h e  r e s u l t s  o f  t h i s  s t u d y  r e v e a l  some c h a n g e s  i n  t h e  
e l e c t r o l y t e  b a l a n c e  o f  G r o u p s  2 a n d  3 .  P l a s m a  ~ a +  l e v e l s  w e r e  
s i g n i f i c a n t l y  e l e v a t e d  i n  b o t h  g r o u p s ,  a s  c o m p a r e d  w i t h  t h e  



c o n t r o l  Group,  1 .  T h i s  s u g g e s t s  t h a t  t h e  b i r d s  consuming NaCl i n  
t h e i r  d r i n k i n g  w a t e r  a r e  r e g u l a t i n g  p l a s m a  ~ a '  a t  a  s l i g h t l y  
h i g h e r  l e v e l  t h a n  t h e  c o n t r o l  a n i m a l s .  T h e r e  was no  c o n s i s t e n t  
e f f e c t  o f  s a l i n e  d r i n k i n g  w a t e r  on p l a s m a  C 1 -  l e v e l s .  Y o s e l e w i t z  
e t  a l .  ( 1 9 8 8 )  r e p o r t e d  e l e v a t e d  p l a s m a  l e v e l s  o f  b o t h  Na+ and  C 1 -  
i n  b i r d s  u n d e r  s i m i l a r  c o n d i t i o n s  o f  s a l t  i n t a k e .  

The h i g h e r  f r a c t i o n a l  e x c r e t i o n  o f  ~ a +  a n d  C 1 -  i n  Groups 2 
a n d  3 r e f l e c t s  t h e  g r e a t e r  i n t a k e  o f  ~ a +  a n d  C 1 -  i n  t h e s e  g r o u p s .  
The s i m i l a r  r e s u l t s  f o r  Groups  1 a n d  4 s u g g e s t s  t h a t  t h e  i n t a k e s  
o f  Nat a n d  C l -  i n  t h e s e  t w o  g r o u p s  w e r e  e q u i v a l e n t .  The  
f r a c t i o n a l  e x c r e t i o n  o f  K+ was l o w e s t  i n  t h e  c o n t r o l  Group 1 a n d  
s i m i l a r  i n  t h e  o t h e r  t h r e e  g r o u p s  where  NaCl was s u p p l i e d  i n  t h e  
d r i n k i n s  w a t e r .  The i n c r e a s e d  f r a c t i o n a l  e x c r e t i o n  o f  K+ i n  t h e  
l a t t e r  t h r e e  g r o u p s  i s  mos t  l i k e l y  d u e  t o  a n  i n c r e a s e  i n  t h e  
d e l i v e r y  o f  ~ a +  t o  t h e  d i s t a l  t u b u l e s  o f  t h e  k i d n e y s  p r o d u c i n g  a n  
i n c r e a s e d  s e c r e t i o n  o f  K'. The l a r g e ,  i f  n o n - s i g n i f i c a n t ,  i n c r e a s e  
i n  Group 4 b i r d s  may r e f l e c t  a  g r e a c e r  p r o b l e m  when NaCl i s  
i n c l u d e d  i n  d r i n k i n g  w a t e r  r a t h e r  t h a n  i n  t h e  d i e t .  The h i g h e r  
f r a c t i o n a l  e x c r e t i o n  o f  ~ a + +  i n  Group 3  a s  compared w i t h  Groups 1 
a n d  2  may b e  a s s o c i a t e d  w i t h  t h e  p o o r  q u a l i t y  egg  s h e l l s  p roduced  
by t h i s  g r o u p .  

The a d d i t i o n a l  i n t a k e  o f  NaCl i n  Groups  2  a n d  3  was n o t  
s u f f i c i e n t  t o  c a u s e  a n y  c h a n g e  i n  g l o m e r u l a r  f i l t r a t i o n  r a t e  
(GFR).  The c h a n g e s  o c c u r r i n g  i n  r e n a l  p l a s m a  f l o w  (ERPF) a r e  

d i f f i c u l t  t o  i n t e r p r e t .  T h e r e  i s  v e r y  l i t t l e  i n f o r m a t i o n  
a v a i l a b l e  on t h e  f a c t o r s  a f f e c t i n q  r e n a l  p l a s m a  f l o w  i n  a v i a n  
s p e c i e s .  The p r e s e n c e  o f  t h e  r e n a l  p o r t a l  s y s t e m  means t h a t  
v a r y i n g  amoun t s  o f  venous  b l o o d  may e i t h e r  p e r f u s e  o r  b y p a s s  t h e  
k i d n e y s .  The l o w e s t  r e n a l  p l a s m a  f l o w  was r e c o r d e d  i n  Groups 1 
a n d  2 w i t h  Group 3  h a v i n g  the .  h i g h e s t  v a l u e  ( a l t h o u g h  w i t h  a  h i g h  
s t a n d a r d  e r r o r )  . 

L a y i n g  h e n s  r e c e i v i n g  29 N a C l / l i t r e  i n  t h e i r  d r i n k i n g  w a t e r  
show o n l y  m i n o r  c h a n g e s  i n  e l e c t r o l y t e  b a l a n c e  a s  compared w i t h  
t h e  c o n t r o l  g r o u p .  T h e i r  h i g h e r  f r a c t i o n a l  e x c r e t i o n  o f  ~ a + ,  C 1 -  

a n d  Kt r e f l e c t s  t h e  i n c r e a s e d  i n t a k e  of  ~ a +  a n d  C 1 -  i n  t h e s e  
b i r d s .  
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EFFECT OF NCLBATION CONDITIONS ON SUBSEQLT.NT C O h P E m I V E  
BEHAWOUR PATTEEVS . W D  ITS RELEVXNCE T O  THE C H I C E N  EDUSTRY 

L.J. ROGERS 

.Although there has  been conside:ablc s tudy  of  [he b e h a v ~ o u r  of ch lckens  
after  hatching and the long-term conscqucnces o i  early learnlng on later  social and 
s e x u a l  b e h a v i o u r ,  l i t t l e  c o n s i d e r a t i o n  has  been g iven  to the  poss ib i l i ty  that  
incubation condit ions may influence the development of the embryo  in such a way 
that posthatching social  behaviour and survival  is al tered.  It is known that light 
exposure  of  eggs  dur ing  the last  d a y s  of incubation de te rmines  the direct ion of 
lateralisation in the brain, and that this occurs as a  consequence of the orientation of 
the embryo  in the egg ,  which pcrmits the right eye to receive light while the left 
eye is occluded.  It is reponed  herc that groups of chicks hatched from eggs which 
have been exposed to light, and so  all have braln lateralisation in the same direction, 
form a m o r e  stable and strat if ied social  hierarchy than groups  of  ch icks  hatched 
from e g g s  incubated in darkness.  In more  rigid o r  s table hierarchies the lower  
ranking individuals compete lcss successfully for food and may have a greater  risk of 
dy ing  due to starvation.  Recommcndarions for  control l ing incubation condit ions are 
therefore  m a d e .  

1. INTRODUCTION 

Chickens are a precocious spccics,  wiiich is apparently one of the reasons why 
they were domesticated in the rathcr distant  past. T h c  chick hatches from its egg 
with almost  fully developed vlsual and auditory systems (Scdla tck  1972; Freeman and 
Vince 1974). a  brain capable of forming srablc, long-term memories (Horn 1985) and 
motor  abilities much in advancc of thosc of newly harchcd o r  born a l t r ~ c i a l  species. 
Pecking  behaviour b e g ~ n s  immedia te ly ,  al lhough these pecks are mostly given with 
the beak closed and probably d n v c n  by curloslty rather  than being specifically for 
feeding. Within the first two days of posthatching life the chick gains the ability to 
stand upright  on its legs and s o  can walk and run efficiently (Hess  1959;  Gott l ieb 
1961) ,  and within an early sensi t ive period,  beginning immediately after  hatching,  it 
undergoes perhaps [he most  important  l caming  In its life. In the natural situation. 
it learns to recognisc and follow the hcn,  lcarning w h ~ c h  ensurcs its proximity to the 
hen,  which  is i m p o n a n t  for its protection and for lcarning its feeding preferences 
(Tolman 1967).  This  early learning ro rccognise and follow the hen is more rapid and 
s tab le  than later  l ea rn ing  a n d ,  thercforc ,  1 t  is referred to by the special  term, 
'imprinting'. 

I m p r ~ n t i n g  is an aspcct  of bchaviour u h ~ c h  has been extensively studied by 
some of rhc most  imporrant early rcscarchcrs in the field of ethology ie .g.  Lorenz 
1935; Hinde 1962; Sluckin 1966; Batcson 1966). The o p t ~ m a l  time for  a  chick to imprint 
on  a visual stimulus is 13 ro 18 lhours aite: hatchlng (Hess 1959).  and at around this 
age it will imprint  on  any conspicuous o b ~ c c t ,  such  as a  striped box o r  a  flashing 
light. The  o p t ~ m a l  t lme for auditory imprint ing precedes thls (Boyd and Fabricius 
1965) ,  a  developmental  s e q ~ ~ c n c e  w111ch rcilccts the fact that the auditory sysrem of  
the chicken develops in advance of lilt visual system ( S c d l i t e k  1972). 

Indeed [he  auditory and visual sys tcms  arc iuncrional  even before hatching.  
Auditory potentials can be rccoracd from neuroncs in the embryo ' s  forebrain by day 
16 of incubarion ( S c d l i t z k  19721 and i u n c l ~ o n a l  visual connections berween the eyes 
and the forebrain arc prescnt by d2y 1S of ~ncubat ion  iF:ceman and Vince 1974). 

Depanmenr o i  Physiology. Lniv;rsity o i  S c w  England. Armidal;. N.S .W.  2351. 
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After  day 19 of incubation there is a marked  increase in the embryo ' s  behavioural  
response (bi l l -clapping) to light s t imulat ion (Oppenheim 1968).  Despite  the fact that  
the op t imal  t ime for  imprint ing in  the  visual  and auditory modali t ies  occurs  after  
hatching,  it is  possible to imprint  chicks to ei ther  auditory o r  visual s t imuli  prior to 
hatching. Newly hatched chicks are attracted by sounds similar  to those which they 
themselves emit ted when in the egg  (Kruijt 1964). Guyomarc 'h (1974) has shown that 
expos ing  the e g g s  to o n e  of  their  species-specif ic  cal ls  increases the posthatching 
response  t o  that sound ,  and  Got t l i eb  (1979)  has shown that duckl ings  learn to 
recognise  the i r  spec ies -spcc i f ic  materna l  ca l l s  when  thcy  a re  st i l l  in  the  egg.  
Moreover,  by exposing eggs  to different wavelengths of  l ight  just before hatching it 
is  possible to visually impr in t  the embryos  to l ight  o f  a part icular  colour.  After  
hatching,  the embryos  will approach and stand next to l ights  o f  the s a m e  colour to 
which they had seen  exposed  pr ior  to hatching.  Thus ,  dur ing  the last s tages of  
incuba t ion ,  the ch icken  embryo  is already perce iv ing ,  learning and  even  behaving 
within the conf ines  of  i ts  egg ,  and this prehatching learning could well have  long- 
term consequences  on  i ts  behaviour and  survival .  

In addit ion,  the chicken brain is latcral ised,  such  that the left hemisphere of 
t h e  forebra in  cont ro ls  o n e  se t  o f  bchavioura l  func t ions  a n d  the r ight  another  
( R o g e r s  a n d  Anson  1979;  R o g e r s  1986).  a n d  d i rec t ion  of th i s  lateral isat ion i s  
determined by the orientat ion of thc embryo  in thc e g g  (Rogers  1982;  Zappia  and  
Rogers 1983). During thc last stagcs of incubation. whcn the visual pathways become 
functional, the embryo is positioned such that its lcft eye  is  occluded by its body and 
i ts  right e y e  remains  exposed  to r c c c ~ v c  st imulat ion by l ight  passing through the 
shell and membranes  of  the alr sac.  This  latcraliscd input of light to the right eye 
st imulates the dcvelopmcnt of  pathways from this cye  to dcvelop in advance of these 
connected to the left cye  (Rogers and Sink 1988). Aftcr  hatching. thc right eye  has 
super ior  Icaming  abil i ty o n  visual  discrimination tasks (Mench  and Andrew 1986; 
Gaston and Gaston 1984; Zappia and Rogers 1987) and the left eye  controls attack and 
copulat ion bchaviour (Rogers  ct al. 1985: Rogcrs 1986). Taking  into account a wide 
range of  results. Andrew (1988)  has  suggcstcd that thc lcfr eye  is  concerned with 
topographical cues ( the posi t ion of  stimuli in spacc).  whcrcas the right is concerned 
with the details of the st imulus itself. 

G i v e n  tha t  l igh t  before  h a t c h i n g  c a n  play s u c h  a n  i m p o r t a n t  ro le  in 
organis ing  the l a t e r a l i s a i o n  of  brain lunc t ion  and that ch icken  cmbryos  can  form 
stable memor ies ,  considcrarion of  rhc condit ions o f  incubation,  particularly over  the 
last 3 days,  may have applicd signil icancc to the poultry industry.  Until now much 
emphas is  has  bccn placcd on  carly posthatching bchaviour and  i ts  cffect  on fcod  
intake and survival ,  but littlc o r  no attention has bccn paid to possible effccts of the 
preha tch ing  envi ronment  on  latcr  bchaviour of thc ch icks .  

Groups  of c h i c k s  hatchcd l rom cggs  incubatcd in darkncss  during the last 3 
d a y s  o f  incuba t ion  cons is t  o f  individuals  which each  have  latcral isat ion of brain 
function.  but there is no  c o n s ~ s t c n c y  bctwcen individuals  in the dircct ion o f  this  
lateral isat io~i ,  and thus no group bias in lateralisation (Zappia and Rogcrs 1983). Half 
of the  ch icks  hatched from cggs  incubatcd in darkness lcarn bet ter  with the right 
eye  and  control  at tack- and copulat ion with thc left cyc. and the o ther  half are the 
o ther  way around. W e  thcrcforc hypothcsiscd that ,  s incc groups  of ch icks  hatchcd 
from e g g s  i n c u b x c d  in darkncss  havc no consistcnt .  o r  prcdictablc,  bias between 
individuals ,  they may be marc unstable, o r  show lcss r i g ~ d  social hierarchies (i.e. in 
contrast  to groups  of  ch icks  hatchcd rrorn c g y s  which have bcen exposed to light 
during the last 3 days o f  incubation and so  havc a consistcnt  individual and group 
bias in la tc ra l i sa t ion) .  

7 .  METHODS ; 

Black Austalorp x Whirc Lcghorn chicks wcrc hatchcd from c g g s  which had 
ei ther  bccn incubatcd in darkncss from day 17  o n ,  o r  which had  bccn expcscd tc 
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light (750  to 350 lux) over  this period. After hatching all of the chicks were exposed 
to light, and they were organised into groups of eight birds. There  were eight groups 
compr ised  of ch icks  hatched from eggs  incubatcd in darkness  (D groups)  and eight 
compr ised  of  ch icks  hatchcd from cggs  which  had reccived l ight  exposure  during 
the last 3 days of incubation ( L  groupsi. 

From day  8 to 16 of posthatching life the social hicrarchy was scored on the 
basis of competi t ion for food (aggressive pecks were not used to score the 'peck order' 
as  they are rarely given by chicks of this age).  Each day the chicks were deprived of 
food for  3 or  4 hours,  and thcn a small dish of iood was placed in the c o m e r  of the 
cage,  al lowing access to the food by only 3 chicks at a time. Over a 10 min. scoring 
period the number  of t imcs each  chick gaincd access to the food source was scored. 
Individuals  were  marked  by diffe:cn~ly co lourcd  r ing bands  o n  the  legs. In each  
group the chick which gained the most  number  of entr ies  to the food dish (mean 
value per  day over  9 days of testing) was considcred to be in rank 1,  at the top of the 
social  h i e r a r c h y .  T h e  chick which gaincd thc least number  of entr ics  to the food 
dish w a s  placed in rank 8 a t  \he bottom of the hierarchy.  T h e  o ther  birds fell 
bctwcen these extreme ranks. Weights wcrc also mcasurcd at several ages up to day 
7 0  pos tha tch ing  to invcs t iga te  any  poss ib lc  relationship bc tween  posi t ion in the 
social  hicrarchy in early lifc and latcr weight gain. 

A second ser ies  of  expcr iments  lookcd at competi t ion between mixed  groups 
c o m p r i s e d  of both c h i c k s  hatched l r o m  c g g s  incuba tcd  in darkness  and ch icks  
hatched from l ight-cxposcd cggs. T h c  modc  of gaining acccss to the food dish was 
scorcd in these mixed competi t ive situations. Tcst ing occurrcd from day 6 to 9 of life 
inclusive.  When per lorming  the behavioural  tcsts ,  thc cxpcr imcnter  w a s  not aware  
o f  the prior incubation condit ions of thc chicks, as each was markcd individually. 

Competi t ion betwccn dark incubated and light-cxposcd chicks was also scored 
by hous ing  ch icks  in a s tandard incubator  and noting competi t ion for  putt ing the 
hcad through the holes to fccd. T c s ~ i n g  occurrcd on days 3.4,5 and 13 posthatching. 
T h e  food troughs wcre rcmoved for  3 hours prior ro tcsting and rcplaced at testing. 
F o r  a 10 rnin per iod ,  at o n e  minutc  intervals. the n u m b e r  of heads  protruding 
through the holes and belonging to D o r  L ch icks  was scored. T h e  heads were 
identified by an ink mark around thc comb. 

3. RESULTS 

T h e  mean number of entrics madc  to the food dish by chicks in the top ranks 
(1 and 2 )  did not diffcr  significantly bctwccn thc D (dark-incubated) and L (light- 

Table 1 .  Enrn, to the food dish bv ~ h c  lowcsr rnnkinr ch i cks1  
D rrouns 

G r o u u  Rank 7 Rnnk R Rnnk 7 Rnnk R 

1 11.4 (1.4)  6.3 (1.0) 3.6 (1.3) 0.1 (0.1) 
2 5.2 (1.8) 4.5 (1.4) 8.6 (0.9) 3.1 (1.5) 
3 10.4 (1.3)  5.1 (1.2) 6.5 (1.2) 2.9 (1.0) 
4 - l O . S ( l . 3 )  9.1 (1.2)  3.4 (1.5) 0.1 (0.1) 
5 8.4 (1.3) 8.1 (2.1) 1.9 (1.0)  1.5 (0 .7)  
6 8.8 (1.4) 3.9 (1 .1)  6.0 (2.2) 4.0 (1.4)  
7 8.8 (2.4)  7.6 (1.9)  7.6 (1.3)  3.4 (1.1) 
8 8.1 (2.7'1 8 0 ( 1  .XI 1 I . 0  (1.2)  3 . 1  (2.0)  

l T h e  mean  n u m b c r  of cn t r ics  pcr  day  scored  daily from d a y  8 to 16 
posrhatching (standard errors  in brlckctsi  is givcn for  thc chicks in ranks 7 and 8 of  
each  group.  T h e  D groups arc compriscd o f  chicks hatchcd from eggs  incubated in 
darkness,  and the L groups from c g g s  which rcccived light exposure. (from Rogers 
and Workman 1989).  



exposed)  groups.  However ,  s ignif icant  differences did emerge  for  chicks in ranks 7 
and 8. As evident  from Table 1. the mean entry scores for these lowest  ranking birds 
were lower ( P  < 0.001) in the L groups than in the D groups. 

In the  L groups  the  lowes t  ranking ch icks  e i ther  never  at tempted to gain 
access to the dish or d id  so very rarcly. In other  words the hierarchy in the L groups 
was more s tab le  and  "more  hierarchical". T h e  entry scores for  the lowest  ranking 
chicks in the D groups were also more variable (P < 0.01: note larger s tandard errors 
for  D groups in table 1)  and low ranking birds in thcse groups obtained more access 
to the food o v e r  the measured pcriod of time. Thus ,  one  might expect  fewer 'starve- 
outs '  in the D groups. 

In addition, by day 28  of lifc chicks scored a s  high ranking between days 8 and 
16  were found to weigh significantly ( P  < 0.001) more than those scored at the bottom 
of  the  h ie ra rchy .  T h i s  d i f fe rcnce  be tween  h igh  a n d  low ranking  b i rds  became 
larger with increasing agc. and  occurred independcntly of the sex of the chickens.  

Table 2. Mean liveweight (g)  of thc chickcns in the highest  (Rank 1) and lowest 
(Rank 8)  catcgories (Standard crrors  are given in brackets) .  

,4 r e  Rank 1 Rank  8 

Day 28 322 (12) 
Day 55 905 (42) 
Day 70  1270 (88) 

Thus.  position in thc social  hicrarchy as scored by cornpctition for food in the 
second week of life provides a valid basis for  predicting weight from day  2 8  onwards, 
i rrespective of  sex.  Overall the D group chicks tcndcd to weigh more  than the L 
group  ch icks ,  but the diffcrcncc was not significant. 

In the second  expcriment it was found that D chicks adopt  a different, and 
more  successful. strategy of gaining acccss to thc food dish. There  are two extreme 
modcs of access to the dish,  one bcing by cl imbing on top of those already at the dish 
and pushing them away from the dish with thc feet, the other  achieved by crouching 
down and pushing in and up betwccn thc Icgs o f  thosc chicks already at the dish. 
T h e  D chicks made  a significantly highcr pcrccntage of  thcir approaches to the dish 
by going over the top of thc othcr  chlcks (7070 of thc approaches by D chicks were 
over the top, comparcd to 30% by tllc L chicks). 

This  competition bctwecn D and L chicks was also evident when the two types 
of chicks were raised in a standard broodcr.  On days  3.4.5 and 13 posthatching the 
percentage of D hcads scored to bc poking through thc holcs to fced was 86%. 67%. 
6 3 4  and  6 1 4  respectively.  Thus.  ~ h c  dark-incubated chicks are also more successful 
at ga in ing  access  to food presentcd in this manncr ,  part icularly in thc first days  
a f t e r  h a t c h i n g .  

As thesc cxpcrimcnts havc  shown,  cxposurc to light during the last three days 
of incubation docs indccd ~ f f c c t  latcr  s o c ~ a l  bchaviour In tcrms of  cornpctition for  
food ,  Givcn  that g roups  o i  ch lcks  hatched f rom eggs exposcd  to light dur ing  
incuballon form m o r c  s tab lc  h ic ra rch ics ,  with thc Iowcst  ranking  mcmbcrs  being 
more  reluctant ro compcte Tor food in c x l y  posthatching lifc, o n e  might suggest that 
thcre is an advantage in incubating eggs In darkness. Chicks from cggs incubated in 
darkness adopt  a morc  succcssful  s tratcgy f o r  acccss to the food  source  and their 
lowcr  ranking mcmbcrs  arc lcss likcly 10 ' s t ~ r v c - o u t '  by ncvcr competing for access 









GROWTH, FEED EFFICIElJCY AND BODY COllPOSITION AS IIJFLUE~ICED BY VARIATION III 
DIETARY PR0TEIN:ENERGY RATIO IN CHICKEllS SELECTED FOR DIFFERENT ASPECTS OF 

GROWTH AND BODY COllPOSITION 

Although most lines of commercial broiler chickens around the world are 
now selected along with growth rate for improved feed efficiency andlor 
reduced fatness, there 1s limited information as to effects of such change in 
selection criteria on nutrient requirements of the growing blrds. This study 
was designed to determine the effect of varlatlon in dietary protein:energy 
ratio on growth. feed efficiency and abdominal fatness in fl?e lines of 
chickens selected for increased (line F) or decreased (line L) abdcminal 
fatness; increased a-week liveweight (line W); increased 8-week livewerqht 
combined with reduced abdoslnal fatness !line 7Li or at random (line C). 

The entire study included four isoenergetic (13.0 Y J  ?lE/kg) diets 
ranging from 133 to 210 g crude protein (CP)/kg and both sexes. Growth rate 
and food Intake were measured in 320 chickens housed in slngle cages from 21 
to 49d and abdomlnal fat welght was neasured at 49d. Due to sexlng probl+gs 
causing a marked sex Inbalance in the groups allocated to the four dlets and 
the requirement for further statistical analyses of the entire data set, the 
results presented here are restricted to the balanced comparison ~f 12 females 
from each line given either of two diets containing 153 or 310 3 C?/kg. 
Results of this comparison are shown in the table. 

Growth rate (g/d), FCR and abdomlnal fat (g/kg) rn i2 pullets from each of the 
flve llnes glven two lsoenergetlc (13.0 :IJ !!E/ka~ diets contarq:ng 153 or 210a 
crude proteln (C?)/kg 

Growth rate FCR Abdominal fat 
C P 153 210 Hean 153 210 Kean 15 3 210 :lean 

F 28.6C 30.8C 29.7d 2.69" 2.1ba 2.5aa 33.?ab 27.3a 30.6a 
L 30.4bC 34.6b 32.jC 2.53b 2.32° ?.16b 27.5bC 16.gC 22.2° 
v 34.38 39.9a 37.1a 2.4gC 2.25b 2.37C 31.2abc 25.6ab 2S.da 
WL 32.7ab 36.5b 34.6".6Oab 2.2gb 2.15b 26.1C 19.YbC 23.0b 
C 30.5'JC 31.4C 31.0Cd 2.65ab 2.41" 2.53a 37.7a 21.6abC 2?.7a 
Mean 31.3 34.6 2.60 2.35 31.3 22.9 
LSDo. 0 3  2.7 2.9 2.0 0.10 0.09 0.07 7.1 5.9 'I .L 

Mean growth rate was higher and FCI and abdomlnal fat lower (P(O.0ii rn 
birds given the higher protein diet. There were significant differences 
between lines (P(O.01) for all three traits. The L line birds grew faster, 
converted food into body weight more efficiently and were substantially leaner 
than those in the P line. Birds from the U line grew somewhat faster and 
despite being considerably fatter, had a lower FCR than the vL line birds. 
Growth rate of the C line birds was ~nternediato to those in :he 7 and L lines 
but feed efficiency and abdomlnal fatness was slnilar to the 7 line. A1:hcuah 
there xas some change in ranking between the lines on the two dlets for cach 
tralt, the line X diet interaction was not -1gnif:cant (?)3.051 for any tral:. 
If line differences in protein requirement exist, they are nor? likely t =  be 
revealed when the results of the entlre data set including the f c u r  diets ;nd 
both sexes are analysed. These will be presented at the meetlng. 

Dept Farm Anlmal Medlclne and Production, Unlverslty of Queensland, St Lucla. 
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EFFECTS OF OXIDATION ON THE QUALITY OF 
INGREDIENTS AND FEED FOR POmTRY 

W. D. Sheriner 

Summary 

Oxidation of poultry feed and feed ingredients can have a 
severe impact on the quality of the feed and the bird's 
performance. We have only scratched the surface trying to 
understand these complex interactions. Even low levels of 
oxidation can have deleterious effects on a bird's performance, as 
measured by body weight and feed conversion. The various quality 
control tests that can be used to determine the stability of feed 
or feed ingredients each have their merits and some of these can 
be used to measure the efficacy of antioxidants in feed 
ingredients. 

I. Introduction 

Oxidation has numerous deleterious effects on feed and feed 
ingredients including loss of metabolisable energy and destruction 
of fat soluble vitamins, xanthophylls, flavor and aroma components. 
Severe oxidation has been associated with encephalomalacia in 
chicks as well as steatitis in swine and cats and, systematically, 
may manifest itself as exudative diathesis, muscular dystrzphy, 
necrotic tissue in various organs and poor fertility and 
hatchability. Deficiency syndromes such as encephalomalacia are 
the result of severe oxidation. Their symptoms are easily 
recognised and their cost is easily calculated. However, there 
the possibility of a aore subtle effect of oxidation - reduced feed 
efficiency. This will result in smaller birds and poorer feed 
conversion than otherdise might have been achieved with that same 
feed. Moreover, since there is nothing visually wrong with the 
flock, this effect can easily go undetected. 

1I.Oxidation and Broiler Growth 

Despite all the academic studies and field experience, no data 
are available which define when the oxidation has advanced to a 
level to cause any of the problems mentioned above. In 1988, 
Waldroup and coworkers reported the results of a 7 week floor pen 
study designed to address part of this problem (Cabel et al. 1988). 
The objective of the test was to evaluate the effects of using 
unstabilised fats of varying levels of rancidity, in conjunction 
with various ethoxyquin levels, on overall broiler perforaance. 

A 3 X 4 factorial arrangement of treatnents xas utilised. 

Monsanto Agricultural Company, Animal Sciences Division, St. Louis, 
Missouri, USA 



Ethoxyquin, at levels of 0, 62.5, and 125 mg/kg, was incorporated 
into diets formulated with fat which had previously been oxidised. 
Four peroxide levels were incorporated into the test: 0, 50, 100 
and 170 meq of peroxide per kg of fat. These fats were 
incorporated into the diets at the 4 5  level and correspond to 0, 
2, 4, and 7 aeq of peroxides per kilogram of finished feed. 

A total of 96 pens ras used in the test allowing eight 
replicate pens for each ethoxyquin X peroxide level combination. 
There were 70 birds per pen, 35 males and 35 females, for a total 
of 6,720 birds. Body weiqht and feed conversion were measured at 
21, 42, and 49 days. 

These studies showed an inverse linear correlation of reduced 
body weiqht and poorer feed efficiency with increasing peroxide 
level. With unstabilised feed, the bcdy weight fell an average of 
15 g per meq of peroxide in the feed (Figure 1, Left Axis) and the 
feed conversion increased alnost 2 points per meq of peroxide in 
the feed (Figure 2, Left Axis). The interaction of peroxides and 
ethoxyquin zas also significant. In this test, when birds were fed 
diets containing 7 meq of peroxide per kg of feed, both the body 
weights of the birds (Figure 1, Right Axis) and the feed conversion 
(Figure 2, Right U i s )  inproved as ethcxyquin content increased and 
at the highest level of ethoxyquin content, 125 mg/kg, the body 
weiqht and feed conversion were almost equal to the uncxidised 
control (1.619 kg and 2. 12 versus 1.635 kg and 2. 10 respectively) . 
The ethoxyquin was minimising the interaction of the existing 
peroxides with other feed nutrients and preventing the fornation 
of additional peroxides. 

No Ethoxyquin 
A 7 m e q  P e r o x i d e s  

\ i ' "  

Ficrure 1. Body Weight A s  A - .  r lc~clre 2. Feed Ccnversion .a.s .A 
Function of Teroxide Content Functcn of Peroxide Content 
(Left) and Ethoxyquin Content (Left) and Ethoxyquin Context 
(Right). (Right) . 



Dr. 0. W. Charles, University of Georgia, conducted a field 
survey of the oxidative status of stabilised and unstabilised 
broiler feed and feed ingredients from seven feed mills within that 
state. The purpose of the study was to determine if a correlation 
of feed oxidation with growth could be observed in the field. 
Three of these mills routinely, but not exclusively, used 
stabilised fats and by-product meal and the other four did not 
specify stabilised ingredients. Dr. Charles found that the levels 
of peroxides used in the Waldroup study were realistic and could 
be found under actual field conditions. Compared to broilers fed 
nonstabilised feed, broilers fed the stabilised feed had a 2.4% 
better energetic efficiency and 2% better livability (Charles et 
al. 1985). 

111. The Chemistry of Oxidation 

There is a strong similarity between the alkyl side chain of 
the structure of vitamin A and that of linoleic acid. It is in 
these highly unsaturated side chains that the oxidation reactions 
begin. The first step is the cleavage of a hydrogen atom from a 
carbon adjacent to one of the double bonds. This cleavage forms 
two free radicals. This reaction can occur at room temperature; 
but it can be increased very rapidly by the presence of metals such 
as copper and iron, higher temperatures, light, or the presence of 
other peroxides. 

The free radical which is formed by the cleavage of the 
carbon-hydrogen bond can then react with oxygen to form a peroxide 
radical. The peroxide radical can then re-attack the starting 
material to form a second free. radical plus the formation of a 
conpound call& a hydrcperoxide. This is the chernical compound 
that. is ac,t.ually measured when a peroxide analysis is performed. 
The hydroperoxide ean decompose t.0 forrq tvo fr& radicals both of 
which are capable of re-attacking the starting material and forming 
another radical. This is the source of the accelerating rate of 
the oxidation reaction. One free radical becomes two. Two gives 
four, four will give eight, etc. The rate of this reaction also 
can be dramatically increased by the presence of metals, heat or 
light. 

The oxidation reactions are interrupted when two free radicals 
react with each other to form a stable product or if they come into 
contact with an antioxidant. The nitrogen-hydrogen bond of 
ethoxyquin is the reactive portion of that molecule. It is the 
oxygen-hydrogen bond that is the reactive portion of BHA or BHT. 

The structure of ethoxyquin allows it to act as an energy 
sink. The energy of the free radical that is formed by the 
cleavage of the nitrogen-hydrogen bond is delocalised over the 
entire complex of this compound. In simplest terms, this means 
that it does not have enough energy concentrated at one point to 
re-attack the starting material to create another free radical and 
continue the chain reaction. 

Peroxides are not stable compounds themselves. They have two 
main reaction sequences by which they can be consumed. The first 
is a simple combination of free radicals to fofm a high molecular 
weight product. Since it is high in molecular weight, it will have 



very low volatility and be essentially odorless. However, these 
compounds are often the cause of the off-taste in the feed. The 
second mode of reaction of these free radicals is to breakdown into 
smaller molecular weight products. These products include a wide 
variety of chemical compounds known as aldehydes, ketones, acids, 
alcohols, and esters. Since these are low molecular weight 
products they are usually very volatile and are the main source of 
the bad odors present in the feed. 

IV. Analytical Procedures to Measure Quality 

Many methods are used in an effort to monitor the quality of 
feed and feed ingredients. Those methods used relating to fats and 
by-product meals include titer, moisture by Karl Fischer and by 
Loss on Drying, Insolubles, Unsaponifiables, Saponification Number, 
% Fat, % Free Fatty Acids, and Fatty Acid Profile. Methods 
specific to oxidative stability include Initial Peroxide Value, 20- 
Hour Active Oxygen Method (AOM or Swift Method), Iodine Number and 
Thiobarbituric Acid Analysis (TBA). . . 

Initial peroxide value deternination is probably the most 
frequently used quality control test for fats and by-product seals. 
It is a very useful test but there are two points that need to be 
remembered when it is used. First of all, the peroxide 
determination gives you the value at only a single point in time. 
Secondly, the peroxides themselves are unstable intermediates. A 
typical graph of peroxide concentration as a function of tine can 
be pictured as a common bell-shaped curve. Initially, the peroxide 
concentration increases very slowly but the rate increases more and 
more rapidly and passes through a period of a very rapid climb in 
the concentration d peroxida in that f&t. The peroxides are 
unstable and procead to form secondary reaction pmduc3.s. There 
is a point in time at which the rate of decomposition of peroxides 
equals the rate of formation. At this point, a plateau is formed 
on the plot of the peroxide concentration. As the raw materials 
are consumed, the rate of formation of peroxides begins to decrease 
whereas their decomposition to secondary products continues. This 
results in a decline in the peroxide concentration and it can 
actually proceed to the point of returning to the baseline. 
Because of this reaction profile it is recommended that people do 
both the initial peroxide determination as well as the 20-Hour ACM 
(the active oxygen determination) for peroxide value. The 
combination of these two values can enable you to more accurately 
predict where you are on that reaction profile. 

Several accelerated stability tests have been developed to try 
to determine how long a feed or feed ingredient can be stored 
without turning rancid. The problem is to design a test that 
represents real world storage conditions but can produce a result 
within a short period of time. These tro objectives conflict. The 
more quickly an answer is xanted, the more abnor~al the test. Yet, 
a quick answer is necessary and these tests are accepted vith these 
restrictions in mind. The 20-Hour AOM is the most commonly used 
method. A test tube containing 20 rnl fat is placed in an oil bath 
controlled at 97.8.C and air is bubbled through the fat at a rate 
of 2.33 ml per tube per sec. After 20 hours, the peroxide content 



of the fat is measured. The acceptable maximum is 20 meq peroxide 
per kg of fat. 

The results of the 20-Hour AOM analysis can be correlated with 
the stability of a feed or feed ingredient. However, to accurately 
interrupt the results of this test, one has to keep in mind the 
limitations imposed on the analysis by the peroxide concentration 
curve. The more that is known about the history of the sample, the 
better the interpretation will be. Also, the results can be 
somewhat variable if the sample is an unstable ingredient or feed 
and if that sample is the portion of the peroxide curve where there 
is very rapid change in the peroxide concentration at the end of 
the 20-Hour AOM. In this part of the curve very small changes in 
time between analysis of samples can make some apparent very large 
differences in peroxide value. At this time, the absolute number 
is not important. It is more important to have learned that the 
sample is extremely unstable. This test is extremely sensitive to 
impurities present either in the air that is bubbled through the 
fat or to any residue left in the test tube from the previous 
analysis. There is one distinct advantage for this test, however. 
It can be used for the evaluation of relative effectiveness of 
different antioxidants. 

The Iodine Number is another test that is frequently used to 
measure fat stability but it suffers some of the linitations of the 
Initial Peroxide Analysis. The Iodine Number measures the number 
of double bonds that are present in a fat. This then requires that 
something is known about the nature of the fat and the number of 
double bonds that should be present in a good quality sample of 
that fat. A good fish oil will have an iodine number as high as 
90 or even 100. A good poultry fat may be 70 to 75, a pork lard 
may be do-jn around 50 whereas a beef tallow could be as low as 40. 
The greater- the extent of the oxidation, the lower the iodine 
number of that particular fat. Therefore, it is extremely 
important to know the nature of the fat that is being analysed as 
well as what a typical value should be. Like the peroxide value, 
the Udine Number gives the status of an ingredient at a single 
point in time. Furthermore, high levels of peroxides may interfere 
with the Iodine Number analysis. 

The Thiobarbituric Acid Analysis, the TBA test, is another 
method that has been used by some investigators to study the 
stability of feed or feed ingredients. However, it suffers from 
many limitations. This test measures the malonaldehyde 
concentration generated by the oxidation of a triglyceride. The 
malonaldehyde, however, is a secondary by-product of oxidation 
produced by the decomposition of the peroxides which are formed 
first. Therefore, the oxidation could potentially be well advanced 
before any malonaldehyde is actually produced. Secondly, 
malonaldehyde is only one by-product out of a ride variety of by- 
products which are produced by the decomposition of peroxides. 
Aldehydes are also unstable products. They can be further oxidised 
to f o m  acids which are not analysed or detected by the TBA test. 
Therefore, a sample could give an erroneous low value for TBA and 
actually have undergone very extensive oxidation. Finally, this 
analysis is carried out with a W spectrophotometer and there are 
numerous other materials which can absorb in the same wavelength 



range as malonaldehyde and create some serious interferences in 
this analytical procedure. This method can be very useful in 
certain situations. For eample, the TBA analysis correlates well 
with the scorings from flavor panels of frozen food in shelf-life 
evaluations. 

V. Feed Ingredient Stability 

The 20-Hour AOM test has been used to measure the increased 
stabilisation of yellow grease through the addition of various 
antioxidants. The test was run at a commercial laboratory in 
Chicago, Illinois using yellow grease which was obtained locally. 
Samples of the various antioxidants were submitted to the lab and 
they prepared the samples, adding 500 mg/kg of an antioxidant to 
each sample, and ran the tests. The fats were held under the test 
conditions of the 20-Hour AOM test until the accepted limit of 20 
meq per kg of fat was actually reached. The AOM stability of the 
unstabilised control was 4.5 hours, vith BHT this was extended to 
19 hours, Tenox R, 20 hours; and BHA, 190 hours. The lab ran out 
of the fat treated with ethoxyquin at 530 hours and it still had 
not reached 20 meq of peroxide. 

A similar test with poultry fat was conducted using 750 mg/kg 
of each antioxidant. The control failed within 20 minutes 
indicating that it was a very unstable fat. The sample treated 
with BHT held up for 5 hours; and the BHA-treated sample lasted 78 
hours before reaching the 20 meq peroxide limit. The ethoxyquin- 
treated fat still had not reached the limit after 640 hours. 

A slightly different test was used rith poultry by-product 
meal. Samples of poultry by-product meal were obtained, mixed .dith 
the various antioxidants and then stored in a temperature humidity 
cabinet at 45'C and 60% relative humidity. At 3, 6, and 15 w e e k s ,  
samples of this by-product meal were then removed, the fat 
extracted and analysed for peroxide content. The peroxides rose 

, rapidly in the unstabilised control. This was followed very 
closely by the sample that had been stabilised by 500 mg/kg of a 
typical formulation. BHT provided some stabilisation but by far 
the most stabilisation was provided by 500 mg/kg of ethoxyquin. 
Throughout the entire 15 weeks of this storage test, no increase 
in peroxide content was detected in the sample treated with 
ethoxyquin. 

VI. Differential Thermal Analysis 

While the standard methods of determining the stability of 
feeds have been useful, they have their limitations and new methods 
are needed. Instrumental methods, such as Differential Thermal 
Analysis (DTA), are available which can measure the heat evolved 
as some of these materials oxidise. Ethoxyquin is virtually the 
only antioxidant used in stabilising fishmeal. The results of this 
study demonstrate why this is the antioxidant of choice. Samples 
of Menhaden fishmeal were obtained every two weeks during the 
fishing season and sent to St. Louis for analysis. A DTA 
procedure developed by Monsanto was used in which it was possible 
to detect the heat generated as the fishneal oxidised. With this 



equipment a heat evolution of 1.25 kJ/kg/min was detected in the 
unstabilised control. The heat evolved is energy lost to the 
animal. When 100 mg/kg of ethoxyquin was added heat evolution was 
reduced by 85%. 

Using a computer program to take the data generated by the 
DTA, it is possible to estimate how long it would take a pile of 
fishmeal to be in danger of catching fire. The untreated control 
could have caught fire in as short a time as three or four days. 
Treatment with 100 mg/kg of BHA extended that life time to about 
20-25 days, 100 mg/kg of BHT to about 45 days, 100 mg/kg of 
ethoxyquin protected the fishmeal for as long as 125 days (Romoser 
1979). 

VII. Beta-Carotene Stability Test 

Another sensitive test method for comparing the effectiveness 
of different antioxidants is the Beta-Carotene Stability Test. 
This procedure measures the stability of beta-carotene as the time 
required for one-half of the beta-carotene to decompose. 
Antioxidants can be added to the system and their effect on the 
beta-carotene half-life can be measured. Ethoxyquin addition 
increased the half-life from 60 minutes to 180 minutes, BHT to 84 
minutes and BHA to 79 minutes (Shermer et al. 1983). 

The beta-carotene method has also been used to measure the 
deleterious effects of contaminants such as copper and iron. Both 
of these metals are known to promote oxidation but copper has been 
reported to be the more reactive when present in fats. However, 
in the beta-carotene test, both metals have been found to be 
equally deleterious. Chelating agents are frequently added with 
antioxidants to neutralise the effects of the metals. Citric acid 
has been shown to be an effective chelator of iron in the stability 
test but a poor chelator for copper. The opposite effect was seen 
when sodium acid pyrophosphate was added. 

VIII . Ethoxyquin and Vitamin Prenix Stability 
Reliable methods to study the stability of vitamin or 

vitanin/mineral premixes are more elementary. The use of storage 
stability tests under controlled temperature and humidity 
conditions is the most common method for these systems. The 
stability of the matrix is then determined by comparison of the 
analyses of one or more of the vitamins, as a function of time, 
with the initial value. Dr. Donald Parrish, Kansas State 
University, ran a test on the stability of a vitamin/mineral premix 
with and without an antioxidant using temperature and humidity as 
variables. He found that moisture was the most important factor 
during storage of the premix. Under dry conditions at 43'C, an 
average 10% loss of vitamin A was observed during one month 
storage, regardless of antioxidant treatment. This was probably 
due to the high levels of ethoxyquin already incorporated in the 
protective system for the vitamin developed by the manufacturer. 
However, in the presence of high humidity, the control lost 92% of 
the vitamin A in one month. The higher loss in the presence of 
high humidity is due to the hydrolysis of the vitamin A acetate to 
produce the free vitamin A. Vitasin A is naturally an alcohol and 



is highly susceptible to oxidation in this form. When ethoxyquin 
was added to the premix, 47% of the Vitamin A remained after the 
one month storage at high humidity. (Parrish & Patterson 1987). 

IX. Conclusions 

Feed oxidation can produce a vide variety of problems which range 
from the very severe difficulties associated with deficiency 
syndromes like enchephalomalcia to the less obvious effects of 
reduced body weight and poorer feed efficiency. Regardless of 
severity, the bottom line is a loss of income to the grower. The 
use of an antioxidant such as ethoxyquin can help protect against 
these losses. 

The oxidation of feed and/or feed ingredients typically begins 
in the highly unsaturated side chains of the fat or fat soluble 
components of that feed. Peroxides are the first product generated 
by the oxidation that takes place in the side chains but the 
peroxides themselves are unstable and will rapidly continue the 
oxidation process and produce secondary by-products which include 
polymers, acids, ketones, aldehydes and other similar compounds. 

Each of the standard methods used fcr stability evaluzticn - 
Initial Peroxide Value, 20-Hour AOM, Iodine Number and TBA 
Analysis - have their advantages and disadvantages. Of these 
tests, the combination of the Initial Peroxide Value and the 20- 
Hour AOM test provide the most useful data to assess the current 
stability of samples and the projected shelf-life of those 
materials. New analytical methods such as DTA and the Beta- 
Carotene Stability Test can provide additional infornation. Using 
these methods, data from a variety of relative efficacy studies in 
fats, poultry by-product meal, and f ishmeal conf inn rhe efficacy 
and cost effectiveness of ethoxyquin. 
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ENDOGENOUS AMINO ACID SECRETION IN CHICKENS FED G m E D  LEVELS OF DIETARY X3RE 

P .  S i r i w a n ,  W.L. Bryden  a n d  E.F. Annison  

I n t e s t i n a l  endogenous  p r o t e i n  s e c r e t i o n  i s  v a r i a b l e  a n d  n a y  be 
i n f l u e n c e d  b y  many f a c t o r s  i n c l u d i n g  d r y  m a t t e r  a n d  p r o t e i n  i n t a k e ,  p r o t e i n  
q u a l i t y  a n d  cxude  f i b r e  c o n t e n t  o f  t h e  d i e t  ( S a u e z  a n d  Ozimek 1 9 8 6 ) .  H o s t  
s t u d i e s  h a v e  b e e n  b a s e d  e i t h e r  on  t h e  u s e  o f  p r o t e i n - f r e e  d i e t s ,  o r  on  t h e  
e x t r a p o l a t i o n  t o  z e r o  p r o t e i n  i n t a k e  f r c m  measurements  .made on  b i r d s  f e d  
g r a d e d  l e v e l s  o f  p r o t e i n .  9 0 t h  p r o c e d u r e s  y i e l d  v a l a e s  f o r  endogenous  
s e c r e t i o n  o f  c p e s t i o n a b l e  r e l e v a n c e  t o  b i r d s  f e d  normal  d i e t s .  I n  :he p r e s e n t  
s t u d y  we have  examined  :he e f f e c t s  o f  d i e t a r y  f i b r e  l e v e l  on endogenous  
s e c r e t i o n ,  e x p r e s s e d  a s  v a l u e s  f o r  i n d i v i d u a l  amino a c i d s  a f t e r  h y d r o l y s i s  o f  
i l e a l  c o n t e n t s ,  u s i n g  homoarginir .e  a s  a  m a r k e r .  T h i s  t e c z n i q e  overcomes  many 
o f  t h e  limitations a s s o c i a t e d  4 p r o t e i n - f z e e  d e t e - d n a t i o n ,  o r  
extrapolation t 3  z e r o  3 r o c e i n  i n t a k e  ( S r z i w a n  e t  a:. 1 9 8 7 ) .  

M a l t  b r o i l e r s  ( 5  weeks o l d )  were f e d  d i e c s  2 o n t a i n i n g  23% o s s e i n  a c d  
g z a d e d  l e v e l s  o f  d i e c a r y  f i b r e  ( r i c e  h u l l s ;  3 ,  30, 68, 30, 120 g/Xgj a n d  
c e l i t e  (28  g / k g j  a s  a  m a r k e r  f o r  f o u r  d a y s .  T h r e e  Aonrs S e f o r e  i l e a l  c o n c e n t s  
were c a l i e c t e d  :he b i r d s  were p r e c i s i o n - f e d  a i r> .  25 3 of d i e t  containing 
g u a n i d i n a t e a  c a s e i n .  The d i e t s  a n d  i l e a l  c o n t e n z s  were a n a l y s e d  f o r  amino 
a c i d s  i n c l c d i n g  h o m o a r g i n i n e  a n d  a c r d  i n s o l x 3 l e  a s n .  Zndogenous amino a c i d  
v a l u e s  r e r e  c a l c u l a t e d  f z o n  homoarg in ine :amrno  a c i i  v a l u e s  i n  g u a n i d i n a t e d  
c a s e i n ,  a n a  i n  i l e a l  c o n t e n t 8  ( S i r i w a c  e c  a:. 1387)  a c d  a r e  p r e s e n t e d  i n  t h e  
t a b l e .  

Endogenous amino z c i d  c o n c e n t r a t i o n s  (mg/kg D M  i n t a k e )  i n  i l e a l  d i g e s t a  of  
b r o i l e r  c z ~ z k e n s  f e d  grac5ed l e v e l s  o f  5 ~ e ~ a r y  =:" --"re 

Amino Acid  D i e c a r y  f i b r e  l e v e l s  ( g i k g )  
0  3 0  5 0  90 12 3 

T h r e o n i n e  
V a l i n e  
H e t h i o n i n e  
I s o l e u c i n e  
L e u c i n e  
P h e n y l a l a n i n e  
H i s t i d i n e  
L y s i n e  
A r g i n i n e  

These  d a t a  show t h a t  endogenous  p r 3 t e i n  s e c r e t i o n  i n t o  t h e  g u t  i s  
p o s i t i v e l y  r e l a c e d  (P<O.OS) t o  t h e  l e v e l  o f  d i e t a r y  f i b r e .  I t  i s  l i k e l y  t h a t  
d i e t a r y  f i b r e  i n c r e a s e s  t h e  s e c r e t i o n  o f  enzymes i n t o  :he g u t  and  d e s q u a m a t i o n  
of  t h e  l i n i n g  o f  t h e  i n t e s t i n a l  t r a c t .  

SAUE.?, B . C .  2nd O Z i Y ! : i ,  2. ( 1 9 8 6 )  . Llvesz-c 'c  ? r z c i . S c i .  15: j 6 7 .  
SZRZ'dAN, ? . ,  3RVrEN, W.5. a c d  .&\WISCN, 2 . F .  (1337:. ? r ~ c . ? : s ~ = . S c c . . i i : s :  

1 2 :  1 5 2 .  - 

Depar tment  o f  . a i m a i  i i ~ s z a r . d r y ,  'Jn1;.ersL~:i a -  S y h e y ,  Camden, New Sou:?. x a i e s ,  
2570 



PROGRESS  T O W A R D S  T'HE DEVELOPMENT O F  IMMUNOASSAYS T O  DETECT' 
m I o n c  RESIDUES 

M.L.S;MITH and J.ASLMONS 

Summarv 

Drug haptens were made for the sulphonamide and benzimidazole families. sulphamethazine. 
sulphamerazine and benzyl penicillin. Drug-protein conjugates were made using bovine serum 
albumin. hen egg albumin. bovine thyroglobulin and keyhole limpet hemocyanin. T h e  conjugates 
were used to produce polyclonal antibodies in rabbits and sheep and monoclonal antibodies against 
sulphamethazine. .*tibody titres were measured by enzyme-linked irnmunosorbent assay (ELISA). 
Antibodies were assessed for their ability to detect parent drugs using the indirect competitiwe 
E L I S A  The  test sensitivity for sulphamethazine and sulphamerazine is approaching the maximum 
residue limit (0.lppm) for sulphonamides in animal tissues. Work is continuing to produce hghe r  
at'fin~n, antibodies to improve the test sensitivity for the sulphonamides. benzimidazoles and 
penicillins and to refine the procedures so that a test kit can be produced. 

I. INTRODUCTION 

,btibioticsa are widely used throughout the world in the meat. milk and eSg producing 
industries. They are used at subtherapeutic leveb to promote growth and general well-bein% and 
at  therapeutic levels for the control of  specific disease conditions. The  use of these chemicals has 
profound benefits to producers and consumers. especially when used in the intensive industries. 

However, in recent years, concern has been  raised by public health authorities, the medical 
profession and consumer groups about the effects that antibiotics may ultimately have when they 
end  up in the human food chain. These concerns include producing a reservoir of resistant 
organisms that may infect susceptible humans, allergic responses to antibiotics. especially penicillin. 
ando the r  unknown effects of  ingesting chemicals. These concerns require that there is restricted use 
of antibiotics in animals and that the use of these drugs is carefully monitored. 

T h e  regulatory authorities have addressed this issue in recent years by increasing the 
monitoring of chemical residues. There are a number of available methods. T h e  microbiologicsl 
inhibition test. which is based on  the ability of a sample containing anribiotic to inhibit the growth 
of a standard bacterial culture, can be quite sensitive for some antibiotics. However, i r  is not able 
to  identiFy a growth inhibitor ~ t h o u t  additional testing and is prone to false positive results. This 
test can be used as a screening test but in most cases results are impossible to achieve within a 
single worlang day. 

Definitive antibiotic identification and quantitation require analytical chemical methods such 
as High Performance Liquid Chromatography (HPLC),  gas chromatography, mass spectroscopv and 
thin layer chromatography. These  procedures are unsuitable for large scale testing 3s extensive 
sample clean-up. 3 high level of technical e.qertise, expensive equipment and time are required :o 
carry them out. 

"' .Antibiotics" in this communication includes the sulphonamides. 
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Therefore, in order to determine the true extent of antibiotic residue contamination in foodstuffk 
there is a great need for sensitive. specific and inexpensive tests that can be performed quickly and 
on a large scale. ELISAs were first applied to the detection of large molecules, but over recent 
years have been sucessfully applied to the detection of small molecules, namely drugs ( see review 
by Newsome 1986). Commercial tests for drugs and hormones used in human medicine are available 
under the trade name EMIT (Syva Co, USA). In the EMIT assay the patient's specimen is ailowed 
to react with excess antibody. .Any antibody left unbound is free to react with, and inactivate, the 
drus-enzyme conjugate added in the next step. Therefore. with high drug concentrations, less 
antibody remalns to inactivate the drug-enzyme and a colour change takes place when the substrate 
is added. Low drug concentrations leave most antibody free to react with. and inactivate, the drug- 
enzyme complex. so no colour change takes place. The test is read on the spectrophotometer. 

Commercial immunoassays for antibiotics in animal serum. urine, tissues and feed have been 
produced overseas. These include the Charm Tests (Penicillin Assays, GSA), radio-receptor assays 
for seven antibiotic hmilies, used most widely to detect penicillin in milk (Charm and Chi 1982kand 
the E-Z  Screen Test (Environmental Diagnostics. USA). The latter is a colorimetric test performed 
on J card containing antibody immobilised on filter paper-like material. This test is available for the 
antibiotics chloramphenicol. gentamycin, suiphadimetho?dne. sulphamethazine and ?losin. I D E E S  
[USA) has recently produced the CITE test for sulphamethazine in milk and Idetek (USA) has the 
Lac Tek for sulphamethazine in milk and the Sulpha Test Kit and the Quick Test for 
sulphamethazine in pig serum. plasma. urine and feed. 

The strong commercial interest in producing E L I S A  for the antibiotics. coupled with the 
difficult); of the task. means there is little published literature on the subject. The de~ecrion of 
sulphamethazine in pig blood (Reeker and Lovett 1985: Singh e: al. 1989), pig urine and pig muscle 
(Diuon-Holland and Katz 1988) and milk (Dixon-Holland and Karz 1989) have been reported. The 
latter three authors describe procedures that are adaptable to large scale screening. Pol~clonal and 
monoclonal antibodies to penicillin (in the form of its penicillinovl derivative) have been made to 
investigate the role of peniciilin derivatives in hypersensitivity reactions (deHaan et al. 1979.1985'1. 
These methods utilise protein linked onto penicillin through hydrolys~s of the $-lactam ring. .\ 
method of producing conjugates without damaging the 8-lactam ring results in improved sensitivity 
to the native penicillins (Ktagawa et al. 1978). 

The number of anthe!mintic drugs available in Australia has increased steadily since the 
introduction of thiabendazole in 1962 (for a review of the structure. use and metabolism of these 
drugs see Arundel 1985). The benzimidazole family (albendazole, fenbendazole. mebendazole. 
parbendazole. oxfendazoie and thiabendazole) is part of this group. When inges:ed. these drugs form 
a wide variety of metabolites and the binding of these metabolites to animal tissues increases the risk 
of human toxicity. Analytical chemical procedures are the only means of ldenrifying these drugs or 
their metabolites at present. The need for increased surveillance and improved detection methods 
has been identified (Committee on Feeds. Feriilisers, and Related Materials: Recommendations for 
Official Methods 1986; Ministry of Agriculture. Fisheries and Food 1987). A sadioimmunoassay to 
derect mebendazole and flubendazole ior use in pharmacokinetic studies has been reported (>iichiels 
et  al. 1982). 

ELISAs have great potential for residue detection. They are very specific and do not require 
the same level of sample clean-up as do the analytical procedures. In addition. they are cost 
effective, can provide resuits a,uiciciv, can handle a large number o t  samples and lend :henselves to 
automation. Csing enqme-immunoassay technolog we are attemptins to produce commerciai tests 
for on-site-use that can be appiied :o blood. urine. tissues or eggs. for some o i  the commonlv used 
antibiotics and anthelm~nr~cs in .Australia. 



2 EXPERIMEmiU. AND RESULTS 

The criteria used in selecting the tests included the potential for residues in tissues and the 
similarity in chemical structure of a number of drugs withn specific antibiotic and an the lmt ic  
families. On this basis, four groups were selected, namely the penicillins. tetracyclines. sulphonamides 
and the benzimidazoles. The strategy involved in developing these tests is outlined below. So farmost 
work has concentrated on the penicillins, sulphonamides and benzimidazoles. .Most results have been 
produced for the sulphonamides so unless indicated, the work presented will refer to this group. 

(a) Preparation of drug or drug hapten conlueates 
This is an essential first step in anv ELISA for small molecules. Since these drugs are of low 

molecular weight, they must first be conjugated to a large camer molecule (protein) in order to 
provoke an immunological response when injected into experimental animals. The antidrug antibodies 
produced are an essential component of the ELISA The structures of the drugs and the linicing 
chemistries used so far are shown in Figure 1. 

Fig. 1. Drug and hapten proteln conjugates 

Suiphonarn~de Hapten: 

YN-QSO~NH-R-NH- Protein 
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Many drugs d o  not  contain suitable functional groups for protein conjugation. so  these groups must 
be ei ther  incorporated into the  drug o r  a similar reactive molecule synthesised to produce a hapten 
that is capable of  reacting with a carrier protein. The initial aim was to produce a universal hap ten  
that would generate antibodies capable of detecting the complete, o r  near  complete, family o f  
sulphonamides a n d  benzimidazoles. T o  achieve this the protein was linked onto  the variable region 
o f  t h e  molecule, leaving the conserved r e g o n  of the molecule intact and  exposed for antibody 
production. T h e  universal sulphonamide and benzirnidazole haptens were synthesised (Institute of 
Drug T e c h n o l o p  Australia Ltd. Boronia. Victoria) and  provided a reactive group for protein binding. 
Sulphonarnide-protein conjugates were made using the water-soluble carbodiirnide reaction (Tijssen 
1985) and  benzirnidazole protein conjugates were made using the  mived anhydride method (Patent:3 
981 863, USA). T h e  universal sulphonamide hapten did not provide very useful antibodies. so specific 
antibodies were also produced against the most widely used sulphonamide, sulpharnethazine and the  
closely related drug, sulphamerazine. Two different conjugation methods were employed. diazotisation 
( R e e k e r  and  Lovett 1985) and the  gluteraldehyde procedure (Divon-Holland and  Katz 19881, as 
these methods produce linker arms with different chemical structures and also bind to different sites 
o n  the protein. Gluteraldehyde binds through l ~ i n e  and diazotisation binds through tyrosine and  
tryptophan. In  this way, cross-reactions between linker groups could b e  avoided in the E L I S X  .4 
benz).lpenicillin protein conjugate was made by hydrolysis of the 3-lactam ring ( d e H a a n  e: al. 1979). 
4loditications of the above methods were made where ~ p p r o p r i a t e  to account for the different drug 
characteristics. T h e  proteins used for conjugation included bovine serum albumin. hen egg albumin. 
bovine thyroglobuiin and keyhole limpet hernocyanin (ail supplied by Sigma Chemical Cd.. St LOUIS).  
Reaction products were purified by dialysis o r  Sephadex G-25 column chromatography and the molar 
conjugation ratios were determined using the protein concentration in the sample and the hapten 
extinction coefficient o r  the N B S  colour development test (Snyder and Soboc~nski  1975). 
Conjusates were stored lyophilised at JO. 

(b)  Production of oolvclonal antibodies 
Polyclonal antibodies were produced in rabbits and sheep.  Brietly, drug-protein conjugates were 

reconstituted to I m y m l  with sterile deionised water and emulsified 1:' In Freunds Complete 
Adjuvant (dose 1) o r  Freunds Incomplete Adjuvant (subsequent doses). Rabbits were injected 
intramuscularly with 0.5 mi in each  hind leg. Sheep received Iml intramuscularly into each hind 
quarter. Dosing was repeated eve? three to four weeks. Tests bleeds were carried ou t  prior to the 
first injection and at varying intervals thereafter. 

(c) Production o f  monoclonal antibodies 
>lonoclonal antibodies have been produced against sulpharnethazine. Inbred Balbic mice 

received 1 doses of sulpharnethazine-bovine thyroglobulin. lOO~Udose, intraperitoneally in adjuvant 
(see (b)) over a three month period. .Mice from this group to be used for a fusion were then 
injected each day for four days with 1 0 0 ~ 1  of sulphamethazine-bv.ine thyroglobuiin in YaCI as above 
and o n  the fifth day t h e s p l e e n  was removed and fused with YS1 myeloma cells. Hybridoma culture 
was done  following standard procedures. Antibody titres were measured by E L I S A  Two successiul 
fusions s o  far have produced 7 monoclonal antibodies of isotype I g G l  (1,) and IgM (5). Further  - .  
fusions are planned and  the characterising of the monoclonals is still in progress. 

(d) Measurement of antibodv titre 
.intibodies were measured by E L I S X  Moderate to high antibody titres (1:5120-l:~J0960) 

were obtained for all the sulphonamide. suiphanethazine.  s u ~ ~ h a r n e r a z ~ i n e  and b e n q l  penicillin 
conjusates in rabbits and sheep.  T n e  benzimidazole conlugates were less immunogenic ~ n d  produced 
only low titres in rabbits 2nd sheep  (130-1:512O). TO pertorrn the  test. the drug \<as bound to the 
solid phase imicrotitre tray), ( N u n c  Immunoplate I) bia its protein conjugate (using a d i l f e r e ~ t  
protein to that used !o produce :he antibody). ..intiserum was added. titrated in svo  b i d  dilutions 
and incubated. Antibody bound to the immobilised antigen was detected using a commerciai anti- 
species antibody conjugated to horseradish peroxidase followed by . U T S  (2.2'-azino-.bis(3- 
ethylbenzthiazoline-6-sulfonic acid) substrate. T h e  presence of antibody was indicated by a colour 
change from colourless to green. T h e  starting dilution for  serum was 1:320 and for hybridoma 
supernatants was L:2. Tests were read on  the automatic plate reader at wavelength I l l n m .  



Concentrations of reagents used were determined by checkerboard titration. T h e  titre where  50% 
of the antibody was bound to the  immobilised antigen was taken as the  dilution to use in the  indirect 
competitive E L I S A  for drug measurement. 

(e )  D r u e  measurement 
T h e  presence of drug was measured in the  indirect competitive E L I S X  This is a inverse test: 

lack of a colour change indicates the  presence of drug and a colour change indicates the absence 
of drug. In  this strategy, drug-protein was bound to the microtitre tray and allowed to react with a 
mixture of specific antibody ( at a concentration determined as outlined in (d)) and Free drug  
(standard o r  unknown samplej. This resulted in competition between the free and bound drug  for 
the limited amount of antibody. Antibody not  bound to the free drug was available to react with the 
drug o n  the microtitre tray. T h e  amount of bound antibody was measured by reacting it with a n  
antispecies antibody coupled to horseradish perogdase, followed by . U T S  substrate. High 
concentrations of free drug bound most, o r  all. of the specific antibody, leaving little o r  none 
available to bind the drug b n  the microtitre tray. Therefore. less colour development took place 
when anrispecies antibody-enzyme and substrate were added. Conversely, when no  drug was present 
in the sample, all the antibody was available to bind to the drug o n  the microtitre tray and a colour 
change was produced when antispecies ant~body-enzyme was added. 

This aspect of o u r  work is still very much in the development phase. Early tests of polyclonal 
antibodies to the universal sulphonamide hapten produced in both rabbits and sheep in the indirect 
competitive assay did not detect miximum residue levels of a range of sulphonamides and indicated 
that the antibodies produced were of low affinity. Specific suiphamethazine dnd sulphamerazine 
antibodies were tried and this, coupled with some moditications to the tbrrnat of the assay, lead to 
an improvement in the test sensi t i~l ty to sulphamethazine and suiphamerazice down to levels 
approaching the maemurn residue limit of sulphonamides in animal tissues (0.lppm). Other  changes 
included decreasing the concentration of immobilised antigen and increasing the amount of 
antispecies antibody-enzyme and avoiding the use of the same linker chemistries for antigen 
immobilisation and antibody produc:ion. However, further improvements a re  required to obtain a n  
objective optical assessment at 0.1 ppm because the final test format wiil rely o n  a n  optical 
measurement rather than one  using a spectrophotometer. 

None of the monoclonal antibodies produced so  far have improved the sensitiviry of the assay 
over that of the polyclonal ant~bodies.  but  the  search for a bet ter  monoclonal antibody will continue 
since there a re  advantages in having a uniform antibody to use in a commercial test. 

Work  is proceeding o n  several fronts to improve the assay sensitivity. High-affinity and low- 
affinity polyclonal antibodies have been separated by affinity chromatography and a r e  being assessed 
in the indirect competitive ELISA: Fab  fragments ( the antigen-binding region of the IgG molecule) 
of specific antisera have also been produced and may be  incorporated into the indirect competitive 
ELISA o r  used for sample concentration. Also, to produce a faster one-step :est rather than the 
current two-step tbrrnat. conjugates of horseradish peroxidase to sulphamethazine and 
sulphamethazine antibody have been made. 

(9 Antibody specificiry 
This has been  investigated to only a limited extent, as most et'fort up till now has been  

concentrated o n  improving assay sensitiviry. It appears that, with polyclonal and monoclonal 
antibodies, small changes in molecular structure produce marked differences in sensitivities among 
the sulphonamides. For example. in [he indirect competitive assay, antibody to sulphamethazine 
detects sulphamethazine itself at O.39~9ml .  sulphamerazine at 6.25~glml and sulphadiazine at  more 
than 25~giml.  Sulphadiazine is s~ml la r  to sulphamerazine except that i t  has no  rnerhyl groups o n  the 
pyrimidine ring. 

CONCLUSION 

This work is still in the developmental phase. T h e  usefulness of the polyclonal and 
monoclonal antibodies produced so far has been limited by their low affinity in the indirect 
competitrve ELISX. >Iodifications to the ELISX have improved the sensitivin :o sulphamethazine 



and sulphamerazine. Higher sensiti~lty levels are required for an optical test. The search for 
alternative methods of drug protein conjugation. the production of monoclonal antibodies and the 
development of one-step competitive imrnunoassays should help to achieve this. 
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TOXICITY OF CYCLOPIAZONIC ACID I N  YATURE .XALE CHICKENS 

S.  Suksupath*,  R.C. Mulley** and W . L .  Bryden* 

Cyc lop iazon ic  a c i d  (CPA) i s  a  t o x i c  i n d o l e - c e t r a m i c  a c i d  produced Sy 
s p e c i e s  of P e n i c i l l i u m  and A s ~ e r s i l l u s  (Cole  1 9 8 4 ) .  S t u d i e s  i n  an ima l s  have 
shown t h a t  t h e  p r i n c i p a l  t a r g e t  o rgans  of c h i s  mycotoxin a r e  t h e  l i v e r ,  k idney  
and d i g e s t i v e  t r a c t  (Co le  1 9 8 6 ) .  I n  l a y i n g  hens  CPA reduced egg  p r o d u c t i o n  
and egg s h e l l  q u a l i t y  and c a u s e d  h igh  m o r t a l i t y  a t  dosage  l e v e l s  above 5  rng/kg 
body weight  (Suksupa th  e t  a l .  1 9 8 9 ) .  Van Rensburg ( i 9 8 4 )  has  demons t r a t ed  
t h a t  t h i s  t o x i n  c a u s e d  d e g e n e r a t i v e  changes  i n  t h e  e p i t h e l i a l  c e l l s  of  t h e  
ep id idymis  and vas  d e f e r e n s  o f  t h e  r a t  S u t  s t u d i e s  on t h e  i n f l u e n c e  of CPA on 
r e p r o d u c t i v e  f u n c t i o n  i n  o t h e r  s p e c i e s  have  n o t  Seen r e p o r t e d .  The p r e s e n t  
s t u d y  was conducced t o  dete-?nine t h e  e f f e c c  o f  CPA i n  mature  male c h i c k e n s .  

Commercial l a y e r  b r e e d e r  r o o s t e r s  Mere a l l o c a t e d  t o  t h r e e  g roups  o f  s i x ,  
p l a c e d  i n  i n d i v i d u a l  v i r e  c a g e s  and f e d  a  commerciai  l a y e r  r a t i o n .  The 
experirnenc c o n s i s t e d  o f  t h r e e  p e r i o d s ;  a  pretreatment p e r i o d  of two weeks, 
fo l lowed  by f o u r  weeks of d o s i n g  w i t h  CPA and a  f i n a l  two week r ecove ry  
p e r i o d .  D a i l y  d o s e s  of e i t h e r  0,  2 .0  o r  4.0 mg C?A/kg l i v e w e i g h t  were 
administered o r a l l y  i n  g e l a t i n e  c a p s u l e s .  3 u r i n g  a l l  t h r e e  e x p e r i m e n t a l  
p e r i o d s ,  b i r d  weight and f e e d  consumpcion were r ecozded  weeicly and semen was 
a l s o  c o l l e c t e d  weeicly. 

Four  r o o s t e r s  dosed  w i t h  4 .0  rng C?A d i e d  w i t h i n  s i x  days  of t h e  
commencement of d o s i n g  buc t h e  two r ema in ing  r o o s t e r s  on t h i s  d o s i n g  regime 
and t h o s e  on 2  rng appea red  c l i n i c a i l y  normal .  Average body weight  and food  
consumption were d e c r e a s e d  o n l y  d u r i n g  t h e  f i r s t  seven days  of d o s i n g .  C?A 
caused  a  d e c r e a s e  i n  semen volume, spe-m c o n c e n t r a t i o n  and i n c r e a s e d  t h e  
number of abnorna l  spermatozoa,  e s p e c i a l l y  Sen:-cail and crooiced-neck 
s p e m t o z o a  d u r i n g  t h e  f i r s t  s even  days  of d z s i n ~ .  There  was no ef fec :  on 
sperm r n o t i l i t y  o r  1 i v e : d e a d  sperm r a t i o .  

I n  r a t s  t h e  male  i s  much more 3UsCepKible t o  CPA t h a n  t h e  female  (Van 
Rensburg 1984) buc a  compar ison o f  t h e  p r e s e n t  r e s u l t s  and o u r  p r e v i o u s  s t u d y  
(Suksupath  e t  a l .  1989)  s u g g e s t  t h a c  t h e r e  i s  no s e x  d i f f e r e n c e  i n  CPA 
t o l e r a n c e  i n  t h e  d o m e s t i c  f o w l .  Moreover, i n  t h e  c h i c k e n ,  many of che  e f f e c t s  
on male r ep roducc lve  f u n c t i o n  appea r  t o  be  t r a n s i e n t .  

COLE, R.Z., ( 1 9 8 4 ) .  I n  'Mycotoxins - Produc t ion ,  I s o l a t i o n  and P u r i f i c a t i o n ' ,  
p .  405, e d  V .  B e t i n a  (E1sevier : ; imsterdam) 

COLE, R . J . ,  ( 1 9 8 6 ) .  I n  ' D i a g n o s i s  of Myco tox iccses . '  p .  91, e d  J .L .  R icha rd  
and J .R.  Thur s ton  (Mar t inus  N i j h o f f  ?ubl ishers :Sos:on)  

SUKSUPATH, S . ,  COLE, E.A., COLE, R . J . ,  and BRMEN, W.L. ( 1 9 8 9 ) .  P r o c . X u s t .  
Poult .Sci .SV?nP. p .  94. 

Van RENSBURG, S. J. (1984)  . Food Chern.Toxic. 22: 993. 
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REDUCED DIETARY PROTEIN LZTJELS FOR aROILERS 

JOHN D .  SVMSRS 

X 23% p r o c e i n ,  corn-soybean meal d i e c  was s t e p w i s e  =educed i n  l e v e l  of 
d l e c a r y  p r o e e l -  wh i l e  keep icg  t h e  r a c i o  of co rn  t o  soybean s e a l  c o n s t a n c .  A s  
e s s e n t i a l  amino a c i d s  ( X A A )  i n  t u r n  n e t  NRC m i n i i ~ ~ r n  requi:er.enc l e v e l s  t h e i r  
adequacy was c e s t e d  u s i n g  che  f o l l o w i n g  mode. A 23% p r o t e i n ,  corn-soybean 
meal d i e t  s e e t i n g  L-,.'.e .rLnL71'm NRC 9AA requirement  v a l u e s  s e r v e d  as  a  p o s i t i v e  
c o n t r o l .  Corn-soybean z e a l  d i e c s  wi th  t h e  ZAA i n  q u e s c i o n  ac  mininun 
z e q ~ i r e r n e n t  l e v e l s  ( b u t  su?plezenced wi th  o t h e r  ZAA t o  meec n n i n u ~  
r ecp izemen t  l e v e l s  a s  l e v e l  of c i e c a r y  p r o c e i n  was c o n c i n c a l l y  r e d u c e d ) ,  
s e r v e d  a s  negat -ve  c o n t r o l s .  T3.ree f.xrt.?er t e s t  d i e c s  consisted of t h e  
n e q a i i v e  conzzo l  3 1 . ~ 3  a  L O +  su~pl?men:  of t h e  ?ar::c-lar amin= a c i d  i n  
q u e s c i : ~ ,  and ?on e s s e n t i a l  n-zrogen addec  t o  5ocn low-?r3ce1n zes: c L e t s  :o 
e q u a l  l e v e l s  of z7.e 234 c r 3 c e i n  conczo l  d i e t .  

A 1 1  32 .xi=7. z3.e e x c e p t i c n  of  tz:,-pco?han proved co 3e  a d e p a t e  az t h e  
EIRC repozced  v a l - e s .  :ihen d i e t a z y  3r3ce-n  drz?~)eC' kelow t i e  188 l e v e l  a 
r e sponse ,  e s p e c l a l l : ~  In :eed:gain  r a t l o  was nccec  ;iich non e s s e n c l a l  a~n ino  
a c i d  supp le r . en=ac ion .  ., , n l s t i d i n e  was t h e  Las t  EX>. co j u s t  meec ch.e NRC d n L n - ~ r ,  requirerr.er.t and 
t h i s  was with a  Level  of 1 4 4  oz5xde ? r c c e i n .  ? e r f ~ r . a n c e  e q x a l l e d  =.',a: of t h e  
23% p r o t e i n  c o n c r o l  d i e t  f 3 r  a l l  t e s t  d i e t s .  X f.~==i:er e : ~ e r ~ ~ e n c  
demons tza t sd  tha: wich low-p ro te in  c i e c s ,  where Z M  nee ninimum secyulzement 
v a l u e s ,  5 ~ r d s  eac  t o  s a t i s f : ~  t h e i r  ? z o t e l n  r equ l r e r . encs .  

Depa=tzLenc of >r..izal a?.d ?ocl:ry S c ~ e f i c e ,  Yr.:-~s=s~Ty sf Scelcr. ,  3 z e l s n ,  
Cnca r io  :11G 2x1, Canada. 



INDUCED 3 A U S Z  I N  EGG ??.CDUCTICN USING A 
S i T J T I I E T I C  HYPC'I?-u!IC ?F?TI3E 

A.J. T I T 3 1 1 0 0 K * ,  3.J. J O E I S O N * ,  2 . 2 .  ZASCN* and Z . J .  C X E * *  

A t e c h n i ~ e  o f t e n  c sed  t o  sxzenc  t h e  l a y i z g  ?has? of her.; a t  6 a  :o 8 0  
v e e s s  o f  age i s  t o  induce ~ , o u l t i n g  hy s e v e r e  rostr:c:isn of n u c r i e n z s  l o r  7 
t o  10 days .  T ~ s  i s  f c l l c v e d  5 y  i a c r e a s e d  e;q ?rccccz:on when f s e d i n g  i s  
r e su -e l .  Induced z c u l t l n q  c z c s e s  a  d e c r e a s e  i n  :5e se---F'cn -- - --  3f l u t e l n i z i n q  
horzcne  (L3) ::=a tk e i c - i t l r ; r  and reduces  t5.e s e n s i z i - ~ i t : ~  of 25s j ~ ? ~ ; z a r y  
gcnacoc:cjhs :3 ;=nadozr3;hiz- re leas ing hcrmone (Gn.35) l e i c i z q  t3 f s l 1 : c ~ l z r  

- .  
acres:=,  5ol;cwec ;y a  rogene rac ion  of t ke  r ep rcccc5 ive  t r l c ?  cnce  ;eoc;zq I i  
r e s c r e d  ( ? m a z e  sr- a i .  1 3 8 2 ) .  C.L.ronic t=eatT.en= s f  hens ; i ich an agonrs: 3: . . 
Gn.35 nay: r a s u l t  In s n c c c r l n e  s-ier.:m .4hlch a r e  s i z l l a r  =o i?.?xceC :.cul:i?.: 
( 3ah r  148;) .  Sur a i n  was t 3  d e c s r z i n e  i f  fz42~7,s":  s f  l2:~izq %ens ,xL::. 2 . .  . 

GT..=..+ ~ ~ C ? . S Z :  .<CX-= L.-.c;;c~ a  ?au:e i n  eq; ?r-,c:=z;sr.. 
5 i :c :~  i = ~ r  3.sr.s a c  70 vee.cs of aqe ~ 2 : e  2113i ted  a: r i r . r c ~  zc +?:a: 

;rcc;z ':.::i) cc:sI=rl?.q o f :  1. Y~all:/ inzc:rar.~cua 1 5 . 2 . )  :z;?cc:ons 2 f  4311?.5 
f c r  7  t a y s ;  2 .  C f i s r e e  u n c l s  s a z a  i 3 r  7 22:~s !1 . e .  ?.~:r:s?.~ :~s:::cz:cF.,; 3 .  
3 3 : : ~  ;.:. :::ec=szns 3f l ;~,:g/ig of a ';nA2:+ 3qc31s: , ;-::?j-?:=? >;-*tz:i: 

. . 
a n i l e  ;n?:-:) :=r ; j a y s ;  1. Acn:,;,;:szered 4 ? r z c s r ~ s e  s l z i i - r s l ee se  : 1 3 ~ - - 7 = - ' -  -....,- - --- 2 

p e l l e t :  s z c z  concz ln i zq  1 2 % ~  o f  t ke  zqcnls: ( 5 . 2 , ; .  2 a l l ; ~  eag ?red-c=:cn 'Gas 
. - . - neaix;er_ z;: sac.: 5 : z z  z e r o r s  apd 6 VeeL;i zfze: t:e =3FzsCCe?PrC 5f tre2:Ze?z. 

S l c c a  5 ~ ~ ~ 1 2 s  :a..cen a: ,decs;:~ In:erval; i z z n  : : i r i s  s e l ecze?  :andczly Irc: 
eacn  tzeac-enc c e f c r e  and f o r  6 xe+ns Zfz2r Zreaczecc u e r s  asiayied 23r 29. 

t 5 f z c c  s f  :he : roaczezcs  cn sean  ( s e )  veesl:f sqc  ?rcduczicn  ( E ? : i )  and 
lu t e i r . ; z ing  :?crmo~e ILH; n;/ml) o f  t h e  hens  

T reaczenz  xi?.". Gn-33 a q o n i s t  reduced eqg j r o d c c r i m  and L.2 le.:els Fz t?.e 
her.s :LIZ noc t3 zke aa.;le exte.nc a s  i n  t.L.cse s ~ z i s  o f f e r e d  s a c s  ( T 1 ~ 1 $ 1 .  
NerJer:.i.ele~i, chese  d a t a  s u q c e s t  t k a c  treatment .dl:.". a  Gn-iE! i q o n i s c  nay o f f e r  
an a i t e r n a c r - i e  t o  indcc15 noul:lng '3 ?xtend t h e  1a:iing jhase  3f 5or.s. 

Tanace ,  Z . ,  ~ a ~ m u r a ,  T. and TanaDe, ?. ( 1 9 8 2 ) .  A s ~ e c t s  of XTiian 
2ndccz~n01sq:r:Srac~:czi and t h e o r e e ~ c a l  r z p l i c a c ~ o n s .  : 191-194. 

3ac:, ;. (19a;) . In "teeds: ,~ff;" 7; -... 3 .  - !<uir5e=?. ? s c .  1 5 ,  ? .--. . - 
* A~.L .Tz~  i e s e a r c n  I n s c l z - ~ e ,  ;ecar--~.enc s r  A$---.-'-,,-- . -L - - -d - -  zed ?.3zzL A;:~:rs, 

:.ierr:;ee, 7 ; c = = r r a ,  3030. 
* *  led-:a: 2e;earck Centre, ?::zce 3enr :~ 'a  Zos?::al. S t .  Xi lPa ,  ' I l c r 3 r l 2 ,  3 1 3 3 .  



NEII ENZYME: PKEP.4RATION FOR -VtL4NCI?JG 
POULTRY FEED UTILiSATION 

L. Volker and J .  a r o z  

hn enz:rme complex ?reduced by f e r n e n c a c i o n  of TricLoder=?a v l r l d e  
x a s  developed co improve che nutritive v a l u e  of p o u l t r y  f e e d s .  As 
t h e  complex c o n t a i n s  c e l l u l o s e .  B-glucanase,  x 3 l a n a s e ,  pecc inase  and 
amylase t h e  i n c l u s i o n  of h i g h  f i j r e  c e r e a l s  suck s j a r l e y ,  o a t s  and 
r y e  i n  f eed  of b r o i l e r  ch i ckens  becane ? r a c = i c a i  ;~L:hout l o s s  i;: 
i e r f o m a n c e .  - .  

The o p t h a l  i - c l u s i o n  r a r e  or :>e sc i -da rd i zed  S?.=jTe c3mplex i n  
b r o i l e r  d i e c s  based on e i c h e r  b a r l e y  o r  o a t s  was 9e re r j l r . ed  t o  be i n  
t h e  r acge  of 100 t o  Z O O  ppm. 

The a d d i t i o n  of :he enz -pe  complex t o  b r o i l e r  f eeds  s i g n i f i c z n t l y  
i np roves  t h e  n u t r i e n t  retention and metabolizable e n e r ~ y  of t h e  d i e t  
by a a k i z g  t h e  o c l e r ~ i s e  non-uc i l i=ab le  hen ice l l -Loses  a v a i l a b l e  t o  
r h e  animals  a s  a d d i t i o n a l  "nergy. Thus.  :he growc5 ?erfor=rar.ce, f e e d  
c o n v e r s i o n  and produceion exr:ciency of b r o i l s r  chickens  can be 
p o s i t i v e l y  i n f l u e n c e d .  i n  a d d i e i o n ,  a  b e r ~ e r  l i t r e r  q u a l i t y  and a  
lower  i n c i d e n c e  of b r e a s t  b l i s c e r s  i n  t 5 e  b i r d s  cou ld  be o b s e ~ ~ e d .  

O v e r a l l  t h e  3 0 c e ~ c 7  of c5e new enzyme ? r e ~ a r a c i o n  a s  2 f e e d  
additive f o r  b r o i 1 2 r  c5 i cksns  was d o c , ~ , e z t e d  by eke r ~ s ~ l r s  of a  - - .  
s e r i e s  of s6o r : - t sn  exjer5encs cocfi--;tea by l a rge - sca l e  e r z ~ c a c y  
s t u d i e s  . 

C e r e a l s  r e p r e s e n t  t h e  b a s i s  of a l l  r a c i o n s  f o r  p o u l t r y  and a r e ,  
c h e r e f o r e .  t h e  major  l e a s e  cosc  energy sou rces  f o r  b r o i l e r  d i e t s .  
However. t h e  d i f f e r e n c e s  i n  n u c r i c i o c a l  v a l u e  b e t - ~ e e n  c e r e a l  g r a i n s  
h a v e  been  r e c o g n i z e d  f o r  decades .  E s p e c i a l l y  b a r l e y  has been 
c o n s i d e r e d  l e s s  p a i a t a b l e ,  h i g h e r  i n  f i b r e  and lower i n  me tabo l i zab le  
energy and p r o t e i n .  I t s  i n c l u s i o n  i n  t h e  d i e c  causes  vet. s c i c k y  
exczeza  and r e s u l t s  i n  a  r e t a r d e d  g ro -nh  r a c e  compared co maize o r  
wheac. This  effec:  i s  caused mainly  by :he 7 re sence  of mixed Linked 
beca-1.3:l.ir-D-glucsns. w'kich a r e  n a j o r  non-search po lysaccha r ides  
o c c u r r i n g  i n  t h e  c e l l  w a l l s  of er.dospe,m. They a r e  noc d i g e s c i b l e  by 
p o u l t r y  and ace  a s  a n c i - n u c r i c i v e  f a c t o r s  i n c r e a s i n g  t h e  v i s c o s i ~ y  of 
c h e  i3t e s c i n a l  d i g e s c s  a c d  i m p a i r i n g  t h e  u c i l i z a c i o n  of ocher  
n u c r l e n t s .  

The cx r r znc  s c i e n c i i c  l i c e r a c , ~ r e ,  however, i n d i c a t e s  t hac  t h e  
. - -  f a e d i ; : ~  v a L ~ e  of b a r l e y  .car. be enkanced by t h e  add iz ion  of s p e c l r l c  

enz -pes  from a  bac:erial  o r  fcng.1 sou rze .  

F .  Yoff,lanr.-La Roche S t d . .  ' l i c an ins  and Pine  Chen ica l s  D i v i s i o n  
CY-4002 Bas l e .  S v i c z e r l a c d .  



The problems associated vith inclusion of barley in poultry diets 
and its improvement by supplemental enzymes have been reviewed by 
H E S S E W J  (1983. 1989). BROZ and FRIGG (1986 a ) ,  CAMPBELL et al. 
(1986). and N E W  (1986). Significant hprovemen:~ in perfornance 
of broiler chickens vere also obtained vhen beta-glucanase 
preparations were added to diets based on oats (SAETERBY 1984; BROZ 
and FRIGG 1986; EDNEY et al. 1989; CAMPBELL et al. 1987). The 
results of recent experiments vith broilers finished to market weight 
(ELKTNGEit and SAETEXSY 1986. 1987; JEROCX et al. 1988) demonstrated 
the beneficial effects of beta-glucanase addition co practical 
broiler diets based on barley or oats. STC7JENS et al. (1988) showed 
that hulless barley, when supplemented with beta-glucanase enzyme 
source, can replace wheat as a major cereal graix in diets for 
turkeys. 

In :he present paper a review of sclentifii daca on a new 
standardized enz-pe preparation derived from t r i c h o d e ~ a  viride 
(ROL+CWX G )  is given. 

11. DOSE ZESPONSE STU3ILS 

The recornended level of enzyme supplementation is de?ender.r on :2e 
type and amount of feed ingredients to be degraded. 

Two shorc-cen experiments were conducted by 33.02 ar.d FXIGZ (1990) 
to determine the dose res?onse in broiler chickens fed all mash diets 
based on either barley 700glkg or oats 560glkg and supplemented vith 
graded Levels of the enzyme complex up to 30Cmglkg. The results 
received with :be barley diet (Table 1) indicated cl?ar correlation 
between iacreaslng enzyme dosage and the g r o ~ ~ h  perfomance of 
birds. Table 1. b-* zF'ec:s of Trlchoderrna viriie enzyme conpl5x on 
performance of broiler chickens receiving a low-enerzy diet based on 
barley. 

Dietary enzyme Weight gain Feed intake Peed conversion 
Level days 8-25 days 8-25 days 8-25 

(mglkg) ( g )  (:I (g ( 2 )  (g:g) (:) 

1, ~ a c h  treatnenc was allotted to 8 replicate groups 
A. B Melns vlthout a cornon le~ter are sig~lficar,:ly i~fferent 
(?<0.05) 



The  r e s u l t s  o f  b o t h  e x p e r i m e n t s  d e m o n s z r a t e d  t h a t  t h e  n u t r i t i - r e  
v a l u e  o f  low-energy  d i e t s  c o n t a i n k g  either b a r l e y  o r  o a t s  c a n  b e  
c o n s i d e r a b l y  i m p r o v e d  by t h e  enz-p.e complex .  The d o s e - r e l a t e d  
r e s p o n s e  c o u l d  b e  o b s e r v e d  t o  400mgllzg. Ho;-ever, no s i g n i f i c a n r  
d i f f e r e n c e s  among t h e  i n c l . ~ s i o n  l e v e l s  o f  100-L00mgIkg w e r e  f o u n d .  
&gni:ude o f  t h e  r e l a t i v e  i n p r o v e n e n i s  Yas q u i t e  c o m p a r a b l e  t o  t h e  
e f f e c t s  e x h i b i t e d  i n  s L x i l a r  t r i a l s  by p u r i f i e d  b e t a - g l u c a n a s e s  
(HESSEL.'J e r  a l .  198;. 1 9 8 2 ;  3ROZ a c d  3 I G G  1 9 8 6 a :  NE-E-YA'T a n d  
NGMeU 1 9 8 7 ) .  T h u s ,  i n  agreemen: w i t h  p r e v i o u s  r e p o r t s  ( ' Z I T P  e t  a l .  
1 9 8 1 ;  SROZ a-d Z3.IZG 1 3 8 6 ~ ) .  t h i s  f u n g a l  er.qrTe cor .p lex  d e r i v e d  f r o m  
T r i c h o d e r m a  v i r i d e  v a s  c o n f i - x e d  i n  n . r o  a s  a  v e r y  po:ent s o u r c e  o f  

. . 
endo-1 .3  : 1 , 4 - b e c a - g l u c a n a s e  actlvz::r. 

hr .other  t i t r a t i o n  exper*en t  -das c z r r i l d  o u r  by LTZ2U2?. and  . , - . . - vGr-A;?. ( 1 9 8 9 )  wit?. 5 2 2 0  b r o i l e r  c?. ickens f e d  a  F e l l e r ? <  d i e c  j a s e d  
or,  b a r l e y  5SCgI:ig o v e r  a  ? e r i o d  o f  43 d a y s .  3a:a f r c n  t h i s  s:-d-/, 

. . - - 
>reser.:ed i n  T a b i e  2 ,  i r . c i c a r e l  a 2  o v e r a l l  pos;z;.re e r z e c t  of  er.z:rcle 

- ,  
s u ? p l e m e n r a r i o n  o n  3roc:c:i.rizy a: 3 r o i l s r  :.ii=;Zer.s. ZP. a c d i z i o x ,  a n  
h p r s v e d  consistent:: o f  e x c r e t a  c o u l d  5 e  ooserve- i  -..-i.ic?. r e s u l ~ e d  i r :  a  
b e t t e r  l i t t e r  q c a l i c y  a n d  a  Lower i?.cider,ce 3 f  b r e a s :  b i i s : e r s  i n  :he 
b i r d s .  The a c d i z l o n  o f  er.::mes ixproved bock  c a r c a s s  y i e l d  and  
qua lit:^. 

b e  2 .  Z f l e c t  o f  er,z:rne suppiez!enca:ion o n  ? e r f o 3 a n c e  o f  b r o i l e r  
c h i c k e n s  f e d  3 ? e l l e t e d  5 a r l e ; r - j a s e d  d i e t .  

S o a y  ~ e l g z r  ( g ,  d a y  2 1  6 7 1  528 675 676 
d a y  '2 1 8 3 6  1363  1359  1842  

F e e d  i z c a k e  (g :  d a y  0-21 1 0 0 3  A 9 9 1  AB 992 Ad 965 2 
d a y  0-42 3903 Aa 3712 a 3809 Adb 3672  3  

F e e d i g a i n  r a t i o  d a y  0-21 1 . 5 7 5  AS 1 . 5 1 9  C2a 1 . 5 5 1  iCb  1 . 5 0 6  C  
d a y  3-ui 2 . 1 5 8  h a  2 . 0 2 5  3  2 . 0 8 3  5 2 . 2 3 1  3  

P r o d u c t i o n  1 n d e x A  1 8 9  a  205 b  199  a o  202 b  

C a r c a s s  y i e l d  (:) 65 .2  6 7 . 4  66 .7  67 .2  

.. . r l r s r  q L a l i t ; r  c a r c a s s  (:: 7  3 7 8  85 9 8  

. - A , 3 , C , 3  - n e a c s  w i t 5 o u r  a  c x ~ c n  L e c r e r  s:gn;::zz.L_. %f:?rrr.r , 2 < : .  Ii) 
. . * .  a , >  - = e a ~ s  7 i t . i . c ~ ~  a  ccm.cc :sc:er a r e  s i g z ~ : : c a r , t l y  Z i f l e r e n :  ( 1 1 0 . 3 5 )  

L 2 r o d u c t i o n  Zndex - a - r e r a c e  d a i l v  2.i- I ? !  x sc r - r : . r~ l  r a c e  (:: 

1 0  x f e r d i g a i -  r a t i o  



111. BALANCE SrnIES 

In two balance studies the influence of the enzyme complex on 
retention of nutrients and energy utilisation was investigated. 

In one study (BROZ and FRIGG 1990)enz-pe supplementation of oats diet 
significantly increased the retention of both dry and organic matter 
(Table 3). The content of N-corrected metabolizable energy in the diet 
was significantly elevated by 0.43 MJIkg DM (t4.2:). 

Table 3. influence of Trichodema viride ens-pe complex on the retention 
of nutrients and utilisation of energy from an oat diet. 

Dietary treame?.: Effec: , 
Control Ens-pe ( 40Omglkg of enzyme* 

Dry matter recention 51.24 52.39 * 
( Z  of intake) 

Organic natcer retention 53.17 55.11 
(: of inrakej 

Nitrogen retention 47.71 45.68 
(: of intake) 

Het~bolizable enezjy 10882 11282 
classical ( E l k g  CM) 

Metabolizable enerzy LO205 10533 
N-corrected (KJIkg EM) 

- Significance indicated as + 2<0.05, NS t not significanr 

In another study (BROZ i987). in which a rye-based diet was used, the 
enzyme complex at 200rng/kg increased significantly the retention of dry 
matter (+a. 71) and nitrogen (t9.91). while N-corrected metabolizable 
energy was elevated by 0.88 MJ/kg DM (+7.4:). Shilar effects of enzymes 
cn nutrienc utilisation of chick diets containing barley were reporred by 
3IJIkXJXO (1983). CL4SSEN et al. (1985). 3ROZ and T R I G G  (1986a) and RCTTEX 
et al. (1989). 

IV. PELLETING STABiLITY 

To be used as a feed addizive under the ?ract~cal conditions of the zodern 
compo~nd feed industry an enz-yme jroduc: has to be resistant agalns: Sign 
temperature d u r ~ n g  pellec~ng. 



I n  o r d e r  t o  a s s e s s  i n  vi.70 p o s s i b l e  i n t e r a c ~ i o n  b e t - ~ e e n  t h e  e f f i c a c y  of 
t h e  enzymes and p e l l e t i n g  c o n d i t i o n s  (85-C)  a  s h o r t - t e n  g r o v t h  a s s a y  v a s  
conducted  (8x02 1 9 8 9 ) .  The T .  v i r i d e  e n z - p e  complex ;ias added a t  ZOOmg/kg 
t o  a  l o w e n e r g y  b a r l e y  d i e t  which -&as f e d  t o  b r o i l e r  cSickens  i n  e i t h e r  
mash o r  p e l l e t e d  f o x .  Both ex7er5enta l  f a c t o r s .  i . e .  p e l l e t i n g  o r  e n z F e  
a d d i t i o n  r e s u l t e d  i n  s i g n i f i c a n t  e f f e c t s  on c h i c k  p e r f o - m a c e  ( T a b l e  4 ) .  

Tab le  4 .  Ef-Eects of T. ~ ~ i r i d e  en=-yxe complex on p e r f o r L a n c e  of b r o i l e r  
ch i ckens  rece:v=>g a  bar ley-based d i e t  e i t h e r  a s  r a s h  o r  p e l l e r s .  

Hean we iah t  z a i n  Xean f eed  conve r s ion  
days 7 - Z l ( g ) -  days 7-21 ( 3  : 3 )  

Dier  f o n  3 z : n e :  - - aean  - - =ear. 

Hash 373.7 ?95 .5  384.5 1 . 3 1  1 . i 3  i . 7 7  
? e l l e t s  5 1 5 . 7  529.7 523.2 1.7: 1 . 5 3  1 . 5 7  

. . - .  
Kain e f f e c t s  of botrh E i c = o ~ s  *Jera s ; ~ n ~ : r : a n r  ( ?<0 .2C1 : ;  zo 

i n t e r a c t i o n  vas  f0ur.d. 

IF. s p i t e  of t h e  f o n  of :he d i e t  t h e  ac:-al inpro-rementr i n  we izh t  g a l 2  
. . .  and Seed convers ior .  cue zo enz:me su??ler .entac ion sras sl=;,ar. Tk:i shovs 

- "  . - 
L.at t h e  ?eLie:i:.z - - -  a i - b i l ~ : ; ~  of t5.e ze;l ~ r a d > c =  i s  s a t ~ r a c : o r 7 .  

- .  
T J  con::zx t h e  e f f i c a c y  of t h e  e r , z p e  conpiex  under 3 z a c t i c a 1  

c o n d i z i ~ n s  of b r o i l e r  ?roduc:ion, : r i a i s  v e r e  c a r r i e d  ou: i n  S w i t z e r l a n d ,  
G s n a n y .  Canada and Uni ted  :Xingdom. 

The r e s u l t s  of t h e s e  t z i a l s  a r e  s ~ m a r i z e d  i n  Table 5.  The d i e t s  used 
contrained n i g h e r  p ropor= ions  of home-grow c e r e a l  g r a i n s  l i k e  b a r l e y .  
wi.eat and :;re and weze supplemented v i i h  t i e  enzF.e produc: a t  100 .  150 o r  
ZOOrngfkg. The a d d i t i o n  of e n z - p e  t o  barl-.y-based d i e t s  r e s u l t e d  o v e r a l l  
i n  a n  i n c r e a s e  i n  :he f i a a l  l i v e - i e i s h t  of t he  b i r d s  ( -2 .2  - c 6 . 7 , :  a s  y e l l  
a s  i n  i xp roved  f e e d  c s n v e r s i o n  (L2.4 - c 6 . 2 : : .  ?lost of t hese  d i f f e r e n c e s  
i n  co rnpa r i s ion  w i t h  :he r e s p e c t i v e  c o n t r o l  groups were s t a t i s t i c a l l y  
s i g n i f i c a n t .  These e f f e c t s  i n  b a r l e y  d i e t s  seem :o 5e indepe rcen t  of :he 
? r svenance  of t h e  c e r e a l .  

I n  t h e  wheat-based r a t i o n s  t h e  :espor.se t o  t h e  ens:me s u ? p l m e n c a t i o n  
a p p e a r s  t o  be desenden: an  t h e  o r23 in .  variety o r  a c z c a l  c u a l i t q  of :he 
c e r e a l .  Zoveve r ,  t h e s e  e ~ p e r ~ e n t r a l  d a t a  i n d i c a t e  rhatr r: i s  even 

. . 
2 o s s i b l e  t s  enhance :he 2 u t z i t r v e  va lue  of v h e a t .  wn2c.h k s  been 3 e n e r a l l y  

. . a c c e ? t e d  :s j e  of h i z h e r  nutr::;.;e q u a l i t y  t han  b a r l e y .  
?ye has  been k n o w  ro  czeatre problems vher. Incor?ora:ed i n  ck-icken 

d i e t s .  The p r e s e n r  d a t a  contrributre t o  t h e  f i n d i n g s  of e a r l i e r  r e s e a r c h  
work (3x52 1987)  t h a t  i t s  poor f e e d i z g  v a l c e  can  be k,proved by :he 3:s-er. 
e n s - p e  produc:. 



Table 5 .  Sumaary of efficacy studies carried out in different countries 
under local production conditions. 

Type of diet Enzyme No.of Duration Final weight Feed conversion 
(country) (mgikg) animals (days) ( g )  (i) (g:g) I 

Barley 0 216 42 2019 100.0 1.92 100.3 
400/600g/kg1 100 216 42 2060 102.2 1.86 96.9 
(Canada ) 200 215 42 2128 105.4 1.83 95.3 

Barley 0 300 38 1561 130.0 2.10 100.0 
OOgikg 100 900 3 8 1641 105.1 1.98 94.3 
(Germany) 200 a00 3 8 1666 106.7 1.97 93.8 

;ineat/ 3ariey 0 300 $ 0 17Z3 130.0 2 . 0 3  100.0 
?~oizoagikg 100 300 40 1797 103.9 1.93 95.1 
(Garnany i 150 800 $0 ii46 101.5 1.94 95.5 

200 800 40 i779 i03.4 1.93 95.1 

Xye/maize 0 16 0 42 2055 100.0 1.99 100.0 
200/380g/kg 200 160 42 2107 102.5 1.93 97.0 
( Garnany) 

1 Starterigrower diet 
Sources of data: BROZ (1989). SCiiOLTYSSEK et al. (1989); 

unpublished data from ROCYE F.esearch Pile. 
Further to the reported trials other well-controlled investigations vere 
initiated in Sweden, Spain. Canada and also in Australia. The results, 
svarlable only in form ~f prelhinary reporcs, in general confi-rzi the 
benefical effects of :he enzyme product. 



VI.  GENE= DISCUSSION 

I n  o r d e r  t o  m a x i m i z e  t h e  u l i l i s a t i o n  o f  f e e d  i n g r e d i e n t s  n u n e r o u s  
r e s e a r c h  w o r k e r s  h a v e  t h r o u g h  t h e  p a s t  d e c a d e s  evaluated t h e  p o s s i b i l i t y  
o f  a p p l y i n g  enzymes t o  p o u l t r y  d i e t s  (JENSEN e t  a l .  1 9 5 7 ;  ANDEXSON e t  a l .  
1 9 6 1 ;  CAMPSELL e t  a l .  1 9 8 6 .  1 9 8 7 ;  ROTTEX e: a l .  1 9 8 9 ;  aROZ a n d  FRIGG 
1 9 8 6 a .  1 9 8 6 b .  1 9 9 0 ) .  

a a s e d  o n  a n  ample  body o f  s c i e n t i f i c  d a t a ,  w h i c h  r e s u l c e d  f r o m  t h i s  
r e s e a r c h  work .  t h e  p o s s i b i l i z j .  o f  d e v e l o p i n g  a  t a i l o r - ~ a d e  f u n g a l  enz:me 
p r e p a r a t i o n  a s  a  f e e d  a d d i t i v e  f o r  b r o i l e r  p r o d u c t i o n  o c c u r r e d .  

The s t a n d a r d i s e d  enzyme complex  (ROXAZPX G) p r o d u c e d  by f e r m e n t a t i o n  
o f  a  s t r a i n  o f  T r i c h o d e r m a  v i r i d e ,  h a s  t h e  p o t e n c y  t o  i m p o r v e  t h e  
n u t r i t i v e  v a l u e  o f  b r o i l e r  d i e t s  b a s e d  o n  e i t h e r  b a r l e y ,  o a t s ,  r y e  o r  
p o s s i b l y  wneac .  a y  a p p l y i z g  t h e  new enzyme complex  i t  i s  f s a s i b l e  t o  
overcome :he a d v e r i e  e f f e c t s  o f  v i s c o u s  n o n - s t a r c h  ? o l y s a c c h a r i d e s ,  s u c h  
a s  beta-3-: lucans i n  b a r l e y  a n d  o a t s  a s  w e l l  a s  ? e n t o s a n s  i n  w h e a t  a n d  
r y e ,  w h i c h  i n t e r f e r e  w i t h  t h e  d i z e s t i o n  a n d  a b s o r 7 t i o n  o f  n u t r i e n t s  f r o m  
t h e  g u t .  

T h e s e  f a c t s  s h o u l d  l e a d  :o a n  i n c r e a s e d  f l e x i b i l i t j .  i n  t h e  f e e d m i l l  
i n d u s t r y  a n d  ? o u l t r y  p r o d g c t i o n  by a l l o w i n z  t h e  u s e  o f  a i t e r n a z i v e  
i n z r e d i e n t s  i n  t h e  f o r x u l a t l o c  o f  compound f e e d .  

MICERSON, j.0., 308SZ!I, D.C.  a n d  FAGSYXT, 3.X. ( 1 9 6 1 : .  ? o u l t  
S c i .  L O :  

3 x 0 2 ,  2 .  
8ROZ. J .  
BROZ, J .  
BROZ , J .  

1 5 7 1  
a n d  FXISG. X. ( 1 9 8 6 a ) .  h r c 5 .  G e f l c e s l k .  50 :  ;1. 
a n d  FXIGG. 3 .  ( 1 9 8 6 b ) .  A r c h .  G e f l ~ ~ q e l k .  50:  104  
a n d  FRIGG. M. ( 1 9 9 0 ) .  A r c h .  S e f l c e e l k .  34:  I n  ? r e s s  
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FARM SURVEY O N  FEATHER COVER 

R. C. WOOLFORD. P. C. GLATZ a n d  R. J. HUGHES 

The  f e a t h e r  c o v e r  o f  a  l a y i n g  h e n  is  i n f l u e n c e d  b y  i t s  a g e .  
c a g e  d e s i g n  a n d  s h a p e  ( T a u s o n  1984;  H i l l  a n d  Hunt  1 9 7 8 ;  a n d  
s t o c k i n g  d e n s i t y  ( Adams e t  a l .  1 9 7 8 ) .  I n f o r m a t i o n ,  h o w e v e r .  o n  
t h e  f a c t o r s  a f f e c t i n g  f e a t h e r  c o v e r  o f  c o m m e r c i a l  s t r a i n s  u n d e r  
A u s t r a l i a n  c o n d i t i o n s  is s c a n t .  The  p r e s e n t  s u r v e y  was 
u n d e r t a k e n  t o  a s c e r t a i n  t h e  e f f e c t s  o f  a g e .  l e v e l  a n d  q u a i i t y  o f  
b e a k  t r i m m i n g ,  1  i g h t  i n t e n s i t y ,  c a g e  c o n d i t i o n  a n d  s t o c k i n g  
d e n s i t y  o f  4 s t r a i n s  o f  h e n s  i n  27 f l o c k s  h o u s e d  o n  9  c o m m e r c i a l  
f a r m s  i n  S o u t h  A u s t r a l i a .  A p p r o x i m a t e l y  5 0 0  h e n s  o f  e a c h  s t r a i n  
w e r e  s c o r e d  f o r  f e a t h e r  c o v e r  u s i n g  t h e  m e t h o d  o f  C h a r l e s  
( 1 9 7 7 ) .  The  s c o r e s  w e r e  l = c o m p l e t e  c o v e r .  2 = c o m p l e t e  b u t  
s h o w i n g  s i g n s  o f  w e a r ,  3 = l o s s  o f  many o u t e r  f e a t h e r s .  4=some 
a r e a s  c o m p l e t e l y  d e v o i d  o f  c o v e r .  a n d  5 = n e a r  c o m p l e t e  l o s s  o f  
f e a t h e r s .  B e a k l e n g t h  was s c o r e d  1 t o  3  r e p r e s e n r i n g  s h o r t .  
medium a n d  l o n g  b e a k s .  r e s p e c t i v e l y .  Q u a l i t y  o f  t r i n m i c g  a n d  
c a g e  c o n d i t i o n  w e r e  s c o r e d  1 t o  3  r e p r e s a n t  i n g  p o o r .  a v e r a g e  a n d  
g o o d ,  r e s p e c t i v e l y .  L i g h t  i n t e n s i t y  a n d  n u m b e r s  o f  h e n s  p e r  
c a g e  w e r e  r e c o r d e d .  a l s o .  

D a t a  w e r e  a n a l y s e d  u s i n g  a  s t e p w i s e  r e g r e s s i o n  p r o c e d u r a  t o  
d e t e r m i n e  ( a )  w h i c h  o f  t h e  i n d e p e n d e n t  v a r i a b l e s  w e r e  
 significant!^ r e l a t e d  t o  f e a t h e r  c o v e r  a n d  ( b )  t h e  r e l a t i v e  
s t r e n g t h s  o f  t h o s e  r e l a t i o n s h i p s .  S t r a i n  a n d  f a r m  w e r e  n o t  
c o n s i d e r e d  i n  t h e  p r e l  i n i n a r y  a n a l y s i s .  C o v a r i a n c e  a n a l y s i s  was 
d o n e  o n  i n d i v i d u a l  s r r a i n s  wi:h a g e  a s  a  f a c t o r .  

Age was s h o w n  :o h a v e  t h e  c l o s e s :  r e l a t i o n s h i p  w i t h  f z a t h e r  
c o v e r  a l t h o u g h  i t  o n l y  a c c o u n t e d  f o r  2 8 8  o f  t h e  v a r i a t i o n  i n  t h e  
p r e l i m i n a r y  a n a l y s i s .  L e n g t h  o f  b e a k  was a l s o  s i g n i f i c a n t .  b u t  
a c c o u n t e d  f o r  o n l y  a n  a d d i t i o n a l  2 8  o f  t h e  v a r i a t i o n  i n  f e a t h e r  
c o v e r .  When i n d i v i d u a l  s t r a i n s  w e r e  c o n s i d e r e d  s e p a r a t e l y .  a g e  
r e m a i n e d  t h e  m a j o r  i n f l u e n c e .  w i t h  1  i g h t  i n t e n s i t y .  c a g e  
d e n s i t y ,  b e a k  l e n g t h  a n d  b e a k  c o n d i t i o n  b e c o m i n g  i m p o r t a n t .  
A p a r t  f r o m  a g e .  t h e s e  o t h e r  e f f e c t s  d i f f e r e d  w i d e l y  b e t w e e n  
s t r a i n s  i n  s i g n i f i c a n c e  a n d  o r d e r  o f  i m p o r t a n c e .  

T h i s  work  s h o w s  t h a t  a g e  i s  t h e  k e y  f a c t o r  i n f l u e n c i n g  
f e a t h e r  c o v e r  b u t  t h e r e  rema i n e d  a  c o n s i d e r a b l e  a m o u n t  o f  
u n a c c o u n t e d  v a r  i a t  i o n .  Hens w i t h  g r o w n  o u t  b e a k s  h a d  p o o r e r  
f e a t h e r  c o v e r  c o m p a r e d  w i t h  t h o s e  t r i m m e d  t o  n o r n a l  c o m m e r c i a l  
s t a n d a r d s .  

We c o n c l u d e  t h a t  e g g  p r o d u c e r s  c a n  i m p r o v e  f e a t h e r  c o v e r  o f  
t h e i r  f l o c k s  a n d  r e d u c e  f e e d  c o s t s  b y  e n s u r i n g  t h a t  c o r r e c t  b e a k  
t r i m m i n g  is p r a c t i c e d .  l i g h t  i n t e n s i t y  is  k e p t  low. a n d  b i r d s  
a r e  n o t  o v e r c r o w d e d .  
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A V X V  LELKOSIS V R U S  AlvD SELECTION ON OVIPOSmON DTERVAL 

* * 
B.H. Yoo and B.L. Sheldon , 

\Vs star;ed tesnng for avian lsukosis virus (XL'v? infscrion in 1953. Conrrary to ihs 
published results (Gavora st  d. !980), the level oi,%V i n f s t ~ o n  :vx hgher  :n our ss!et:ion lines 
:han in their rancombred conuol lines (Yoo and She!don 1957). TO investigate :his funher, we 
condnued the Lest in one of :he se!ecdon lines for anoher three genentions. 

.An A u s u a i o ~  iinz (AS) had been selected for shorter oviposinon intenal since 1961, bu: 
with a m i d  jecondxy se!sc5on on szg number impossd from 1967. T;le ir.:sn;al ,.vas r r z s u ~ e d  
wirhin clutches uncsr conrinuous iighr for 5 weeks. .A rmdoinbred sonrrol line i . iCj has Srrn kc?: 
s:nce its derivarion from .AS in !965. Tne buds were reared in barrcry brooders 1n peps of 50 
for -1 > ~ e e i t s  and h e n  ~3wr, in solony ;a:-s in r o u p s  o i  10 until a g e d  inuvicsr?i!y 2: ! 3  , . isrkj 
or age. . - 

Tne .a\.' g o ~ c - i s s c : t : c  (5s )  Jnt:gcn shsdcrrs '.vsre ds:cc:ed by :hz EL1S.A :-s: for e.;r 
~ i b u m s n  I Ign!~rovic and Baznst 19S2\. Two szzs ,were s w . p i z  per hen. but :\hen :he :ss: 
issuits diffsrsd. :hcugh 211s '.vas :r,f:equsnt, a t h r c  egg was sampled for condmr?t:~n. 

The ?erc:n:-ge of ~s-2fit :gen shedders was 13.1, i5.1. 12.7. 16.7 2nd i6.3 in :934- 
1938 in Lie .AS :ins iszmpis sizss i2ng.d 332-4733, com?ared to 6.1 i i9YA; 2nd 6.6 1 1 i j8 '1  in L?,r 
.AC line (sarnpis sizes ..vzre 229 2nd i j 2 .  respecrive!y). This :vas opposite :O what has b e y  ? . o ~ z d  
in lines se!ec:ed for higner tali --  r,roduc:ion . (Gavora ec a!. !980), n0tir.g rha: :he ssiec5on for shor::: 
o\iposition inter\.ai is an efEc:snt ir.cuec: se!sccon for highs: eg_c producaon iSi:sidon e: 21. 

1984). 
We compared 2s-sntizen shedders and non-shrddsrs of [he .AS :ins in 198-3-98 for sgc at 

First egg I.-), hen-day rate of egg produc:ion from first egg ro 2bout 43 wzrks o i a g s  (RL) 2nd 
withn-clutch oviposirion inte.nal under continuous light (Table). . i s  there was no sigr.ii:,cant 
inter2c5on beni,een 1;s~- of hatch 3.n.d ~ s - ~ n t i g e n  satcs.  thr resu!ts .Lerz combined. 

.Age at 1st szg, rate of la:) =,a oviposinon intervai for gs-anngsn shedders 2nd non-shsddrrs xs-n 
SE) 

XFE idayj 177.11 0 176.67 5 0.19 '7 h 0.54- 
v I I  

RLi% j 90.73 0.49 92.09 0.20 -1.86 
T T 

Intervai (hr) 21.40 0.06 21.64 0 .03 -0.74 

Comcxed LO the non-shedders, the shedders were slower in sexud mamnry (though nor 
significant) and laid fewer eggs at shoner intervals (born s:gnuicant). Th:s was ooposits to a 
normal association of lower egg produc:ion with longer oviporirion inte.vai. .ilti-,ou~h ~ ! e  
obsewed difference in oviposit:on interval s x p l L ~ s  ~ h y  the shedders would have been favoured 
by selec5on in the .AS line, h i s  contradiction still rernams to be sxpl~med.  The dif:^s:ence in ra:e o i  
cgg producnon was s m ~ l l s r  than. but consistent with. :host re?onsd rx i i s r  !C.avora e: L!. 1980). 

G.iT;OKA. J.S.. SPENCE?.. J.L.. GO\VE. R.S. and KARRIS. D.L. i19YO'). Pol.!l:.Sc.:. 5F.3165. 
1GSJ.ATOVTC. :. 2nd BAGUST. T.?. r 1932: .  .iv:2n P2r-oi. 1 ::579. 
SHELDON. S.L..  YS'C. B . 3 .  2nd PODGER. 2.1. (ii)!i41. .Ann..\.-c F::n. 2 3 2 : o .  
YOO, S . H .  2nd SHELCOS,  B.L. (1987). Proc. 3rd Cont'iVPS.A Fnr 2 . ; :  S S\l~::n ??cif; Fee.; 

p i7 .  



STRAIN RESPONSES IN EGG SXELL QUALITY T3 SALINE DRINKING WATER 

I .  Y o s e l e w i t z  a n d  D .  B a l n a v e  

W e  h a v e  conducEed  a  number o f  s t u d i e s  i n  Australia o v e r  t h e  p a s t  t h r e e  
y e a r s  w i t h  two s t r a i n s  o f  c o n u n e r c i a i  l a y i n g  h e n s  i n  which  we h a v e  shown t h a t  
e g g  s h e l l  q u a l i t y  d e c l i n e s  when t h e s e  h e n s  a r e  g i v e n  d r i n k i n g  w a t e z  c o n c a i n i n g  
b e t w e e n  0 . 2  a n d  2  g  s o d i u m  c h l o r i d e  ( N a C 1 ) / 1 .  3 0 t h  t h e s e  s t r a i n s  w e r e  
o b t a i n e d  f r o m  t h e  same c o m m e r c i a l  b r e e d i n g  o r g a n i s a t i o n  a n d  t h e  p o s s i b i l i t y  
e x i s t s  t h a t  s i m i l a r i t i e s  i n  t h e  g e n e c i c  bac icground  o f  :hese s t r a i n s  !cay h a v e  
i n f l u e n c e d  t h e  o b s e r v e d  r e s p o n s e s  i n  e g g  s h e l l  q u a ; i z y .  

The p r e s e n t  s t u d y  was c a r r i e d  o u t  t o  c o m p a r e  t h e  s h e i l  q u a l i t y  r e s p o n s e s  
o f  t h e s e  two s t r a i n s  w i t h  t h o s e  o f  f o u r  o t h e r  s c r a i n s  r e c e n t l y  i n t r o d u c e d  t o  
t h e  A u s t r a l i a n  l a y e r  i n d u s t r y .  T h e s e  w e r e  a  : Inzed  a n d  a  c o l o u r e d  e g g  l a y e r  
s t r a i n  f r o m  e a c h  o f  two o t h e r  b r e e d i n g  o r g a n i s a t i c n s .  "wo r e p l i c a t e s  o f  45 
h e n s  o f  e a c h  s t r a i n  w e r e  g i v e n  f r e e  a c c e s s  z o  t su r .  w a t e r  c c n c a i n i n g  2  g  :IaC1/1 
f r o m  42 :o 15 weeks o f  a g e .  S i .n i l a=  .?>z!kers 3f :-.ens r e c e I . i e d  town r a t e r  a s  
c o n t r o l s  a n d  a:l h e n s  r e c e i - i e d  a  ? r o p r i e c a r : i  L a y e r  mash a d  l i 3 i c . m  . '?he 

. . 
r e s u l t s ,  shown i n  :he : a b l e ,  were  a n a l y s e d  b y  ?ac=sr:a ,  a n a l y s i s  o f  . i a r i a n c e .  

R e s p o n s e s  o f  s i x  s t r a ~ n s  o f  l a y i n g  ,?ens - 3  s a l i n e  d r l z k l n g  ,water  

B r e e d i n g  S tza i . ?  Zgg s h e l l  3Cg i?a:er ?3od  
O r g a n i s a c i o n  d e f e c c s  p r o d u c z i . s ~ .  L.,,ake > ..- i n t a k e  

( / I 0 0  e g g s )  ( e g g s / 1 0 0  b d )  (mild) ( g / d )  
C o n t  NaCl C3nt  N a C l  Cznc NaCl C c n t  NaCl 

T i n t e d  3 . 7  1 5 . 3  73 - 
: 3 ? ' ^  L ? -  1 5 0  1 4 1  112  

A  
C o l o u r e d  6 . 5  1 5 . 8  77 -7 / / 

- - L - 4  258 ;37 142  

T i n c e d  4 . 2  1 1 . 3  75  - ?  

i D 2 3 1  215  125  122  
3  

C o l s u r e d  4 . 3  1 3 . 3  75  7 3  220 232 1 2 6  1 2 3  

T i n c e d  4 . 4  1 0 . 0  80 3 $ 228 2 0 1  122  1 2 3  

C o l o u r e d  4 . 6  11.1 7 5  7 4 218 218 122 12; 

SEM ( t r e a c n e n t )  0 . 2 0 * - -  0 . 5 5  2 . 7 6  0 . 9 3  
SEM ( s t r a i n )  0 .33 ' - -  0 .35* '  3 . 7 9 = * -  1. i3"* 

No s i g n i f i c a n c  ( t r e a t m e n t  x s e r a i n )  e f f e c z s  were  o b s e r v e d .  T h e r e  w e r e  
s i g n i f i c a n t  s t r a i n  e f f e c t s  f o r  a l l  m e a s u r e d  g a r a m e c e r s .  The z n l y  s i g n i f i c a n z  
e f f e c t  o f  w a t e r  c r e a t a e n c  was t h e  i n c r e a s e d  i ? . c i d e ~ . c e  o f  e g g  s h e l l  d e f e c c s ,  

. . 
m e a s u r e d  a s  s o f t - s h e l l e d ,  c r a c i c e d  a n d  br-ker .  3 q q s  f r c m  ?.ens rece:.i;r.;. - "  ... e  

. . NaC1. A;: s t r a i n s  showed T ~ L S  i r . c r e a s e  ri:h :?.e t u o  3 i r a i . 1 5  'dnlz?. iie ?>a7fe 
u s e d  I n  o c r  ? r e v < - u s  s ~ . z d i e s  g i 3 f i ; l c  t.?e h:;k.es= :nc<zence  s f  s b . e l l  : e f e c = z .  

. . . .  S i n c e  a l l  s i x  s t r a i n s  r e s p o ~ d e d  s i r n l l a r l : ~  t z  tk.? s a l i n e  = r r r . . < x g  . d a r e r  =.IP 

g r o b l e m  we h a v e  I i e n t i f i e d  i n  o u z  p r e . f i s u s  s t :di?s  5;es no: a F g e a =  c o  5 e  
r e l a c e d  t o  t h e  s ~ e c i f i s  2 e n e c i c  backgr-cz": :he h e n s .  

- 

3 e p a r t a e n t  o f  Animal  E u s h a n d r y ,  C n i - i e r s i z y  of  Sy-L?ey, Camden, New S o u r h  N a l e s ,  
2570 



REDUCED HATCHABILITY OF EGGS FROM HENS RECEIVING SALINE DRINKING WATER 

D. Zhang, R.E. Moreng* a n d  D. B a l n a v e  

R e c e n t  s t u d i e s  a t  Camden h a v e  shown t h a t  t h e  p r e s e n c e  o f  sodium c h l o r i d e  
(NaCl)  i n  d r i n k i n g  w a t e r ,  a t  c o n c e n t r a t i o n s  b e t w e e n  0 . 2  a n d  2  g  N a C l / l ,  
r e d u c e s  t h e  s h e l l  t h i c k n e s s  o f  e g g s  f r o m  some h e n s  a n d  i n c r e a s e s  t h e  o v e r a l l  
i n c i d e n c e  of  e g g  s h e l l  d e f e c t s  i n  c o m m e r c i a l  l a y e r  f l o c k s .  These  r e s p o n s e s  
o c c u r  by way o f  i n c r e a s e s  i n  t h e  numbers o f  s o f t - s h e l l e d ,  c r a c k e d  a n d  b r o k e n  
e g g s .  X p p r o x i n a t e l y  o n e - t h i r d  o f  a l l  s h e l l  d e f e c t s  o c c u r  a s  t h i n  c r a c k s  which 
a r e  d i f f i c u l t  t o  d e t e c t  b y  n o m l  c a n d l i n g  p r o c e d u r e s  ( B a l n a v e  a n d  Y o s e l e w i t z  
1 9 8 8 ) .  Underground w a t e r  s o u r c e s  i n  A u s t r a l i a  o f t e n  c o n t a i n  r e l a t i v e l y  h i g h  
c o n c e n t r a t i o n s  o f  NaCl s o  t h a t  i: is  p r o b a b l e  t h a t  m n y  o f  t h e  e g g s  p r o d u c e d  
b y  b r e e d e r  f l o c k s  w i l l  h a v e  t h i n  s h e l l s  o r  d e f e c t i v e  s h e l l s  c o n t a i n i n g  t h i n  
c r a c k s .  I f  s o  it i s  l i ~ e l y  t h a t  o v e r a l l  hatchability w i l l  b e  l e s s  t h a n  
o p t i m a l .  The p r e s e n t  s t u d y  examined  t h i s  p o s s i b i l i t y .  

F i f t y  h e n s  f r o m  a  m u l t i - s t r a i n ,  t a b l e - e g g  f l o c k  which h a d  r e c e i v e d  
d r i n k i n g  w a t e r  c o n t a i n i n g  2  g  NaC:/l f o r  6 weeks,  a n d  which were  l a y i n g  a g g s  
w i t h  d e f e c t i v e  s k e l l s ,  were  u s e d  i n  t h e  p r e s e n t  s t u d y .  'o rzy- four  hens  which 
h a d  r e c e i v e d  town w a t e r  were  u s e d  a s  c o n t r o l s .  Hens were  k e p t  i n  i n d i v i d u a l  
c a g e s  a n d  m a i n t a i n e d  on  t h e s e  w a t e r  t r e a t m e n t s .  They were  i n s e m i n a t e d  e v e r y  7 
d  w i t h  mixed  semen c o l i a c r e d  f r o m  c o c k e z e l s  o f  a  t a b l e - e g g  s t r a i n  m a i n t a i n e d  
on  town w a t e r .  Eggs ,were c o l l a c t e d  a n d  s t o r e d  a t  1Z0C o v e r  a  7 d  e r i o d  
b e f o r e  b e i n g  v i s u a l l y  c h e c k e d  t o  d e t e c t  t h o s e  w i t h  d e f e c t i v e  s h e l l s .  These  
were  removed a n d  r h e  r e m a i n i n g  e g g s  were  i n c u b a t e d  i n  a  M u l t i p l o  e l e c t r i c  
i n c u b a t o r .  Eggs were  c a n d l e d  a t  7 d  a n d  1 8  d  of  i n c u b a t i o n  t o  d e t e c t  
i n f e r t i l e  e g g s  a n d  e rnbryonlc  d e a t h s .  T3.ey were  t r a n s f e r r e d  t o  a  s e ? a r a t e  
i n c u b a t o r  a t  1 3  d f o r  h a t c h i n g .  Y a t c h a b i l i t l e s  were ccmpared  a s i n g  e g g s  f rom 
6  c o n s e c u ~ i v e  h a t c h e s .  

R e s u l t s  showed t h a t  h e n s  r e c e i v i n g  t h e  NaCl i n t a k e  i n  t h e  d r i n k i n g  w a t e r  
l a i d  s i g n i f i c a n t l y  f e w e r  e g g s  ( 7 3 . 3  VS 8 0 . 0 % ,  ? < 0 . 0 5 ) ,  p r o d u c e d  s i g n i f i c a n t l y  
more u n s e t t a b l e  e g g s  w i t h  d e f e c t i v e  s h e l l s  ( 1 9 . 8  VS 3 . 8 % ,  P<0.01)  a n d  had  a  
s i g n i f i c a n t l y  l o w e r  h a t c h a b i l i t y  o f  f e r t i l e  e g g s  ( 7 3 . 4  VS 8 6 . 9 % ,  ? < 3 . 0 1 )  . 
P e r c e n t a g e  f e r t i l i t y  was u n a f f e c t e d .  D e a t h s  t o  1 8  d  ( 1 1 . 0  'IS 6 .51 ,  P<0.05)  
a n d  d e a d - i n - s h e l l  a t  2 1  d  ( 9 . 1  VS 4 . 0 1 ,  ? < 3 . 0 1 )  r e r e  a l s o  s i g n i f i c a n t l y  
g r e a t e r  i n  h e n s  r e c e i v i n g  t h e  NaCl s u p p l e m e n t  i n  t h e  d r i n k i n g  w a t e r .  

BALNAVE, D .  a n d  YOSELEWITZ, I .  ( 1 9 8 8 )  . P o u l t r v  ( X i s s e t  I n t e r n a t i o n a l )  4 ( 6 )  : 
1 6 .  

D e p a r t m e n t  of  Animal Husbandry ,  U n i v e r s i t y  o f  Sydney,  Camden, NSX, 2570 
V i s i t i n g  S e n i o r  R e s e a r c h  F e l l o w ,  C o l o r a d o  S t a r e  U n i v e r s i t y ,  F o r t  C o l l i n s ,  

USA. 
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