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FORORD

Inden for h u s d y r b r u g s f o r s k n i n g e n a n v e n d e s der hvert år m a n g e r e s s o u r -

cer på at u d v i k l e , a n s k a f f e og afprøve nye t e k n i s k e h j æ l p e m i d l e r .

Et vigtigt og højt p r i o r i t e r e t o m r å d e er udvikl ingen af h j æ l p e m i d -

ler til at u d v æ l g e de mest v æ r d i f u l d e avlsdyr så sikkert og t i d l i g t

som o v e r h o v e d e t m u l i g t . A v l s a r b e j d e t s f r e m t i d i g e e f f e k t i v i t e t afhæn-

ger i vid u d s t r æ k n i n g af f o r s k n i n g s r e s u l t a t e r n e inden for dette områ-

de. Også f o d r i n g s f o r s ø g e n e er a f h æ n g i g e af t e k n i s k e l a n d v i n d i n g e r , der

kan bidrage til en y d e r l i g e r e b e l y s n i n g af de f y s i o l o g i s k e p r o c e s s e r ,

der foregår i vore h u s d y r .

E F - k o m m i s s i o n e n har været o p m æ r k s o m på b e t y d n i n g e n af at f r e m m e

f o r s k n i n g s a k t i v i t e t e r n e inden for dette o m r å d e . Derfor blev der i

Edinburgh i september 1981 afholdt en E F - k o n f e r e n c e om emnet "Anven-

delse af b i o k e m i s k e og endokri n o l o g i s k e p a r a m e t r e som i n d i r e k t e mål

for m æ l k e - og k ø d p r o d u k t i o n s e g e n s k a b e r n e " . Og for at følge og k o o r d i -

nere den hastige u d v i k l i n g v e d r ø r e n d e u l t r a l y d m å l i n g , r e n t g e n s c a n n i n g

m.v. blev der i København i december 1981 afholdt en E F - k o n f e r e n c e med

titlen "In vivo b e s t e m m e l s e af kroppens kemi ske og anatomi ske s a m m e n -

sætni ng hos K v æ g " .

I denne k o n f e r e n c e deltog 32 f o r s k e r e r e p r æ s e n t e r e n d e d i c i p l i n e r -

ne g e n e t i k , f y s i o l o g i , s l a g t e k v a l i t e t og e l e k t r o n i k . M a n g e af de af-

holdte foredrag skønnes at have i n t e r n a t i o n a l i n t e r e s s e , h v o r f o r de i

beretningen p u b l i c e r e s på e n g e l s k . E n d v i d e r e findes der i b e r e t n i n g e n

et udførligt sammendrag på dansk.

Statens H u s d y r b r u g s f o r s ø g m e d v i r k e r i in vivo p r o j e k t e r i Tysk-

land, F r a n k r i g , E n g l a n d , Sverige og Norge og har dermed b i d r a g e t

til f r e m s k a f f e l s e n af en stor del af de f r e m l a g t e r e s u l t a t e r .

K o n f e r e n c e n bl ev t i l r e t t e l a g t af A. C u t h b e r t s o n fra England samt

B. Bech A n d e r s e n , Statens H u s d y r b r u g s f o r s ø g .

Ud over de i b e r e t n i n g e n anførte d a n s k e f o r e d r a g s h o l d e r e har T.

L i b o r i u s s e n , H. Knudt K r a g , Just Jensen og F. L a u r i t z e n d e l t a g e t i

k o n f e r e n c e n s p r a k t i s k e g e n n e m f ø r e l s e .

K ø b e n h a v n , f e b r u a r 1 9 8 2 .
A. N e i m a n n - S ø r e n s e n
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DANSK SAMMENDRAG

D e n 1 5 . og 1 6 . d e c e m b e r 1981 b l e v d e r i K ø b e n h a v n a f h o l d t en in-

t e r n a t i o n a l k o n f e r e n c e o v e r e m n e t : "In v i v o b e s t e m m e l s e af k r o p p e n s

s a m m e n s æ t n i n g hos k v æ g " . K o n f e r e n c e n var a r r a n g e r e t af S t a t e n s H u s -

d y r b r u g s f o r s ø g s a f d e l i n g f o r f o r s ø g m e d k v æ g og f å r e f t e r o p f o r d r i n g

fra EF K o m m i s s i o n e n s e k s p e r t g r u p p e v e d r ø r e n d e k o o r d i n e r i n g af m e d -

l e m s l a n d e n e s f o r s k n i n g s a k t i v i t e t e r i n d e n f o r o k s e k ø d s p r o d u k t i o n e n s

o m r å d e . lait 32 f o r s k e r e f r a 9 f o r s k e l l i g e l a n d e d e l t o g i k o n f e r e n -

c e n . R e j s e - og o p h o l d s u d g i f t e r b l e v b e t a l t fra E F .

I det f ø l g e n d e g i v e s e t k o r t f a t t e t d a n s k s a m m e n d r a g o v e r de f o r e -

d r a g , der b l e v a f h o l d t ved k o n f e r e n c e n .

J_^ R a p p o r t v e d r ø r e n d e et EF u l t r a l y d p r o j e k t g e n n e m f ø r t i D a n m a r k
og E n g l a n d .

U n d e r s ø g e l s e n g e n n e m f ø r t e s i 1 9 8 0 / 8 1 , og r e s u l t a t e r n e er d e t a l je-

ret o m t a l t i en o f f i c i e l EF p u b l i k a t i o n .

R a p p o r t e n i n d l e d e s med en g e n n e m g a n g af u l t r a l y d p r i n c i p p e t og de

v i g t i g s t e t y p e r af u l t r a l y d u d s t y r .

F o r s ø g e t o m f a t t e d e en s a m m e n 1 i g n i n g af f ø l g e n d e fem u d s t y r : "Sca-

n o g r a m " , " D a n s c a n n e r " , " O h i o N u c l e a r " , "Bruel og K j æ r " og " P h i l i p s

D i a g n o s t R". D y r e m a t e r i a l e t b e s t o d af 30 u n g t y r e / s t u d e fra M L C f o r -

s ø g s s t a t i o n e n i E n g l a n d og 20 u n g t y r e f r a H-F f o r s ø g e t på E g t v e d

A v l s s t a t i o n . E f t e r s c a n n i n g e n b l e v d y r e n e s l a g t e t og d i s s e k e r e t i kød,

t a l g og k n o g l e r .

B l a n d t de p e r s o n e r , som a n v e n d t e u d s t y r e n e , var d e r g e n e r e l t

s t ø r s t t i l f r e d s h e d med " D a n s c a n n e r " og " S c a n o g r a m " , som b e g g e er spe-

c i e l t k o n s t r u e r e d e til b r u g på h u s d y r .

De s t a t i s t i s k e a n a l y s e r v i s t e , at de b e d s t e r e s u l t a t e r b l e v o p n å -

et ved m å l i n g o v e r 1. l æ n d e h v i r v e l . U l t r a l y d m å l i n g e r n e på de l e v e n d e

d y r gav s a m m e b e s k r i v e l s e af s 1 a g t e k v a l i t e t e n som bi 11 e d e r af et t v æ r -

snit af den o v e r s k å r n e s l a g t e k r o p . M u s k e l areal et gav den b e d s t e b e -

s k r i v e l s e af s l a g t e p r o c e n t og k ø d / k n o g l e f o r h o l d , m e n s f e d t a r e a l e t

var det b e d s t e i n d i r e k t e mål f o r f e d n i n g s g r a d og k ø d p r o c e n t . D e r v a r
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i k k e s i g n i f i k a n t e f o r s k e l l e m e l l e m u d s t y r e n e , m e n en t e n d e n s til at

" S c a n o g r a m " v a r b e d s t til f e d t m å l i n g e r og " D a n s c a n n e r " b e d s t til m u -

s k e l m å l i n g e r .

2. A n v e n d e l s e af in v i v o t e k n i k i d e f o r s k e l l i g e E F - l a n d e .

a. B e l g i e n h a r i k k e f o r ø j e b l i k k e t p r o j e k t e r m e d o b j e k t i v e in v i v o

m å l i n g e r , m e n d e r a n v e n d e s i v i d d u s t r æ k n i n g y d r e k r o p s m å l og s u b j e k -

tiv p o i n t g i v n i n g f o r m u s k e l f y l d e . F o r v e n t e r s e n e r e at i v æ r k s æ t t e p r o -

j e k t e r m e d u l t r a l y d e l l e r l i g n e n d e t e k n i k .

b . D a n m a r k ^ U l t r a l y d m å l i n g e r m e d " D a n s c a n n e r " a n v e n d e s r u t i n e m æ s -

s i g t v e d i n d i v i d p r ø v e r , a v l s f o r s ø g og e n k e l t e f o d r i n g s f o r s ø g . På e k s -

p e r i m e n t e l b a s i s o m f a t t e n d e p r o j e k t e r m e d h e n b l i k på en y d e r l i g e r e

f o r b e d r i n g af u l t r a l y d t e k n i k k e n og d e n s a n v e n d e l s e s m u l i g h e d e r . E n d -

v i d e r e er d e r s a m m e n m e d N o r g e s L a n d b r u k s h ø g s k o l e og h o s p i t a l s s e k t o -

ren i n d l e d t et p r o j e k t m e d r ø n t g e n s c a n n i n g .

c. F r a n k r i g a n v e n d e r en s u b j e k t i v p o i n t g i v n i n g f o r m u s k e l f y l d e v e d

i n d i v i d p r ø v e r og f o r s ø g s s t a t i o n e r . I T h e i x er d e r o p n å e t l o v e n d e r e -

s u l t a t e r m e d i n d s p r ø j t n i n g af D ? 0 til b e s t e m m e l s e af k r o p p e n s f e d t -

i n d h o l d . D ? 0 s t å r f o r D e u t e r i u m O x i d e l l e r " t u n g t v a n d " , og d e t er

en i k k e r a d i o a k t i v f o r b i n d e l s e , som kan a n v e n d e s u d e n ri si ko f o r d y r

og m e n n e s k e r . A n d r e in v i v o f o r s ø g i F r a n k r i g o m f a t t e r en d i r e k t e

s a m m e n l i g n i n g m e l l e m s u b j e k t i v p o i n t g i v n i n g , k r o p s m å l i n g e r , D 2 O t e k -

nik og f o r s k e l l i g e u l t r a l y d u d s t y r i n c l . " D a n s c a n n e r " . F o r e l ø b i g e r e -

s u l t a t e r v i s t e , at s å v e l " D a n s c a n n e r " - m å l i n g e r som en k o m b i n a t i o n

af 16 f o r s k e l l i g e k r o p s b e d ø m m e l s e r g a v en t i l f r e d s s t i l l e n d e s i k k e r

b e s k r i v e l s e af d y r e n e s s l a g t e v æ r d i .

d_ + _e .__Ty_sk l § n c L I V e s t t y s k l a n d an v e n d e s s t a d i g en sub j e k t i v b e d ø m -

m e l s e af s 1 a g t e v æ r d i en på de l e v e n d e d y r , s e l v om d e t e r k e n d e s , at

d e t har en m e g e t b e g r æ n s e t værdi på et r e l a t ivt e n s a r t e t d y r e m a t e r i -

a l e , som d e t d e r f i n d e s på i n d i v i d p r ø v e s t a t i o n e r og f o r s ø g s s t a t i o n e r .
42På e k s p e r i m e n t e l t p l a n a r b e j d e s d e r f o r m e d i s o t o p m æ r k e t v a n d , K og

24

Na , p h o t o g r a m m e t r i og f o r s k e l l i g e u l t r a l y d u d s t y r . " D a n s c a n n e r " - u d -

s t y r e t a n v e n d e s i K u l m b a c h , M ü n c h e n og K i e l .



iF^ G r æ k e n 2 § ! 2 ^ n a r e n d n u i k k e en o r g a n i s e r e t a f r e g n i ng e f t e r s l a g t e -

k v a l i t e t , o g d e f o r s ø g s - og a v l s m æ s s i g e a k t i v i t e t e r på d e t t e o m r å d e

e r d e r f o r m e g e t b e g r æ n s e d e .

g. I r l a n d f o r v e n t e r at i n d f ø r e u l t r a l y d m å l i n g e r v e d i n d i v i d p r ø v e r n e

i e f t e r å r e t 1 9 8 2 .

h _ L _ _ H g l l a n d a n v e n d e r s u b j e k t i v b e d ø m m e l s e a f m u s k e l fy 1 d e og f e d n i n g s -

g r a d . O b j e k t i v e in v i v o m å l i n g e r af k r o p p e n s s a m m e n s æ t n i n g er i k k e

p1 an 1 a g t .

j L _ _ E n g 1 a n d h a r o v e r e n l æ n g e r e å r r æ k k e g e n n e m f ø r t u l t r a l y d m å l i n g e r

med " S c a n o g r a m " og " D a n s c a n n e r " . M å l i n g e r n e k o n c e n t r e r e s o m d e t s u b -

c u t a n e f e d t l a g , og d e a n v e n d e s r u t i n e m æ s s i g t v e d i n d i v i d p r ø v e r n e

s a m t f o r s k e l l i g e f o r m e r f o r a v l s - og f o d r i n g s f o r s ø g .

3. P o t e n t i e l l e m u l i g h e d e r f o r in v i v o t e k n i k k e n s a n v e n d e l s e .

a _ + - b i _ _ A y l s f o r a n s t a l t n i n g e r ^ In v i v o t e k n i k k e n s a v l s m æ s s i g e m u l i g -

h e d e r k o n c e n t r e r e s i s æ r o m i n d i v i d p r ø v e r n e , h v o r d e t t i l s t r æ b e s at

m å l e a v l s v æ r d i e n f o r m a n g e a k t u e l l e p r o d u k t i o n s ø k o n o m i s k v i g t i g e e -

g e n s k a b e r . D i s s e e g e n s k a b e r s k a l m å l e s så s i k k e r t s o m m u l i g t o g på

d e t t i d l i g s t m u l i g e t i d s p u n k t u n d e r d y r e t s o p v æ k s t .

F o r n æ r v æ r e n d e k o n c e n t r e r e s m å l i n g e r n e om k r o p p e n s a n a t o m i s k e

s a m m e n s æ t n i n g , og u l t r a l y d t e k n i k k e n e r d e t m e s t a n v e n d t e h j æ l p e m i d -

d e l . M å l i n g e r a f d e t s u b c u t a n e f e d t l a g g i v e r d e n b e d s t e b e s t e m m e l -

se af k r o p p e n s f e d n i n g s g r a d og k ø d i n d h o l d , m e n s en m å l i n g af r y g m u -

s k u l a t u r e n s t v æ r s n i t s a r e a l i s æ r f o r t æ l 1 er om si a g t e p r o c e n t og m u s k e l -

f y l d e . S e l e k t i o n f o r r e d u c e r e t f e d t t y k k e l s e k a n på l a n g t s i g t h a v e

en u h e l d i g e f f e k t p å e g e n s k a b e r s o m a p p e t i t , e n e r g i d e p o n e r i n g s e v n e

og h u n l i g f r u g t b a r h e d . S e l e k t i o n f o r s t o r t m u s k e l a r e a l k a n m o d v i r k e

d e n n e g a t i v e e f f e k t af a v l s a r b e j d e t f o r h ø j e r e m æ l k e y d e l s e og Ho1 -

s t e i n - F r i s i a n i m p o r t e n .

H v i s en m e r e a v a n c e r e t i n_ viy_o t e k n i k g ø r d e t m u l i g t på i n d i v i d -

p r ø v e t y r e n e at f ø l g e u d v i k l i n g e n i d e v i t a l e o r g a n e r , i e n e r g i d e p o n e -

r i n g e n e l l e r i r e a k t i o n e n p å f o r s k e l l i g e s u l t b e h a n d l i n g e r , vil d e t

o g s å b l i v e m u l i g t at i n d d r a g e k o n s t i t u t i o n s e g e n s k a b e r og i n d i r e k t e

m æ l k e p r o d u k t i o n s e g e n s k a b e r i i n d i v i d p r ø v e r . En s å d a n u d v i k l i n g vil

f u l d s t æ n d i g k u n n e r e v o l u t i o n e r e a v l s a r b e j d e t m e d k o m b i n a t i o n s r a c e r -

n e .
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9 _ i _ d _ + _ § ; _ _ F g d r i n g s f o r s ø g 1 I n d e n f o r f o d r i n g s f o r s ø g e n e e r d e r e t

s t o r t b e h o v f o r at k u n n e f ø l g e d e l ø b e n d e æ n d r i n g e r i k r o p p e n s a n a -

t o m i s k e o g k e m i s k e s a m m e n s æ t n i n g , s o m f i n d e r s t e d g e n n e m f o r s ø g s p e -

r i o d e n . En f u l d t u d v i k l e t in v i v o t e k n i k k a n m u l i g v i s s u p p l e r e e l -

l e r h e l t e r s t a t t e d e m e g e t o m k o s t n i n g s k r æ v e n d e kl i m a k a m m e r f o r s ø g o g

si a g t e u n d e r s ø g e l s e r .

4 . D e n f o r v e n t e d e t e k n i s k e u d v i k l i n g i n d e n f o r a l t e r n a t i v e in
v i v o m u 1 i g h e d e r .

a _ i ^ + c . U l t r a l y d . D e n t e k n i s k e u d v i k l i n g i n d e n f o r u l t r a l y d t e k -

n i k k e n f o r t s æ t t e r m e d u f o r m i n d s k e t s t y r k e . V e d r ø r e n d e d e n t y p e u d -

s t y r , d e r e r s p e c i e l t d e s i g n e t ti 1 m å l i n g a f f e d t - o g m u s k e l a r e a l e r p å

h u s d y r , v i l d e r s a n d s y n l i g v i s s k e e n f o r t s a t f o r b e d r i n g a f m å l e s i k -

k e r h e d e n og u d s t y r e n e s r o b u s t h e d . E n d v i d e r e s ø g e s u d s t y r e n e a u t o m a t i -

s e r e t s å s t æ r k t s o m m u l i g t , l i g e s o m d e v i l b l i v e m e r e f l e k s i b l e , s å

d e k a n a n v e n d e s t i l m å l i n g p å f l e r e f o r s k e l l i g e s t e d e r a f k r o p p e n .

E n a n d e n t y p e u d s t y r v i l b l i v e s p e c i e l t u d v i k l e t t i l at m å l e d y b e -

r e l i g g e n d e o r g a n e r m . v . E k k o - s i g n a l e r f r a d e n n e t y p e v i l k u n n e o p -

s a m l e s i m i k r o c o m p u t e r e og b e h a n d l e s o v e r E D B f o r e n m e r e n u a n c e r e t

u d n y t t e l s e a f r e s u l t a t e r n e .

d i _ _ Ç 2 m Q y 5 § ! 2 _ § t y r § d e _ r ø n t g e n m å } i n g e r e r e n t e k n i k , s o m d e r s t i l l e s

s t o r e f o r v e n t n i n g e r t i l o g s å i n d e n f o r h u s d y r b r u g s f o r s k n i n g e n . V e d

N o r g e s L a n d b r u k s h ø g s k o l e i n s t a l l e r e s i f o r å r e t 1 9 8 2 e t s å d a n t u d -

s t y r t i l e n s a m l e t p r i s p å 5-6 m i l l . k r . S t a t e n s H u s d y r b r u g s f o r s ø g

h a r i n d g å e t e n s a m a r b e j d s a f t a l e m e d N o r g e s L a n d b o h ø j s k o l e og f å r d e r -

m e d l e j l i g h e d t i l i e t v i s t o m f a n g a t b e n y t t e d e t t e u d s t y r .

f. D i l u t i o n t e k n i k a n v e n d e s i n d t i l v i d e r e . k u n t i l f o r s ø g s f o r m å l .

M e t o d e n g e n n e m f ø r e s v e d , at d e r i n d s p r ø j t e s e n k e n d t m æ n g d e t u n g t

v a n d ( D ? 0 ) i d y r e t . P å b e s t e m t e t i d s p u n k t e r e f t e r i n j e k t i o n e n u d t a -

g e s d e r b l o d p r ø v e r , o g f o r t y n d i n g s g r a d e n m å l e s . D e r v e d f å s e t m å l

f o r d y r e t s r e l a t i v e v æ s k e i n d h o l d o g d e r m e d i n d i r e k t e f o r f e d n i n g s -

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

v i d e r e a r b e j d s k r æ v e n d e o g k o s t b a r a t g e n n e m f ø r e .
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5 . A f s l u t t e n d e d i s k u s s i o n .

D e r v a r b l a n d t d e l t a g e r n e e n i g h e d o m , a t i n v i v o t e k n i k k e n h a r

s t o r e p o t e n t i e l l e m u l i g h e d e r i n d e n f o r s å v e l a v l s a r b e j d e t s o m f o r -

s ø g s v i r k s o m h e d e n . D e r f o r b u r d e u d v i k l i n g s a r b e j d e t i n d e n f o r d e t t e

o m r å d e h a v e e n r e l a t i v h ø j p r i o r i t e r i n g i d e n n æ r m e s t e f r e m t i d .

D a d e r e r t a l e o m e n r e t k o s t b a r t e k n i k , l i g e s o m d e o p n å e d e r e -

s u l t a t e r e r a f g e n e r e l v æ r d i , b ø r k o o r d i n e r i n g e n m e l l e m d e f o r s k e l -

l i g e l a n d e s u d v i k l i n g s a r b e j d e f r e m m e s m e s t m u l i g t . D e t v i l l i g e l e d e s

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

n y t t e l s e a f in v i v o t e k n i k k e n .



- 11 -

OPENING AND INTRODUCTION

A . N e i m a n n - S ø r e n s e n

N a t i o n a l I n s t i t u t e o f A n i m a l S c i e n c e

R o l i g h e d s v e j 2 5 , 1 9 5 8 C o p e n h a g e n V .

D e n m a r k

It i s a p l e a s u r e t o m e f i r s t o f a l l t o w e l c o m e y o u a l 1 . I w e l c o m e

y o u t o D e n m a r k , t o C o p e n h a g e n , a n d t o t h e R o y a l V e t e r i n a r i a n a n d

A g r i c u l t u r a l U n i v e r si t y . A s a n n o u n c e d i n t h e p r o g r a m m e t h e w o r k s h o p i s

o r g a n i z e d b y t h e N a t i o n a l I n s t i t u t e o f A n i m a l S c i e n c e , a n d y o u m a y

w o n d e r , w h y t h e n i t i s h e l d a t t h e U n i v e r s i t y . T o t h o s e , w h o a r e n o t

a c q u a i n t e d w i t h o u r o r g a n i z a t i o n i n t h i s c o u n t r y , I w a n t t o p o i n t

o u t t h a t t h e t w o i n s t i t u t i o n s , t h e R o y a l V e t e r i n a r i a n a n d A g r i c u l t u -

r a l U n i v e r s i t y a n d t h e N a t i o n a l I n s t i t u t e o f A n i m a l S c i e n c e , a r e

c l o s e l y i n t e r r e l a t e d . A l t h o u g h t h e U n i v e r s i t y h a s t h e M i n i s t r y o f E-

d u c a t i o n a s i t s r e s s o r t a n d t h e N a t i o n a l I n s t i t u t e h a s t h e M i n i s t r y

o f A g r i c u l t u r e a s r e s s o r t , t h e t w o i n s t i t u t i o n s w o r k t o g e t h e r b o t h

in r e s e a r c h a n d t e a c h i n g a s f a r a s a n i m a l s c i e n c e i s c o n c e r n e d .

T h i s i s p o s s i b l e , b e c a u s e t h e y a r e p l a c e d c l o s e t o e a c h o t h e r .

I m a y a d d t h a t t h i s s i t u a t i o n w i l l c h a n g e i n t h e f u t u r e , a s t h e

N a t i o n a l I n s t i t u t e d u r i n g t h e n e x t y e a r s w i l l b e m o v e d t o J u t l a n d

( A a r h u s ) , w h e r e a n e w i n s t i t u t i o n w i l l b e b u i l t u p . W e l o o k f o r w a r d

t o h a v e a n e w a n d m o d e r n i n s t i t u t i o n , a n d m a n y e f f o r t s h a v e b e e n

m a d e t o m a i n t a i n a c l o s e a n d f r u i t f u l c o l l a b o r a t i o n w i t h t h e U n i v e r -

s i t y .

O p e n i n g n o w t h e C E C w o r k s h o p o n " I n v i v o e s t i m a t i o n o f b o d y c o m -

p o s i t i o n in b e e f " I w a n t t o t h a n k t h e C o m m i s s i o n f o r s p o n s o r i n g a n d

m a k i n g t h e w o r k s h o p p o s s i b l e . I a d d r e s s t h i s t h a n k t o d r . C o n n e l l ,

w h o i s p r e s e n t h e r e . T h e w o r k s h o p i s p a r t o f t h e a c t i v i t i e s w i t h i n

t h e S O - C P I 1 e d b e e f p r o g r a m m e - w h i c h h a s t h e a i m t o c o o r d i n a t e r e -

s e a r c h o n i m p r o v e m e n t o f b e e f p r o d u c t i o n i n t h e c o m m u n i t y .

O n e o f t h e m a j o r ai m s f o r r e s e a r c h i s t o s e e k n e w t o o l s . T o o l s ,

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

w a y h e l p u s i n i d e n t i f y i n g t h e v a l u a b l e g e n o t y p e s , a n d m a y b e d o t h i s

a t an e a r l i e r s t a g e t h a n o t h e r w i s e p o s s i b l e . T h e r e b y , t h e r a t e o f

g e n e t i c p r o g r e s s c a n b e i n c r e a s e d .
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T o o l s a l s o , w h i c h in c o n n e c t i o n w i t h n u t r i t i o n a l w o r k c a n b e

h e l p f u l i n o u r u n d e r t a n d i n g o f t h e p h y s i o l o g i c a l p r o c e s s e s . S u c h

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

n i t o r i n g t h e f e e d i n g o f t h e a n i m a l s , s o a s t o o b t a i n m a x i m u m y i e l d

a n d m a i n t a i n t h e h e a l t h o f t h e a n i m a l .

In t h e C E C b e e f p r o g r a m m e e f f o r t s o f t h i s k i n d h a v e o f t e n b e e n

in o u r m i n d s . O n e l i n e o f e f f o r t s i n t h i s d i r e c t i o n c a n b e e x e m p l i -

f i e d b y t h e r e s u l t s , w h i c h w e r e p r e s e n t e d a t t h e w o r k s h o p t h i s S e p -

t e m b e r i n E d i n b u r g h o n " T h e u s e o f B i o c h e m i c a l a n d e n d o c r i n o l o g i c a l

p a r a m e t e r s a s p r e d i c t o r s o f d a i r y a n d b e e f p e r f o r m a n c e ' . ' I r e g a r d

t h e s e r e s u l t s t o b e p r o m i s i n g .

A n o t h e r l i n e o f e f f o r t s h a v e t a k e n a d v a n t a g e o f t h e p o t e n t i a l

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

w h i c h t a k e p l a c e i n t h e s o - c a l l e d " i n v i v o t e c h n i q u e : u l t r a s o n i c s ,

d i l u t i o n o r r ø n t g e n s c a n n i n g " .

T h e m e n t i o n e d e f f o r t s a n d p o t e n t i a l p o s s i b i l i t i e s a r e t h e b a c k -

g r o u n d , o n w h i c h t h e E E C e x p e r t g r o u p s o n g e n e t i c s , o n n u t r i t i o n

a n d o n c a r c a s s a n d m e a t q u a l i t y d i d r e c o m m e n d t h a t t h e p r e s e n t w o r k -

s h o p s h o u l d b e h e l d .

D r . A . C u t h b e r t s o n f r o m U . K . a n d d r . B . B e c h A n d e r s e n f r o m t h i s

c o u n t r y h a v e w o r k e d o u t t h e p r o g r a m m e f o r o u r w o r k s h o p , a n d in t h i s

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

j e c t . T h u s , t h e r e a r e e x p e r t s h e r e f r o m s e v e r a l d i s c i p l i n e s o f r e -

s e a r c h : p h y s i o l o g i c a l , g e n e t i c s , c a r c a s s - e x p e r t s a n d e x p e r t s in

e l e c t r o n i c e n g i n e e r i n g .

H o p e f u l l y , t h i s s h o u l d g u a r a n t e e a v i v i d d i s c u s s i o n a n d a f r u i t -

f u l e x c h a n g e o f i d e a s .
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CEC SUPPORTED ULTRASONIC TRIAL IN UK AND DK

B . B e c h A n d e r s e n , H. B u s k , J . P . C h a d w i c k 2 , A . C u t h b e r t s o n 2 ,

G . A . J . F u r s e y 3 , D . W . J o n e s 2 , P. L e w i n 4 , C A . M i l e s 3 a n d M . G . O w e n 2

1) N a t i o n a l I n s t i t u e o f A n i m a l S c i e n c e , C o p e n h a g e n , D e n m a r k .

2 ) M e a t a n d L i v e s t o c k C o m m i s s i o n , B l e t c h l e y , M i l t o n K e y n e s , E n g l a n d .

3 ) M e a t R e s e a r c h I n s t i t u t e , L a n g f o r d , B r i s t o l , E n g l a n d .

4 ) T h e D a n i s h I n s t i t u t e o f B i o m é d i c a l E n g i n e e r i n g , G l o s t r u p , D e n m a r k

T h e p u r p o s e o f t h e e x p e r i m e n t w a s t o o b t a i n i n f o r m a t i o n o n t h e

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

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

d e r p r a c t i c a l c o n d i t i o n s .

A r e p o r t o f t h e w o r k w a s g i v e n at t h e w o r k s h o p . T h i s r e p o r t is

p u b l i s h e d u n d e r E U R 7 6 4 0 ( 1 9 8 1 ) L u x e m b o u r g . I n t h e f o l 1 o w i n g a p a r t

o f t h e r e p o r t is p r e s e n t e d , n a m e l y :

s e c t i o n 1 ) I n t r o d u c t i o n , s e c t i o n 5 ) D e s i g n , s t a t i s t i c a l m e t h o d s a n d

r e s u l t s , s e c t i o n 6 ) D i s c u s s i o n a n d c o n c l u s i o n s a n d s e c t i o n 8 ) R e -

f e r e n c e s .



- 14 -

1. INTRODUCTION

This publication follows a request from the CEC Beef Production

Research Committee for a report on the application of ultrasonic

techniques for predicting beef carcass characteristics from measurements

of live cattle.

One of a range of non-destructive evaluation techniques, that could

be used for assessing body composition of living animals, ultrasonic

techniques appear to have the greatest potential for practical application

at the present time.

The application of ultrasonics to the measurement of cattle was first

reported by Temple, Stonaker, Howry, Posakony and Hazaleus (1956) and

Stouffer, Wallentine and Wellington (1959). Since then ultrasonic

techniques have improved considerably and several reports have examined

the correlation between ultrasonic measurements of cattle and carcass

compositions (e.g. Andersen, 1975; Kempster, Cuthbertson, Jones and Owen,

1981).

Several ultrasonic instruments are available commercially, but the

potential user may have insufficient background information upon which to

select the most suitable equipment and/or the best way of using it. This

report aims to fill the gap.

5. DESIGN, STATISTICAL METHODS AND RESULTS OF THE TRIALS CARRIED OUT IN

U.K. AND DENMARK

To obtain information on the potential of different machines to

describe carcass characteristics accurately, and to assess their ease of

handling and operation under practical conditions, trials covering a range

of genotypes were conducted in Britain and Denmark. It was recognised

that most ultrasonic machines require considerable skill both in operation

and interpretation, and the comparison was effectively of machine/operator

combinations.

The British work was based at the Meat and Livestock Commission's

Carcass Evaluation Unit, Blisworth, Northants, and the Danish at Egtved

Testing Station, Jutland.
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a. MACHINES

Selection of equipment for test was a considerable problem. Apart

from equipment built specifically for use on live animals, it was

considered important to include representatives of scanners built for

diagnostic work on humans. Marked advances have been made in recent

years in the development of scanners for human use and their potential

value for use on live cattle warranted assessment. Because no more than

five pieces of equipment could be conveniently tested, and evidence that

measurements of area of fat in beef animals are more useful indicators of

carcass fatness than a few simple fat depths (e.g. Cuthbertson, 1976), an

example of an A-scope instrument was excluded. The medical scanners

chosen for the test were those which appeared, from medical experience, to

have a reasonable potential for use on animals and where the manufacturers

were prepared to lend their expensive equipment for evaluation under

working conditions far removed from the hospital environment.

The five machines eventually selected for the trial (Plate 1)

comprised two built specially for use on animals: the "Scanogram" and the

"Danscanner", and three made for use on humans : the Ohio Nuclear

"Sonofluoroscope", the Philips "Diagnost R", and the Bruel and Kjaer

"Spinner".

A. "Scanogram": This instrument is described briefly in section 1. The

frequency of the single transducer was 2MHz and scans were recorded with a

Polaroid camera.

B. Ohio Nuclear "Sonofluoroscope" : Scanning was performed with a linear

2.25 MHz (nominal) array. Its active area was 96 x 15 mm and it housed

switches operating a frame-freeze and the camera shutter. Other

transducers were available. The image was displayed on a video monitor

measuring 95 x 12 7 mm on which an alpha-numeric identification could be

displayed via a keyboard. The image had 16 levels of grey-scale with an

adjustable threshold. Photography was accomplished with a multi-purpose

Polaroid camera with viewer.

C. Bruel and Kjaer revolving transducer system : type 3402 : This system,

referred to subsequently as the "Bruel and Kjaer spinner", produced a

real-time image by use of a revolving transducer. This contained four

identical elements which were mounted in a rotating drum. The instrument

produced a grey-scale image which covered a sector of 65° and was

displayed on a screen measuring 100 x 125 mm. In the trial, photography

was accomplished with a hand-held Polaroid camera.



T h e f i v e u l t r a s o n i c s c a n n e r s : A . " S c a n o g r a m " - B . " O h i o N u c l e a r S o -

n o f l o u r o s c o p e " - C . " B r u e l a n d K j a e r r e v o l v i n g t r a n s d u c e r s y s t e m

( t y p e 3 4 0 2 ) " - D. " P h i l i p s D i a g n o s t R" and E . " D a n s c a n n e r " .
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D. Philips "Diagnost R" : Scanning was performed with a linear 2 MHz

(nominal) array. Its active area was approximately 160 x 10 mm and it

was supplied with a flexible membrane for coupling to a curved surface.

Other transducers were available. The image was displayed on a 15 cm

video monitor on which an alpha-numeric identification could be displayed

via a keyboard. No provision was made on the console for a camera and in

hospital photographs would be taken from an adjacent monitor. We however

used a hand-held polaroid camera. A frame-freeze was operated from the

console and the image had 16 levels of grey-scale.

E. "Danscanner"

This instrument is described briefly in section 1 (Fig.5). The

frequency of the multi-element probe was 2.2 MHz and photographic records

were made with a 35 mm camera, the shutter of which was operated by a

switch on the transducer head.

b. OPERATORS

Each operator was allocated a machine which he operated throughout

the trial. An assistant operator was needed for the Bruel and Kjaer to

take the picture. In the case of both the "Scanogram" and "Danscanner",

the operators had experience extending over several years, but with the

medical equipment experience was limited to several days of preliminary

test work before the start of the trial.

Each operator worked independently on the allocated machine, taking

as many scans as he liked, but selected only one per measurement site for

subsequent analysis. After scanning a batch of cattle, it was scanned a

second time in a different order to obtain a measure of repeatability for

each machine/operator combination.

c. ANIMALS, MEASUREMENT SITES AND CARCASS EVALUATION

In Britain, thirty cattle were scanned by each machine operating

transversely across M.longissimus dorsi (eye muscle), at the tenth rib,

first lumbar and third lumbar vertebrae. Hair was removed from these

sites by clipping before scanning commenced. Twenty of the cattle were

steers of mixed breeds selected to cover a range of fatness and

conformation and ten were young Hereford bulls. After slaughter,

measurements corresponding to those taken on the live animal were taken on

the carcass, which Involved cutting one side of each carcass at the three

positions scanned. Thereafter, each side was separated completely into

lean meat, fat and bone, following the procedure of Cuthbertson,

Harrington and Smith (1972).
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In Denmark, twenty three young bulls were measured of which twenty

were Danish Black and White and three Red Danish. They were scanned

after clipping the hair at the same sites as in Britain and carcass

measurements taken at corresponding sites, omitting the third lumbar

vertebra. One side of each of the twenty Danish Black and White

carcasses was fully dissected by the Danish Meat Research Institute using

the procedure described by Berg, Andersen and Liboriussen (1978). The

results for the three Red Danish bulls are not included in the present

analysis reported below.

d. SCAN PHOTOGRAPH MEASUREMENT AND INTERPRETATION

The photographic prints of the scans obtained from each machine on

each measurement occasion were interpreted independently by two operators,

one from Britain and one from Denmark. All prints were coded before

interpretation and measurement so that interpreters did not know the

identity of the animal or whether it was a repeat scan. All scan prints

were enlarged to half life size for interpretation by the UK interpreter.

After interpretation, depths were measured by ruler and areas by automatic

measuring equipment. All Danish interpretations were made on scan

photographs at the scale produced by the equipment, and measured as for

the UK interpretations. From each scan, the' interpreters obtained

measurements of fat and muscle depths and areas, except for the Bruel and

Kjaer which could only be used to provide fat and muscle depths. None of

the medical equipment was able to produce a scan covering the whole

cross-sectional width of the eye muscle and so the area for measurement

was reduced for these machines. To allow comparison of the machines on a

similar basis, scans produced by the "Scanogram" and "Danscanner" at the

first lumbar vertebra were also interpreted to provide muscle areas

equivalent to those obtained with the medical scanners.

Following normal practice, the Danish interpreter included the hide

when measuring fat depths and fat areas in both the Danish and British

sample of cattle. All data were corrected to a constant velocity of

ultrasound of 1.54 km/s.

e. STATISTICAL METHODS

1. Ultrasonic measurements

For the UK and Danish data, separate models were fitted as follows

for each interpreter/machine/measurement position subgroup:
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*ij = P+ Ri + Aj + (E) l j

where

x^j • the ijth measurement

p = the overall mean

R = replicate effect (first or repeat) i = 1,2

A = animal effect j = 1, 2 30 (UK)

j = 1, 2 20 (DK)

E = residual, or error term (R x A)^j

The analysis of variance table derived from this model is:-

Source of variation Degrees of freedom Expected value of

mean square

Replicates 1 ^ l " ^ 0 !

Animals 29 (19 DK) a i + 2 ü ?

Residual (R x A) 29 (19 DK) o|

where (p- Q2 ancj ^2 represent the variances due to error, replicate and
E R A

animals , r e spec t i ve ly and N = 30 UK; N = 20 DK.

2. Carcass measurements

Since only one carcass measurement was taken on each animal, for each

characteristic, a simplified model was fitted to the UK and DK data

separately as follows:

Yj = u + a-j

where Yj = the jth measurement

u = the overall mean

a = animal effect j = 1, 2 30 (UK)

1, 2 20 (DK)

The analysis of variance table derived from this model is:

Source of Variation Degrees of freedom Expected value of mean square

Animals 29 (19 DK) 0 2
El

3. Estimates of correlation coefficients

The most important derived correlations are:

a) The correlation between an ultrasonic measurement recorded on an

animal, and a carcass measurement:

JAa

U +4 +
b) The correlation between an ultrasonic measurement recorded on an animal
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ULTRASOMC SCANS - produced by different instruments

Danscanner

Scanogram

Ohio Nuclear
Sonofluoroscope

Philips
Oiagnost R

U l t r a s o n i c s c a n s o f t w o c o n t r a s t i n g c a t t l e w i t h c o r r e s p o n d i n g s e c -

t i o n s o f t h e i r c a r c a s s e s . R e c o r d i n g s w e r e m a d e a t t h e l e v e l o f t h e

3 r d l u m b a r v e r t e b r a e .
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and a replicate taken on the same animal:

c) The correlation between an ultrasonic and carcass measurement,

corrected to constant liveweight:

<,. . "Ab . "ab

* 4 - 4 N /JC -
the between animal covariance of the ultrasonic

and carcass measurement

Ab = the between animal covariance of the ultrasonic measurement and

liveweight

a b = the covariance of the carcass measurement and liveweight

°^ = the variance of liveweight.

f- RESULTS

1. Each instrument produced ultrasonic scans which compared

recognisably with anatomical sections and distinguished between the fat,

small-muscled animal on the left of Plate 2 and the lean, large-muscled

animal on the right. All instruments recorded strong echoes from the

transverse process of the lumbar vertebra (Plate 2 ) , but the appearance of

the scans differed markedly. The "Danscanner" and "Scanogram" pictures

displayed the entire cross section of the eye muscle while the Ohio and

Philips instruments showed a part of the muscle only and the Bruel and

Kjaer only a 65° sector.

2. Means and standard deviations of liveweight at evaluation,

dressing or killing out percentage, carcass composition and cut face

measurements are given for UK and DK cattle in Tables la and lb

respectively. The residual deviations at constant liveweight are also

given.

The Tables show that the UK sample of cattle were 87 kg heavier than

those in DK, but dressing percentage was the same for both groups. The

percentage of total fat in the carcass was greater in the UK cattle.

This is unlikely to be due simply to the difference in dissection
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procedure because fat depths and areas were also relatively greater in UK

cattle.

Variation in liveweight was similar in both sets of data with the

coefficient of variation being 11.6 per cent for UK and 12.2 per cent for

DK cattle. For all the carcass characteristics, however, the variability

was relatively greater for the UK cattle reflecting the greater range in

breed types and their fatness.

3. Table 2 gives the repeatability (correlation between repeated

measurements) of fat depths, fat areas and muscle areas at the tenth rib

and first lumbar vertebra. The residual standard deviation of the

measurement is also given. This represents the variation left after

accounting for animal and repeat measurement effects. In general,

correlations were higher at the first lumbar vertebra than at the tenth

rib, and higher for fat depths and areas than muscle areas. There was a

tendency for the repeatability of fat measurements to be highest for the

"Scanogram" and for muscle areas the "Danscanner" tended to be highest.

However, the differences between equipment were rather small with the

exception of Bruel and Kjaer which showed poor repeatability.

4. Correlations between ultfrasonic measurements and the corresponding

cut face depths and areas are given in Table 3. Again these tended to be

higher at the first lumbar vertebra but were of similar magnitude for fat

depth, fat area and muscle area. No one machine stood out as being

superior.

5. Table 4 presents the relationships between cut face carcass

measurements on the one hand and dressing percentage, lean percentage and

lean/bone ratio on the other, adjusted to constant live weight. Fat

areas and depths were negatively correlated with lean percentage and

lean/bone ratio, while the relationships involving muscle area were

positive. In both sets of data, fat areas were more highly correlated

with lean percentage than were fat depths. With the exception of muscle

area, measurements at the tenth rib and first lumbar vertebra gave

correlations of similar magnitude with the percentage of lean in the

carcass.

6. Correlations between ultrasonically measured muscle area (adjusted

to constant liveweight) and dressing percentage were, with one exception,

positive (Table 5). However, correlations between fat measurements and

dressing percentage were positive in UK data and negative in the DK data,

perhaps reflecting differences in genotype in the two countries. With
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all machines correlations were low to moderate.

7. At constant liveweight, percentage lean was negatively correlated

with ultrasonic fat depths and areas, and positively correlated with

muscle area (Table 6). For both fat depths and fat areas, correlations

were higher at the first lumbar vertebra, compared with the tenth rib but,

rather surprisingly, fat areas showed little advantage over fat depths

generally in their relationship with lean percentage. Between the four

machines capable of measuring areas, there was very little difference in

the magnitude of the correlations, averaged over interpreter, location and

origin of cattle.

8. Correlations between ultrasonic measurements and carcass lean/bone

ratio tended to be low and negative for fat depths and areas (Table 7).

Muscle areas were positively associated with lean/bone ratio. There was

some evidence of machine differences.

9. More detailed results of the test work are given in Appendices 1

to 5.

g. PRACTICAL OBSERVATIONS ON THE TEST EQUIPMENT

At the end of the test work, each ultrasonic machine was scored on a

five point scale, where 1 = poor and 5 = good. The score for each

machine was agreed during a discussion involving the five operators

participating in the trial. The results are not intended for statistical

analysis.

The following characteristics were assessed:

Ease of operation

Operator comfort - An assessment of the physical effort required by the

operator to produce a scan.

Adjustment - Number of types of adjustment available

possibility to cater for animal variations.

Scan production - How quickly an acceptable picture is visualised

efficiency including the time required to adjust the equipment.

Number of operators- To obtain an acceptable scan, taking account of the

required fact that some machines needed an extra person to

enable photographs to be taken.



- 24 -

Picture stability - Effect of animal movement.

Transducer shape - Ability of each machine to measure animals of

size varying conformation and shape of the eye muscle.

Ease of site - East of identification of desired measuring position

location by use of pre-scanning.

Coupling economy - Amount of liquid paraffin required to obtain a good

picture.

Quality of results

Photographic - Quality of final "Scan" in relation to the complete

reproduction transfer of all information from screen to film.

Thickness of echo - Clarity of the picture for interpretation.

Display size - Amount of information displayed on final scan.

Depth of signal - Ability of the equipment to locate and identify

penetration bottom of the eye muscle even on large animals,

particularly relevant at the tenth rib.

Picture distortion - Effect that rotation of the transducer has on the

shape and size of eye muscle.

Comparison of scores given for each machine

Scanogram Danscanner Philips Ohio B & K

Ease of operation

5 4 2 3 3

5 5 3 5 5

2 5 5 5 4

5 5 3 5 1

5 4 2 2 2

4 5 3 2 1

1 5 5 5 3

5 5 3A 3A 2

1) Operator comfort

2) Adjustment possibilities

3) Scan production efficiency

4) No. of operators required

5) Picture stability

6) Transducer shape and size

7) Ease of site location

8) Coupling economy
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Quality of results

1) Photographic reproductioi

2) Thickness of echo lines

3) Display size

Scanogram

i 4A

4

5

4) Depth of signal penetration 4

5} Picture distortion 5

Danscanner

5

4

5

4

5

Philips

2

2

3

2

3

Ohio

4

5

2

3

4

B & K

1

1

1

1

1

A = Assumption - insufficient information available.

In addition to the above, the following advantages and disadvantages

of each machine under practical conditions were described by the group of

operators.

Scanogram

Advantages:

1) Large track enabling all sizes of eye muscle to be measured.

2) Minimal amount of physical effort required to hold track in position.

3) Robust, with very little damage likely to occur under farm conditions.

Disadvantages :

1) The design of the Scanogram is such that the cathode ray tube (screen)

is not visible. Resulting scans can only be seen after being reproduced

on Polaroid film. Thus optimum machine settings and site location are

only obtained by trial and error. Taking account of the cost of labour

and Polaroid film, this makes the Scanogram expensive to operate.

2) The rigid, fixed shaped track means that poor conformation (angular

shaped) cattle are difficult to scan.

Danscanner

Advantages:

1) Immediate - real time - eye muscle visualisation.

2) Inexpensive standard camera film (24 x 36 mm) is used for scan

registration.

3) Rubber membrane under transducer housing enables scans to be obtained

successfully from most shapes of animal.

4) Easy site location.

5) Easy to clean.

6) Robust, although transducer head needs to be handled with more care

than that of the Scanogram.
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Disadvantages:

1) Transducer is not long enough to identify both the midline of the body

and the lateral edge of eye muscle, but this spread of scan is seldom

required and used in practice.

2) A trained operator is required to obtain a good scan. This is due to

the fact that the transducer is held in position by downward pressure

with one hand. When the operator takes his eye off the transducer to

look at the screen there is a tendency for the transducer to slide out

of position. However, this comment is valid for the rest of the

equipment assessed, although it is not as critical in the case of the

"Scanogram".

Philips

Advantages:

1) Storage facilities for two pictures, enabling a quick check on

repeatability, and also to help to ensure that the best scan is

photographed

2) Simple to operate, because there are few possible adjustments.

Disadvantages :

1) Needs two operators, as all the controls including the store switch

are situated on the console.

2) Small transducer head allows only a sector of eye muscle to be scanned.

3) No camera facility.

4) In its present form the transducer head would not withstand on-farm

use.

5) Tends to produce scans with very broad lines, making it difficult to

measure fat thickness.

6) As (2) under Danscanner.

Ohio

Advantages :

1) Frame-freeze facility operated from transducer head.

2) Easy site location (transverse and longitudinal).

3) Produces scans with very thin lines, making it easy to measure fat

thickness.

Disadvantages :

1) Very small transducer head, allows only one third of the eye muscle

to be measured with each scan.
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2) In its present form the transducer head would not withstand on farm

use.

3) As (2) under Danscanner.

Bruel & Kjaer

Advantages:

1) None

Disadvantages:

1) Needs two operators, as all the controls are situated on the main unit.

2) No camera facility.

3) No storage facility.

4) Only depths of fat and muscle can be measured.

5) Produces very broad lines making it difficult to measure fat thickness,

and also to distinguish between skin and subcutaneous fat. It may

well be that this could be improved by the use of water bath coupling.

6. DISCUSSION AND CONCLUSIONS

1. The results presented in this report indicate that measurements

obtained by ultrasonic scanning predict body composition with a similar

degree of accuracy to that of corresponding cut face measurements on the

carcass. The prediction using ultrasound seems better than might be

expected from the relationship between the ultrasonic measurements and the

corresponding cut face meaurements on the carcass. This is especially

the case at the tenth rib, where there is more difficulty in identifying

the appropriate anatomical features.

2. Apart from the Bruel and Kjaer scanner, which seemed poorer than

the other equipment, no clear differences emerged between the

machine/operator combinations in terms of predicting body composition.

More distinct differences may be identified when further work has been

undertaken involving multiple regression analyses of the best combination

of measurements for each machine. Although the Philips and Ohio machines

were only able to scan a section of the eye muscle and Its overlying

subcutaneous fat, they provided as good a description of carcass

composition. Among the operators, however, there was a preference for

the "Danscanner" and "Scanogram", which are specially constructed for use

on farm animals.
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3. An interesting general feature not referred to so far is that

inclusion of the hide in the Danish interpreter's assessment of fat depths

and fat areas did not seem to affect his precision in predicting carcass

composition compared with the UK interpreter who excluded the hide from

his assessment of fat.

4. In this trial work, the scanning and interpretation was carried

out by experienced operators, and the results obtained may be better than

would be achieved by those less experienced. It seems important that

those starting scanning work should:

- understand the anatomy of the body;

- be trained in the use of the equipment, including

its calibration;

- ensure a good back-up service;

- carry out periodic checks against carcass

measurements or, when this is not always

feasible, against similar machines.

5. In making the decision on which equipment to use, the other

important factors to consider include: capital cost, ease of use, number

of operators needed, operating costs, quality of service and robustness.
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Table la Means and standard deviations of liveweight, dressing

percentage and carcass characteristics (30 UK cattle)

Liveweight (kg)

Dressing percentage

% lean

% subcutaneous fat

% total fat

% bone

Lean/bone ratio

Lean/fat ratio

Mean S.D.

530.3

53.5

62.5

6 .9

20.8

15.3

4 . 1

3 . 2

61.4

2.93

3.88

2.18

4.57

1.69

0.51

1.04

S.D. at constant
liveweight

2.97

3.41

2.08

4.15

1.72

0.50

0.98

Cut face carcass measurements:

Fat depth
7. 5cm (mm)

Eye muscle depth
7.5cm (mm)

Fat area ~
0-15cm (cm )

Eye muscle area
total (cm )

Fat area ~
5-12.5cm (cm )

Eye muscle area
5-12.5cm (cm )

Fat area over eye
muscle (cm )

10th

Mean

8.4

54.5

12.5

68.0

6 .0

39.9

14.5

r i b

S.D.

4 . 8

8.6

5.4

12.3

3.3

6 . 2

7.4

1st lumbar
vertebra

Mean

6.6

68.4

10.8

70.5

4 . 8

44.7

11.5

S.D.

4 . 6

8 . 1

5 .0

10.6

3.0

6 . 1

5.6

3rd lumbar
vertebra

Mean

9 . 3

57.1

10.2

70.3

6.4

38.6

13.1

S.D.

4 . 5

7 .7

5 .2

9 . 8

3 .4

5 .2

6 .5

1st lumbar and 3rd lumbar cut face measurements only include

29 animals.
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Table lb Means and standard deviations of liveweiqht, dressing

percentage and carcass characteristics (20 DK cattle)

Liveweight

Dressing percentage

% lean

% total fat

% bone

Lean/bone ratio

Lean/fat ratio

Mean S.D.

443.3

53.3

67.9

15.1

17.0

4.0

4.6

53.9

1.55

2.60

2.39

0.96

0.32

0.79

S.D. at constant
liveweight

1.42

2.66

2.42

0.76

0.29

0.81

Cut face carcass measurements:

10th rib

Mean S.D.

Fat depth
7.5cm (mm)

Eye muscle depth
7.5cm (mm)

Fat area ?

0-15cm (cm )

Eye muscle area
total (cm )

Fat area „
5-12.5cm (cm )

Eye muscle area
5-12.5cm (cm )

Fat area over eye
muscle (cm )

7 .0

66.1

11.6

55.7

5.3

40.7

8.3

3 . 2

9 . 2

3 .8

8 . 1

2 . 2

6 . 0

3 .9

1st lumbar
vertebra

Mean S.D.

4.5 2.8

65.0 6.7

9.2 3.7

58.2 8.0

3.6 2.0

43.0 6.5

6.3 3.1



Table 2 Correlations and residual standard deviations (in parenthesis) between

repeat

Equipment

Scanogram

Danscanner

Philips

Ohio

B & K

u

i-H

In
te

r

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

ultrasonic measurements at 10th

a
ls

A
ni

m
UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

Fat depth

10th rib

0.85(1.0)

0.71(1.0)

0.26(2.4)

0.68(1.6)

0.44(1.6)

0.54(2.0)

0.49(1.4)

0.54(1.7)

0.36(2.4)

0.00(2.6)

, 7.5cm

1st lumbar

0.74(1.0)

0.79(1.1)

0.47(1.6)

0.57(1.3)

0.71(1.2)

0.23(1.8)

0.75(0.8)

0.63(0.8)

0.25(2.9)

0.35(1.4)

rib and 1st lumbar vertebra

Fat area

10th r ib 1 )

0.77(1.4)

0.83(1.0)

0.34(2.6)

0.70(2.0)

0.54(1.0)

0.60(1.3)

0.67(0.8)

0.55(1.4)

—

—

2)
1st lumbar

0.82(1.3)

0.76(1.9)

0.59(2.5)

0.51(1.9)

0.69(1.3)

0.67(0.8)

0.81(0.6)

0.78(0.4)

—

—

Eye muscle area

3)
10th rib

0.40(4.8)

0.49(3.7)

0.67(3.8)

0.41(5.3)

0.47(3.9)

0.45(3.0)

0.10(5.9)

0.09(4.2)

—

—

1st lumbar

0.45(5.4)

0.64(2.1)

0.85(2.5)

0.82(2.7)

0.45(3.7)

0.78(2.0)

0.77(2.9)

0.74(1.7)

—

4)

l) and 2) 0-15cm area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

3) total area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

4) 5-12.5cm area for all equipment



Table 3 Correlations between ultrasonic measurements and corresponding
measurements on the cut

Equipment

Scanogram

Danscanner

Philips

Ohio

B & K

u
B
h

In
te

r

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

B
c

<<

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

face of the carcass

Fat depth, 7.5cm

10th rib

0.38

0.33

0.02

0.44

0.50

0.23

0.44

0.24

0.23

-0.10

1st lumbar

0.49

0.72

0.45

0.65

0.28

0.45

0.42

0.56

0.26

0.60

Fat

10th rib

0.47

0.40

0.29

0.53

0.38

0.50

0.32

0.46

—

area
2 \

1st lumbar

0.8.1
0.70

0.67

0.71

0.52

0.68

0.61

0.68

—

—

Eye muscle

3)
10th rib

0.50

0.08

0.41

0.56

0.48

0.61

0.30

0.12

—

—

area

1st lumbar

0.53

0.54

0.68

0.68

0.61

0.67

0.68

0.71

—

—

.4)

l) and 2) 0-15cm area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

3) total area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

4) 5-12.5cm area for all equipment
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Table 4 Correlations between cut face measurements on the carcass

and dressing percentage, % lean and lean/bone ratio

(adjusted to constant liveweight)

Dressing percentage % lean lean/bone

Animals UK DK UK D_K _UK DK

Fat depth, 7.5cm

10th rib 0.15 0.29 -0.37 -0.60 -0.04 -0.27

1st lumbar Q > 5 3 0 > n _0.18 -0.71 0.40 -0.44
vertebra

Fat area, 0-15cm

10th rib 0.25 0.10 -0.58 -0.76 -0.06 -0.42

1st lumbar Q > 5 2 0 _ n _0.52 -0.77 0.13 -0.45
vertebra

Eye muscle area

10th rib 0.38 0.40 0.34 0.47 0.53 0.62

Ist lumbar Q^^ Q _ 2 ] 0 > ? 3 Q^2 Q^8

vertebra



Table 5 Correlations between ultrasonic measurements and dressing

percentage (adjusted to constant liveweight)

Equipment

Scanogram

Danscanner

Philips

Ohio

B & K

u
re

te
r

n
te

r]

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

E
c

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

Fat depth,

10th rib

0.36

-0.38

0.41

-0.19

0.32

-0.27

0.22

-0.24

0.34

0.18

7. 5cm

1st lumbar

0.46

0.15

0.39

-0.07

0.26

0.07

0.36

-0.13

0.33

0.30

Fat

10th rib

0.33

-0.48

0.35

-0.30

0.16

-0.16

0.29

-0.23

—

- -

area
2)

1st lumbar

0.43

0.07

0.55

-0.05

0.31

0.14

0.29

-0.11

—

—

Eye muscle

10th rib3^

0.39

-0.07

0.30

0.35

0.11

0.00

0.11

0.28

—

—

area
4

1st lumbar

0.36

0.33

0.52

0.52

0.44

0.39

0.54

0.28

—

—

1) and 2) 0-15cm area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

3) total area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

4) 5-12. 5cm area for all equipment



Table 6 Correlations between ultrasonic measurements and % lean in the

carcass

Equipment

Scanogram

Danscanner

Philips

Ohio

B & K

>
re

te
r

n
te

rr
.

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

(adjusted to constant liveweight)

w

\n
ir

ri
e

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

Fat depth,

10th rib

-0.29

-0.12

-U.31

-0.33

-0.44

-0.36

-0.47

-0.06

0.22

0.30

7.5cm

1st lumbar

-0.50

-0.59

-0.36

-0.58

-0.47

-0.52

-0.61

-0.65

0.13

-0.37

Fat

10th rib1^

-0.49

-0.21

-0.32

-0.28

-0.60

-0.42

-0.48

-0.08

—

—

area

2)
1st lumbar

-0.51

-0.61

-0.41

-0.61

-0.43

-0.54

-0.66

-0.69

—

—

Eye muscle

10th rib3^

0.22

0.25

0.31

0.05

0.28

0.17

-0.05

0.12

—

—

area

1st lumbar '

0.17

0.26

0.40

0.29

0.40

-0.14

0.38

0.24

—

—

1) and 2) 0-15cm area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

3) total area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

4) 5-12. 5cm area for all equipment



Table 7 Correlations between ultrasonic measurements and lean/bone ratio

in

Equipment

Scanogram

Danscannér

Philips

Ohio

B & K

the

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

carcass

UK

DK

UK

DK

UK

DK

UK

DK

UK

DK

(adjusted to

Fat depth,

10th rib

0.11

0.10

o.u
-0.14

-0.06

-0.44

0.02

0.03

0.19

0.36

constant liveweight)

7.5cm

1st lumbar

0.09

-0.37

-0.08

-0.32

-0.06

-0.24

0.01

-0.44

0.14

-0.16

Fat

10th rib1

0.08

-0.04

0.06

-0.14

-0.13

-0.25

0.07

0.08

~

area

2)1st lumbar

0.12

-0.34

-0.03

-0.31

0.01

-0.24

-0.11

-0.44

—

Eye

10th ri

0.54

0.25

0.61

0.19

0.39

0.23

0.14

0.07

—

—

muscle area

,3) 1st lumbar

0.35

0.48

0.74

0.38

0.53

0.11

0.65

0.56

—

—

1) and 2) 0-15cm area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

3) total area for Scanogram and Danscanner and 5-12.5cm area for Philips and Ohio

4) 5-12. 5cm area for all equipment



- 39 -
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a, B E E F P R O D U C T I O N R E S E A R C H O U T L I N E IN B E L G I U M

R. V e r b e k e

F a c u l t e i t L a n d b o u w w e t e n s c h a p p e n , M e i l e , B e l g i u m .

A d i s c i p l i n a r y r e s e a r c h in b e e f p r o d u c t i o n s t a r t e d in o u r c o u n -

t r y in t h e y e a r 1 9 6 0 . T h e r e s e a r c h C e n t r e f o r M e a t P r o d u c t i o n s t u d -

i e d f i r s t o f all t h e e x p e r i m e n t a l d e s i g n f o r r e s e a r c h i n g t h e p r o g e n y

t e s t i n g s c h e m e f u l f i l l i n g t h e m o s t s p e c i a l r e q u i r e m e n t s : n u m b e r o f

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

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

m e n t s a n d s a m p l i n g .

T h i s s t u d y o f t h e t r a n s m i t t i n g a b i l i t y f o r m e a t p r o d u c t i o n a n d

m e a t q u a l i t y o f A . I . b u l l s c o v e r e d f o u r b r e e d s : R e d W e s t F l a n d e r s ,

R e d a n d W h i t e E a s t F l a n d e r s , R e d a n d W h i t e C a m p i n e , a n d t h e b r e e d o f

t h e M i d a n d H i g h B e l g i u m .

T h e t e s t i n g e m b r a c e d a c o n t i n u e d o u t l i n e s t a r t i n g u p w i t h m a l e

c a l v e s o f 1 0 d a y s o l d a n d f i n i s h i n g , w h e n t h e y o u n g b u l l s h a d a

w e i g h t o f 4 5 0 k g .

In o r d e r t o gi v e r e a d i ly c o m p a r abl e r e s u l t s g r o w t h a n d f e e d i n t a k e

w e r e n o t e d p e r i o d i c a l l y : w e i g h t s w e r e r e c o r d e d at i n t e r v a l s o f 4

w e e k s , a n d t h e p h y s i c a l d e v e l o p m e n t w a s m e a s u r e d q u a r t e r l y . M o s t i m -

p o r t a n t t r a i t s f o r d e v e l o p m e n t w e r e :

- h e i g h t at w h i t e r s

- h e i g h t a t p e l v i s

- w i d t h o f t h i g h ( a t t r o c h a n t e r l e v e l )

- w i d t h o f c h e s t

- d e p t h o f c h e s t

- c h e s t g i r t h

A s u b j e c t i v e s c o r i n g o f t h e c o n f o r m a t i o n w a s d o n e a t t h e e n d o f

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

15 c 1 a s s - s c o r i n g s y s t e m . E v e n s o t h e d e g r e e o f f a t n e s s w a s r e c o r d e d .

A f t e r f a t t e n i n g u p t o 4 5 0 kg t h e a n i m a l s w e r e s l a u g h t e r e d a n d q u a n -

t i t a t i v e c a r c a s s t r a i t s a r e d e s c r i b e d . T h e m o s t r e l e v a n t t r a i t s

a r e :
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- H o t a n d c o l d d r e s s e d w e i g h t

- L e n g t h o f c a r c a s s

- B l o c k i n e s s o f c a r c a s s

- L e n g t h o f l e g

- B l o c k i n e s s o f l e g

- W i d t h o f l e g

T h e E A A P s c o r i n g s y s t e m w a s f u r t h e r m o r e a p p l i e d t o a l l e x p e r -

i m e n t a l c a r c a s s e s . E f f o r t s h a v e b e e n d o n e t o r e l a t e s o m i n v i v o

c h a r a c t e r i s t i c s t o s l a u g h t e r d a t a .

T o s o m e e x t e n t t h e c o n c l u s i o n i s t h a t s i n g l e c h a r a c t e r i s t i c s

o f t h e l i v e a n i m a l s a r e o n l y p o o r l y c o r r e l a t e d w i t h c a r c a s s c o m p o -

s i t i o n . S u b j e c t i v e s c o r i n g i n v i v o i s i n a g e n e r a l w a y g o o d r e l a t -

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

d e g r e e o f f a t n e s s g i v e s n o t a l w a y s f a u l t l e s s e s t i m a t i o n o f d r e s s -

i n g p e r c e n t a g e a n d d e g r e e o f f a t n e s s o f t h e c a r c a s s .

S i n c e 1 9 7 3 a r e i n B e l g i u m t w o t e s t i n g s t a t i o n s w i t h a c a p a c i -

t y o f e a c h 4 0 0 a n i m a l s . A t t h e o u t s e t o n l y p e r f o r m a n c e t e s t w a s

e x a m i n e d , b u t t h i s w a s s o o n l y c o m p l e t e d b y p r o g e n y t e s t i n g .

B r i e f l y t h e p e r f o r m a n c e t e s t i s e x e c u t e d w i t h 1 m o n t h o l d b u l l

c a l v e s a f t e r B U L L ' S D A M S ( s e l e c t e d c o w s ) a n d B U L L ' S S I R E S ( b e s t

p r o v e n b u l l s ) .

A f t e r 1 0 m o n t h s 1 j u d g i n g p e f o r m a n c e s ( g r o w t h r a t e , f e e d c o n v e r -

s i o n t y p e ) o n l y 2 5 % o f t h e b u l l s a r e s e l e c t e d a t t h e t e s t b u l l s f o r

A . I . T h e t e s t b u l l s s e n t u p t o t h e i n s e m i n a t i o n c e n t r e s s e r v e i n

s o m e e x t e n t in t h e p o p u l a t i o n a n d a r e c a l l e d w a i t i n g b u l l s , u n t i l l

r e s u l t s o f t h e i r o f f s p r i n g ( m a l e s a n d f e m a l e s ) a r e k n o w n . I f t e s t s

a r e p r e s a g e f u l t h e b e s t p r o v e n b u l I s m a y b e c o m e P R O V E N B U L L S a n d 2 0 %

o f t h e m b e c o m e » t h e B U L L ' S S I R E S k e p t f o r b r e e d i n g .

F e m a l e s s e r v e d a t 1 2 - 1 8 m o n t h s a r e j u d g e d b y e a s e o f c a l v i n g

c o n t r o l s , m i l k i n g c h a r a c t e r s a n d t y p e b e f o r e r e s u l t s a r e a d d e d t o

t h e r e s u l t s o f t h e p r o g e n y t e s t f o r b u l l s .

In all c o n t r o l s f o r m e a t p r o d u c t i o n a b i l i t y a n a t o m i c a l d i s s e c t -

i o n s o f t h e t h r e e - r i b - c u t 7 - 8 - 9 o r t h e o n e - r i b - c u t o f t h e 8 t h r i b

a r e e x e c u t e d b y t h e S t u d y c e n t r e f o r M e a t P r o d u c t i o n .

F i n a l l y , w e m a y h o p e in t h e f u t u r e t h a t u l t r a s o n i c m e a s u r e m e n t s

m a y c o n f i r m t h e c r e d i b i l i t y o f t h e s e l e c t i o n m e t h o d i n v o l v e d i n B e l -

g i u m .
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b . P R A C T I C A L U S E A N D E X P E R I M E N T A L R E S U L T S O F IN V I V O T E C H N I Q U E S

IN D E N M A R K

H a n s B u s k a n d J u s t J e n s e n

N a t i o n a l I n s t i t u t e o f A n i m a l S c i e n c e

R o l i g h e d s v e j 2 5 , 1 9 5 8 C o p e n h a g e n V.

D e n m a r k

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

v i s u a l j u d g e m e n t o r t r a d i t i o n a l b o d y m e a s u r e m e n t s w i l l n o t g i v e a

s u f f i c i e n t d e s c r i p t i o n o f t h e c a r c a s s c o m p o s i t i o n . On t h e o t h e r

h a n d s e v e r a l e x p e r i m e n t s h a v e s h o w n t h a t i t i s p o s s i b l e t o m a k e a

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

by d e t e r m i n e f a t a r e a a n d m u s c l e a r e a in t h e l u m b a r r e g i o n as an

i n d i r e c t m e a s u r e m e n t o f t h e b o d y c o m p o s i t i o n .

In D e n m a r k w e h a v e m a d e a s e r i e s o f e x p e r i m e n t s w i t h u l t r a s o n -

i c , a n d in t h e l a s t y e a r s c o n c e n t r a t e d o n t h e s o - c a l l e d D a n s c a n n e r

T h i s e q u i p m e n t is a r e a l - t i m e s c a n n e r d e v e l o p e d t o m e a s u r e on a n i m -

a l s . In t a b l e 1 i s s h o w n t h e r e p e a t a b i l i t y b e t w e e n t h e m e a s u r e m e n t s

T a b l e 1. R e p e a t a b i l i t y b e t w e e n t w o u l t r a s o n i c m e a s u r e m e n t s on 1 i v e

c a t t l e ( 5 0 y o u n g b u l l s f r o m t h e p e r f o r m a n c e t e s t ) .

A r e a o f m . l o n g i s s i m u s d o r s i 0 . 9 7

A r e a o f h i d e + f a t 0 . 8 4

T h e r e s u l t s s h o w t h a t t h e e q u i p m e n t i s a b l e t o g i v e s o g o o d a

c r o s s s e c t i o n a l p i c t u r e t h a t w e are a b l e t o e s t i m a t e it in t h e s a m e

w a y f r o m t i m e t o t i m e .

In t a b l e 2 is s h o w n t h e c o r r e l a t i o n b e t w e e n u l t r a s o n i c m e a s u r e -

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

c a s s .
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T a b l e 2 . C o r r e l a t i o n b e t w e e n u l t r a s o n i c m e a s u r e m e n t on l i v e a n i m a l s

and c o r r e s p o n d i n g m e a s u r e m e n t on c a r c a s s ( 1 3 2 y o u n g b u l l s

f r o m e x p e r i m e n t a l s t a t i o n s ) .

A r e a of m. l o n g i s s i m u s d o r s i 0.71

A r e a of f a t * * 0 . 7 9

* )
On l i v e a n i m a l s it is b o t h h i d e + f a t , on c a r c a s s e s o n l y f a t .

T h e r e s u l t s s h o w t h a t w e are a b l e to m e a s u r e m e a t and fat a r e a

w i t h a s u f f i c i e n t a c c u r a c y .

In t a b l e 3 is s h o w n r e s u l t s f r o m an e x p e r i m e n t , w h e r e t h e m e a s -

u r e d a n i m a l s are 15 m o n t h s old c r o s s b r e e d , y o u n g b u l l s f r o m t h e

t e s t i n g s t a t i o n " E g t v e d " .

T a b l e 3. P h a e n o t y p i c c o r r e l a t i o n s b e t w e e n u l t r a s o n i c m e a s u r e m e n t s

and c a r c a s s qual

U l t r a s o n i c m e a s u r e m e n t s :

M u s c l e

M u s c l e

C a r c a s s

M u s c l e

a r e a

a r e a / f a t a r e a

m e a s u r e m e n t s :

a r e a / f a t a r e a

i t y .

p i s t o l
1 e a n

0.42

0.78

0.75

F'er

1 e a n

0.

0.

0.

.21

.71

.74

cen1

fat

- 0 .

- 0 .

-0.

.09

.64

.77

b o n e

- 0 ,

- 0 ,

0,

.44

.23

.08

l e a n /
b o n e

0 . 4 7

0.59

0.39

T h e r e s u l t s s h o w t h a t if b o t h m e a t a r e a and f a t a r e a are m e a s -

u r e d on t h e l i v e a n i m a l , it is p o s s i b l e to o b t a i n a g o o d c o r r e l a -

t i o n b e t w e e n m e a t / f a t r a t i o and d i f f e r e n t e x p r e s s i o n s f o r c a r c a s s

q u a l i t y . T h e m e a t a r e a a l o n e d e s c r i b e s e s p e c i a l l y t h e m e a t / b o n e

r a t i o . It c a n f u r t h e r be s e e n t h a t t h e r e are t h e s a m e c o r r e l a t i o n s

b e t w e e n t h e m e a t / f a t a r e a r a t i o and t h e c a r c a s s c o m p o s i t i o n , e v e n

if it is m e a s u r e d w i t h u l t r a s o n i c on t h e l i v e a n i m a l or m e a s u r e d

d i r e c t l y on t h e c r o s s - s e c t i o n of t h e c a r c a s s .

P r a c t i c a l u s e of u l t r a s o n i c

T h e D a n s c a n n e r e q u i p m e n t is u s e d by r o u t i n e in v a r i o u s s i t u a -

t i o n s . It is u s e d for b o t h c a t t l e , p i g s and s h e e p .
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A l l t h e a n i m a l s a r e m e a s u r e d o v e r t h e f i r s t l u m b a r v e r t e b r a e ,

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

so it is p o s s i b l e l a t e r t o m a k e t h e d i f f e r e n t m e a s u r e m e n t s o n t h e

p h o t o s .

In t h e p e r f o r m a n c e t e s t w e m e a s u r e t h e a n i m a l at 9 t h a n d I O 5

m o n t h s o f a g e . 2 p i c t u r e s o f e a c h m e a s u r e m e n t s a r e t a k e n .

T h e w o r k i n g c o n d i t i o n i s a s f o l l o w s :

1 s t d a y : M e a s u r i n g o f a n i m a l s .

2 n d " : D e v e l o p m e n t o f t h e f i l m .

3 r d " : I n t e r p r e t a t i o n s o f f a t a r e a a n d m e a t a r e a a n d

p l a n i m e t r i n g on an e l e c t r o n i c p l a n i m e t e r .

4 t h " : T h e r e s u l t s a r e a d j u s t e d f o r t h e e f f e c t o f

m e a s u r i n g d a y a n d l i v e w e i g h t .

5 t h " : T h e r e s u l t s a r e p u b l i s h e d .

T o b e s u r e o f t h a t t h e r e s u l t s a r e a s g o o d a s p o s s i b l e , it i s

n e c e s s a r y t o c o n t r o l b o t h t h e t e c h n i c i a n s , w h o u s e t h e e q u i p m e n t

a n d t h e e q u i p m e n t i t s e l f \/ery o f t e n . T h e a c c u r a c i t y o f t h e r e s u l t s

d e p e n d s b o t h on t h e p e r s o n , w h o u s e s t h e e q u i p m e n t , a n d t h e p e r s o n ,

w h o m e a s u r e s on t h e p h o t o . T h e r e f o r e , w e v e r y o f t e n c o m p a r e r e s u l t s

f r o m l i v e a n i m a l s w i t h r e s u l t s f r o m c a r c a s s e s . B e s i d e t h i s c o n t r o l

a v i s u a l j u d g e m e n t o f t h e s c a n n i n g p i c t u r e s a n d t h e m e a s u r e m e n t s a r e

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

g i v e n . Very o f t e n w e h a v e w i t h us a t e c h n i c i a n f r o m t h e M e d i c o t e c h -

n i c a l I n s t i t u t e , w h o m a k e s t h e D a n s c a n n e r , w h e n w e c a r r y o u t t h i s

c o n t r o l .

W e t h i n k t h a t it i s i m p o r t a n t t o m a k e s u c h a c o n t r o l . W i t h o u t

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

q u e n t l y g i v e b a d r e s u l t s .

C o r r e c t i o n s a n d p r e s e n t a t i o n

T h e u l t r a s o n i c t e c h n i q u e s i s u s e d b y r o u t i n e in v a r i o u s s i t u a -

t i o n s . In c a t t l e b r e e d i n g it is u s e d on 5 g r o u p s o f a n i m a l s . T h e

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

G r o u p

D u a l p u r p o s e b u l l s

B e e f b u l l s

P r i v a t e h e r d s

S e l e c t i o n e x p e r i m e n t :

B u l l s

Hei f e r s

O t h e r e x p e r i m e n t s

T o t a l

N u m b e r o f
a n i m a l s p e r y e a r

530

90

100

75

75

140

1 0 1 0

N u m b e r o f
m e a s u r e m e n t s p e r y e a r

1 0 6 0

180

100

225

225

140

19 3 0

T h e p e r f o r m a n c e t e s t s o f d u a l p u r p o s e b u 1 1 s c o m p r i s e s appr. 5 3 0

b u l l s p e r y e a r . T h e y a r e m e a s u r e d as c l o s e t o t h e a g e o f 2 7 3 a n d 3 1 8

d a y s as p o s s i b l e .

T h e s e c o n d g r o u p i s p e r f o r m a n c e t e s t s f o r b e e f b u l l s . T h i s p r o -

j e c t c o m p r i s e s a b o u t 9 0 b u l l s p e r y e a r , a n d t h e y a r e a l s o m e a s u r e d

t w i c e , b u t at t h e a g e o f 3 3 5 a n d 361 d a y s

B e s i d e t h e p e r f o r m a n c e t e s t s w e o f f e r p r i v a t e - b r e e d e r s a m e a s u -

r e m e n t o n t h e i r a n i m a l s , m a k i n g it p o s s i b l e t o d o s o m e s e l e c t i o n

w i t h i n t h e h e r d s . T h e r e a r e o n l y m e a s u r e d a b o u t 1 0 0 p r i v a t e b u l l s

p e r y e a r .

B e s i d e t h e r o u t i n e a c t i v i t i e s d e s c r i b e d a b o v e u l t r a s o n i c is u s e d

in d i f f e r e n t e x p e r i m e n t s . A s e l e c t i o n e x p e r i m e n t h a s b e e n g o i n g on

s i n c e 1 9 7 4 , c o m p r i s i n g a b o u t 1 5 0 c o w s ( H a n s e n a n d L i b c r i u s s e n , 1 9 8 1 )

In t h i s e x p e r i m e n t b o t h b u l l s a n d h e i f e r s a r e m e a s u r e d , g i v i n g a

t o t a l o f 1 5 0 a n i m a l s p e r y e a r . T h e s e a n i m a l s a r e m e a s u r e d 3 t i m e s at

an a g e o f 2 5 5 , 2 8 5 a n d 3 1 5 d a y s , r e s p e c t i v e l y .

T h e l a s t g r o u p is b u l l s in d i f f e r e n t b r e e d i n g a n d f e e d i n g e x p e r -

i m e n t s , a b o u t 1 4 0 a n i m a l s p e r y e a r . T h e s e a n i m a l s a r e m e a s u r e d a

w e e k b e f o r e , t h e y a r e s l a u g h t e r e d . A f t e r s l a u g h t e r , t h e m u s c l e a r e a

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

n e . T h e s e r e s u l t s a r e t h e n u s e d f o r c o n t r o l o f t h e e q u i p m e n t .

T h e p e r f o r m a n c e t e s t s a n d t h e o t h e r e x p e r i m e n t s a r e c a r r i e d o u t

on 6 t e s t s t a t i o n s . T h e a n i m a l s a r e g r o u p e d so t h a t m e a s u r i n g is g o -

i n g on 1 or 2 d a y s / m o n t h s / s t a t i o n .
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Before the ultrasonic measurements can be used, some correct-

ions must be made for weight and day of measurement. The methods are

discussed in detail by Jensen and A n d e r s e n , 1981. The corrections

are based on a linear least square m o d e l , taking the following fac-

tors into consideration:

Y = Breed + Sire (Breed)

+ Station + M-day (Station)

+ Age-Group + Weight

+ Residual + Weight(Age Group)

The resulting analysis of variance is shown in table 5. As can

be seen, there is a strongly significant effect of "day of measure-

ment ".

Table 5. Analysis

Effect

Breed

Sire(Breed)

Stat i on

Day (Station)

Age Group

Weight

Wei ght(Age Group )

Residual

of variance

DF

2

249

2

271

1

1

1

3244

of muscle area.
Mean square

corrected for
other effects

132.06

79.06

48.71

126.79

49.13

8007.70

53.26

19.92

F -value

1 .67

3.97

0.38

6.37

2.47

402.01

2.67

P > F

0 . 1 9 0 3

0 . 0 0 6 1

0 . 6 8 1 4

0 . 0 0 0 1

0 . 1 1 6 4

0 . 0 0 0 1

0 . 1 0 2 1

E v e n t h o u g h e x t e n s i v e t e c h n i c a l i n v e s t i g a t i o n s h a v e b e e n d o n e ,

no s i n g l e f a c t o r s h a v e b e e n f o u n d as a c a u s e o f t h e v a r i a t i o n , b u t

it m u s t be d u e t o v a r i a t i o n s f r o m d a y t o d a y in a d j u s t m e n t o f t h e

e q u i p m e n t , t h e a b i l i t y of s a m e or in t h e e v a l u a t i o n o f t h e p h o t o -

g r a p h i e s , w h e n m e a s u r i n g t h e a r e a s .

C o r r e c t i o n f o r t h e e f f e c t o f d a y o f m e a s u r e m e n t is c a r r i e d

o u t by s u b t r a c t i n g t h e l e a s t s q u a r e c o n s t a n t s f o r t h e d a y - e f f e c t s

c a l c u l a t e d in m o d e l ( 1 ) , f r o m t h e r e l e v a n t m e a s u r e m e n t s .

T h e r e l a t i o n b e t w e e n m u s c l e a r e a a n d 1 i v e w e i g h t i s d i f f e r e n t in

d i f f e r e n t a g e g r o u p s . A c u r v e - 1 i n e a r f u n c t i o n a c r o s s a g e - g r o u p c a n

d e s c r i b e t h i s d i f f e r e n c e . T h e f o l l o w i n g f u n c t i o n h a s b e e n d e r i v e d :

(V is w e i g h t w h e n m e a s u r i n g ) :

M u s c l e a r e a = c o n s t a n t + 0 . 1 8 4 4 V - 1 . 5 2 9 • 1 0 " 4 • V 2 .



- 47 -

T h i s f u n c t i o n is u s e d , w h e n c o r r e c t i n g to c o n s t a n t w e i g h t ,

w h i c h is 4 0 0 kg f o r p e r f o r m a n c e t e s t s of dual p u r p o s e b u l l s .

T h e a v e r a g e of t h e c o r r e c t e d m e a s u r e m e n t s is u s e d in a s e l e c t -

ion i n d e x f o r m u s c l e a r e a . T h e b r e e d i n g v a l u e s are p u b l i s h e d as U-

i n d e x w i t h m e a n 1 0 0 .

R e f e r e n c e s

J e n s e n , J. a n d B . B . A n d e r s e n , 1 9 8 1 . S t a t i s t i c a l a n a l y s i s o f 7 y e a r s '

d a t a f r o m t h e p e r f o r m a n c e t e s t s t a t i o n s . (In D a n i s h w i t h E n g -

lish s u m m a r y and s u b t i t l e s ) . R e p o r t f r o m t h e N a t i o n a l I n s t i t u t e

of A n i m a l S c i e n c e . (In p r e s s ) .

H a n s e n , K. a n d T. L i b o r i u s s e n , 1 9 8 1 . S t a t u s f o r s e l e k t i o n s f o r s ø g e t

f o r t i l v æ k s t og s l a g t e k v a l i t e t . I n t e r n r e p o r t . N a t i o n a l I n s t i -

t u t e of A n i m a l S c i e n c e . 11 p p .
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C. IN V I V O E S T I M A T I O N OF B O D Y C O M P O S I T I O N IN B E E F

P r e l i m i n a r y r e s u l t s f r o m e x p e r i m e n t s c o n d u c t e d by t h e N a t i o n a l
I n s t i t u t e for C a t t l e B r e e d i n g in o r d e r to c o m p a r e d i f f e r e n t

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

By E. R e h b e n

N a t i o n a l I n s t i t u t e for C a t t l e B r e e d i n g
B e e f - p e r f o r m a n c e r e c o r d i n g s e r v i c e

1 4 9 , r u e de B e r c y

7 5 5 9 5 P a r i s C e d e x 12

F r a n c e

- A S H O R T R E V I E W of D I F F E R E N T T E C H N I Q U E S U S E D R O U T I N E L Y in F R A N C E

to E S T I M A T E B E E F C A R C A S S C H A R A C T E R I S T I C S

D i f f e r e n t t e c h n i q u e s for d i f f e r e n t p u r p o s e s are used r o u t i n e l y

to e s t i m a t e in v i v o b e e f c a r c a s s c h a r a c t e r i s t i c s . The m o s t c o m -

m o n o n e s are m e n s u r a t i o n s and v i s u a l a p p r e c i a t i o n s did by an

e x p e r t .

F o r c o m m e r c i a l t r a n s a c t i o n s , o n l y v i s u a l a p p r e c i a t i o n s by e x -

p e r t s are in c u r r e n t u s e . M o s t of t h e m are b a s e d on a 18 l e v e l s

s c h e d u l e , w h o s e each level is d e s c r i b e d by p h o t o g r a p h i e s . In

t h a t s y s t e m an animal is c h a r a c t e r i s e d by o n e l e t t e r (E, U, R,

0, P and A ) and o n e s i g n ( + , = or - ) , f r o m E+ for the b e s t b e e f

c o n f o r m a t i o n , to A- for the w o r s t .

T h e b e e f p e r f o r m a n c e r e c o r d s in c u r r e n t use for g e n e t i c i m p r o v e -

m e n t p r o g r a m s are v i s u a l a p p r e c i a t i o n s by e x p e r t s o r / a n d m e n s u r -

a t i o n s . A c c o r d i n g to t h e b r e e d or t h e a n i m a l t y p e ( c a l f , y e a r -

l i n g , c o w ...) d i f f e r e n t t e c h n i q u e s are u s e d .

The p r o g e n y - t e s t i n g of d a i r y b u l l s i n v o l v e s an e v a l u a t i o n of

the b e e f c h a r a c t e r i s t i c s of t h e i r p r o g e n y . T h e s e m e a s u r e m e n t s ,

did on f a r m , on y o u n g c o w s , c o n s i s t of m e n s u r a t i o n s and visual

a p p r e c i a t i o n s . D i f f e r e n t t e c h n i q u e s or s c h e d u l e s are used ac-

c o r d i n g to t h e b r e e d s . In 1 9 8 0 d a t a c o n c e r n i n g a b o u t 4 0 . 0 0 0

c o w s w e r e r e c o r d e d for t h e s e p r o g r a m m e s .
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C o n c e r n i n g b e e f - c a t t l e , t e c h n i q u e s are also d i f f e r e n t . An a p p r e -

c i a t i o n of b e e f c o n f o r m a t i o n at w e a n i n g is r e c o r d e d for a l a r g e

part of t h e 1 2 0 . 0 0 0 c a l v e s of t h e n a t i o n a l o n - f a r m b e e f p e r f o r m -

ance r e c o r d i n g s y s t e m in o r d e r to c a l c u l a t e c o w - i n d e x .

T h e a p p r e c i a t i o n of b e e f c o n f o r m a t i o n has been d o n e w i t h o t h e r

m e a s u r e m e n t s , w h i c h c o n c e r n s k e l e t a l d e v e l o p m e n t and some b r e e d -

ing q u a l i t i e s . The e x p e r t s a p p r e c i a t e d i f f e r e n t a n a t o m i cal s i t e s ,

w h i c h r e c e i v e a s c o r e from 1 for the w o r s t to 10 for the b e s t .

T h e s e s c o r e s are r e c o r d e d on a special form ( t a b l e 1 - a p p e n d i x ) .

S o m e of t h e 10 s c o r e s are a d d e d in o r d e r to get t h r e e a g g r e g a t e

s c o r e s . T h e f i r s t o n e c o n c e r n s b e e f c o n f o r m a t i o n ( " d é v e l o p p e m e n t

m u s c u l a i r e " - t a b l e 1 - a p p e n d i x ) , the s e c o n d one s k e l e t a l d e v -

e l o p m e n t ( " d é v e l o p p e m e n t s q u e l e t t i q u e " - t a b l e 1 - ) ,

and the t h i r d one some b r e e d i n g q u a l i t i e s ("qualité de r a c e " -

t a b l e 1 - ) . O n l y the a g g r e g a t e s c o r e s r e g a r d i n g b e e f

c o n f o r m a t i o n and s k e l e t a l d e v e l o p m e n t are used to c a l c u l a t e c o w

i n d e x . In 1 9 8 0 , 6 5 . 0 0 0 b e e f b r e e d c a l v e s at w e a n i n g w e r e m e a s u r e d

a c c o r d i n g to t h i s t e c h n i q u e ,

THE G E N E R A L C O N T E X T of the E X P E R I M E N T S C O N D U C T E D by the

N A T I O N A L I N S T I T U T E for C A T T L E B R E E D I N G

T h e s e w o r k s c o n c e r n o n l y the m e a s u r e m e n t s of c u r r e n t use on farm

or in s t a t i o n for g e n e t i c i m p r o v e m e n t p r o g r a m m e s . In t h a t c o n t e x t ,

for the i n s t i t u t e t h e m a i n p r o b l e m s r e g a r d i n g t h e t e c h n i q u e s to

e s t i m a t e in vivo beef c h a r a c t e r i s t i c s are the f o l l o w i n g :

- to h a v e a s t a n d a r d i z e d t e c h n i q u e to e v a l u a t e in v i v o in sta-

tion by visual a p p r e c i a t i o n s some c a r c a s s c h a r a c t e r i s t i c s of

y o u n g d a i r y b u l l s b e f o r e p r o g e n y t e s t i n g ,

- to h a v e t e c h n i q u e s to e v a l u a t e in v i v o o n - f a r m , by v i s u a l a p -

p r e c i a t i o n s , some b e e f c h a r a c t e r i sti es of the y o u n g dai ry c o w s

r e c o r d e d for p r o g e n y t e s t i n g ,

- to c o m p a r e the e f f i c i e n c y of d i f f e r e n t t e c h n i q u e s c o m m e r c i a l -

ly a v a i l a b l e for p r e d i c t i n g in vivo beef c h a r a c t e r i s t i c s ,

e i t h e r for o n - f a r m beef p e r f o r m a n c e r e c o r d s or in s t a t i o n .

C o n c e r n i n g the two f i r s t p r o b l e m s , the I n s t i t u t e is c o n d u c t i n g a

large e x p e r i m e n t , w h i c h i n v o l v e s in vivo a p p r e c i a t i o n s and c a r -

c a s s m e a s u r e m e n t s of 6 0 0 a n i m a l s of d i f f e r e n t d a i r y b r e e d s ( H o i -
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s t e i n F r i s e a n a n d N o r m a n d ) a n d o f d i f f e r e n t t y p e s ( c a l v e s , y o u n g

b u l l s a n d c o w s ) . T h e m e a s u r e m e n t s a n d t h e s l a u g h t e r i n g o f all

t h e s e a n i m a l s a r e n o t y e t f i n i s h e d . T h e c o m p l e t e r e s u l t s w i l l be

a v a i l a b l e o n l y in D e c e m b e r 1 9 8 2 .

C o n c e r n i n g t h e t h i r d p r o b l e m , in M a y / J u n e 1 9 8 1 , t h e I n s t i t u t e

c o n d u c t e d e x p e r i m e n t s in c o - o p e r a t i o n w i t h t h e D a n i s h N a t i o n a l In-

s t i t u t e o f A n i m a l S c i e n c e . A l l t h e r e s u l t s f r o m t h e s e e x p e r i m e n t s

a r e n o t y e t a v a i l a b l e , b u t c o m p l e t e w o r k s a b o u t t h e s e d a t a w i l l

be p u b l i s h e d in A p r i l 1 9 8 2 . C o n s e q u e n t l y , t h e r e s u l t s p r e s e n t e d

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

f r o m t h e s e e x p e r i m e n t s .

A N I M A L S , IN V I V O M E A S U R E M E N T S a n d C A R C A S S E V A L U A T I O N S

C h o i c e o f t e c h n i q u e s t o m e a s u r e t h e a n i m a l s "in v i v o "

D i f f e r e n t t e c h n i q u e s w e r e k e p t a c c o r d i n g t o t h e f o l l o w i n g

cri t e r i o n s :

- t o be u s e d r o u t i n e l y o r c o m m e r c i a l l y , a v a i l a b l e f o r o n -
f a r m a n d / o r in s t a t i o n b e e f - p e r f o r m a n c e r e c o r d s ,

- t o b e u s e d o n a l a r g e s c a l e in F r a n c e .

T h i s m a i n l y in o r d e r t o e l i m i n a t e t e c h n i q u e s o n l y s u i t a b l e

f o r l a b o r a t o r y w o r k s .

T h e f o l l o w i n g t e c h n q i q u e s w e r e k e p t :

- v i s u a l a p p r e c i a t i o n s a c c o r d i n g t o t h e t e c h n i q u e u s e d f o r

b e e f b r e e d s ,

- v i s u a l a p p r e c i a t i o n s a c c o r d i n g to a n e w e x p e r i m e n t a l t e c h -

n i q u e f o r d a i r y b r e e d s ,

- m e n s u r a t i o n s ,

- m e a s u r e m e n t s b y t w o d i f f e r e n t B m o d e u l t r a s o n i c m a c h i n e s

( " S o n i c " and " R 9 0 " ) . T h e t a b l e 2 p r e s e n t s t h e

m a i n c h a r a c t e r i s t i c s o f t h e s e e q u i p m e n t s ,

- m e a s u r e m e n t s by a c o m p l e t e u l t r a s o n i c m a c h i n e ( " D a n s c a n -

n e r " ) .
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Measured animals

The animals measured, chosen among four different breeds,

represent different types, from a dairy type (Holstein Fri

sean) to a beef type (Charolais and Limousin) with a dual

purpose breed (Normand). Young bulls were measured , because

their characteristics are very close to that of animals con-

troled in station or on farm. The table 3 pre-

sents the main characteristics of these animals.

Measurement sites and carcass evaluation

For each animal were measured in vivo:

- 21 scores by visual appreciation,

7 mensurati ons,

4 Longissimus Dorsi depth at six and twelve centimeters

from the third lumbar verterbrae by two different ma-

chines,

- different measurements of depth and area by Danscanner

at the third lumbar vertebrae.

The carcass measurements were the following:

- Longissimus Dorsi area at the third lumbar vertebrae,

- Longissimus Dorsi depth at six and twelve centimeters

from the third lumbar vertebrae,

- Dressing percentage,

- Bone in percentage of carcass weight,

- Saleable lean meat ratio,

- Fat in percentage of carcass weight,

- Quick cooking cuts in percentage of total saleable lean

meat,

- Calculated retail value index of the fore quater.

The carcass measurements were done by the meat laboratory

of the Institute according to a French commercial jointing

of a half fore quater (all muscles are deboned, trimmed and

cut ready for s a l e ) . The animals were slaughtered at the

latest two weeks after the in vivo measurements. During

this period, they were fed in order to keep a constant

wei ght.
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M a i n p u r p o s e s and o r g a n i z a t i o n of "in v i v o m e a s u r e m e n t s "

T h e p u r p o s e of t h i s e x p e r i m e n t is d o u b l e :

- to a n a l y s e d i f f e r e n t o p e r a t o r e f f e c t ,

- to e s t i m a t e r e l a t i o n s h i p s b e t w e e n d i f f e r e n t "in v i v o "

m e a s u r e m e n t s and c a r c a s s c h a r a c t e r i s t i c s .

E i g h t o p e r a t o r s m e a s u r e d t h e a n i m a l s . E x c e p t f o r D a n s c a n n e r ,

all t h e o p e r a t o r m e a s u r e d t w i c e t h e s a m e a n i m a l :

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

t e c h n i q u e s used f o r b e e f b r e e d s ,

- t w o o p e r a t o r s a p p r e c i a t e d t h e a n i m a l s a c c o r d i n g to the

e x p e r i m e n t a l t e c h n i q u e s for d a i r y b r e e d s ,

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

- t w o o p e r a t o r s m e a s u r e d the a n i m a l s w i t h D a n s c a n n e r .

P R E L I M I N A R Y R E S U L T S

C o r r e l a t i o n s b e t w e e n r e p e a t in v i v o m e a s u r e m e n t s

T h i s r e l a t i o n s h i p w a s e s t i m a t e d by a s i m p l e c o r r e l a t i o n co-

e f f i c i e n t . T h e t a b l e s 4 , 5 and 6 p r e s e n t t h e

d i f f e r e n t r e p e a t a b i l i t y got by t h e d i f f e r e n t o p e r a t o r s for

t h e d i f f e r e n t m e a s u r e m e n t s . D a n s c a n n e r m e a s u r e m e n t s are not

c o n c e r n e d by t h e s e e s t i m a t i o n s .

A c c o r d i n g to the r e p e a t a b i l i t y v a l u e and its v a r i a t i o n , it

is p o s s i b l e to c l a s s i f y t h e m e a s u r e m e n t s in t h r e e g r o u p s :

- T h e f i r s t o n e ( t a b l e 4 .) c o n t a i n s e i g h t visual

a p p r e c i a t i o n s and one m e n s u r a t i o n , w h o s e r e p e a t a b i l i t y

is a l w a y s a b o v e 0.66 for all t h e o p e r a t o r s ,

- T h e s e c o n d one ( t a b l e 5, .) c o n t a i n s e i g h t v i s u -

al a p p r e c i a t i o n s , six m e n s u r a t i o n s and two u l t r a s o n i c

m e a s u r e m e n t s . The r e p e a t a b i l i t y of t h e s e m e a s u r e m e n t s

d e p e n d s on t h e o p e r a t o r s , but at l e a s t one o p e r a t o r get

a r e p e a t a b i l i t y a b o v e 0 . 6 6 .

- T h e t h i r d g r o u p d e m o n s t r a t e s t h a t t h e s e e x p e r t s seem to

be u n a b l e to a p p r e c i a t e f i v e a n a t o m i c a l t r a i t s in c u r r e n t

u s e for o n - f a r m b e e f p e r f o r m a n c e r e c o r d s .



- 53 -

Correlations between ultrasonic m e a s u r e m e n t s , carcass

measurements and beef c h a r a c t e r i s t i c s

Measurements were done after slaughtering at the different

anatomical sites measured by ultrasonic m a c h i n e s . T h e t a b l e

7 presents the correlation coefficients between the ultra-

sonic m e a s u r e m e n t s , the carcass m e a s u r e m e n t s at the same

site, and different beef c h a r a c t e r i s t i c s .

Our conclusions are the f o l l o w i n g :

- Except for quick cooking cuts percentage the correla-

tions are s i g n i f i c a n t .

- The c o r r e l a t i o n s between carcass m e a s u r e m e n t s and beef

c h a r a c t e r i s t i c s demonstrate that the best way to pre-

dict body composition in vivo is Longissimus Dorsi

area.

- The correlations between areas measured by D a n s c a n n e r ,

areas measured on carcass and beef characteristi e s , de-

monstrate that Danscanner m e a s u r e m e n t s can be used for

predicting body c o m p o s i t i o n .

- The differences of accuracy between carcass m e a s u r e -

ments and Danscanner depend on the beef c h a r a c t e t i -

stics predicted (small difference for bone percenta-

g e , important difference for fat p e r c e n t a g e ) .

- Except for bone ratio, a depth m e a s u r e m e n t at six

centimeters from the third lumbar vertebrae seems to

be more efficient for predicting beef characteristi es

than at t w e l v e .

- The correlation variations between R90 and Sonic seems

to indicate that the accuracy of these two machines

is similar and does not depend on the frequency or on

a scale choice.

Relationships between in vivo m e a s u r e m e n t s and beef char-

acteri sties

Before these w o r k s , according mainly to their r e p e a t a b i l i -

ty, some m e a s u r e m e n t s and some operators were eliminated
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in o r d e r to k e e p t h e b e s t c o n d i t i o n s for e a c h t e c h n i q u e .

For D a n s c a n n e r m e a s u r e m e n t s o n e sery w a s also k e p t .

The in vivo m e a s u r e m e n t s w e r e g a t h e r e d in six g r o u p s a c -

c o r d i n g to t h e i r c u r r e n t u s e :

- 12 visual a p p r e c i a t i o n s w e r e a c c o r d i n g to t h e m e t h o d

used for b e e f c a t t l e ,

- 16 visual a p p r e c i a t i o n s w e r e a c c o r d i n g to the e x p e r -

i m e n t a l m e t h o d used for d a i r y c a t t l e ,

- 6 m e n s u r a t i o n s ,

- 2 u l t r a s o n i c m e a s u r e m e n t s by R 9 0 ,

- 2 u l t r a s o n i c m e a s u r e m e n t s by S o n i c ,

- 4 u l t r a s o n i c m e a s u r e m e n t s by D a n s c a n n e r .

T h e r e l a t i o n s h i p b e t w e e n e a c h g r o u p of in v i v o m e a s u r e -

m e n t s and each b e e f c h a r a c t e r i s t i c w e r e e s t i m a t e d by a

m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t . T h e t a b l e 8 p r e s e n t s

the d i f f e r e n t r e u l t s o b t a i n e d .

Our c o n c l u s i o n s are t h e f o l l o w i n g :

- It s e e m s not p o s s i b l e to p r e d i c t quick c o o k i n g c u t s

p e r c e n t a g e w i t h t h e s e m e a s u r e m e n t s ,

- T h e t w o t e c h n i q u e s of v i s u a l a p p r e c i a t i o n used by e x -

p e r i e n c e d e x p e r t s seem to h a v e the best e f f i c i e n c y

for p r e d i c t i n g b e e f c h a r a c t e r i s t i c s .

- D a n s c a n n e r m e a s u r e m e n t s ' a c c u r a c y seem to be at a g o o d

l e v e l , but lower than t h a t of visual a p p r e c i a t i o n .

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

seem to have the w o r s t a c c u r a c y .

C O N C L U S I O N S

The w o r k on t h e s e d a t a are not y e t f i n i s h e d , and t h e s e p r e l i m -

i n a r y r e s u l t s are i n c o m p l e t e .

O t h e r a n a l y s i s will be c o n d u c t e d a b o u t t h e s e fol 1 o w i n g p r o b l e m s :

- W o r k s b a s e d on a n a l y s i s of v a r i a n c e will aim to d e t e r m i n e

d i f f e r e n t o p e r a t o r s e f f e c t on in vivo m e a s u r e m e n t s .
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- O t h e r d e t a i l e d w o r k s w i l l b e c o n d u c t e d t o v e r i f y , i f t h e

c l a s s i f i c a t i o n o f t h e d i f f e r e n t t e c h n i q u e s g o t o n s i x t y

v e r y v a r i a b l e a n i m a l s r e m a i n s t h e s a m e i n s i d e a g e n e t i c

t y p e ( d a i r y t y p e o r b e e f t y p e ) , a n d i f v i s u a l a p p r e c i a -

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

t i o n t o b e u s e d f o r p r e d i c t i n g d i f f e r e n t b e e f c h a r a c t e -

r i s t i c s , a n d i f t h i s r e l a t i o n d e p e n d s o n t h e b r e e d s .

T h e c o m p l e t e r e s u l t s o f t h e s e w o r k s w i l l b e a v a i l a b l e in A p r i l

1 9 8 2 .

TABLE 1

Form used to appreciate beet-cattle characteristj.es..„for_

beef performance records

t.y

ffcbd
M

RACE BOVINE à VIANDE

FICHE de POINTAGE
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- TABLE 2 -

Main characteristics of the two ultrasonic machines
used for in vivo measurements

Name

Firm

Speed reference

Frequency

Scale

R90

Compagnie Générale de
Radiologie - FRANCE

1590 m/s

5 MHz

0 to 5 0 mm
or

0 to 100 mm

SONIC

Merit, Lowson and
French Ltd (U.K.)

150 0 m/s

2,5 MHz

0 to 2 5 mm
or

0 to 100 mm

- TABLE

Main characteristics of the measured animals

Breed

CHAROLAIS X NORMAND

NORMAND

HOLSTEIN x FRISEAN

LIMOUSIN

Number

15

1 5

1 5

15

545

575

476

618

We i j

Kg

Kg

Kg

Kg

jht

+ 10

+ 30

+ 28

+ 25



- 57 -

- TABLE 4 -

In vivo measurements repeatability

Measurement
code

1 ::

2 "

3 -

4 "

5 "

6 "

7 ::

8 -

9 o

Operator

1

0,96

0,97

0,95

0,95

-

-

0,96

0,92

0,98

2

0,97

0,96

0,92

0,92

0,91

0,72

-

0,86

-

3

0,94

0,94

0,93

0,93

0,85

0,82

-

0,91

-

4

0,90

0,90

0,90

0,92

-

-

0,89

0,92

0,94

:: visual appreciation

o mensuration

+ ultrasonic measurements
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- TABLE 5 -

In vivo measurements repeatability

Measurement
code

10 :c

11 -

12 ::

13 ::

14 ::

15 ::

16 ::

17 ::

13 o

19 o

20 o

21 o

22 o

23 o

24 +

25 +

Operator

1

-

-

-

0,49

-

0,72

0,65

0,74

0,92

0,90

0,95

0,79

0,85

0,87

-

-

2

0,64

0,68

0,81

0,74

0,66

0,88

0,90

0,90

-

-

-

-

-

-

-

-

3

0,70

0,61

0,65

0,49

0,47

0,61

0,60

0,63

-

-

-

-

-

-

-

-

4

-

-

-

0,29

-

0,47

0,3 7

0,82

0,75

0,66

0,83

0,53

0,41

0,61

-

-

5

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0,92

0,72

6

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0,61

0,58

:: visual appreciation

o mensuration

+ ultrasonic measurement
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- TABLE 6 -

In vivo measurements repeatability

Measurement
code

26 "

27 "

28 ::

2 9 ::

3 0 ::

0

0

1

-

-

-

,59

,32

0

0

0

Operator

2

,55

, 53

,42

-

-

0

0

0

3

,30

,48

,42

-

-

0

0

4

-

-

-

,56

,38

:: visual appreciation

o mensuration

+ ultrasonic measurement
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- TABLE " -

Correlations between carcass measurements, ultrasonic
measurements and beef characteristics

Dressing
percentage

Bone in % of
carcass weight

Saleable lean
meat ratio

Fat in % of
carcass weight

Quick cooking
cuts in % of
total saleable
lean meat

Calculated
retail value
index of the
fore quater

2nd lumbar
vertebra

muscle area

(1)

0,88

- 0,78

0,83

- 0,4 5

- 0,05

+ 0,82

(2)

0,73

- 0,72

0,71

- 0,31

- 0,05

0,69

3rd lumbar vertebra

muscle depth
at 6cm

(1)

0,83

- 0,78

0,72

- 0,24

0,09

0, 70

(2)

0,77
0,70

- 0,79
- 0,72

0,60
0,69

- 0,21

- 0,27

- 0,03

- 0,07

0,56

0,67

Muscle depth
at 12cm

0,77

- 0,82

0,73

- 0,21

- 0,16

0,70

(2)

0,69
0,66

- 0,70
- 0,73

0,55
0,65

- 0,04
- 0,21

- 0,13

- 0,19
- 0,16

- 0,17

0,51
0,70

0,61

[1) carcass measurements

(2) ultrasonic measurements

. above : R90

. under : Sonic
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Prediction of beef characteristics for different in vivo measurements

Dressing
percentage

Bone in S of
carcass weight

Saleable lean
meat ratio

Fat in % of
carcass weight

Quick cooking
cuts in % of
total saleable
lean meat

Calculated retai l
value index of
the fore quater

Visual
appreciations
according to
dairy-cattle
teclinique

0 , 7 0 2 %*•

0 , 8 5 1 % *

0.JA 2 l*

0 , 4 7 2 , 4 \
•k

NS

0,7 0 0 ,4 F
*

Visual
app rec i a t i ons
according t o
beef c a t t l e

technique

0 , 8 2 1 ,6 %
*

0 , 9 0 0 , 9 "o
*

0 , 8 0 1,8 %
*

0 , 6 6 2 ,1 "o
*

NS

0 , 7 8 0 , 4 F
*

Mensurations

0 , 5 6 2 , 5 %
*

0 , 7 3 1,4 °6
*

0 , 2 8 3 , 1 %
*

NS

NS

0 , 2 5 0 , 7 F

*

Ul t r a son ic
measurements

of depth
(Sonic)

0 , 5 2 2 , 4 %
•k

0 , 6 7 1 , 5 %
•k

0 , 5 0 2 , 7 %
•k

0 , 1 8 2 , 9 %
*

NS

0 , 4 6 0 , 6 F
*

Ul t rason ic
measurements

of depth
(R90)

0 , 5 9 2 , 2 %
*

0 , 6 9 1,4 %
*

0 , 3 7 3 %

NS

NS

0 , 3 2 0 , 7 F

*

Measurements
by

Danscanner

0 , 6 7 2 % *

0 , 7 2 1 ,4 %
*

0 , 6 1 2 , 4 %

*

0 , 4 0 2 , 5 %

*

NS

0 , 5 9 0 , 5 F

*

value of the square of the multiple correlation coefficient

residual standard deviation of the regression
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d. R E V I E W OF P R A C T I C A L U S E A N D E X P E R I M E N T A L R E S U L T S OF IN V I V O

T E C H N I Q U E S F O R T H E E S T I M A T I O N OF B O D Y C O M P O S I T I O N IN B E E F

C A T T L E IN T H E F E D E R A L R E P U B L I C OF G E R M A N Y

E. Kali w e i t

I n s t i t u t f ü r T i e r z u c h t und T i e r v e r h a l t e n ( F A L ), M a r i e n s e e

3 0 5 7 N e u s t a d t 1

F e d e r a l R e p u b l i c of G e r m a n y

P u r e b e e f b r e e d s a r e of l i t t l e i m p o r t a n c e in t h e F e d e r a l R e -

p u b l i c of G e r m a n y . B e e f is m o s t l y o b t a i n e d f r o m dual p u r p o s e c a t t -

l e . F o r e c o n o m i c r e a s o n s t h e i n t e r e s t in h i g h m i l k y i e l d s p r e v a i l s

o v e r t h a t f o r g o o d b e e f c a r c a s s e s . S i n c e a l m o s t 5 0 % of t h e b e e f

p r o d u c e d is f r o m y o u n g b u l l s , a l s o l i t t l e a t t e n t i o n is p a i d t o m e a t

q u a l i t y , s i n c e t h e i r c a r c a s s e s are very l e a n .

T h e m a i n o b j e c t i v e s o f p r o g e n y p e r f o r m a n c e t e s t s a r e d a i l y

w e i g h t g a i n s , f e e d e f f i c i e n c y and c a r c a s s g r a d e s , f o c u s s i n g on

c o n f o r m â t i o n .

L i v e f a t t e n i n g b u l l s a r e in g e n e r a l e v a l u a t e d by v i s u a l a p p r a i -

s a l . T h i s , h o w e v e r , p r o v i d e s l i t t l e i n f o r m a t i o n f o r c a r c a s s v a l u e s ,

w h e n g r o u p s a r e q u i t e u n i f o r m as in p r o g e n y t e s t i n g , O t h e r , m o r e

o b j e c t i v e m e t h o d s a r e s t i l l n o t r o u t i n e l y p r a c t i z e d in G e r m a n y .

R e s e a r c h h a s b e e n c o n d u c t e d on t h e f e a s i b i l i t y of i s o t o p e d i -

l u t i o n a n a l y s i s , u l t r a s o n i c m e a s u r e m e n t s and p h o t o g r a m m e t r y .

I s o t o p e d i l u t i o n a n a l y s i s w e r e p e r f o r m e d on p i g s and c a t t l e in o u r

i n s t i t u t e by P F A U ( 1 9 7 2 ) . F o r t h e d e t e r m i n a t i o n of b o d y w a t e r , p r o -

t e i n and f a t , t r i t i a t e d w a t e r ( H T O ) , 4 2 K and 2 4 N a w e r e u s e d . S A L E M

( 1 9 7 0 ) cal c u l a t e d m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t s of r = 0.8 -
42 2 40.9 b e t w e e n K a n d Na f o r m u s c l e , b o n e , w a t e r c o n t e n t , p r o t e i n ,

f a t - f r e e b o d y m a s s and f a t - f r e e d r y m a t t e r . F o r t h e a m o u n t of t o t a l

f a t , a c o e f f i c i e n t of r = 0.4 w a s o b t a i n e d .

T h e m e t h o d is f o r a v a r i e t y of r e a s o n s n o t a p p l i c a b l e to l a r g e

n u m b e r s of a n i m a l s , b u t m u s t be r e s t r i c t e d to r e s e a r c h .
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U l t r a s o n i c m e a s u r e m e n t s on c a t t l e h a v e b e e n p r a c t i z e d in G e r m a n y

s i n c e s o m e t w e n t y y e a r s a g o . J.R. S t o u f f e r f r o m C o r n e l l U n i v e r s i t y

p r o m o t e d t h e s e s t u d i e s d u r i n g his s t a y i n G o t t i n g e n i n t h e e a r l y s i x -

t i e s . R e c e n t l y , a t h e s i s w a s p u b l i s h e d by W . A p p e l ( 1 9 8 0 ) of Kiel

U n i v e r s i t y , w h o u s e d t h e " D a n s c a n n e r " - d e v i c e . He f o u n d r a t h e r p o o r

c o r r e l a t i o n s b e t w e e n u l t r a s o n i c a l l y d e t e r m i n e d c r o s s s e c t i o n s and

t h e c o r r e s p o n d i n g c a r c a s s m e a s u r e m e n t s : r = 0 . 4 0 - 0 . 6 3 f o r t h e

f i r s t and r = 0.25 - 0.51 f o r t h e 5th l u m b a r v e r t e b r a .

M o r e p r o m i s s i n g r e s u l t s w e r e r e c o r d e d by d i r e c t l y c o r r e l a t i n g

u l t r a s o n i c d a t a w i t h t h e w e i g h t s of w h o l e s a l e c u t s . For h i n d q u a r -

t e r c u t s , c o r r e l a t i o n s r a n g e up to r = 0 . 6 5 ; t h e y w e r e w i t h r =

0.55 l o w e r for c u t s f r o m t h e f r o n t q u a r t e r . V i c e v e r s a , a r e a m e a s u r e -

m e n t s on t h e c a r c a s s e s had o p p o s i t e r e s u l t s .

T h e p o s i t i v e c o r r e l a t i o n s b e t w e e n a r e a s and c u t w e i g h t s m a y to

s o m e e x t e n t be d u e to d i f f e r e n c e s in b o d y w e i g h t s . F o r u l t r a s o n i c

m e a s u r e m e n t s and c a r c a s s w e i g h t s , p o s i t i v e c o r r e l a t i o n s of r = 0.38

and r = 0.55 w e r e c a l c u l a t e d , h o w e v e r , b e f o r e c o r r e c t i n g f o r b o d y

w e i g h t s .

T h e a u t h o r c o n s i d e r s t h e a p p a r a t u s as u s e f u l for p e r f o r m a n c e

t e s t i n g , a l t h o u g h it is p r o n e to e n v i r o n m e n t a l d i s t u r b a n c e s . F u r -

t h e r r e s e a r c h on u l t r a s o n i c m e a s u r e m e n t s is in p r o g r e s s at K u l m b a c h

and G r u b ( M u n i c h ) , but r e s u l t s h a v e not y e t b e e n p u b l i s h e d .

P h o t o g r a m m e t r y w a s o r i g i n a l l y e m p l o y e d for o b t a i n i n g 1 i n e a r m e a s u r e -

m e n t s . L a t e r , W . L e y d o l p h of G o t t i n g e n p i o n e e r e d i n t h e d e v e l o p m e n t

of t e c h n i q u e s f o r a s s e s s i n g t h e a n i m a l v o l u m e or c e r t a i n f r a c t i o n s

of i t . T h e p r e s e n t s t a t e of p e r f e c t i o n is s u m m a r i z e d in t h e t h e s i s

of S a a g e ( 1 9 8 0 ) . In t h i s s t u d y , he u s e d t w o p a i r s of s y n c h r o n i z e d ,

f l a s h l i g h t e q u i p p e d c a m e r a s . O n e p a i r w a s p l a c e d b e h i n d t h e a n i m a l

at a d i s t a n c e of 5 0 0 cm and a h i g h t of 2 1 0 c m . T h e s e c o n d p a i r w a s

l o c a t e d a l o n g s i d e t h e a n i m a l , 535 cm a w a y and 2 5 0 cm h i g h . T h e b a c k -

g r o u n d wall w a s c o m p l e t e l y c o v e r e d w i t h e q u i d i s t a n t d o t s . T h e p h o -

t o g r a p h s t a k e n w e r e m e a s u r e d , and t h e d a t a a n a l y z e d by a s p e c i a l

c o m p u t a t i o n p r o g r a m , d e s i g n e d for c o r r e l a t i n g vol urne f r a c t i o n s w i t h

w h o l e s a l e c u t s of t h e c a r c a s s . T h e p h o t o g r a m m e t r i c a l l y d e t e r m i n e d

w o l u m e s of t h e r o u n d s c o r r e l a t e d w i t h r = 0.79 to t h e r o u n d w e i g h t s ;

s i m i l a r l y r = 0.66 w a s cal c u l a t e d for t h e l o i n s . T h e l o w e r l o i n can
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b e c o n t r i b u t e d t o t h e h i g h v a r i a b i l i t y in l o i n m u s c l e t h i c k n e s s , in

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

T h e f o r m e r c o u l d b e t a k e n c a r e o f b y u l t r a s o n i c m e a s u r e m e n t .

A l t h o u g h t h e r e p r o d u c i b i 1 i t y o f p h o t o g r a m m e t r y s t i l l l a c k s p e r f e c t -

ion b e c a u s e , f o r o n e , t h e p o s i t i o n i n g o f t h e a n i m a l a w a i t s f u r t h e r

o p t i m i z a t i o n , t h e a u t h o r r e n d e r s t h e c o m b i n a t i o n o f p h o t o g r a m m e t r y

w i t h u l t r a s o n i c m e a s u r e m e n t s as t h e m o s t p r o m i s s i n g a p p r o a c h . L a t e -

l y , K e l l n e r s u b s t i t u t e d i n e x p e n s i v e s t a n d a r d c a m e r a s f o r t h e h i g h

p e r f o r m a n c e e q u i p m e n t u s e d b e f o r e . It s h o u l d a l s o b e p o s s i b l e t o

s c a l e d o w n on t h e r a t h e r t i m e - c o n s u m i n g e v a l u a t i o n , w h i c h at p r e s e n t

l a s t s a b o u t 3.5 h o u r s . R e s e a r c h a c t i v i t i e s a i m i n g at a r e l i a b l e

a n d i n e x p e n s i v e a d a p t a t i o n f o r f i e l d p u r p o s e s a r e in p r o g r e s s .

R e f e r e n c e s

A p p e l , W . ( 1 9 8 0 ) : D i e B e s t i m m u n g d e s S c h l a c h t k ö r p e r w e r t e s am l e b e n -
d e n R i n d m i t d e m d a n i s c h e n U l t r a s h c a l l g e r a t " D a n s c a n n e r " .
P h . D . T h e s i s , U n i v e r s i t y o f K i e l .

P f a u , A . , S a l e m , M . A . I . ( 1 9 7 2 ) : I s o t o p e s t u d i e s on t h e p h y s i o l o g y
o f d o m e s t i c a n i m a l s . I n t e r n . A t o m i c E n e r g y A g e n c y , V i e n n a ,
I A E A - S M - 1 5 6 / 1 5 .

S a a g e , H . J . ( 1 9 8 0 ) : E n t w i c k l u n g e i n e s V e r f a h r e n s z u r B e s t i m m u n a v o n
V o l u m e n u n d F o r m d e r S c h l a c h t k ö r p e r t e i l e l e b e n d e r R i n d e r . P h . D .
T h e s i s , U n i v e r s i t y o f G o t t i n g e n .

S a l e m , M . A . I . ( 1 9 7 0 ) : B e s t i m m u n g d e r K ö r p e r z u s a m m e n s e t z u n g d e s R i n -
d e s m i t H i l f e e i n e r K- u n d N A - V e r d ü n n u n g s a n a l y s e . P h . D .
T h e s i s , U n i v e r s i t y o f K i e l .
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e. THE DETERMINATION OF CARCASS-VALUE OF LIVE CATTLE WITH THE

DANISH ULTRASONIC EQUIPMENT "DANSCANNER"

E. Ernst, W. Appel and J. Claus

Institut fur Tierzucht und Tierhaltung
der Universität Kiel

01shausenstrasse 4 0 - 6 0

2300 Kiel

W. -Germany

Introducti on

In a trial with 799 bulls of dual purpose breeds ultrasonic

measurements were done appr. 24 hours before slaughtering at the

first and fifth 1umbar vertebra. The structure is shown in table 1

Table 1. Structure of data.

Breed

Bulls with
pedi gree

Bulls without
pedi gree

Aucti on-
bulls

Black and
White

239

124

50

Red and
White

193

15

98

Angler

-

-

80

Total 799

Method of investigation and model of calculation

To scan the animals, they were tied in a cattle crate or a

wei ghi ng scale.

To get a good contact between "Danscanner" and animal, the

measure-point (first and fifth lumbar vertebra) were oiled and

after that supplied with a contact-gel.
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At the a b o v e m e n t i o n e d p o i n t s t h e m e a t a r e a s w e r e t a k e n .

S c a n n i n g of one animal took r o u n d about f i v e m i n u t e s .

Only one p e r s o n was s c a n n i n g t h e total of a n i m a l s .

A f t e r s 1 a u g h t e r , m e a s u r e m e n t s c o r r e s p o n d i n g to t h o s e t a k e n on

the live a n i m a l s w e r e t a k e n on t h e c a r c a s s . That i n v o l v e d c u t t i n g

one side of each c a r c a s s at the two p o i n t s s c a n n e d .

One side of 37 black and w h i t e c a r c a s s e s w e r e d i s s e c t e d , c o r -

r e s p o n d i n g to the D L G - c u t .

The a n a l y s i s of s y s t e m a t i c f a c t o r s , i n f l u e n c i n g the r e s u l t s ,

was done using L S Q - p r o g r a m of H a r v e y ( 1 9 7 6 ; L e a s t - S q u a r e s and

M a x i m u m L i k e l i h o o d G e n e r a l P u r p o s e P r o g r a m ) .

R e s u l t s

R e p e a t a b i l i t y of m e a s u r i n g

The r e p e a t a b i l i t y of u l t r a s o n i c m e a s u r i n g by " D a n s c a n n e r " w a s

e x c e l l e n t , a s t a b l e 2 s h o w s :

T a b l e 2. R e p e a t a b i l i t y of u l t r a s o n i c m e a s u r e s

U S - m e a s u r e s
n = 737

L u m b a r v e r t e b r a

1 .

0.959

5 .

0.959

C o r r e l a t i o n c o e f f i c i e n t s for y a l u e s _ o f m u s c l e _ a r e a - D a n s c a n n e r -

c a r c a s s

The c o r r e l a t i o n b e t w e e n m e a t a r e a s , d e t e r m i n e d by u l t r a s o n i c

e q u i p m e n t r e s p . at the c a r c a s s had a level of 0.46 up to 0.63 for

the first and 0.25 up to 0.50 for the fifth lumbar v e r t e b r a , as

t a b l e 3 s h o w s .

The h i g h e s t c o r r e l a t i o n s (Echem 1 979) c o r r e s p o n d with the best

c o n d i t i o n s , when s c a n n i n g .
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Table 3. Correlation coefficients (rp) for values of muscle area,
measured by ultrasonics (mean of 3 measures), and muscle
area, determined by carcass cut.

Materi al

Progeny testing

Echem 1979

Futterkamp 1979

Futterkamp 1978

Li ndhof

Fatteni ng bulls

Lindhof 1979

n

126

115

98

73

83

Carcass

1 . 1umbar v.

total + )

O . 6 3 X X X

0.47 x x x

0.49 x x x

0.55 x x

0.57 X X X

m.l .d.

0.61 X X X

0.46 X X X

0.48 X X X

0.53 X X X

0.58 X X X

:ut

5. 1umbar

total + )

0

0

0

0

0

5 0 X X X

4 0xxx

o cxxxob

3 1 X X X

4 3 X X X

m

0.

0.

0.

0.

0.

v .

.1 .d.

4 gxxx

4 1xxx

3 4 X X X

25X

3 2 X X

M. long. d. + M. multifidus d.
x ) = p < 0.05; xx = p < 0.01; xxx = p < 0.001.

Ç2H!I§l§îi9!]-Ç2§ffiÇi§Dts_between_ultrasonic_measurements_and_weight

ofcarçass-parts

The correlation (r ) between ultrasonic measurement and weight

of carcass-cuts were in the range from 0.3 to 0.6, as table 4 shows:

Table 4. Correlations between ultrasonic measures and weights of car-
c a ss-parts .

Carcass-parts
(wei ght)

Weight left half

Forequarter, Sa.

Rump and best ribs with bone

Round with bone

Pistol with bone

Rump and best ribs without bone

Round without bone

Pistol without bone

Hi ndquarter , Sa.

ultrasonic values

x of 3 measures

1 . LV

0.38x

0.30

0.43 X X

0.35X

0.37x

0.46 X X

0.37X

0.40x

0.41X

5. LV

0.55 X X

0.47 X X

0.59 X X X

0.49 X X

0.53 X X X

0.63 X X X

0 . 5 4 X X X

0 . 5 7 X X X

0.59 X X X

0 of x

1 . and 5. LV

0.53 x x x

0.44 X X

0.58 X X X

0.48 X X

0.51 X X

0.62 X X X

0.52 X X X

0.55 X X X

9.58 X X X

= p < 0.05; xx = p < 0.01; xxx = p < 0.001
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T h e c o r r e l a t i o n s b e t w e e n " r u m p a n d b e s t r i b s w i t h o u t b o n e " a n d u l -

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

f o r " r o u n d w i t h o u t b o n e " , " p i s t o l w i t h o u t b o n e " a n d t h e p a r t s o f t h e

r o u n d .

It s h o u l d b e s a i d t h a t a m a t e r i a l c o r r e c t i o n o n l i v e - w e i g h t e f -

f e c t e d u n r e a l i s t i c v a l u e s . T h e r e f o r e , t h e m a t e r i a l i s n o t c o r r e c t e d

o n l i v e - w e i g h t .

E s t i m a t i o n _o_f_ h § r i t a b i } i t y _ c o e f f i c i e n t s

T h e e s t i m a t i o n o f h e r i t a b i l i t y c o e f f i c i e n t s i s b a s e d o n l y o n a

s m a l l n u m b e r o f a n i m a l s . T h e r e f o r e , t h e f o l l o w i n g c o e f f i c i e n t s ( t a b -

le 5 ) o n l y s h o w a t e n d e n c y .

T a b l e 5 . C o e f f i c i e n t s o f h e r i t a b i l i t y o f u l t r a s o n i c m e a s u r e s

X

1.

X

1 .

U l t r a s o n i c
m e a s u r e s

1 . L u m b a r v .

M e a s u r e 1. L u m b a r

5 . L u m b a r v .

M e a s u r e 5 . L u m b a r

v .

v .

Echem
h2

.86 - 0

.78 - 0

.53 - -

.54 - 0

1)

.40

.39

.33

.34

2 )Futterkamp

.39

.37

.52

.32

h*

- 0.25

- 0.25

- 0.28

- 0.24

F i n a l c o n s i d e r a t i o n

A n " i n v i v o " - e s t i m a t i o n o f b o d y c o m p o s i t i o n in b e e f b y t h e e q u i p -

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

p e r f o r m a n c e - t e s t - s t a t i o n s . W h e n u s i n g t h e e q u i p m e n t o n o c c a s i o n o f

a u c t i o n s t h e d e v e l o p m e n s o f t h e p i c t u r e s , " t h e d r a w i n g o f t h e m , a n d

t h e d e t e r m i n a t i o n o f t h e a r e a s t a k e t o o m u c h t i m e . S o m e t e c h n i c a l a m e -

l i o r a t i o n s ( P o l a r o i d - c a m e r a , e l e c t r o n i c a l d e t e r m i n a t i o n o f a r e a s o r

s t r a i g h t l i n e s ) c o u l d h e l p t o u s e t h i s u l t r a s o n i c e q u i p m e n t t o o o n

o c c a s i o n o f a u c t i o n s , w h e n f i e l d - m a t e r i a l i s s o l d .
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f. A B R I E F R E V I E W O F T H E S I T U A T I O N IN G R E E C E

J o h n M a t s o u k a s

U n i v e r s i t y o f T h e s s a l o n i k i
S c h o o l o f A g r i c u l t u r e a n d F o r e s t r y

D e p a r t m e n t o f A n i m a l H u s b a n d r y

T h e s s a l o n i k i

G r e e c e

F i r s t o f all I w o u l d l i k e t o s a y t h a t I a m v e r y g l a d t o b e h e r e

w i t h y o u a n d p a r t i c i p a t e in t h i s w o r k s h o p o f " i n v i v o e s t i m a t i o n o f

b o d y c o m p o s i t i o n in b e e f " . S o , I w i l l h a v e t h e c h a n c e t o b e i n f o r m -

ed' a b o u t t h e r e c e n t p r o g r e s s on t h i s v e r y i n t e r e s t i n g s u b j e c t a n d

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

i n g t o b e c a r r i e d o u t a m o n g w e l l k n o w n s p e c i a l i s t s on t h i s f i e l d .

S o f a r , u n f o r t u n a t e l y , in m y c o u n t r y t h e r e h a s b e e n n o r e s e a r c h

p r o j e c t o n t h e s u b j e c t o f " i n v i v o e s t i m a t i o n o f b o d y c o m p o s i t i o n in

b e e f " , n e i t h e r a m e t h o d h a s b e e n a p p l i e d in t h i s f i e l d f o r p r a c t i c a l

p u r p o s e s . S o , I a m s o r r y t o s a y t h a t t h e r e a r e n o r e l a t i v e d a t a t o

b e p r e s e n t e d on y o u .

A s I f e e l t h e m a i n r e a s o n s f o r t h i s s i t u a t i o n in m y c o u n t r y a r e

as f o l 1 o w :

In G r e e c e d e s p i t e o f w h a t h a p p e n s in o t h e r E u r o p e a n c o u n t r i e s

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

c a s s e s . It s h o u l d be m e n t i o n e d t h a t t h e r e h a s b e e n n o o f f i c i al

g r a d i n g s y s t e m f o r b e e f c a r c a s s e s as f o r o t h e r k i n d o f c a r -

c a s s e s , t o o . S o m e t i m e s a n d o c c a s i o n a l l y t h e b e e f c a r c a s s e s

a r e d i f f e r e n t i a t e d a l i t t l e as t o t h e i r p r i c e s . T h i s is d o n e

u s u a l l y b y t h e c a t t l e d e a l e r s , w h o o f f e r t h e f a r m e t h e s a m e

p r i c e f o r a g r o u p o f c a r c a s s e s p r o d u c e d b y t h e s a m e c a t e g o r y

o f a n i m a l s a f t e r an i m p r o p e r a n d s u b j e c t i v e e v a l u a t i o n , w h i c h

h a s b e e n d o n e on t h e l i v i n g a n i m a l s c o n s i d e r e d as a g r o u p .

A f t e r w h a t h a s b e e n m e n t i o n e d , o b v i o u s l y t h e b e e f p r o d u c e r ' s

i n t e r e s t f o r a p p l y i n g m e t h o d s f o r an i m p r o v e m e n t o f c a r c a s s

q u a l i t y h a s b e e n v e r y l i m i t e d . H o w e v e r , it s h o u l d b e m e n t i o n -

ed t h a t r e c e n t l y t h e r e is m o r e a n d m o r e p r e f e r e n c e o f t h e c o n -

s u m e r s f o r l e a n m e a t .
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T h e r e h a s n o t y e t b e e n a n y k i n d o f I n s t i t u t i o n o r S t a t i o n w i t h

p r o p e r f a c i l i t i e s a n d s p e c i a l i s t s in t h i s f i e l d f o r r e l a t i v e

r e s e a r c h p r o j e c t t o b e c o n d u c t e d . A l s o , t r a d i t i o n a l e f f e c t s a n d

t h e u n f a v o u r a b l e s t r u c t u r e o f o u r A n i m a l P r o d u c t i o n f o r m a n y

y e a r s h a v e a s a r e s u l t t h e d e l a y o f a n y p r o g r e s s on t h i s s u b -

j e c t as in o t h e r o n e s , t o o .

F u t u r e p o s s i b i l i t i e s

S i n c e 1 9 7 9 a b r e e d i n g p r o g r a m w i t h d a i r y c a t t l e h a s s t a r t e d in

o u r c o u n t r y u n d e r t h e g u i d a n c e o f t h e M i n i s t r y o f A g r i c u l t u r e a n d

t h e c o - o p e r a t i o n o f t h e A n i m a l H u s b a n d r y D e p a r t m e n t o f t h e S c h o o l

o f A g r i c u l t u r e o f t h e U n i v e r s i t y o f T h e s s a l o n i k i . T h e m a i n o b j e c t -

i v e s f o r t h i s p e r i o d h a v e b e e n t h e c o n t r o l o f m i l k p r o d u c t i o n a n d

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

by u s i n g f r o z e n s e m e n o f p r o g e n y t e s t e d H o l s t e i n b u l l s o f h i g h

b r e e d i n g v a l u e o r i g i n a t e d f r o m U . S . A . a n d W e s t G e r m a n y . T h e p o p u l a -

t i o n , a b o u t 6 0 0 0 c o n t r o l l e d c o w s , in t h i s p r o g r a m , w h i c h is c a r r i e d

o u t m o r e s y s t e m a t i c a l l y in N o r t h e r n G r e e c e , c o n s i s t s m a i n l y o f t h e

Fri e s i an b r e e d ( 8 5 % ) , a n d t h e d a t a a r e r e c o r d e d a n d p r o c e s s e d by a

c o m p u t e r .

A t t h i s , a n d b e f o r e w e go i n t o a p r o g e n y t e s t i n g af b u l l s , I

t h i n k t h a t a p e r f o r m a n c e t e s t i n g o f y o u n g b u l l s t o b e o r g a n i z e d and

a p p l i e d is n e c e s s a r y . T h e r e is no d o u b t t h a t t h e p e r f o r m a n c e t e s t -

i n g in a s t a t i o n c a n i m p r o v e e f f i c i e n t l y b a s i c q u a l i t i e s o f t h e

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

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

f i c i e n c y a n d b o d y c o m p o s i t i o n in c o n n e c t i o n w i t h c a r c a s s y i e l d and

q u a l i t y .

O f c o u r s e , f o r t h e m o m e n t t h e e v a l u a t i o n o f c a r c a s s q u a l i t y ,

as m e n t i o n e d b e f o r e , is n o t o f t h e s a m e i m p o r t a n c e in c o m p a r i s o n

w i t h o t h e r E u r o p e a n c o u n t r i e s . B u t , p r o g r e s s i v e l y , t h e r e is m o r e

a n d m o r e i n t e r e s t o f t h e c o n s u m e r s f o r l e a n m e a t . B e s i d e s t h i s t r e n d

t h e r e is a l o t o f d i s c u s s i o n s a b o u t t h e n e c e s s i t y o f s t a n d a r d i z a -

t i o n o f c a r c a s s e s a c c o r d i n g t o t h e i r q u a l i t i e s a n d a m o r e s u i t a b l e

c u t t i n g o f t h e m f o r a p p l i c a t i o n o f a m o d e r n a n d e f f i c i e n t m a r k e t i n g

s y s t e m on m e a t p r o d u c t s in m y c o u n t r y . On t h e o t h e r h a n d , f o r t h e
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m o m e n t , t h e r e is a p r i c e d i f f e r e n t i a t i o n b e t w e e n c a r c a s s e s of t h e

s a m e w e i g h t a c c o r d i n g to t h e i r i n t e r n a l q u a n t i t y of f a t , b e c a u s e

t h i s is r e m o v e d , a n d it is n o t p a i d by t h e c a t t l e d e a l e r . S o , t h e

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

u c e r r e c e i v e s .

W i t h t h e s e p e r s p e c t i v e s , I feel t h a t t h e m e t h o d of "in v i v o e s t i -

m a t i o n o f b o d y c o m p o s i t i o n of y o u n g b u l l s " is g e t t i n g i n t e r e s t f o r

m y c o u n t r y . T h e r e f o r e , w e h a v e to g e t r e a d y w i t h y o u r h e l p to l o o k

at t h e p o s s i b i l i t i e s of s t a r t i n g to o r g a n i z e s u c h a p r o g r a m in t h e

f r a m e o f o u r c a t t l e b r e e d i n g p r o g r a m .

W i t h t h i s a p p l i c a t i o n a s u b s t a n t i a l s t e p c o u l d be d o n e t o w a r d s

t h e i m p r o v e m e n t of c a t t l e c a r c a s s q u a l i t y , and so w e c o u l d be p r e -

p a r e d t o m e e t f u t u r e m a r k e t n e e d s p r o p e r l y .
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• R E V I E W OF PRACTICAL USE AND E X P E R I M E N T A L RESULTS OF

IN V I V O T E C H N I Q U E S FOR THE E S T I M A T I O N OF BODY C O M P O S I T I O N

IN BEEF C A T T L E IN IRELAND

E. Ryan

Department of A g r i c u l t u r e

A g r i c u l t u r e House

Dubl i n 2

Ireland

The cattle and beef industry is of vital importance to the

Irish e c o n o m y . In 1980 it r e p r e s e n t e d about 3 6 % i n monetary terms of

total agricultural o u t p u t , 5 0 % in m o n e t a r y terms of total a g r i c u l t -

ural exports and 19% of the total value of all e x p o r t s . Over 8 0 % of

the output from the Irish beef industry is exported and up until the

mid 1 9 7 0 s the United Kingdom was the main m a r k e t o u t l e t . The Hereford

is the main beef breed and together with the Angus breed they tradi-

tionally provided terminal crossing sires to produce beef from dai-

ry h e r d s . Since 1974 many of the main beef breeds on the Continent

have been imported to play the same role. In 1980 beef breeds ac-

counted for 5 1 % of all i n s e m i n a t i o n s carried out by the AI services,

Improvement in production and quality in the pedigree beef breeds

is brought about through their p a r t i c i p a t i o n in the National Pro-

gramme for the Genetic Improvement of Beef C a t t l e . This programme

has three main c o m p o n e n t s :

(1) 0n-Farm Weight Recording

(2) Central P e r f o r m a n c e Testing

(3) Progeny testing of bulls in AI for beef m e r i t .

Ireland's entry to the EEC in 1973 opened up European m a r k e t s ,

which demanded leaner c a r c a s s e s than were t r a d i t i o n a l l y produced.

This had l e d t o a n increase in e m p h a s i s on the production of leaner

faster growing a n i m a l s . Central p e r f o r m a n c e testing in Ireland com-

menced in 1 9 7 3 , and young bulls are e v a l u a t e d for growth r a t e , feed

e f f i c i e n c y , body m e a s u r e m e n t s and c o n f o r m a t i o n . The deposition of

excess fat c o n t i n u e s to be a problem associated with the Hereford
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and A n g u s b r e e d s , and t h e s c a l e of e y e m u s c l e a r e a is o f i m p o r t a n c e

in all b e e f b r e e d s . F u t u r e p l a n s i n c o r p o r a t e t h e a s s e s s m e n t of d e p t h

of b a c k fat and e y e m u s c l e a r e a u s i n g U l t r a s o n i c T e c h n i q u e s . S e -

l e c t i o n of b u l l s for the AI s e r v i c e s f r o m the C e n t r a l T e s t i n g S t a t i on

will t a k e c o g n i s a n c e of t h e d a t a a v a i l a b l e on t h e s e t w o c h a r a c t e r i -

s t i c s . U l t r a s o n i c m e a s u r e m e n t s will c o m m e n c e , h o p e f u l l y , on the

1 9 8 2 / 8 3 g r o u p of p e r f o r m a n c e t e s t b u l l s .
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h. IN V I V O E S T I M A T I O N OF B O D Y C O M P O S I T I O N IN B E E F

IN T H E N E T H E R L A N D S

J a n J a n s e n

D e p a r t m e n t o f A n i m a l B r e e d i n g
L a n d b o u w h o g e s c h o o l

P . O . B o x 3 3 8 , W a g e n i n g e n

6 7 0 0 A H N e t h e r l a n d s

I n t r o d u c t i on

In b r e e d i n g p r o g r a m s e f f o r t is m a d e t o i m p r o v e t h e e f f i c i e n c y

o f l e a n m e a t - p r o d u c t i o n . E s p e c i a l l y b u l l p e r f o r m a n c e t e s t i n g o f f e r s

g o o d p o s s i b i l i t i e s f o r t e s t i n g a n d s e l e c t i o n . Q u a n t i t a t i v e c a r c a s s

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

t r a i t s in l e a n m e a t p r o d u c t i o n . P r e d i c t i v e p a r a m e t e r s m e a s u r e d on

l i v e a n i m a l s s h o u l d be u s e d t o e s t i m a t e t h e s e t r a i t s . ( S e e a l s o B e c h

A n d e r s e n e t a l . , 1981 ) .

In t h e N e t h e r l a n d s m o r p h o l o g i c a l c h a r a c t e r i s t i c s a r e u s e d f o r

p r e d i c t i o n o f b o d y c o m p o s i t i o n o f l i v e a n i m a l s . B o t h f l e s h i n e s s a n d

f a t c o v e r i n g are s c o r e d . T h e c l a s s i f i c a t i o n is r e l a t e d t o p h o t o g r a -

p h i c a n d d e s c r i p t i v e s t a n d a r d s a n d b a s e d on l i n e a r s c a l e (1 = m i n i -

m u m , 18 = m a x i m u m ) . T h i s is s i m i l a r t o E A A P - r e c o m m e n d a t i o n s f o r a s s -

e s s m e n t f o r c a r c a s s c h a r a c t e r i s t i c s (De B o e r et a l . , 1 9 7 4 ) .

A n y s u b j e c t i v e s c o r i n g s y t e m s h o u l d f u l f i l t h e f o l l o w i n g c o n d i -

t i o n s t o b e u s e f u l :

a. it s h o u l d b e r e p e a t a b l e . T h i s m e a n s t h a t r e p e a t e d s c o r i n g s

u n d e r t h e s a m e c o n d i t i o n s c o r r e s p o n d w i t h o n e a n o t h e r ( i . e .

s a m e c l a s s i f i e r ) . D i f f e r e n c e s a r e d u e t o m e a s u r e m e n t e r r o r s

a n d t i m e i n f l u e n c e s .

b . it s h o u l d be r e p r o d u c i b l e . T h i s m e a n s t h a t r e p e a t e d s c o r i n g s

u n d e r d i f f e r e n t c o n d i t i o n s c o r r e s p o n d w i t h e a c h o t h e r . T h i s

i n c l u d e s c l a s s i f i e r i n f l u e n c e s .

S e c o n d l y in v i v o e s t i m a t e s s h o u l d b e g o o d p r e d i c t o r s of c a r -

c a s s p r o p e r t i e s . F i n a l l y t o b e u s e f u l in b r e e d i n g p r o g r a m s it is

a l s o r e q u i r e d t h a t t h e t r a i t s c o n s i d e r e d h a v e an e c o nomi c v a l u e ,
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s h o w v a r i a t i o n and a r e heri t a b l e . In t h i s p a p e r s o m e p r o p e r t i e s of

t h e D u t c h s c o r i n g s y s t e m w i l l be d i s c u s s e d .

T h e v a l u e of s u b j e c t i v e s c o r i n g

In a r e c e n t e x p e r i m e n t 7 q u a l i f i e d c l a s s i f i e r s s c o r e d 32 M R Y

b u l l s at f i f t e e n m o n t h s o f a g e t w i c e at 1-6 h o u r s i n t e r v a l f o r

f l e s h i n e s s and f a t c o v e r i n g . T h e b u l l s w e r e in t w o f e e d i n g g r o u p s .

T h e a n a l y s i s o f t h i s e x p e r i m e n t is d e s c r i b e d by A b r a h a m s e and 01 d e -

b r o e k ( 1 9 8 1 ) . T h e r e s u l t s w i l l b e s u m m a r i z e d h e r e . T h e d a t a w e r e

a n a l y s e d w i t h t h e f o l l o w i n g m o d e l :

y = u + f. + s j : i + c k + t-1 + ( f c ) 1 k + ( s £ ) j 1 k + e

w h e r e : y = o b s e r v a t i o n on j-th b u l l in f e e d i n g g r o u p i by

c l a s s i f i e r k at ti m e 1

u = m e a n

f. = e f f e c t of f e e d i n g g r o u p i (i = 1.2)

s. = e f f e c t of j-th b u l l in g r o u p i (j = 1 . 1 6 )

£ k = e f f e c t of k-th c l a s s i f i e r (k = 1.7)
: t. = t i m e of s c o r i n g (1 = 1.2)

f c • . = i n t e r a c t i o n of i-th f e e d i n g g r o u p w i t h k-th

c l a s s i f i e r

s c • • L, = i n t e r a c t i o n of j-th bull w i t h k-th c l a s s i f i e r

e = e r r o r .

All e f f e c t s , e x c e p t u a r e c o n s i d e r e d t o be r a n d o m w i t h v a r i a n -
2 2 2 2 2 2c e s : a f , a s / f , a c , a t , a f c > a s c / f , r e s p e c t i v e l y

T h e a n a l y s i s of v a r i a n c e is g i v e n in t a b l e 1. In g e n e r a l all

m a i n e f f e c t a n d i n t e r a c t i o n s a r e s i g n i f i c a n t . E s p e c i a l l y , t h e c l a s s -

i f i e r * bull i n t e r a c t i o n f o r f a t c o v e r i n g c a u s e s p r o b l e m s . F l e s h i -

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

ed s c o r i n g s . E s t i m a t e s o f v a r i a n c e c o m p o n e n t s a r e g i v e n in t a b l e 2 .

It is c l e a r f r o m t h e s e r e s u l t s t h a t d i f f e r e n c e s in f a t c o v e r i n g at

t h i s a g e a r e s m a l l a n d / o r h a r d t o d e t e c t .
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2
as/fRepeatability is calculated as r: —* ^ -*

s/f d e

2
a s / fa n d r e p r o d u c i bi 1 i t y as r ' : — « £ 2 2 2 2~

s/f c t f e s c / f e

R e s u l t s a r e in t a b l e 3.

R e p e a t a b i l i t y o f f l e s h i n e s s is at an a c c e p t a b l e l e v e l . F i g u r e s f o r

r e p r o d u c i b i 1 i t y a r e l o w . It is c o n c l u d e d t h a t s u b j e c t i v e s c o r i n g

f o r f l e s h i n e s s a n d f a t c o v e r i n g is n o t y e t c o n s i s t e n t . F o r e v a l u a -

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

e r * s t a t i o n * s e a s o n c l a s s e s .

T h e r e l a t i o n b e t w e e n i n v i v o e s t i m a t i o n a n d c a r c a s s c h a r a c t e r i -

s t i c s

O n e w e e k a f t e r t h e e x p e r i m e n t d e s c r i b e d a b o v e a n i m a l s w e r e

s 1 a u g h t e r e d , a n d s u b j e c t i v e s c o r i n g o f c a r c a s s e s w a s d o n e b y t w o o f

t h e c l a s s i f i e r s . T h e a v e r a g e s c o r e f o r c a r c a s s e s is h i g h e r t h a n on

l i v e a n i m a l s ( t a b l e 4 ) . T h e c o r r e l a t i o n s b e t w e e n s c o r e s a v e r a g e d

p e r c l a s s i f i e r is . 6 8 f o r f l e s h i n e s s a n d . 7 2 f o r f a t c o v e r i n g .

D o m m e r h o l t a n d B e r g s t r ö m ( 1 9 7 9 ) a n a l y s e d d a t a o f 9 5 b u l l s o f

t h r e e b r e e d s ( H F , F H a n d M R Y ) , w h i c h w e r e s 1 a u g h t e r e d at t h r e e e n d

w e i g h t s : 4 2 0 , 4 6 0 a n d 5 0 0 k g . P o o l e d c o r r e l a t i o n s o f f l e s h i n e s s

a n d f a t c o v e r i n g w i t h % l e a n w e r e . 2 8 a n d - . 3 9 . T h e t w o t r a i t s t o -

g e t h e r e x p l a i n e d 2 8 . 5 % o f t h e v a r i a t i o n . % l e a n i t s e l f is a g o o d

p r e d i c t o r o f l e a n m e a t q u a n t i t y (r = . 9 5 ) . F u r t h e r r e s u l t s a r e

n o t y e t k n o w n .

D i s c u s s i o n

T h e r e s u l t s p r e s e n t e d h e r e d o n o t g i v e a c o m p l e t e p i c t u r e of

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

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

i n g p r o g r a m s . F u r t h e r r e s e a r c h i s c u r r e n t ly u n d e r w a y to i n v e s t i g a t e



- 77 -

t h e r e l a t i o n b e t w e e n in v i v o e s t i m a t i o n and c a r c a s s c h a r a c t e r s in

m o r e d e t a i l . T h i s i n v o l v e s b o t h b u l l s and veal c a l v e s .

A l s o t h e r e l a t i o n b e t w e e n r e s u l t s of p e r f o r m a n c e t e s t of y o u n g

b u l l s f o r AI and p e r f o r m a n c e of p r o g e n y is i n v e s t i g a t e d . L a r g e num-

b e r s a r e r e q u i r e d to g e t r e l i a b l e e s t i m a t e s of g e n e t i c c o r r e l a t i o n s ,

R e s u l t s will n o t be k n o w n b e f o r e 1 9 8 6 .

R e f e r e n c e s

A b r a h a m s e , A. and O l d e b r o e k , J . K . , 1 9 8 1 . A n a l y s e van de w a a r d e van

de s u b j e c t i e v e b e o o r d e l i n g op b e v l e s s d h e i d en v e t b e d e k k i n g .

IVO r a p p o r t B - 1 8 3 , Z e i s t . In p r e s s .

B e e n A n d e r s e n , B . de B a e r d e m a e k e r , A . , B i t t a n t e , G . , B o n a i t i , B . ,

C o l l e a u , J . J . , F i m l a n d , E . , J a n s e n , J., L e w i s , W . H . E . , P o l i t i -

e k , R . D . , S e e l a n d , G., T e e h a n , T . J . and W e r k m e i s t e r , F., 1 9 8 1 .

P e r f o r m a n c e t e s t i n g of b u l l s in A I : R e p o r t o f a w o r k i n g g r o u p

of t h e C o m m i s s i o n on C a t t l e p r o d u c t i o n . L i v e s t o c k P r o d u c t i o n

S c i e n c e , 8: 1 1 0 - 1 1 9 .

De B o e r , H . , D u m o n t , B . L . , P o m e r o y , R . W . and W e n i g e r , J . H . , 1 9 7 4 .

R e f e r e n c e m e t h o d s f o r a s s e s s m e n t of c a r c a s s c h a r a c t e r i sti es in

c a t t l e . L i v e s t o c k P r o d u c t i o n S c i e n c e , 5: 1 4 7 - 1 5 7 .

D o m m e r h o l t , J. and B e r g s t r ö m , P . L . , 1 9 7 9 . V I e e s p r o d u k t i e g e s c h i k t -

hei d . mi m e o g r a p h .



- 78 -

Table 1. Analysis of variance for subjective scoring (*:P < .05)

Table 2.

Source

F

S/F

C

GC

SC/F

T

error

Source

F

S/F

C

FC

SC/F

T

error

Estimates

d.f.

1

30

6

6

180

1

223

ms (f1eshi ness)

256.59*

16.589*

8.017*

5.905*

.657*

1.885*

.317

of variance components of

fleshiness

1 .048

1 .138

.033

.164

.170

.007

.317

ms (fat covering)

278.22*

3.54*

44.754*

11.538*

.498*

.502*

.278

subjective scoring

fat covering

1 .177

.217

.519

.345

.110

.001

.278

Tab!e 3. Repeatability and reproducibi I i ty of subjective scoring

r »

fleshiness

fat covering
.78

.62

.62

.15

Table 4. Means of subjective score as live and slaughtered animals

alive
fleshiness

fat covering

9.88 (-1.46)
7.34 (-1 .35)

10.22 (-1.25)

8.06 (-1.70)

1) mean of two scorings.
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I. PRACTICAL APPLICATIONS OF IN VIVO TECHNIQUES

FOR THE ESTIMATION OF BODY COMPOSITION

IN BEEF IN BRITAIN

A. J. Kempster

Meat and Livestock Commission, P. 0. Box 44, Queensway
Bletchley, Milton Keynes, MK2 2EF

Testing and practical application of in vivo techniques has centred
mainly on ultrasonic techniques although there has been more
interest recently in visual assessment methods for determining
conformation.

Comparison of ultrasonic machines for predicting carcase lean
content

Four trials carried out by the Meat and Livestock Commission (MLC) to
evaluate the Scanogram (manufactured by Ithaco in the USA) and the
Sonatest (a simple A-mode machine manufactured by Balteau-Sonatest,
Wolverton, UK) were reported by Kempster et al (1981). Cattle in
the four trials differed in breed, sex and origin so the data provided
an opportunity to determine the consistency of results in different
circumstances. A total of 210 cattle were involved.

Fat thickness measurements (Sonatest and Scanogram) and fat and
M. longissimus areas (Scanogram only) were taken at the 10th and 13th
ribs and at the position of the 3rd lumbar vertebra. Their precision
as predictors of carcass tissue percentages was examined when they were
used in addition to live weight at evaluation.

There was little consistency between trials in the positions and
measurements which gave the most precise prediction. Residual standard
deviations to the prediction of carcass lean percentage from fat
thickness measurements taken by Sonatest were in the range 2.5 - 2.7
and there was little advantage in using additional measurements in
multiple regression. Fat areas taken by Scanogram were more precise
predictors (within-breed residual standard deviations were close to
2.0). Precision was improved marginally to about 1.8 by using
combinations of fat areas but M. longissimus areas were of little
additional value (Table 1).

Trials have also been carried out at the ARC Animal Breeding Research
Organisation, Edinburgh in collaboration with MLC and the ARC Meat
Research Institute, Langford. The work has concentrated mainly on
the Danscanner which has performed with acceptable precision. The full
results of these trials have not yet been published. The Danscanner
is being used in a major beef selection experiment to select two lines
of Hereford cattle, one for lean tissue growth rate and the other for the
efficiency of lean tissue gain (ABRO project number 01019, Genetic
improvement of meat production in beef cattle).
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Use of the Scanogram to select cattle of different breeds and
crosses for slaughter at the same level of fatness

Following on from the trials evaluating the Scanogram, fat areas over
the M. longissimus (0 to 15 cm from the dorsal mid-line) at the 10th
and 13th rib positions have been used to select cattle for slaughter
in the MLC beef breed evaluation programme. The sum of the two
areas was used for prediction. Cattle were scanned at intervals
through the growth period and weekly as they approached the required
level of fatness (6 to 10% of subcutaneous fat in carcase). The
identification of slaughter point was not based on predetermined
prediction equations : instead, prediction relationships based on
previous experience were given as guidelines at the beginning of
each run and these modified as the trial progressed, each new animal
slaughtered contributing to the pool of information. In general,
a within-breed regression coefficient of approximately 0.25 percentage
units of subcutaneous fat per cm2 fat area, with intercepts depending
on breed was found most appropriate. Intercepts varied from 3.0 to
5.0.

The accuracy of the slaughter procedure was examined using data for
1367 cattle from the first 3 years of the programme by Kempster and
Owen (1981). Subcutaneous fat percentage predicted from the
ultrasonic measurements was compared with the percentage estimated
by visual assessment of carcass fat cover (SFe). The s.d. of the
difference between the two was 1.65.

Data for a subset of 313 cattle were used to examine the relationships
between the ultrasonically measured fat areas and actual subcutaneous
fat percentage obtained by dissection. The residual s.d. for the
prediction of subcutaneous fat within breed and production system
was 1.18. The level of accuracy achieved was considered to be
satisfactory within the context of the beef breed evaluation programme.

The residual standard deviation for predicting SFe from the ultrasonic
measurements in the larger sample was 1.27. The difference between
this and the standard deviation of the difference referred to above
(1.65) is an indication of the difficulties which exist in developing
and refining prediction equations to pin-point levels of fatness, and
emphasises that one must be cautious about assuming that equations
developed in one set of circumstances will apply accurately to other
circumstances.

In vivo techniques in bull performance testing

In Great Britain, bull performance tests are operated by the MLC at
five stations accommodating in total about 400 bulls each year. Growth
rate and feed intake of individual bulls are measured using age-constant
testing for a period from about 150 to 400 days of'-'age. At the end of
the MLC test, the bulls are visually assessed for conformation and a
withers height measurement is taken in addition to ultrasonic fat areas
over the M. longissimus. The Scanogram is used for this purpose, fat
areas being measured over the >L_ longissimus from 0 to 15 cm from the
dorsal mid line at the 10th and 13th ribs and at the level of the 3rd/4th
lumbar vertebrae.
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The information is not used in a selection index; breeders are
provided with the information for each characteristic independently
and have the opportunity to give the weighting to each which they
see fit in their breeding programmes.

Details of the testing programme have been given by Lewis (1979).

Beef characteristics in dairy cattle

Beef coming as a by-product from the dairy herd makes a major contribution
to overall beef production in Britain. There is a general trend to the
upgrading of native British Friesians with Canadian Holsteins which is
causing concern among beef producers and in the meat trade because of
the poorer beefing characteristics of Holsteins. The Holsteins have
considerably poorer conformation and lower lean to bone ratios than the
British Friesian they are replacing, so interest in improving these
characteristics has intensified.

The Milk Marketing Board (MMB) operates a national improvement scheme
for the improvement of milk production characteristics and is also
concerned with the progeny testing of beef bulls for use on dairy cattle.
MMB in collaboration with MLC has developed a system of visual appraisal of
milking heifers which, it is hoped, will enable distinctions to be drawn
between Friesian bulls (both Canadian Holstein and British Friesian) in
terms of the suitability of their male calves for beef. All the
heifers of MMB Friesian bulls used in A.I. are being assessed visually
for muscularity on a five point scale. The results will not be used
in the selection of sires to return to the stud for extensive use; the
intention is rather to provide information on beef shape in addition to
that already given on dairy production and dairy conformation, to
enable those farmers who wish to do so to take this characteristic
into account when selecting appropriate sires.

The visual assessment of muscularity is simple and cheap. Moreover,
used in the way indicated, the degree of selection that can be applied
for dairy characteristics in the choice of young bulls for progeny
testing is not reduced. The technique has yet to be evaluated; meanwhile
there is no intention of culling bulls for poor beef merit. This can
only be a holding position and the question of selection objectives,
testing methods and selection intensity remains. A progeny test of
Friesian steers by bulls selected on the basis of their heifer progeny's
conformation scores was begun in 1980 to determine the effect of this
work on beef carcase characteristics. The trial will be completed
in mid 1982.



- 82 -

References

KEMPSTER, A. J., CUTHBERTSON, A., JONES, D. W. and-OWEN, M. G. 1981.
Prediction of body composition of live cattle using two ultrasonic
machines of differing complexity : a report of four separate trials.
J. Agric. Sei., Camb. £6 : 301 - 307.

KEMPSTER, A. J. and OWEN, M.G. 1981. A note on the accuracy of an
ultrasonic technique for selecting cattle of different breeds for
slaughter at equal fatness. Anim. Prod. 32 : 113 - 115.

LEWIS, W. H. E. 1979. Performance and progeny testing in Britain.
Beef Cattle Improvement Seminar, ABRO, July 1979. (mineo).



- 83 -

TABLE 1. Prediction of carcase lean percentage using the

Sample

Sample

Sample

s.d. of

Scanogram in three samples of cattle.

1

2

3

31 steers comprising 4 breed crosses.
Overall analysis.

46 commercial steers and heifers .
Analysis pooled within sex.

50 Hereford x Friesian steers.

Sample

1 2

lean (%) 3.19 4.95

3

3.77

Residual s.d. for
prediction from :

live weight 3.16 4.95 3.04

live weight +
best two
predicting
measurements 1.84 2.63 1.97

Maximum precision
with up to four
measurements 1.76 2.60 1.90

10th rib fat area 0 - 1 5 un .

3rd lumbar vert 0 - 1 5

13th rib fat area 0 - 1 5

10th rib fat area 0 - 1 5

10th rib fat area 0 - 1 5

3rd lumbar vert 0 - 1 5

Best M. longissimus area was 3rd lumbar vert, in all

samples. But, it contributed little extra precision.
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POTENTIAL USE OF IN VIVO TECHNIQUES

AND THEIR LIMITATIONS

p a g e

P o t e n t i a l u s e o f in v i v o t e c h n i q u e s f o r b r e e d i n g p u r p o s e s /

J . W . B . K i n g 86

P o t e n t i a l u s e of in v i v o t e c h n i q u e s in a c o m b i n e d m i l k / b e e f

b r e e d i n g p r o g r a m m e / B . B e e n A n d e r s e n 9 4

P o t e n t i a l u s e of in v i v o t e c h n i q u e s in n u t r i ti on and g r o w t h

s t u d i e s / A . J .H. van Es 99

E s t i m a t i o n of b o d y c o m p o s i t i o n by d i l u t i o n t e c h n i q u e s in

n u t r i t i o n e x p e r i m e n t s / J . R o b e l i n 1 0 7

E s t i m a t i n g c a r c a s s c o m p o s i t i o n of y o u n g b u l l s f r o m w e i g h t

f o r a g e and f e e d i n t a k e d a t a / G . T o r r e e l e 1 1 8

U s e of in v i v o t e c h n i q u e s a nd t h e i r l i m i t a t i o n s f o r c o m -

m e r c i a l m a n a g e m e n t a nd r e l e c t i o n o f c a t t l e f o r s l a u g h t e r 1 2 7



a . P O T E N T I A L U S E O F IN V I V O T E C H N I Q U E S F O R B R E E D I N G P U R P O S E S

J . W . B . K i n g

A R C . A n i m a l B r e e d i n g R e s e a r c h O r g a n i s a t i o n

W e s t M a i n s R o a d

E d i n b u r g h

S c o t l a n d

I n t r o d u c t i o n

T h e p u r p o s e o f t h i s p a p e r i s t o d i s c u s s s o m e o f t h e p a r t i c u l a r

p r o b l e m s , w h i c h a r i s e i n s e e k i n g i n v i v o t e c h n i q u e s s u i t a b l e f o r

b r e e d i m p r o v e m e n t w o r k . It i s n o t t h e i n t e n t i o n t o d w e l l o n t h e t e c h -

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

q u i r e d o f s u c h t e c h n i q u e s a n d t o d i s c u s s t h e c r i t e r i a , b y w h i c h

t h e i r e f f e c t i v e n e s s m a y b e j u d g e d .

R e q u i r e m e n t s f o r P r e d i c t i v e M e t h o d s

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

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

w i d e s p r e a d u s e . D i s c u s s i o n o f t h e m c a n b e g r o u p e d u n d e r t h e f o l l o w -

i n g h e a d i n g s :

i ) P r a c t i c a b i I i t y

i i ) P o r t a b i 1 i t y

i i i ) C o s t

i v ) P u b l i c a c c e p t a b i l i t y .

T h e i s s u e o f p r a c t i c a b i l i t y m a y s e e m o b v i o u s b u t i s t h e c r i t e -

r i o n , b y w h i c h m a n y t e c h n i q u e s h a v e f o u n d e r e d i n t h e p a s t . A n e x a m -

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

c i f i c g r a v i t y , r e q u i r i n g n o t o n l y w e i g h i n g i n w a t e r a n d a i r , b u t

a l s o e s t i m a t i o n o f l u n g v o l u m e - p o t e n t i a l l y u s e f u l a s a p r e d i c t o r

b u t n o t l e n d i n g i t s e l f t o r o u t i n e u s e . In g e n e r a l , i f t h e p r e d i c t -

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

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

b e r s o f a n i m a l s c o n s i d e r e d f o r b r e e d i n g p u r p o s e s m a y r e s u l t i n a n

u n a c c e p t a b l e f a l l i n t h e s e l e c t i o n i n t e n s i t y . I s s u e s o f p r a c t i c -

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

c e a n y r e c u r r e n c e o f b r e a k - d o w n s a r e l i k e l y t o r e d u c e t h r r o u g h p u t s .
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In a l l i e d q u e s t i o n is t h e a b i l i t y t o u s e t h e t e c h n i q u e i n d i f f e r -

e n t p l a c e s . If t h e e q u i p m e n t is so s o p h i s t i c a t e d o r d e l i c a t e t h a t it

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

b l e m o f b r i n g i n g a n i m a l s t o t h e e q u i p m e n t . If t h i s c e n t r a l i s a t i o n o c -

c u r s a u t o m a t i c a l l y a n d w i t h l a r g e n u m b e r s o f a n i m a l s , a s in p e r f o r m -

a n c e t e s t i n g s t a t i o n s f o r b o a r s , t h e n t h e r e i s n o d i f f i c u l t y . W i t h

p e r f o r m a n c e t e s t i n g o f b u l l s , h o w e v e r , t h e t o t a l n u m b e r s t o b e s c r e e n -

ed a r e u s u a l l y s o m u c h l e s s t h a t a n y r e s t r i c t i o n o f s e l e c t i o n i n t e n -

s i t y w o u l d b e u n a c c e p t a b l e . In t e r m s o f b r e e d i m p r o v e m e n t it m a y b e

m o r e u s e f u l t o s c r e e n m o r e a n i m a l s in t h e f i e l d , a c k n o w l e d g i n g t h a t

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

d o e s r e q u i r e s t a t i s t i c a l a d j u s t m e n t s t o a l l o w f o r h e r d d i f f e r e n c e s ,

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

r i s k in a c e n t r a l i s e d t e s t i n g s y s t e m .

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

s e it i s u n l i k e l y t o r e c e i v e w i d e a c c e p t a n c e . W h a t i s c o n s i d e r e d r e a -

s o n a b l e w i l l d e p e n d o n t h e r e t u r n s e x p e c t e d f r o m u s i n g t h e p a r t i c u -

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

t h e w a y s in w h i c h t h e y a r e a p p r a i s e d . T h e 1 i mi t e d v i e w p o i n t w o u l d b e

t h a t it is p o s s i b l e t o a f f o r d o n l y t h o s e s y s t e m s , w h i c h w i l l p a y f o r

t h e m s e l v e s in t h e b r e e d e r ' s o w n h e r d . T h i s is a v e r y r e s t r i c t i v e r e -

q u i r e m e n t a n d n o t m a n y t e c h n i q u e s w o u l d q u a l i f y o n t h i s b a s i s . F r o m

t h e p o i n t o f v i e w o f b r e e d i m p r o v e m e n t , a m o r e t e n a b l e p o s i t i o n w o u l d

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

i n g s t o c k . A g a i n , h o w e v e r , t h e s e a r e n o t l i k e l y t o b e v e r y g r e a t , u n -

l e s s b r e e d e r s a r e s u p p l y i n g a s o p h i s t i c a t e d o r a l a r g e m a r k e t , p e r -

h a p s t h r o u g h t h e u s e o f a r t i f i c i a l i n s e m i n a t i o n . A l t e r n a t i v e l y , w e

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

o f t h e m e t h o d . O n t h i s b a s i s , t h e n e v e n h i g h l y e x p e n s i v e m e t h o d s

m i g h t b e j u s t i f i e d , a l t h o u g h t h e u l t i m a t e j u s t i f i c a t i o n w i l l d e p e n d

u p o n t h e i m p r o v e d s t o c k b e i n g u s e d on a n a t i o n a l s c a l e .

F i n a l l y , t h e m e t h o d s u s e d m u s t b e a c c e p t a b l e t o t h e p u b l i c at

l a r g e . P e r h a p s t w o e x a m p l e s w o u l d s e r v e t o i l l u s t r a t e t h e p r o b l e m .

F i r s t l y w e h a v e t h e u s e o f r a d i o a c t i v e i s o t o p e s , w h i c h c a n b e a d m i n -

i s t r a t e d f o r v a r i o u s e s t i m a t i o n p r o c e s s e s . A l t h o u g h r e s i d u a l l e v e l s

o f r a d i o a c t i v i t y m a y b e e n t i r e l y s a f e , a n d i n d e e d b e l o w t h e l o w l e v -

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

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



n o t e a s i l y a l l a y e d . T h e s e c o n d e x a m p l e m i g h t b e t h e u s e o f b i o p s y

t e c h n i q u e s w h i c h , a l t h o u g h p o s s i b l e w i t h l e v e l s o f p a i n p r o b a b l y b e -

l o w t h o s e i n v o l v e d i n r e s t r a i n i n g l a r g e a n i m a l s , w o u 1 d c e r t a i n l y n o t

b e a c c e p t a b l e t o t h e a n t h r o p o m o r p h i c w e l f a r e l o b b y . Si n e e t h e a n i m a l

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

t h e s e c o n s t r a i n t s h a v e t o b e f a c e d .

C r i t e r i a f o r t h e a s s e s s m e n t o f p r e d i c t i o n t e c h n i q u e s

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

j e c t i o n o f p o t e n t i a l p r e d i c t o r s . A l t h o u g h c e r t a i n f e a t u r e s s e e m d e -

s i r a b l e , m a n y o f t h e m a r e m a t t e r s o f d e g r e e , w h e r e q u a n t i t a t i v e j u d g -

m e n t s w i l l b e r e q u i r e d .

In t h e f i r s t p l a c e a p r e d i c t i o n c r i t e r i o n s h o u l d c e r t a i n l y b e

r e p e a t a b l e . W h a t l e v e l o f r e p e a t a b i l i t y i s d e s i r a b l e o r c a n b e a c -

c e p t e d i f , h o w e v e r , n o t e a s y t o s t a t e . A l t h o u g h a p a r t i c u l a r c r i t e -

r i o n m a y h a v e r a t h e r l o w r e p e a t a b i l i t y , i t i s p o s s i b l e t h a t r e p e a t -

e d m e a s u r e m e n t s m i g h t s t i l l o f f e r a u s e f u l l e v e l o f p r e d i e t i o n . T h i s

d e p e n d s o n t h e e a s e w i t h w h i c h r e p e a t e d m e a s u r e m e n t s c a n b e m a d e .

F o r e x a m p l e , a l t h o u g h m e a s u r e m e n t s m a d e w i t h t h e E M M E i n s t r u m e n t i n

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

t i o n , t h e p i g s a r e r e q u i r e d o n l y t o w a l k t h r o u g h t h e i n s t r u m e n t a n d

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

n o w b e i n g e v a l u a t e d f o r s e l e c t i o n p u r p o s e s .

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

s e l v e s . A c h a r a c t e r m a y b e p e r f e c t l y r e p e a t a b l e b u t q u i t e u n c o n n e c t -

e d w i t h t h e d e s i r e d s e l e c t i o n o b j e c t i v e . In a d d i t i o n t o a m e a s u r e

o f r e p e a t a b i l i t y w e n e e d t o k n o w t h e c o r r e l a t i o n o f t h e p r e d i c t o r

w i t h t h e s e l e c t i o n o b j e c t i v e . I f , f o r e x a m p l e , w e a r e u s i n g u l t r a -

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

f u l l s c a l e d i s s e c t i o n a r e n e c e s s a r y f o r t h e p r e c i s e c a l i b r a t i o n o f

t h e p r e d i c t i n g m e a s u r e m e n t . S h o r t c u t s s u c h a s t h e c o r r e l a t i o n b e -

t w e e n u l t r a s o n i c f a t m e a s u r e m e n t a n d t h a t o b t a i n e d o n t h e c a r c a s s

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

t h e m s e l v e s o n l y i n d i r e c t m e a s u r e s o f c a r c a s s l e a n n e s s a n d s u b j e c t

t o e r r o r s . S o a l t h o u g h o n e w o u l d e x p e c t a b r o a d c o r r e s p o n d e n c e b e -

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

b e u s e d a s t h e u l t i m a t e c r i t e r i o n i n d e c i d i n g , w h e t h e r o r n o t t o a c -

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

r i e d o u t i n a r e l e v a n t p o p u l a t i o n o f a n i m a l s . W h i l e w e m a y b e r e a s o n -

a b l e c e r t a i n t h e r e i s a u s e f u l c o n n e c t i o n b e t w e e n , s a y , l i v e a n i m a l

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

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

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

d i f f e r e n c e s m a y o r m a y n o t b e i m p o r t a n t . I f t h e t w o r e g r e s s i o n l i n -

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

c e p t , t h e n t h i s w i l l b e o f n o c o n c e r n . I f , h o w e v e r , t h e t w o r e g r e s s -

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

a n i m a l s w o u l d b e o r d e r e d c o r r e c t l y , e x t r e m e i n d i v i d u a l s m i g h t b e o v e r -

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

r e l a t i v e t o o t h e r m e a s u r e s o f p e r f o r m a n c e i n a s e l e e t i o n i n d e x .

T h e s t a b i l i t y o f t h e p r e d i c t o r u n d e r s e l e c t i o n s h o u l d b e c o n s i d -

e r e d , s o t h a t t h e r e c a n b e r e a s o n a b l e c e r t a i n t y t h a t t h e r e l a t i o n -

s h i p d o e s n o t c h a n g e i n s u c h a w a y a s t o i n v a l i d a t e t h e p r e d i c t i o n .

T h i s c h a n g e c o u l d t a k e p l a c e i n t w o w a y s . F o r e x a m p l e , t h e t h i c k -

n e s s o f f a t m a y b e r e d u c e d u n d e r c o n t i n u e d s e l e c t i o n t o t h e e x t e n t

t h a t t h e e r r o r s o f m e a s u r e m e n t a r e g r e a t l y i n c r e a s e d . I f s o , t h e n

a r e a p p r a i s a l o f a p r e d i c t i o n m e t h o d b a s e d o n f a t t h i c k n e s s w o u l d

b e n e c e s s a r y . A s e c o n d c o n c e r n w o u l d b e t h a t t h e p r o c e s s o f s e l e c t -

i o n m i g h t c h a n g e t h e n a t u r e o f t h e p r e d i c t o r i n t h e c o u r s e o f t i m e .

T h u s , f o r e x a m p l e , i n u s i n g u l t r a s o n i c m e a s u r e m e n t s o f f a t t h i c k -

n e s s w e a r e i n f a c t m e a s u r i n g a t i m e i n t e r v a l f o r t h e t r a n s m i s s i o n

o f a p u l s e o f s o u n d t h r o u g h a g i v e n d i s t a n c e o n f a t . I f t h e r e w a s

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

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

b y s e l e c t i o n a n i m a l s w i t h h i g h v e l o c i t i e s a n d n o t l o w a m o u n t s o f

f a t . F o r t u n a t e l y , t h i s d o e s n o t s e e m t o h a p p e n b u t s u c h d e t a i l s

m a y n o t b e k n o w n i n t h e e a r l y s t a g e s o f a n e w p r e d i c t o r .

I t h a s t o b e r e c o g n i s e d t h a t t h e m e a n m e a s u r e m e n t s o f t h e p r e -

d i c t o r w i l l c h a n g e i n t h e c o u r s e o f t i m e i f s e l e c t i o n i s e f f e c t i v e .

T h e e f f e c t s o f t h i s c h a n g e m a y n o t b e f u l l y a p p r e c i a t e d , a n d t h e

c h a n g e s m a y b e s u b j e c t t o i n t e r p r e t a t i o n s , w h i c h a r e n o t f u l l y j u s t -

i f i e d . A n e x a m p l e o f t h i s w o u l d b e u s i n g f a t m e a s u r e m e n t s a t a s i n g l e

p o i n t a s a p r e d i c t o r o f l e a n a n d e x e r t i n g s t r o n g s e l e c t i o n p r e s s u r e

f o r t h i s c h a r a c t e r i s t i c . I n t h e c o u r s e o f t i m e , t h e f a t o n t h e a n -

i m a l w i l l b e r e d u c e d 5 b u t m o s t a t t h e p o i n t a t w h i c h i t i s s e l e c t e d .



- 9 0 -

A l t h o u g h a m o u n t s o f f a t i n o t h e r p l a c e s w i l l b e r e d u c e d , t h e g e n e t i c

c o r r e l a t i o n b e t w e e n f a t m e a s u r e s i s u n l i k e l y t o b e o n e , a n d t h e r e -

d u c t i o n a t t h e s e o t h e r l o c a t i o n s w i l l b e s o m e w h a t l e s s . T h u s , a l -

t h o u g h t h e t o t a l a m o u n t o f f a t m a y b e r e d u c e d , t h e a l t e r e d l i n e a r

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

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

R e q u i r e d l e v e l s o f a c c u r a c y

H o w a c c u r a t e n e e d s a p r e d i c t o r t o b e o f u s e i n a s e l e c t i o n p r o -

g r a m m e ? T h i s i s a q u a n t i t a t i v e q u e s t i o n f o r w h i c h t h e r e w i l l b e n o

s i n g l e a n s w e r . M u c h w i l l d e p e n d u p o n t h e r e l a t i v e e c o n o m i c i m p o r t -

a n c e o f t h e c a r c a s s c r i t e r i a a n d t h e r e t u r n s f r o m t h e i r i m p r o v e m e n t .

W h i l e s u c h e c o n o m i c a s s e s s m e n t m a y b e p o s s i b l e i n t e r m s o f l e a n n e s s

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

c u l t t o q u a n t i f y t h e v a l u e o f m e a t q u a l i t y c h a r a c t e r i s t i c s . F u r t h e r -

m o r e , o n e h a s t o p r e s u m e t h a t i m p r o v e m e n t o f c a r c a s s c h a r a c t e r i s t i c s

a r e n o t t h e o n l y s e l e c t i o n o b j e c t i v e s , a n d t h a t t h e p r o d u c e r w i l l a l -

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

r a t e a n d t h e e c o n o m y o f f o o d u s e . I f s e v e r a l s u c h c h a r a c t e r i s t i c s

a r e a s s e m b l e d t o g e t h e r i n a n o v e r a l l s e l e c t i o n i n d e x , t h e n t h e a c -

c u r a c y o f p r e d i c t i o n o f a c a r c a s s c h a r a c t e r i s t i c b y i n v i v o m e a s u r e -

m e n t s i s l i k e l y t o b e c o m e m u c h l e s s c r i t i c a l . I f t h e a c c u r a c y o f ,

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

d e x c a l c u l a t i o n s , t h e n t h e r e s u l t a n t s e l e c t i o n w e i g h t s o b t a i n e d w i l l

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

d i r e c t l y . T h i s i s a r e a l i s t i c a p p r o a c h a n d o n e w h i c h c a n r e a d i l y b e

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

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

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

A l t e r n a t i v e s t o p e r f o r m a n c e t e s t i n g

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

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

c o m p o s i t i o n . T h e r e a r e , h o w e v e r , o t h e r c a r c a s s a t t r i b u t e s s u c h a s

k i l l i n g o u t % a n d p r o p o r t i o n s o f h i g h p r i c e d c u t s , w h e r e t h e f u t u r e

a v a i l a b i l i t y o f u s e f u l i n v i v o p r e d i c t o r s l o o k s m u c h l e s s p r o m i s -

i n g . I f n o s u c h m e t h o d s a r e f o r t h c o m i n g , w e a r e n o t n e c e s s a r i l y
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f o r c e d b a c k t o p r o g e n y t e s t i n g a n d t w o al t e r n a t i v e m e t h o d s c o m p r i s i n g

a ) s i b t e s t i n g a n d b ) i n d i v i d u a l t e s t i n g a n d g a m e t e s t o r a g e m a y b e

c o n s i d e r e d .

a ) S i b T e s t i n g

In a n y b r e e d i n g p o p u l a t i o n s t h e r e w i l l b e a n u m b e r o f s i r e f a m i -

l i e s , s o m e o f w h i c h w i l l n o t b e r e q u i r e d f o r b r e e d i n g a n d c a n t h e r e -

f o r e be s l a u g h t e r e d f o r c a r c a s s a s s e s s m e n t . A l t h o u g h t h e s e m a y v a r y

in n u m b e r , a n d p e r h a p s s e x , it is p e r f e c t l y p o s s i b l e in p r i n c i p i e t o

t a k e m e a s u r e m e n t s on t h e s e a n i m a l s i n t o a c c o u n t d u r i n g s e l e c t i o n .

T h e l i m i t a t i o n on t h i s m e t h o d t h e n b e c o m e s n o t t h e a c c u r a c y o f c a r -

c a s s a s s e s s m e n t b u t t h e g e n e t i c r e l a t i o n s h i p w i t h t h e i n d i v i d u a l be-

i n g c o n s i d e r e d f o r s e l e c t i o n . U s u a l l y w i t h c a t t l e t h i s g e n e t i c r e l a -

t i o n s h i p w i l l o n l y b e o n e q u a r t e r so t h a t t h e i n t r i n s i c v a l u e o f s i b

i n f o r m a t i o n is l o w , a l t h o u g h , if t h e r e is e n o u g h o f i t , t h e n it is

u s e f u l . T h e r e l a t i v e r e s p o n s e f o r s i b s e l e c t i o n c o m p a r e d t o i n d i v i -

d u a l s e l e c t i o n is s h o w n in F i g u r e 1 f o r v a r y i n g n u m b e r s o f s i b s .

T h e l o w e s t c u r v e f o r h a l f s i b s s h o w t h a t f o r m o d e s t n u m b e r s t h i s r e -

s p o n s e is l e s s t h a n h a l f t h a t a c h i e v e d w i t h i n d i v i d u a l s e l e c t i o n .

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

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

r a p i d i m p r o v e m e n t o f b e e f c a t t l e ( L a n d a n d H i l l , 1 9 7 5 ) . If t h e s e r e -

p r o d u c t i v e t e c h n i q u e s w e r e a p p l i e d e x t e n s i v e l y t h e y w o u l d c r e a t e

l a r g e n u m b e r s o f f u l l s i b f a m i l i e s . A s s u m i n g t h a t t h e s e f u l l s i b s

w e r e b o r n o f d i f f e r e n t r e c i p i e n t c o w s , t h e n p r o b l e m s o f e n v i r o n m e n -

t a l c o r r e l a t i o n s w o u l d b e r e m o v e d , a n d t h e c l o s e r g e n e t i c r e l a t i o n -

s h i p w o u l d b e p o t e n t i a l l y m u c h m o r e v a l u a b l e ( F i g u r e 1 ) .

b ) I n d i v i d u a l t e s t i n g a n d g a m e t e s t o r a g e

A n a l t e r n a t i v e m e t h o d , w h i c h a p p e a r s t o h a v e b e e n u s e d o n l y o n

a s i n g l e o c c a s i o n ( M a g e e , B r a t z l e r a n d M e r k e l , 1 9 6 8 ) , i s t o c o l l e c t

s e m e n f r a y o u n g b u l l s f o r d e e p f r e e z i n g a n d t h e n t o s l a u g h t e r t h e m

f o r c a r c a s s a s s e s s m e n t . T h e r e a r e p r a c t i c a l p r o b l e m s in t h a t s o m e

b e e f b r e e d s a r e i n f a m o u s f o r t h e i r p o o r s e m e n q u a l i t y w h e n y o u n g

b u t o t h e r w i s e t h e m e t h o d h a s g r e a t a t t r a c t i o n s . T h e s a m e p r o c e s s

m i g h t b e p o s s i b l e on t h e f e m a l e s i d e , if m e t h o d s c o u l d b e d e v i s e d

on p r e s e r v i n g o o c y t e s in d e e p f r e e z e a n d t h e n f e r t i l i s i n g o v a t h a t
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w e r e d e v e l o p e d f r o m t h e m . A t t h e m o m e n t i t i s o n l y p o s s i b l e t o p r e -

s e r v e f e r t i l i s e d o v a , a n d t h e c h o i c e o f m a t e h a s t h e r e f o r e t o h a v e

b e e n p r e - d e t e r m i n e d .

A f u r t h e r e l a b o r a t i o n o f t h i s m e t h o d n o w s e e m s f e a s i b l e . D e v e l -

o p m e n t s i n t h e m a n i p u l a t i o n o f d e v e l o p i n g e m b r y o s ( W i l l a d s e n , 1 9 7 9 )

m a k e i t p o s s i b l e t o s u b - d i v i d e t h e s e a n d t o p r o d u c e i d e n t i a l t w i n s

t o o r d e r a n d , d e p e n d i n g o n s u r v i v a l r a t e s , s o m e t r i pi e t s a n d q u a d r u p -

l e t s . I f t h i s w a s d o n e s y s t e m a t i c a l l y , t h e n i t w o u l d b e p o s s i b l e t o

s u p p l y o n e i n d i v i d u a l f o r s l a u g h t e r w h i l e p r e s e r v i n g a n i d e n t i c a l

g e n o t y p e s h o u l d i t b e r e q u i r e d . F o r s o m e c a r c a s s c h a r a c t e r i s t i c s

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

t o c o n t r o l , a s i n t h e m e a s u r e m e n t o f k i l l i n g - o u t %. I t m i g h t i n d e e d

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

w h i l e m a i n t a n i n g t h a t g e n o t y p e f o r b r e e d i n g p u r p o s e s . A l t h o u g h a t

t h e p r e s e n t t i m e , s u c c e s s r a t e s m a k e t h i s e m b r y o m a n i p u l a t i o n a n

e x p e n s i v e p r o c e s s t h e p o s s i b i l i t y e x i s t o f i n t e g r a d i n g i t w i t h a n

o v a t r a n s p l a n t a t i o n s c h e m e f o r t h e i m p r o v e m e n t o f b e e f c a t t l e w i t h

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

A n e x i s t i n g p r o s p e c t f o r t h e f u t u r e w o u l d b e t h e p r o d u c t i o n o f

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

q u i r e a l a r g e i n j e c t i o n o f e f f o r t , a n d I c o u l d p e r h a p s l e a v e i t a s

a n i n t e r e s t i n g a d m i n i s t r a t i v e q u e s t i o n a s t o w h e t h e r m o n e y m i g h t

b e b e t t e r s p e n t i n o p e n i n g u p t h e s e n e w t e c h n i q u e s r a t h e r t h a n i n

t h e r e f i n e m e n t o f m a n y o f t h e e x i s t i n g i n v i v o e s t i m a t i o n p r o c e d u -

r e s f o r b o d y c o m p o s i t i o n t h a t w e a l r e a d y h a v e .

R e f e r e n c e s

L a n d , R . B . a n d H i l l , W . G . ( 1 9 7 5 ) . T h e p o s s i b l e u s e o f s u p e r o v u 1 a t i o n

a n d e m b r y o t r a n s f e r i n c a t t l e t o i n c r e a s e r e s p o n s e t o s e l e c t i o n ,

A n i m . P r o d . , 2J_, 1 - 1 2 .

M a g e e , W . T . , B r a t z i e r , L . J . a n d M e r k e l , R . A . ( 1 9 6 8 ) . D i r e c t s e l e c t -

i o n f o r c a r c a s s t r a i t s i n b e e f c a t t l e . J. A n i m . S e i . 2J_, 1 7 5 6 .

W i l l a d s e n , S . M . ( 1 9 7 9 ) . A m e t h o d f o r c u l t u r e o f m i c r o m a n i p u l a t e d

s h e e p e m b r y o s a n d i t s u s e t o p r o d u c e m o n o z y g o t i c t w i n s . N a t u r e ,

2 7 7 , 2 9 8 - 3 0 0 .
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F i g u r e 1 . E x p e c t e d s e l e c t i o n r e s p o n c e , r e l a t i v e t o i n d i v i d u a l
s e l e c t i o n , f o r f a m i l y s e l e c t i o n w i t h v a r i o u s f a m i l y
s i z e s . ( N o n - a d d i t i v e e f f e c t s a n d c o m m o n e n v i r o n m e n t
a s s u m e d n e g l i g i b l e , h 2 = ? ) .
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b . P O T E N T I A L U S E O F IN V I V O T E C H N I Q U E S IN

A C O M B I N E D M I L K / B E E F B R E E D I N G P R O G R A M M E

B . B e c h A n d e r s e n

N a t i o n a l I n s t i t u t e o f A n i m a l S c i e n c e

R o l i g h e d s v e j 2 5 , 1 9 5 8 C o p e n h a g e n V .

D e n m a r k

A c o m b i n e d m i l k a n d b e e f p r o d u c t i o n b a s e d o n d a i r y a n d d u a l - p u r -

p o s e c a t t l e b r e e d s i s o f g r e a t i m p o r t a n c e in E u r o p e ; a n d f r o m a b i o -

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

In b r e e d i n g p r o g r a m m e s f o r a s i m u l t a n e o u s i m p r o v e m e n t o f m i l k

a n d b e e f , t h e g e n e t i c c o r r e l a t i o n b e t w e e n t h e t w o t r a i t s is a v e r y

i m p o r t a n t p a r a m e t e r . In s e v e r a l s c i e n t i f i c p u b l i c a t i o n s a l o w , b u t

s l i g h t l y p o s i t i v e c o r r e l a t i o n b e t w e e n g r o w t h r a t e a n d mi 1 k - y i e l d h a s

b e e n d e m o n s t r a t e d . W e h a v e s e e n in o u r o w n a n a l y s i s t h a t a g e n e t i c

i m p r o v e m e n t o f m i l k a n d b u t t e r f a t y i e l d in t h e l o n g t e r m w i l l l e a d

t o an i n c r e a s e i n g r o w t h r a t e a n d m a t u r e s i z e , b u t a l s o t o a s l i g h t

d e c r e a s e in c a r c a s s q u a l i t y ( A n d e r s e n a n d A n d e r s e n , 1 9 7 4 ) . T h e s e t e n -

d e n c i e s are i n c r e a s e d b y i m p o r t o f g e n e s f r o m Arner i c a n H o l s t e i n - F r i e -

s i a n t o t h e E u r o p e a n F r i e s i a n c a t t l e p o p u l a t i o n s . S u c h an i m p o r t

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

g r a d i n g w i t h t w o u n i t s a p p r o x i m a t e l y ( a . o . A n d e r s e n , 1 9 8 1 ) . A l s o

s e l e c t i o n f o r i n c r e a s e d g r o w t h r a t e , as i n c l u d e d in t h e b r e e d i n g

s c h e m e s i n m a n y E u r o p e a n c o u n t r i e s , s e e m s t o h a v e a n e g a t i v e , c o r r e l -

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

b r e e d s ( A n d e r s e n , 1 9 7 8 ) .

It m e a n s t h a t t h e t o t a l e f f e c t o f i m p o r t a n d s e l e c t i o n in m o s t

o f t h e d a i r y a n d d u a l - p u r p o s e b r e e d s in E u r o p e w i l l b e a s i g n i f i c a n t

r e d u c t i o n in c a r c a s s q u a l i t y . T h e a m o u n t o f p r o d u c e d c a r c a s s p e r

a n i m a l w i l l d e c r e a s e , a n d e s p e c i a l l y in e x p o r t i n g c o u n t r i e s a l s o t h e

p r i c e p e r k g c a r c a s s w i l l b e r e d u c e d . T h e r e f o r e , g r e a t e f f o r t h a s

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

a n d a m o n g v a r i o u s o b j e c t i v e s t e c h n i q u e s f o r a s s e s s i n g b o d y c o m p o s i -

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

p r a c t i c a l a p p l i c a t i o n .
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Us e o f u l t t a s o n i c m e a s u r e m e n t s in a p e r f o r m a n c e t e s t s e l e c t i o n

In o r d e r to a v o i d t h e r e d u c t i o n in c a r c a s s q u a l i t y , u l t r a s o n i c

m e a s u r e m e n t s h a v e b e e n i n t r o d u c e d to t h e D a n i s h p e r f o r m a n c e t e s t o f

AI b u l l s . T h e l o i n e y e a r e a of t h e b u l l s is m e a s u r e d at an a g e of 9

and 1 0 | m o n t h s . T h e m u s c l e a r e a is a d j u s t e d to a c o n s t a n t 1 i v e - w e i g h t

at 4 0 0 kg and p r e s e n t e d as an u l t r a s o n i c i n d e x . E a c h y e a r 6 0 0 b u l l s

are p e r f o r m a n c e t e s t e d on c e n t r a l t e s t i n g s t a t i o n s .

T h e p l a n f o r t h e s e a c t i v i t i e s w a s b a s e d on r e s u l t s f r o m an a n a -

l y s i s o f t h e d i r e c t a n d c o r r e l a t e d e f f e c t o f v a r i o u s s t r a t e g i e s in

t h e p e r f o r m a n c e t e s t s e l e c t i o n ( A n d e r s e n , 1 9 7 8 ) . T h e w o r k i n c l u d e d

1 3 6 p r o g e n y g r o u p s o f t h e b r e e d s D a n i s h R e d a n d D a n i s h F r i e s i a n . In

to t a l 2 3 3 0 y o u n g b u l l s w e r e s l a u g h t e r e d at a c o n s t a n t l i v e - w e i g h t

of 2 5 0 kg or 4 5 0 k g . T h e f e e d c o n s u m p t i o n w a s i n d i v i d u a l l y r e c o r d e d

f r o m an ag e o f 15 d a y s , and a f t e r s l a u g h t e r all c a r c a s s e s w e r e d i s -

s e c t e d i n t o l e a n , f a t and b o n e . T h e d a t a w e r e s u p p l e m e n t e d w i t h

b o d y m e a s u r e m e n t s of 1 6 7 9 m a t u r e c o w s a f t e r t h e s a m e s i r e s .

In t a b l e 1 s o m e m a i n r e s u l t s f r o m t h e a n a l y s i s a r e p r e s e n t e d .

An o n e - s i d e d s e l e c t i o n o n l y f o r g r o w t h r a t e and w i t h an i n t e n s i t y

c o r r e s p o n d i n g to an e x p e c t e d g e n e t i c s u p e r i o r i t y in g r o w t h c a p a c i -

ty of 1 0 0 g r a m s / d a y c a u s e s an i n d i r e c t d e c r e a s e in u s e of S F U / k g

g a i n of b o t h l i v e - w e i g h t and l e a n t i s s u e b u t a l s o a d e c r e a s e in

d r e s s i n g p e r c e n t a g e and m u s c u l a r i t y . S u c h a s e l e c t i o n w i l l a l s o r e -

s u l t in an i n d i r e c t i n c r e a s e in b i r t h w e i g h t o f 3.3 kg and an i n -

c r e a s e in m a t u r e c o w w e i g h t of 4 8 k g .

T a b l e 1. E x p e c t e d g e n e t i c e f f e c t of d i f f e r e n t i n d i c e s ( 4 5 0 k g ' s
y o u n g b u l l s ) f r o m t h e p r o g e n y t e s t f o r b e e f p r o d u c t i o n .

G e n e t i c r e s p o n s e i n ;

SFU p e r

In d e x

1 .

2.

3.

4.

DG

MA
DG +

DG +

MA
(MA)U

gain
(g/day)

100

-5

52

90

kg total
gain

-0.4

-0.0

-0.3

-0.5

kg lean
gain

-1

-0

-1

-1

.2

.8

.3

.3

area
(cm2)

-1

11

9

4

ing

-1 .5

1 .7

0.5

-0.8

wei ght
(kg)

3.3

0.9

2.7

3.5

cow w.
(kg)

48

-8

19

40

r e s t r i c t e d i n d e x w i t h l e a n / b o n e r a t i o c o n s t a n t .
DG = D a i l y g a i n in g r a m m e s .
MA = L o n g i s s i m u s d o r s i m u s c l e a r e a in c m 2 .
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S e l e c t i o n w i t h t h e s a m e i n t e n s i t y , b u t f o r u 1 t r a s o n i c m u s c 1 e a r e a

a l o n e , c a u s e s a m a r k e d i m p r o v e m e n t in d r e s s i n g p e r c e n t a g e a n d m u s c u -

l a r i t y ; o n l y a s l i g h t i n c r e a s e in b i r t h w e i g h t a n d a s l i g h t d e c r e a s e

i n m a t u r e c o w w e i g h t .

A c o m b i n a t i o n o f d a i l y g a i n a n d m u s c l e a r e a i n t o o n e i n d e x r e -

s u l t s in a s e l e c t i o n r e s p o n s e b e t w e e n i n d e x 1 a n d i n d e x 2 . I n d e x 3

is an e c o n o m i c o p t i m a l i n d e x , a n d i n d e x 4 is a r e s t r i c t e d i n d e x w i t h

l e a n / b o n e r a t i o in t h e c a r c a s s e s m a i n t a i n e d c o n s t a n t . T h e r e s u l t s

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

in g r o w t h c a p a c i t y w i t h o u t a n a d v e r s e e f f e c t o n c a r c a s s q u a l i t y . S u c h

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

u t i l i z a t i o n e x p r e s s e d as S c a n d . F U p e r kg l e a n t i s s u e g a i n .

M o r e t h a n 3 0 0 0 p o t e n t i a l A I b u l l s h a v e d u r i n g t h e l a s t y e a r s b e e n

m e a s u r e d b y u l t r a s o n i c at o u r p e r f o r m a n c e t e s t i n g s t a t i o n s . S o m e m a i n

r e s u l t s f r o m a s t a t i s t i c a l a n a l y s i s o f t h e c o l l e c t e d d a t a a r e s h o w n

in T a b l e 2 .

T a b l e 2 . E x p e c t e d g e n e t i c e f f e c t o f d i f f e r e n t i n d i c e s (11 m t h ' s
y o u n g b u l l s f r o m t h e p e r f o r m a n c e t e s t ) . ( J e n s e n a n d A n -
d e r s e n , 1 9 8 1 ) .

G e n e t i c r e s p o n s e i n :

D a i l y M u s c l e W e i g h t
g a i n S F U p e r a r e a at 4 2 d a y s

I n d e x ( g / d a y ) kg g a i n ( c m 2 ) ( k g )

1. D 6 1 0 0 - 0 . 2 9 - 4 3.9

2 . M A - 5 2 0 . 1 4 8 - 5 . 1

3 . D G + M A 6 0 - 0 . 1 9 3 - 0 . 5

( S y m b o l s as u s e d in T a b l e 1 ) .

T h e " n a t u r e " o f t h e m a t e r i a l i s d i f f e r e n t f r o m t h e d a t a u s e d in

t h e b a s i c s t u d y p r e s e n t e d in T a b l e 1. T h e p e r f o r m a n c e t e s t s w e r e

f i n i s h e d at a c o n s t a n t a g e (in c o n t r a s t t o c o n s t a n t w e i g h t ) ; a n d in

a d d i t i o n D a n i s h R e d a n d D a n i s h F r i e s i a n have., n o w b e e n g r a d e d u p w i t h

A m e r i c a n B r o w n S w i s s a n d A m e r i c a n H o l s t e i n F r i e s i a n , r e s p e c t i v e l y .

T h e h e r i t a b i l i t y f o r d a i l y g a i n a n d u l t r a s o n i c m u s c l e a r e a ( a v e r a g e

o f 9 a n d 1 0 J m t h ' s m e a s u r e m e n t s ) w e r e 0 . 5 3 a n d 0 . 7 1 , a n d t h e g e n e t i c

c o r r e l a t i o n b e t w e e n t h e t w o t r a i t s is - 0 . 3 0 . T h e r e f o r e , t h e g e n e t i c

e f f e c t o f s e l e c t i o n f o r u l t r a s o n i c m e a s u r e m e n t s o f t h e m u s c l e t h i c k -

n e s s o n p e r f o r m a n c e t e s t e d b u l l s s e e m s t o b e g r e a t e r t h a n s h o w n in

T a b l e 1.
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T h e i m p o r t a n c e o f u l t r a s o n i c m e a s u r e m e n t s i s c o n f i r m e d b y p r e l i m -

i n a r y r e s u l t s f r o m a s e l e c t i o n e x p e r i m e n t w i t h a c l o s e d p o p u l a t i o n

o f R e d D a n i s h c a t t l e ( H a n s e n a n d L i b o r i u s s e n , 1 9 8 1 ) .

S e l e c t i o n f o r m u s c l e t h i c k n e s s c o n t r a f a t t h i c k n e s s

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

b e s t d e s c r i p t i o n o f c a r c a s s f a t n e s s a n d l e a n t i s s u e c o n t e n t a n d

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

a g e , m u s c u l a r i t y a n d l e a n / b o n e r a t i o . T h i s m e a n s t h a t s e l e c t i o n f o r

t h e t w o t r a i t s c o u l d p r o d u c e d i f f e r e n t l o n g t e r m r e s p o n s e s . S e l e c t -

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

l e a n / b o n e r a t i o , a n d s e l e c t i o n f o r d e c r e a s e d f a t t h i c k n e s s w i l l r e -

d u c e t h e f a t n e s s a n d i n c r e a s e t h e l e a n p e r c e n t a g e o f t h e c a r c a s s e s .

It i s a l s o i m p o r t a n t t o n o t e t h a t s e l e c t i o n a g a i n s t f a t n e s s i s l i k e -

ly t o c h a n g e t h e m a t u r i t y t i m e o f t h e a n i m a l s , a n d , in t h e l o n g t e r m ,

it c o u l d h a v e an u n d e s i r a b l e s i d e e f f e c t o n a p p e t i t e , e n e r g y d e p o -

s i t i o n , a n d p e r h a p s , f e r t i l i t y in b o t h d a i r y a n d b e e f c o w s .

F u t u r e d e v e l o p m e n t

T h e a c c u r a c y o f t h e u l t r a s o n i c m e a s u r e m e n t s a n d t h e g e n e t i c r e -

s p o n s e c a n b e i n c r e a s e d by t e c h n i c a l i m p r o v e m e n t a n d / o r b y r e p e a t e d

m e a s u r e m e n t s o n t h e s a m e a n i m a l s . J e n s e n a n d A n d e r s e n ( 1 9 8 1 ) h a v e

s h o w n t h a t t h e c o r r e l a t i o n s b e t w e e n m u s c l e a r e a m e a s u r e m e n t s a t an

a g e o f 9 a n d 1 0 1 m o n t h s is 0 . 6 0 . It m e a n s t h a t t h e a c c u r a c y c a n b e

i n c r e a s e d b y t . e x . t h r e e r e p e a t e d m e a s u r e m e n t s w i t h s o m e w e e k s '

i n t e r v a l i n s t e a d o f a s i n g l e m e a s u r e m e n t a t t h e e n d o f t h e t e s t .

O t h e r m o r e a d v a n c e d in v i v o t e c h n i q u e s c o u l d a l s o h a v e a g r e a t

p o t e n t i a l in t h e b r e e d i n g w o r k . If t . e x . i n t r o d u c t i o n o f " w h o l e

b o d y s c a n n i n g " o n o u r p e r f o r m a n c e t e s t s t a t i o n s m a k e s i t p o s s i b l e

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

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

a c t i o n s o n d i f f e r e n t f a s t i n g / r e f e e d i n g s y s t e m s e t c . , t h e n i t c o u l d

b e p o s s i b l e t o i n c l u d e n o t o n l y c a r c a s s q u a l i t y t r a i t s , b u t a l s o

c o n s t i t u t i o n a l t r a i t s a n d i n d i r e c t l y a l s o i m p o r t a n t d a i r y t r a i t s

in t h e s e l e c t i o n . S u c h a d e v e l o p m e n t c o u l d r e v o l u t i o n i z e t h e s t r a t -

e g i e s in t h e c o m b i n e d m i l k / b e e f b r e e d i n g p r o g r a m m e s .
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C POTENTIAL USE OF IN VIVO TECHNIQUES

IN NUTRITION AND GROWTH STUDIES
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D e p t . o f A n i m a l P h y s i o l o g i

A g r i c u l t u r a l U n i v e r s i t y

6 7 0 9 PJ W a g e n i n g e n

H o l l a n d

I n t r o d u c t i on

D u r i n g i t s g r o w t h t h e a n i m a l b o d y c o n t i n u a l l y c h a n g e s in c o m p o s i -

t i o n a n d so d o i t s t o t a l r e q u i r e m e n t s f o r t h e v a r i o u s n u t r i e n t s . A l t h o u g h

it is o n l y t h e c a r c a s s at s l a u g h t e r , w h i c h in f a c t is t h e f i n a l a i m

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

t h i s c a r c a s s b u t a l s o f o r t h e o t h e r p a r t s o f t h e b o d y a n d f o r t h e

m a i n t e n a n c e o f t h e b o d y f r o m b i r t h t o s l a u g h t e r . T h e r e f o r e , f o r p r o -

p e r n u t r i e n t s u p p l y it is n e c e s s a r y t o k n o w f o r e a c h d a y o f t h e

g r o w t h p e r i o d , h o w m u c h a n d w h a t k i n d o f n u t r i e n t s a r e n e e d e d . N e x t

it m u s t be k n o w n w h a t t h e f e e d i n g v a l u e o f t h e v a r i o s f e e d i n g s t u f f s

i s , i . e . t h e i r p o t e n t i a l t o s u p p l y t h e r e q u i r e d n u t r i e n t s t o t h e

a n i m a l . F i n a l l y , a l s o i n f o r m a t i o n s h o u l d b e a v a i l a b l e o n t h e e f f e c t

o f f e e d i n g a b o v e o r b e l o w t h e n u t r i e n t r e q u i r e m e n t s o n w e i g h t a n d

c o m p o s i t i o n o f t h e c a r c a s s at s l a u g h t e r . It is t h e p u r p o s e o f n u t r i -

t i o n t o p r e s e n t p r a c t i c e w i t h t h o s e d a t a .

It w i l l b e c l e a r t h a t t h e c o n t i n u o u s c h a n g e i n t h e a n i m a l ' s n e e d

d u r i n g t h e g r o w t h p e r i o d p r e s e n t s n u t r i t i o n w i t h c o n s i d e r a b l e d i f f i -

c u l t i e s . T h u s , n o n - d e s t r u c t i v e m e t h o d s f o r m e a s u r i n g t h e b o d y ' s c o m -

p o s i t i o n p r e c i s e l y a r e c l e a r l y w e l c o m e : w i t h t h e i r h e l p it w o u l d b e

m u c h e a s i e r t o g i v e t h e i n f o r m a t i o n o n n u t r i e n t r e q u i r e m e n t s , o n

f e e d i n g v a l u e a n d o n t h e e f f e c t o f f e e d i n g b e l o w o r a b o v e r e q u i r e -

m e n t s o n t h e f i n a l c a r c a s s .

In t h e n e x t s e c t i o n s it w i l l b e d i s c u s s e d w h a t p r e c i s i o n s u c h

m e a s u r e m e n t s o f b o d y , c o m p o s i t i o n s h o u l d h a v e . F u r t h e r m o r e , it w i l l

b e s t u d i e d if a d e t e r m i n a t i o n o f t h e c h a n g e in c o m p o s i t i o n o f t h e

b o d y d u r i n g a g i v e n p e r i o d o f t i m e r a t h e r t h a n t h e c o m p o s i t i o n s at

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

t i o n . F i n a l l y a n e x a m p l e o f a m o d e l w i l l b e p r e s e n t e d w h i c h f r o m
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n u t r i t i o n a l d a t a p r e d i c t s l i v e w e i c h t and b o d y c o m p o s i t i o n o f v e a l

c a l v e s a f t e r v a r i o u s t i m e s o f f a t t e n i n g .

P r e c i s i o n n e e d e d in n u t r i t i o n e x p e r i m e n t s

P r e l i m i n a r y _ r e m a r k s

T h e n u t r i t i o n i s t ' s i n t e r e s t in an a n i m a l ' s w e i g h t a n d c o m p o s i -

t i o n u s u a l l y d i f f e r s c o n s i d e r a b l y f r o m t h a t o f t h e b u t c h e r ' s i n t e r -

e s t . T h e n u t r i t i o n i s t s e e s t h e w e i g h t a n d c o m p o s i t i o n o f t h e c a r c a s s

at s l a u g h t e r a s t h e f i n a l s t a g e o f d e v e l o p m e n t . F o r h i m t h e p r o c e s s

o f d e v e l o p m e n t a n d g r o w t h i t s e l f is f a r m o r e i m p o r t a n t . H e h a s t o

f e e d t h e a n i m a l in s u c h a w a y t h a t it c a n g r o w r a p i d l y d u r i n g t h e

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

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

c a r c a s s p a r t s o f t h e b o d y .

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

m a i n i n t e r e s t . F o r f a t t h i s is b e c a u s e o f t h e h i g h e n e r g y c o n t e n t ,

n e a r l y 4 0 k J / g . F a t - f r e e t i s s u e h a s a m u c h l o w e r e n e r g y c o n t e n t ,

a b o u t 6 k j / g , b e c a u s e m o s t o f i t s c o n s i s t s o f w a t e r ( w i t h o u t a n y

e n e r g y ) a n d o f p r o t e i n ( s o m e 2 4 k J / g ) in a p r o p o r t i o n o f 3-4 t o 1.

It w i l l b e c l e a r t h a t it r e q u i r e s f a r m o r e f e e d f o r t h e a n i m a l t o

p r o d u c e a k g o f f a t t h a n a k g o f f a t - f r e e t i s s u e . T h u s , t h e n u t r i -

t i o n i s t is b e s i d e s in b o d y w e i g h t h i h g l y i n t e r e s t e d in a v e r y p r e -

c i s e e s t i m a t e o f t h e f a t c o n t e n t o f t h e b o d y .

F u r t h e r m o r e , h e is i n t e r e s t e d in t h e p r o t e i n c o n t e n t b e c a u s e o f

t h e g r e a t i n f l u e n c e o f p r o t e i n d e p o s i t i o n on l i v e w e i g h t g a i n a n d

a l s o b e c a u s e t h e p r i c e o f f e e d p r o t e i n s u s u a l l y is h i g h e r t h a n t h a t

of o t h e r f e e d s .

F i n a l l y , t h e n u t r i t i o n i s t n e e d s a c c u r a t e i n f o r m a t i o n on t h e l i v e

w e i g h t o f t h e a n i m a l f o r e a c h d a y of t h e p e r i o d . B o d y w e i g h t is t h e

m a i n f a c t o r w h i c h d e t e r m i n e s t h e a n i m a l ' s e n e r g y a n d p r o t e i n r e q u i -

r e m e n t s f o r m a i n t e n a n c e . In g r o w i n g r u m i n a n t s as m u c h as o n e h a l f

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

c e .
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D e t e r m i n a t i o n o f _ f e e d _ r e g u i r e m e n t _ a n d _ e f f e ç t _ o f _ l e y e l _ o f _ i n t a k e

T h e f i r s t a i m is t o m e a s u r e h o w m u c h e n e r g y , p r o t e i n a n d s o m e -

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

d a i l y at a g i v e n a g e a n d s t a g e o f d e v e l o p m e n t . In f a c t i t is an i n -

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

f l u e n c e o f f e e d i n g l e v e l o n t h e p r o d u c t i o n o f s a l e a b l e m e a t . U s u a l -

ly s e v e r a l e x p e r i m e n t s a r e n e e d e d in t h e c o u r s e o f d e v e l o p m e n t b e -

c a u s e o f t h e c h a n g e i n r e q u i r e m e n t s d u e t o t h e i n c r e a s i n g b o d y

w e i g h t a n d t h e c h a n g e in c o m p o s i t i o n o f t h e b o d y . A s a l r e a d y o n e

e x p e r i m e n t is e x p e n s i v e b e c a u s e a . o . n o t t o o f e w a n i m a l s h a v e t o

b e u s e d t o e x c l u d e b e t w e e n - a n i m a l v a r i a t i o n , it is c l e a r t h a t a s e -

r i e s o f s u c h e x p e r i m e n t s i n v o l v e s g r e a t c o s t s .

In s u c h e x p e r i m e n t s t h e a n i m a l s h o u l d b e h e a l t h y a n d k e p t a n d

c a r e d f o r in a w a y c l o s e l y s i m i l a r t o t h e s i t u a t i o n in p r a c t i c a l

h u s b a n d r y . I n t a k e o f f e e d a n d , p r e f e r a b l y , t h e d i g e s t i b i l i t y o f

t h e i n g e s t e d f e e d s h o u l d be m e a s u r e d in o r d e r t h a t i n t a k e o f d i g e s t -

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

t i o n d u e to r a n d o m e r r o r s o f l e s s t h a n 2%. T h i s i s n o t v e r y d i f f i -

c u l t t o a c h i e v e e x c e p t in t h e g r a z i n g s i t u a t i o n a n d in c a s e o f s e l f -

f e e d i n g o f t h e a n i m a l s f r o m l a r g e b a t c h e s o f f e e d .

W i t h r e g a r d t o t h e o u t p u t , t h e p r o d u c t i o n o f t h e a n i m a l ' s l i v e

w e i g h t d o e s n o t t e l l e n o u g h . F i r s t t h e d e t e r m i n a t i o n o f 1 i v e w e i g h t

is n o t f r e e f r o m r a n d o m e r r o r s , a n d , if c e r t a i n p r e c a u t i o n s a r e n o t

t a k e n - l i k e w e i g h i n g at t h e s a m e h o u r o f d a y e t c . - a l s o n o t f r e e

f r o m s y s t e m a t i c e r r o r s . T h e c o e f f i c i e n t o f v a r i a t i o n o f t h e r a n d o m

e r r o r s f o r o n e s i n g l e w e i g h i n g c a n b e e s t i m a t e d at 1 - 2 % , so f o r t h e

l i v e w e i g h t g a i n it a m o u n t s t o a b o u t 2% o f a v e r a g e b o d y w e i g h t .

F o r c a t t l e g a i n i n g 1 4 kg l i v e w e i g h t in t w o w e e k s t h i s a m o u n t s t o

2 0 0 kg a n d 4 0 0 kg l i v e w e i g h t at r a n d o m e r r o r s o f 4 a n d 8 k g , r e -

s p e c t i v e l y » W e i ghi'ng m o r e o f t e n a n d m o r e a n i m a l s r e d u c e s t h i s e r r o r .

H o w e v e r , it s h o u l d n o t be f o r g o t t e n t h a t w e i g h i n g b u l l s o f 4 0 0 kg

a n d m o r e is n o t w i t h o u t d a n g e r , e x c e p t w h e n d o n e w i t h s p e c i a l s c a -

l e s a s u s e d at m y i n s t i t u t e .

It is c l e a r t h a t t h e s h o r t e r t h e e x p e r i m e n t l a s t s , t h e m o r e d o e s

t h e w e i g h i n g i n v a l i d a t e t h e i n t e r p r e t a t i o n o f t h e r e s u 1 1 s . T h e r e f o r e .
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e x p e r i m e n t s w i t h a g r e a t e r 1 è n g t h a r e t o b e p r e f e r r e d . T h e s e , h o w e v e r

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

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

w e e k e n d s , i s f a r f r o m e a s y . S e c o n d l y , t h e a n i m a l ' s b o d y c o m p o s i t i o n

m a y c h a n g e d u r i n g t h e e x p e r i m e n t .

I n g r o w i n g a n i m a l s t h e u s u a l c h a n g e o f t h e b o d y i n t h e c o u r s e o f

t i m e i s a n i n c r e a s e o f t h e f a t c o n t e n t a n d a d e c r e a s e i n t h e c o n t e n t

o f l e a n t i s s u e a n d o f w a t e r . L e a n t i s s u e c o n t a i n s p r o t e i n a n d w a t e r

i n a r a t h e r c o n s t a n t r a t i o o f 1 t o 3 - 4 , s o i t s e n e r g y a n d p r o t e i n

c o n t e n t i s n o t f a r f r o m 6 M J / k g a n d 2 0 - 2 5 % , r e s p e c t i v e l y . F a t h a s a n

e n e r g y c o n t e n t o f n e a r l y 4 0 M J / k g . W h e n d e p o s i t e d , t h e r e i s a t e n -

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

i n a n e n e r g y d e p o s i t i o n o f 5 0 k J / p e r g r a m l i v e w e i g h t c h a n g e , i . e .

m a n y t i m e s m o r e t h a n i n c a s e o f l e a n t i s s u e . D u r i n g n o r m a l g r o w t h

b o t h l e a n a n d f a t t y t i s s u e s a r e d e p o s i t e d s i m u l t a n e o u s l y , b u t w i t h

a d v a n c i n g a g e , e s p e c i a l l y i n s t e e r s , f a t d e p o s i t i o n o u t w e i g h s l e a n

d e p o s i t i n g t o a s t e a d i l y i n c r e a s i n g e x t e n t . A s a r e s u l t a k g l i v e

w e i g h t g a i n a t a y o u n g a g e m a y c o n t a i n a s l i t t l e a s 8 - 1 2 M J a n d a t

m a t u r e a g e 1 5 - 2 5 M J . T h e l o w e r f i g u r e s a p p l y t o b u l l s o f l a r g e

b r e e d s , t h e h i g h e r t o s t e e r s o f s m a l l b r e e d s ( A R C , 1 9 8 0 , p . 2 9 - 4 3 ) .

E v e n w i t h i n t h e s a m e b r e e d t h e r e i s a c o n s i d e r a b l e v a r i a t i o n i n t h i s

r e s p e c t b e t w e e n a n i m a l s .

In t h e r u m i n a n t t h e f e e d c o s t s o f d e p o s i t i n g e n e r g y i n t h e t i s -

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

s e o f t h e g r e a t v a r i a t i o n i n t h e e n e r g y c o n t e n t o f l i v e w e i g h t g a i n

t h e f e e d c o s t s o f o n e k g g a i n m a y s t i l l d i f f e r c o n s i d e r a b l y . T h u s

f o r a c o r r e c t i n t e r p r e t a t i o n o f t h e e x p e r i m e n t a l r e s u l t s i n s i g h t i n

t h e c o m p o s i t i o n o f t h e l i v e w e i g h t g a i n i s n e c e s s a r y . A s t o t h i s

e s t i m a t e i t s e e m s f a i r t o a s k f o r t h e s a m e p r e c i s i o n a s a c h i e v e d i n

e s t i m a t i n g t o t a l i n t a k e o r c h a n g e i n l i v e w e i g h t , i . e . a r a n d o m e r -

r o r o f 2% o r l e s s .

I t i s q u i t e c o m m o n i n f e e d i n g t r i a l s w i t h g r o w i n g c a t t l e t o u s e

2 0 a n i m a l s f o r o n e t r e a t m e n t a n d t o a c h i e v e a l i v e w e i g h t g a i n o f

2 0 0 k g i n 1 5 0 - 2 5 0 d a y s . A s s u m i n g w e i g h i n g t h e a n i m a l s a t t h e s t a r t

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

l a t i o n o f w e i g h t g a i n b y d i f f e r e n c e o r o n c e e\/ery 1 4 d a y s t o d e r i v e
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w e i g h t g a i n by m e a n s o f r e g r e s s i o n a n d a s s u m i n g a c o e f f i c i e n t o f

v a r i a t i o n of 1 - 2 % of l i v e w e i g h t f o r o n e s i n g l e w e i g h i n g as g i v e n

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

2 0 0 kg g a i n o f t h e g r o u p w o u l d b e a b o u t 1 kg f o r t h e f i r s t m e t h o d

a n d o f s i m i l a r s i z e f o r t h e s e c o n d . It is c l e a r t h a t f o r e a c h i n -

d i v i d u a l a n i m a l t h e s t a n d a r d d e v i a t i o n w o u l d be a b o u t \J~20 t i m e s

l a r g e r , t h u s a b o u t 4,5 k g .

T h u s f o r g r o u p e s t i m a t e s t h e e r r o r of t h e w e i g h t g a i n is s m a l l

- in t h e n e i g h b o u r h o o d . o f 0 , 5 % -• and t h e e r r o r of e s t i m a t i n g i t s

c h a n g e in c o m p o s i t i o n c o u l d b e s t b e o f t h e s a m e o r d e r o f 2 % w h i c h

a p p l i e s t o t h e e r r o r o f t h e i n t a k e e s t i m a t e . I f , e . g . f o r s e l e c t i o n

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

w e r e to be s t u d i e d , a l s o a p r e c i s i o n o f 2 % f o r t h e e s t i m a t i o n o f

c h a n g e in c o m p o s i t i o n w o u l d b e n e e d e d . A l t h o u g h t h e e r r o r o f t h e

w e i g h t g a i n e s t i m a t e o f t h e i n d i v i d u a l a n i m a l is h i g h e r - )] 2 0 =

4,5 k g , t h u s a b o u t 2% of t h e t o t a l g a i n , t h i s is s t i l l c l o s e t o t h e

e r r o r o f t h e i n t a k e m e a s u r e m e n t . A 2% p r e c i s i on f o r t h e e s t i m a t e o f

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

p r e c i s i o n o f T% f o r t h e e s t i m a t e o f t o t a l b o d y c o m p o s i t i o n at t h e

s t a r t a n d e n d of t h e e x p e r i m e n t .

D e t e r m i n a t i o n _ o f _ t h e _ n u t r i t i y e _ y a l u e _ o f _ f e e d s _ f o r _ g r g w i n g _ ç a t t l e

T h e n u t r i t i v e v a l u e of a f e e d c h a n g e s c o n t i n u o u s l y w i t h a d v a n c -

i n g a g e b e c a u s e o f t h e i n c r e a s e in l i v e w e i g h t a n d t h e r e f o r e o f m a i n -

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

t h e i m p o r t a n c e of p r o t e i n d e c r e a s e s , w h e r e a s t h a t of e n e r g y h a r d l y

c h a n g e s b e c a u s e of t h e i n c r e a s i n g e n e r g y c o n t e n t of d a i l y g a i n a n d

of s i m i l a r i t y in e n e r g y n e e d e d f o r e n e r g y d e p o s i t e d as f a t or as

p r o t e i n . M o s t e x p e r i m e n t s m a i n l y p a y a t t e n t i o n to t h e e n e r g y v a l u e

of t h e f e e d . W i t h t h e f e e d i n g v a l u e is u s u a l l y m e a n t t h e f e e d ' s

e n e r g y v a l u e .

In t h e o r y t h e s a m e e x p e r i m e n t a l a p p r o a c h f o r a d e t e r m i n a t i o n of

t h e n u t r i t i v e v a l u e of a f e e d c o u l d be f o l l o w e d as d i s c u s s e d a b o v e

f o r t h e r e q u i r e m e n t s . U s u a l l y t h i s is n o t d o n e . T h e m a i n a i m is t o

be a b l e to c o m p a r e t h e n u t r i t i v e v a l u e s o f d i f f e r e n t f e e d s w i t h

t h e i r m a r k e t p r i c e s . F o r s u c h c o m p a r i s o n s to be m o s t v a l i d , it is
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n e c e s s a r y t o e x c l u d e a s m a n y s o u r c e s o f u n c e r t a i n t y a s i s p o s s i b l e .

T h u s , i t i s p r e f e r a b l e t o w o r k w i t h c h a n g e - o v e r o r l a t i n - s q u a r e d e -

s i g n s t o e x c l u d e v a r i a t i o n d u e t o t h e a n i m a l ' s i n d i v i d u a l i t y a n d d u e

t o e n v i r o n m e n t a s m u c h a s p o s s i b l e . S u c h d e s i g n s u s u a l 1 y h a v e f a i r l y

s h o r t p e r i o d s w i t h t h e s a m e t r e a t m e n t , e . g . 4 - 8 w e e k s , o t h e r w i s e

t h e i r t o t a l l e n g t h b e c o m e s e x c e s s i v e . W h e n p r e c a u t i o n s a r e t a k e n

t h a t p r o t e i n s u p p l y w i l l a l w a y s m e e t t h e r e q u i r e m e n t s , a n d t h a t s o

m u c h f e e d i s a d m i n i s t e r e d t h a t t h e a n i m a l s w i t h d i f f e r e n t t r e a t m e n t

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

o f t h e l i v e w e i g h t g a i n i n t h e s a m e p e r i o d w i l l h a r d l y d i f f e r b e -

t w e e n t r e a t m e n t s . T h u s , t h e p r e c i s i o n s w i t h w h i c h i n t a k e o f f e e d

e n e r g y a n d l i v e w e i g h t g a i n c a n b e m e a s u r e d , d e t e r m i n e t h e a c c u r a c y

o f t h e c o m p a r i s o n . F o r t h e i n t a k e t h e c o e f f i c i e n t o f v a r i a t i o n d u e

t o r a n d o m e r r o r a g a i n w i l l b e a b o u t 2%. T h e e s t i m a t e o f t h e w e i g h t

g a i n o f 2 5 t o 7 0 k g i n 4 - 8 w e e k s o f o n e a n i m a l , h o w e v e r , w i l l h a v e

a n e r r o r o f a b o u t 0 . 0 2 x 3 5 0 = 7 k g o r 1 0 - 3 0 % o f t h e w e i g h t g a i n ,

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

m e n t s a n e r r o r o f a b o u t 1 0 k g . I t i s c l e a r t h a t a n a c c u r a t e c o m p a -

r i s o n o f t h e n u t r i t i v e v a l u e o f f e e d s i n t h i s w a y n e e d s very l a r g e

n u m b e r s o f a n i m a l s . F u r t h e r m o r e , a n a b s o l u t e m e a s u r e o f t h e n u t r i -

t i v e v a l u e c a n n o t b e o b t a i n e d u n l e s s b y o t h e r m e a n s t h e c o m p o s i t i o n

o f t h e l i v e w e i g h t c h a n g e i s d e t e r m i n e d . I f t h i s i s d o n e b y e s t i m -

a t i n g b o d y c o m p o s i t i o n b e f o r e a n d a f t e r t h e 4 - 8 w e e k t r i a l , s u c h a

m e a s u r e m e n t s h o u l d b e e x t r e m e l y p r e c i s e b e c a u s e a n e r r o r o f 1 % f o r

t h e c o m p o s i t i o n o f t h e w h o l e a n i m a l s i s f a r t o o h i g h a n e r r o r f o r

a p r e c i s e e s t i m a t e o f t h e c h a n g e i n c o m p o s i t i o n , i . e . t h e l i v e

w e i g h t g a i n .

A s t h e h i g h n u m b e r o f a n i m a l s r e q u i r e d i s s e l d o m a v a i l a b l e ,

o t h e r m e t h o d s a r e u s u a l l y f o l l o w e d . I n s t e a d o f m e a s u r i n g l i v e w e i g h t

g a i n e n e r g y a n d n i t r o g e n b a l a n c e s a r e e s t a b l i s h e d b y m e a s u r i n g a l l

e n e r g y a n d N i n p u t a n d b y d i m i n i s h i n g t h i s w i t h e n e r g y a n d N l o s t

w i t h m e t a h e n , f a e c e s , u r i n e a n d h e a t . T h u s , o n l y t h e c h a n g e i n

b o d y c o m p o s i t i o n i s e s t i m a t e d ; i n f o r m a t i o n o n t h e c o m p o s i t i o n o f t h e

a n i m a l i s n o t o b t a i n e d . S u c h e n e r g y a n d N - b a l a n c e s r e a u i r e a f o u r w e e k

p e r i o d , i n t h e l a t t e r 1 0 o r 1 4 d a y s o f w h i c h t h e b a l a n c e s a r e m e a s u r -

e d . F o r o n e e x p e r i m e n t w i t h o n e a n i m a l t h e s t a n d a r d d e v i a t i o n d u e t o

r a n d o m e r r o r f o r a n e n e r g y b a l a n c e o f 1 5 - 3 0 M J / d a y i s a b o u t 2 - 3 M J
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and f o r a n N b a l a n c e o f 3 0 g / d a y a b o u t 2 - 4 g . T h e b a l a n c e m e t h o d i s

c l e a r l y m o r e a c c u r a t e t h a n t h e w e i g h t g a i n m e t h o d s , b u t i t a l s o n e e d s

t o b e p e r f o r m e d w i t h m o r e a n i m a l s p e r t r e a t m e n t a l t h o u g h n o t s o m a -

n y a s i n c a s e o f t h e w e i g h t g a i n m e t h o d . T h e b a l a n c e m e t h o d h a s t h e

a d d i t i o n a l g r e a t a d v a n t a g e s t h a t n o t o n l y d a t a o n d i g e s t i b i l i t y a r e

o b t a i n e d b u t a l s o d a t a o n t h e c o m p o s i t i o n o f t h e g a i n . T h u s b e s i d e s

t h a t r e l a t i v e c o m p a r i s o n s b e t w e e n t w o f e e d s c a n b e m a d e al s o a b s o l u -

t e v a l u e s c a n b e d e r i v e d .

B a l a n c e t r i a l s r e q u i r e e x p e n s i v e e q u i p m e n t a n d a r e v e r y 1 a b o r i o u s .

M o r e o v e r , t h e b a l a n c e i s a l w a y s t h e d i f f e r e n c e b e t w e e n t h e i n p u t d a -

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

a c c u m m u l a t e i n t h e b a l a n c e . A m o r e d i r e c t m e a s u r e m e n t o f t h e b a l a n c e ,

i . e . m e a s u r i n g t h e a n i m a l ' s w e i g h t a n d c o m p o s i t i o n a t t h e s t a r t a n d

e n d o f a , s a y , f o u r - w e e k t r i a l , w o u l d b e h i g h l y w e l c o m e . H o w e v e r ,

o b t a n i n g f o r a n a n i m a l o f 3 5 0 k g , c o n t a i n i n g 5 6 k g p r o t e i n a n d 7 0 0 0

M J , t h e s a m e p r e c i s i o n a s w i t h t h e b a l a n c e m e t h o d s - s t a n d a r d d e v i -

a t i o n s o f 2 8 x 6 . 2 5 x ( 2 t o 4 ) = 3 5 0 t o 7 0 0 g p r o t e i n a n d 2 8 x ( 2 t o

3 ) = 5 6 t o 4 8 M J e n e r g y f o r t h e t o t a l g a i n i n t h e 2 8 d a y s - w o u l d

c l e a r l y r e q u i r e a v e r y g r e a t p r e c i s i o n o f a s s e s s i n g t h e a n i m a l ' s

w e i g h t g a i n c h a n g e a n d b o d y c o m p o s i t i o n .

W e m a y c o n c l u d e t h a t d i r e c t m e t h o d s o f a s s e s s i n g b o d y c o m p o s i -

t i o n m i g h t b e s u f f i c i e n t l y p r e c i s e f o r n u t r i t i o n a l s t u d i e s o n t h e

f e e d r e q u i r e m e n t s o f c a t t l e a n d o n t h e e f f e c t o f f e e d i n g l e v e l o n

d e v e l o p m e n t . F o r p u r p o s e s o f f e e d e v a l u a t i o n s u c h di r e e t a s s e s s m e n t s

a r e p r o b a b l y n o t p r e c i s e e n o u g h .

L o n g i t u d i n a l s t u d i e s

I n t h e 1 i t e r a t u r e s o m e m o d e l s c a n b e f o u n d w h i c h a i m a t p r e d i c t -

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

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

f e d . S e r i a l s l a u g h t e r o f a n i m a l s d u r i n g a n e x p e r i m e n t t o t e s t s u c h a

m o d e l i s e x p e n s i v e a n d h a r d l y d o n e w i t h l a r g e a n i m a l s . M o r e o v e r , i t

h a s a d i s a d v a n t a g e t h a t b e t w e e n - a n i m a l v a r i a t i o n c a n n o t b e e x c 1 u d e d .

H a v i n g a g o o d m e t h o d t o e s t i m a t e t h e s a m e a n i m a l ' s b o d y c o m p o s i t i o n

i n v i v o r e p e a t e d l y w o u l d b e e x t r e m e l y u s e f u l t o c h e c k s u c h m o d e l s

w h i c h h e l p t o u n d e r s t a n d w h i c h f a c t o r s i n f l u e n c e g r o w t h m o s t . I n s u c h
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s t u d i e s t h e o v e r a l l a c c u r a c y r e a c h e d d e p e n d s o n t h e a c c u r a c y o f t h e

w e i g h t m e a s u r e m e n t a s w e l l a s o f t h e m e a s u r e m e n t o f t h e c o m p o s i t i o n

o f t h e b o d y . A s t h e w e i g h t m e a s u r e m e n t u s u a l l y h a s a r a n d o m e r r o r o f

1 - 2 % , a s i m i l a r p r e c i s i o n m i g h t b e a s k e d f o r t h e e s t i m a t e o f c o m p o -

s i t i o n . A l t h o u g h n o t p r e d i c t i n g l i v e w e i g h t a n d c o m p o s i t i o n at

s l a u g h t e r w i t h s u f f i c i e n t a c c u r a c y ( v a n E s , 1 9 7 0 ) s t i l l s u c h m o d e l s

m a y i n f o r m w e l l o n t h e i n f l u e n c e o f t w o o r m o r e d i f f e r e n t t r e a t m e n t s

in c o m p a r i s o n t o e a c h o t h e r .

L i t e r a t u r e

A g r i c u l t u r a l R e s e a r c h C o u n c i l , 1 9 8 0 . T h e n u t r i e n t r e q u i r e m e n t s o f

r u m i n a n t l i v e s t o c k . C o m m o n w e a l t h A g r i c u l t u r a l B u r e a u , 351 p p .

v a n E s , A . J . H . , 1 9 7 0 . S i m u l a t i o n o f t h e g r o w t h o f v e a l c a l v e s f e d

l i q u i d m i l k r e p l a c e r s . P r o c . 5 t h S y m p . E n e r g y M e t a b . F a r m A n -

i m a l s , V i t z n a u , J u r i s D r u c k u n d V e r l a g , Z u r i c h , p . 9 7 - 1 0 0 .
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d. E S T I M A T I O N OF B O D Y C O M P O S I T I O N

B Y D I L U T I O N T E C H N I Q U E S IN N U T R I T I O N E X P E R I M E N T S

J . R o b e l i n

L a b o r a t o i r e de 1 a P r o d u c t i o n de V i a n d e

I n s t i t u t N a t i o n a l d e la R e c h e r c h e A g r o n o m i q u e

C R Z V - T h e i x - 6 3 1 1 0 B e a u m o n t

F r a n c e

T h e m e a s u r e m e n t o f b o d y w e i g h t g a i n in g r o w i n g a n i m a l s is o f t e n

i n s u f f i c i e n t f o r n u t r i t i o n e x p e r i m e n t s . T h e c o m p o s i t i o n o f b o d y

w e i g h t g a i n d u r i n g t h e e x p e r i m e n t i s m o r e u s e f u l ! . T w o k i n d s o f t e c h -

n i q u e s c a n b e u s e d t o m e a s u r e b o d y g a i n c o m p o s i t i o n ^ e i t h e r c a l o r i -

m e t r i c b a l a n c e t r i a l or in v i v o d e t e r m i n a t i o n o f b o d y c o m p o s i t i o n at

t h e b e g i n n i n g and t h e e n d of t h e f e e d i n g e x p e r i m e n t . T h e a c c u r a c y of

t h e b a l a n c e t r i a l s in n u t r i t i o n e x p e r i m e n t s h a s b e e n d i s c u s s e d in an

o t h e r p a p e r ( v a n E s , 1 9 8 1 ) ; s o , t h i s p a p e r d e a l s w i t h t h e s e c o n d k i n d

of t e c h n i q u e , m a i n l y t h e e s t i m a t i o n of b o d y w e i g h t gai n c o m p o s i t i on

by d i l u t i o n s p a c e of D „ 0 . A n o t h e r m e t h o d , b a s e d on t h e s i z e of a d i -

p o s e c e l l s m e a s u r e d a f t e r b i o p s y w i l l be b r i e f l y p r o p o s e d . F i n a l l y ,

an e x a m p l e o f u s e o f D ? 0 s p a c e in a n u t r i t i o n e x p e r i m e n t w i l l b e

p r e s e n t e d .

E s t i m a t i o n of c h e m i c a l b o d y c o m p o s i t i o n by D p O d i l u t i o n s p a c e

S t a t i s t i c a l _ b a s i s _ o f _ t h e _ m e t h o d

F o r a v e r y l o n g t i m e , t h e c h e m i c a l c o m p o s i t i o n of t h e b o d y of

a n i m a l s is k n o w n t o be s t a t i s t i c a l l y r e l a t e d t o f a t f r e e m a s s . T h e

p e r c e n t a g e of p r o t e i n and w a t e r in f a t f r e e m a s s ( e m p t y b o d y 1 i p i d s )

is f a i r l y c o n s t a n t a f t e r " c h e m i c a l m a t u r i t y " h a s b e e n r e a c h e d

( M o u l t o n , 1 9 2 3 ) . We h a v e f o u n d ( R o b e l i n and G e a y , 1 9 7 8 ) on t h e b a s i s

o f 3 4 0 r e s u l t s o f w h o l e b o d y c o m p o s i t i o n o f g r o w i n g c a t t l e , t h a t

t h e w e i g h t of w a t e r and p r o t e i n w a s f a i r l y wei 1 r e l a t e d t o f a t f r e e

m a s s ( F F M ) a c c o r d i n g to an a l l o m e t r i c r e l a t i o n s h i p .

P r o t e i n ( k g ) = 0 . 1 2 5 9 F F M 1 ' 0 9 6 (RCV = 2.8 % p r o t e i n )

W a t e r ( k g ) = 0 . 8 4 7 7 F F M 0 ' 9 7 4 (RCV = 1.1 % w a t e r )
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T h e v a l u e s of t h e a l l o m e t r i c c o e f f i c i e n t s ( 1 . 0 9 6 a n d 0 . 9 7 4 ) i n d i -

c a t e t h a t t h e p e r c e n t a g e of p r o t e i n i n c r e a s e s s i o w l y , a n d t h e p e r c e n t -

a g e o f w a t e r in F F M d e c r e a s e s , w h e n t h e F F M i n c r e a s e s . T h e r e l a t i o n -

s h i p b e t w e e n e m p t y b o d y w a t e r , l i p i d s and e m p t y b o d y w e i g h t ( E B W )

c a n a l s o be e x p r e s s e d in an o t h e r w a y ( R o b e l i n and T h e r i e z , 1 9 8 0 ) .

W a t e r % E B W = 7 4 . 7 - 0 . 8 2 4 x L i p i d s % E B W ( R C V = 0 . 9 7 % W a t e r )

S i m i l a r l y , p r o t e i n w e i g h t m a y be e x p r e s s e d as a p e r c e n t a g e of

f a t f r e e d r y m a t t e r ( F F D M = e m p t y b o d y w e i g h t - 1 i p i d s - w a t e r ) . T h e

w e i g h t of b o d y p r o t e i n s r e p r e s e n t s 8 1 . 0 - 0.3 % of F F D M in c a t t l e

( R o b e l i n and T h e r i e z , 1 9 8 0 ) . All t h e s e r e l a t i o n s h i p s a r e s t a t i s t i c a l -

ly f a i r l y g o o d . T h e i r b i o l o g i c a l m e a n i n g c o u l d b e d i s c u s s e d , b u t it

is n o t t h e t o p i c of t h i s p a p e r . T h e m a j o r p o i n t is to r e m e m b e r t h a t

t h e k n o w l e d g e of e m p t y b o d y w e i g h t and e m p t y b o d y w a t e r is s u f f i c i e n t

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

of l i p i d s and p r o t e i n s .

T h e D ? 0 s p a c e a n d t h e w h o l e b o d y c h e m i c a l c o m p o s i t i o n w e r e m e a s -

u r e d at s l a u g h t e r on 21 C h a r o l a i s and 21 F r i e s i a n b u l l s ( R o b e l i n ,

1 9 8 1 , a ) . T h e e q u a t i o n s of p r e d i c t i o n o f l i p i d s w e i g h t ( k g ) f r o m e m p -

ty b o d y w e i g h t ( E B W ; k g ) and e m p t y b o d y w a t e r ( E B W A T ; k g ) or b o d y

w e i g h t ( B W ; k g ) and D^O s p a c e ( D S ; k g ) w e r e as f o l l o w s :

( 1 ) L i p i d s = 0 . 8 6 6 x E B W - 1 . 1 4 3 x E B W A T R S D = 2.2 kg
- . 0 1 7 - . 0 2 7

( 2 ) L i p i d s = 0 . 7 6 9 x BW - 0 . 9 4 3 x DS R S D = 5.4 kg
- . 0 3 7 - . 0 5 4

T h e m e a n v a l u e s of t h e d i f f e r e n t v a r i a b l e s w e r e BW = 3 4 0 k g ;

E B W = 2 9 0 k g ; E B W A T = 1 9 2 k g ; DS = 2 3 6 k g , and L i p i d s = 39 k g .

T h e s e e q u a t i o n s had no s i g n i f i c a n t c o n s t a n t (P < 0 . 0 1 ) , and t h e i r c o -

e f f i c i e n t s w e r e n o t s i g n i f i c a n t ly d i f f e r e n t b e t w e e n b r e e d s ( C h a r o l a i s

v s . Fri esi an ) .

A s e x p e c t e d , t h e a c c u r a c y of p r e d i c t i o n w a s b e t t e r w i t h E B W and

E B W A T ( R S D = 2.2 kg i . e . 5.6 % of t h e w e i g h t of l i p i d s ) t h a n w i t h BW

and DS ( R S D = 5.4 kg i . e . 1 3 . 8 % of t h e w e i g h t of l i p i d s ) . Thi s a c c u -

r a c y w a s s i m i l a r to t h a t o b s e r v e d in c a t t l e ( C r a b t r e e , H o u s e m a n and

K a y , 1 9 7 4 ) or in l a m b s ( S e a r l e , 1 9 7 0 ; R o b e l i n , 1 9 7 7 ) .
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T h e r a t i o b e t w e e n t h e c o e f f i c i e n t of EBW ( 0 . 8 6 6 ) and t h a t of BW

( 0 . 8 6 9 ) a p p r o x i m a t e l y e q u a l l e d t h e r a t i o b e t w e e n BW and EBW ( 1 . 1 3 ) .

S i m i l a r l y , t h e r a t i o b e t w e e n t h e c o e f f i c i e n t o f E B W A T ( 1 . 1 4 3 ) and

t h a t of DS ( 0 . 9 4 3 ) w a s a p p r o x i m a t e l y e q u a l to t h e r a t i o b e t w e e n DS

and E B W A T ( 1 . 2 1 ) . A l t h o u g h l o g i c a l , t h i s i n d i c a t e s t h a t d a t a w e r e

unbi ai s e d .

T h e e q u a t i o n (2) w i t h BW and DS w a s c o m p u t e d f o r a g i v e n v a l u e

of t h e gut c o n t e n t (for a g i v e n b o d y w e i g h t ) r e p o r t e d in t a b l e 1.

T a b l e 1. M e a n v a l u e o f g u t c o n t e n t ( G C ) in p e r c e n t a g e o f b o d y
w e i g h t in F r i e s i a n and C h a r o l a i s b u l l s at d i f f e r e n t b o d y
wei g h t s

of aSaîs in
e a c h b r e e d

5

4

4

4

4

N o t e : C h a r o l a i s bull w e r e w e a n e d at 3 0 0 kg B W ;

F r i e s i a n b u l l s at 8 0 kg B W ; a f t e r w e a n i n g t h e y r e c e i v e d

ad l i b i t u m a 70 % c o n c e n t r a t e and 30 % hay d i e t .

If t h i s e q u a t i o n is to be a p p l i e d to an a n i m a l w i t h a h i g h e r g u t

c o n t e n t (for i n s t a n c e 5 k g ) , b o d y w e i g h t and d i l u t i o n s p a c e m u s t be

c o r r e c t e d (BW 1 = B W - 5 k g , D S ' = D S - 5 . 0 x 0.87 ; 0.87 w a s t h e m e a n

p e r c e n t a g e o f w a t e r in g u t c o n t e n t in o u r e x p e r i m e n t s ) . O t h e r w i s e ,

t h e p r e d i c t e d v a l u e of l i p i d s w o u l d be u n d e r e s t i m a t e d by a p p r o x i m a -

t e l y 3 0 0 g.

E x a m p l e : M e a s u r e d v a l u e s : BW = 4 0 0 kg DS = 2 8 8 kg

P r e d i c t e d l i p i d s : 4 0 0 x 0 . 7 6 9 - 0 . 9 4 3 x 2 8 8 = 36 kg

C o r r e c t e d v a l u e s : B W ' = 3 9 5 kg D S ' = 2 8 3 . 6 kg

P r e d i c t e d l i p i d s : 3 9 5 x 0 . 7 6 9 - 0 . 9 4 3 x 2 8 3 . 6 = 3 6 . 3 kg

T h e m a g n i t u d e of t h i s kind of e r r o r i s r e l a t i v e l y s m a l l . H o w e v e r ,

w h e n t h e a n i m a l s r e c e i v e d 8 0 % r o u g h a g e d i e t , t h e g u t c o n t e n t c o u l d

be i n c r e a s e d by 3 or 4 % of b o d y w e i g h t and t h e l i p i d s w e i g h t m i g h t

be u n d e r e s t i m a t e d by 1.5 k g .

BW (kg)

160

296

387

497

581

GC % BW

11 .3

14.4

10.8

9.7

11 .0

Friesi

BW (kg)

129

229

321

396

507

an
GC

1

% BW

6.4

18.8

1

1

1

3.2

1 .5

0.9
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S o , w h e n g u t c o n t e n t c a n be e s t i m a t e d , it m a y be b e t t e r to u s e

an e q u a t i o n d e r i v e d f r o m e q u a t i o n 1, e s t a b l i s h e d w i t h EBW and E B W A T .

In t h i s e q u a t i o n , EBW c o u l d be r e p l a c e d by BW - GC ( e s t i m a t e d g u t

c o n t e n t ) . E B W A T c o u l d be r e p l a c e d by 0 . 9 6 8 x DS - 0.87 x G C ; 0 . 9 6 8

x D S is t h e e s t i m a t e d v a l u e o f t o t a l b o d y w a t e r ( R o b e l i n , 1 9 8 1 , b )

and 0.87 x GC is t h e e s t i m a t e d v a l u e of t h e w a t e r of g u t c o n t e n t .

T h i s l e a d s to t h e f o l l o w i n g e q u a t i o n :

( 2 1 ) L i p i d s = 0 . 8 6 6 x ( B W - G C ) - 1.143 x ( 0 . 9 6 8 x DS - 0 .87 x GC )

A f t e r s i m p l i f i c a t i o n :

( 2 1 ) L i p i d s = 0 . 8 6 6 x BW - 1 . 1 0 6 x DS + 0 . 1 2 8 x G C .

T h e e q u a t i o n s o f p r e d i c t i o n for p r o t e i n w e i g h t f r o m EBW ( k g ) and

E B W A T ( k g ) or BW ( k g ) and DS ( k g ) e s t a b l i s h e d for 4 2 a n i m a l s of b o t h

b r e e d s ( C h a r o l a i s and F r i e s i a n ) a r e :

(3) P r o t e i n s = Q . 1 0 0 x EBW + 0 . 1 3 4 x E B W A T R S D = 1.9 kg
- . 0 1 5 - . 0 2 3

(4) P r o t e i n s = 0 . 1 2 4 x BW + 0 . 0 5 8 x DS R S D = 2.6 kg
- . 0 1 8 ^ . 0 2 6

T h e s e e q u a t i o n s h a v e no s i g n i f i c a n t c o n s t a n t t e r m s , and t h e y a r e

not 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 b r e e d s . T h e RSD of t h e e q u a t i o n

w i t h EBW and E B W A T is l o w e r (1.9 kg i . e . 3.4 1 of p r o t e i n w e i g h t )

t h a n t h e R S D of t h e e q u a t i o n w i t h BW and D S ( 2 . 6 kg i . e . 4.7 % o f

p r o t e i n w e i g h t ) .

As s t a t e d b e f o r e , p r o t e i n w e i g h t is very c l o s e to 0.81 x F F D M

(fat f r e e d r y m a t t e r = EBW - E B W A T - L i p i d s ) . If p r o t e i n w e i g h t is

c o m p u t e d f r o m t h i s r e l a t i o n s h i p and t h e e q u a t i o n of p r e d i c t i o n of

l i p i d s ( e q . 1 ) , it f o l l o w s t h a t :

( 3 1 ) P r o t e i n s = 0.81 x ( EBW - E B W A T - 0 . 8 6 6 x EBW + 1.143 x E B W A T )

( 3 1 ) P r o t e i n s = 0 . 1 0 8 x E B W + 0 . 1 1 6 x E B W A T

T h i s e q u a t i o n is q u i t e s i m i l a r to e q u a t i o n 3. T h e c o e f f i c i e n t s

of EBW and E B W A T a r e \/ery c l o s e t o g e t h e r . It s h o w s t h e p o o r i n t e r -

r e s t of m e a s u r i n g b o d y w a t e r to p r e d i c t p r o t e i n s w e i g h t . T h i s is

a l s o d e m o n s t r a t e d by t h e c o e f f i c i e n t of DS in e q u a t i o n 4. T h i s c o -

e f f i c i e n t ( 0 . 0 5 8 ) is j u s t 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 z e r o . S o ,

if g u t c o n t e n t c a n be a s s e s s e d , it w o u l d be b e t t e r to c a l c u l a t e

p r o t e i n s w e i g h t d i r e c t l y f r o m fat f r e e d r y m a t t e r ( F F D M ) as f o l l o w s :
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Prot e i n s = 0.81 x FFDM

FFDM = EBW - EBWAT - Lipids

EBW = BW - GC (estimated gut c o n t e n t )

EBWAT = 0.968 x DS - 0.87 x GC

Lipids = ... equati on 2'

(3") P r o t e i n s = 0.108 x BW + 0.112 x DS - 0.209 x GC

On a statistical basis the standard d e v i a t i o n (fn) of a d i f f e r -

ence b e t w e e n two va r i a b l e s (XI and X2) equals\/a*~j + a 2 „ • The accu -

racy (standard d e v i a t i o n ) of pr e d i c t i o n of lipies and protein

w e i g h t s from body w e i g h t and diluti o n space were r e s p e c t i v e l y 5.4

and 2.6 kg. C o n s e q u e n t l y , the accuracy of pre d i c t i o n of gain of

lipids and p r o t e i n s during a feed i n g trial are r e s p e c t i v e l y :

L i p i d s : a D L = \ / 5 . 4
2 + 5 . 4 1 = 7.6 kg

Pr o t e i n s : a Q p = V 2 . 6 2 + 2.62" = 3.7 kg

In fact these values have to be compared to the ab s o l u t e values

of lipids gain (DL) or prot e i n s gain (DP) d e p e n d i n g on the total bo-

dy weight gain during the e x p e r i m e n t (TBWG) and the p e r c e n t a g e of

lipids (1) and prot e i n s (p) in body w e i g h t gain

°DL 7.6 a D P 3.7
~ D T TBWG x I ~ D T TBWG x p

This accuracy is val u a b l e for a single a n i m a l . It should be div-

ided by V n group of n a n i m a l s . The va r i a t i o n of CTDL/DL and CTDP/DP

according to total body w e i g h t gain (TBWG; kg) and the number of ani

mais ( n ) , for 1 = 0.20 and p = 0.17 are reported b e l o w :

Number
of animals

Total body

wei ght gai n (kg)

100

200

300

Relati ve error on
lipids gain d é t e r -
minât i on

°DL /

1

.38

.19

.13

DL

10

.12

.06

.04

Relati ve
protei ns
m i n a t i 0 n

aDP

1

.22

.11

.07

error on
gain deter-

/ DP

10

.07

.03

.02
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F o r a s i n g l e a n i m a l , a r a t h e r g o o d a c c u r a c y ( 1 3 % a n d 7 %, r e -

s p e c t i v e l y f o r l i p i d s a n d p r o t e i n s d e p o s i t i o n ) is o b t a i n e d f o r a

t o t a l b o d y w e i g h t g a i n o f 3 0 0 k g . F o r a g r o u p o f 10 a n i m a l s , t h e

s a m e a c c u r a c y is o b t a i n e d f o r a t o t a l b o d y w e i g h t g a i n o f 1 0 0 kg

o n l y . In t h e s e c o n d i t i o n s , t h e a c c u r a c y o f e n e r g y d e p o s i t i o n w o u l d

be n e a r t o 10 % in r e l a t i v e v a l u e .

i § t i m § î i o n _ o f _ t h e _ w e i g h t _ o f _ f a t t Y _ t i s s u e s 1 _ m u s c l e s _ a n d _ c a r ç a s s

T h e r e is a g o o d c o r r e l a t i o n b e t w e e n w h o l e b o d y f a t t y t i s s u e s

a n d l i p i d s in c a t t l e ( R o b e l i n a n d G e a y , 1 9 7 8 ) , so t h e w e i g h t o f

t o t a l f a t t y t i s s u e s c o u l d b e p r e d i c t e d by D 2 O s p a c e .

T h e e q u a t i o n o f p r e d i c t i o n f o r t h e 4 2 a n i m a l s o f b o t h b r e e d s

i s :

T o t a l f a t t y t i s s u e s = 0 . 6 9 0 x BW - 0 . 8 3 8 x D S R S D = 5.0 kg
- . 0 3 5 - . 0 5 1

T h e r e s i d u a l s t a n d a r d d e v i a t i o n r e p r e s e n t s 1 3 . 3 % o f f a t t y t i s -

s u e s w e i g h t . T h i s is q u i t e s i m i l a r to t h e a c c u r a c y o f p r e d i c t i o n o f

l i p i d s w e i g h t .

T h e w e i g h t o f f a t t y t i s s u e s o f t h e c a r c a s s c a n a l s o be p r e d i c t -

ed w i t h a f a i r l y g o o d a c c u r a c y .

C a r c a s s f a t t y t i s s u e s = 0 . 5 1 2 x B W - 0 . 6 1 3 D S R S D = 4.2 kg
- . 0 2 9 - 0 . 4 2

T h e R S D r e p r e s e n t s 1 4 . 4 % o f t h e m e a n w e i g h t o f c a r c a s s f a t t y

t i s s u e s .

In c o n t r a s t , n o s i g n i f i c a n t r e l a t i o n s h i p e x i s t s b e t w e e n D 2 O

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

l a c k o f r e l a t i o n s h i p is n o t s u r p r i s i n g b e c a u s e a d i f f e r e n c e in c a r -

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

t h e t o t a l b o d y w a t e r .

E s t i m a t i o n _ o f _ b o d y _ c o m g o s i t i o n _ i n _ c a t t | e _ b y _ _ a d i g o s e _ c e l l s _ s i z e

T h e d e v e l o p m e n t o f f a t t y t i s s u e s r e s u l t s b o t h f r o m an i n c r e -

m e n t in t h e s i z e o f f a t c e l l s , and in t h e n u m b e r o f c e l l s . A f t e r

b i r t h , h y p e r t r o p h y a c c o u n t s f o r m o r e t h a n 7 0 % o f t h e i n c r e m e n t
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o f b o d y "lipids in g r o w i n g c a t t l e ( R o b e l i n , 1 9 8 1 , c ) . C o n s e q u e n t l y ,

t h e w e i g h t o f b o d y l i p i d s is f a i r l y w e l l r e l a t e d t o t h e m e a n a d i -

p o s e c e l l s i z e .

O n t h e b a s i s o f t h i s r e l a t i o n s h i p w e h a v e t r i e d t o d e v e l o p a

m e t h o d o f a p p r e c i a t i o n o f b o d y l i p i d s in v i v o , b a s e d o n f a t c e l l s

m e a s u r e m e n t o n a p r o b e o f s u b c u t a n e o u s a d i p o s e t i s s u e r e m o v e d b y

bi o p s y .

W e c o m p a r e d t h i s m e t h o d t o t h e d i l u t i o n t e c h n i q u e in an e x p e r i m -

e n t i n v o l v i n g 12 d r y m a t u r e c o w s ( R o b e l i n , 1 9 8 1 , d ) s l a u g h t e r e d at

d i f f e r e n t l e v e l s o f f a t t n e s s , b e t w e e n 5 a n d 2 3 % o f t o t a l d i s s e c t a b l e

f a t t y t i s s u e s in e m p t y b o d y w e i g h t .

T h e r e l a t i o n s h i p s b e t w e e n t o t a l b o d y f a t m e a s u r e d b y d i s s e c t i o n

( T B F in p e r c e n t a g e o f b o d y w e i g h t ) , D ~ 0 s p a c e m e a s u r e d b e f o r e s i a u g h -

t e r (DS in p e r c e n t a g e o f b o d y w e i g h t ) a n d s u b c u t a n e o u s a d i p o s e c e l l

d i a m e t e r ( A C D u m ) a r e a s f o l l o w s :

T B F = 8 3 . 7 - 1 . 0 6 x D S R S D = 1 . 0 3 {% b o d y w e i g h t )

T B F = 6 . 8 4 - 0 . 1 4 0 x A C D + 0 . 0 0 2 2 x ( A C D ) 2 R S D = 1 . 1 5 {% b o d y w e i g h t )

T h e r e s i d u a l s t a n d a r d d e v i a t i o n s o f t h e s e r e l a t i o n s h i p s a r e qui t e

s i m i l a r a n d c o r r e s p o n d t o 8-9 % o f t o t a l b o d y f a t . T h i s r e s u l t i n -

d i c a t e s t h a t a d i p o s e c e l l s s i z e m e a s u r e d a f t e r b i o p s y c o u l d p r o v i d e

a f a i r l y g o o d e s t i m a t i o n o f b o d y c o m p o s i t i o n . H o w e v e r , t h i s r e l a -

t i o n s h i p h a s t o b e v e r i f i e d in o t h e r t y p e s o f c a t t l e ( b r e e d , s e x

e t c . ) b e f o r e b e i ng e x t e n s i v e l y a p p l i e d .

I n _ v i y o _ e s t i m a t i o n _ o f _ b o d y _ _ c o m g o s i t i o n _ i n _ n u t r i t i o n _ e x g e r i m e n t

T h e n u t r i t i o n e x p e r i m e n t t a k e n as an e x a m p l e ^ w a s p l a n n e d t o m e a -

s u r e t h e e f f e c t o f f e e d i n g l e v e l o n t h e c o m p o s i t i o n o f b o d y w e i g h t

g a i n in C h a r o l a i s a n d F r i e s i an b u l l s .

E i g h t a n i m a l s o f e a c h b r e e d w e i g h i n g n e a r l y 3 0 0 kg w e r e a l 1 o c a t -

ed t o t w o g r o u p s . T h e a n i m a l s o f g r o u p I (in b o t h b r e e d s ) r e c e i v e d

ad l i b i t u m a 8 0 % c o n c e n t r a t e 2 0 % r o u g h a g e d i e t . T h e a n i m a l s o f

g r o u p II w e r e r e s t r i c t e d t o a g r o w t h r a t e e q u a l t o 5 0 % o f t h a t o f

a n i m a l s of g r o u p s I ( w i t h i n e a c h b r e e d ) .
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The b o d y composi ti on of a n i m a l s at t h e b e g i n n i n g of the e x p e r i m -

ent w a s e s t i m a t e d by the d i l u t i o n t e c h n i q u e (Table 2 ) . C h a r o l a i s

b u l l s had a lower c o n t e n t of l i p i d s t h a n F r i e s i a n b u l l s ( 8 . 7 - 9 . 5 %

v . s . 1 0 . 7 - 1 1 . 4 % ) , and a lower c a l o r i f i c v a l u e ( 1 . 8 4 - 1 . 9 1 M c a l / k g

v . s . 2 . 0 1 - 2 . 0 8 M c a l / k g ) . H o w e v e r , t h e p r o t e i n s c o n t e n t of e m p t y b o -

dy w e i g h t was s i m i l a r in both b r e e d s ( 1 8 . 4 - 1 8 . 7 % ) .

T a b l e 2. Body c o m p o s i t i o n (mean and s . e . m . ) o f a n i m a l s e s t i m a t e d at
the b e g i n n i n g of e x p e r i m e n t by D?0 space

B r e e d

Level of f e e d i n g

N o . of a n i m a l s

Body wei ght (kg)

D 2 0 s p a c e (kg )

E m p t y b o d y w e i g h t (kg)

L i p i d s % EBW

P r o t e i n % EBW

E n e r g y ( M c a l / k g E B W )

T h e s e r e s u l t s for both b r e e d s are q u i t e s i m i l a r to the v a l u e s

m e a s u r e d a f t e r s l a u g h t e r for a n i m a l s of s i m i l a r w e i g h t (Robelin

and G e a y , 1 9 7 8 , R o b e l i n and D a e n i c k e , 1 9 8 0 ) .

T h e a n i m a l s in both g r o u p s w e r e s l a u g h t e r e d at the same b o d y

w e i g h t , 6 1 0 kg for C h a r o l a i s and 500 kg for F r i e s i a n . T h e i r body

c o m p o s i t i o n was e s t i m a t e d by t h e c o m p o s i t i o n of a rib j o i n t and

the w e i g h t of the fifth q u a r t e r f a t t y t i s s u e s ( p e r i t o n e a l , m e s e n -

t e r i c and k i d n e y f a t ) a c c o r d i n g to a p r e v i o u s l y described m e t h o d

( R o b e l i n and G e a y , 1 9 7 8 ) (Table 3 ) .

Ad li

4

318
10

233
7

273
9

8.7
1 .0

18.7
0.1

1 .84
0.09

C h a r o l a i s
b. R e s t r i c t e d

4

301
7

218
5

259
6

9.5
0.6

18.6
0.1

1 .91
0.05

Ad li

4

294
4

209
2

253
4

11 .4
0.4

18.4
0 .1

2.08
0 .04

F r i e s i a n
b. R e s t r i c t e d

4
2 9 8

9

2 1 4
8

257
8

10.7
1 .1

18.5
0.1

2.01
0 .09
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Table 3. Body compositi on of animal s at slaughter (mean and s.e.m.

Breed

Level of feedi ng

No. of animals

Body weight (kg)

Empty body weight (kg)

Lipids % EBW

Proteins % EBW

Energy (Mcal/kg EBW)

Ad li

4

615
17

541
15

11.5
0.6

19.7
0.1

2.16
0.05

Charolai s

b. Restricted

4

622
6

544
8

10.7
0.3

19.8
0.1

2.09
0.03

Ad li

4

504
12

447
1 1

15.2
0.8

18.5
0.2

2.44
0.07

Friesian

b . Restri cted

4

510
11

416
12

11.5
0.4

19.2
0.1

2.13
0.03

In the Charolais breed there were no significant differences be-

tween group I and II in the chemical composition of empty body. In

contrast, ad libitum fed Friesian bulls had a higher percentage of

lipids than restricted ones (15.2 vs 1 1 . 5 ) , a higher calorific val-

ue (2.44 vs 2.13 Mcal/kg) and a lower percentage of proteins (18.5

vs 19.2) .

Table 4 reports the results of composition of empty body weight

gai n .

Table 4. Body composition of gain of Charolais and Friesian bulls;
Variation according to level of feeding and growth rate
(mean + s.e.m.)

Breed

Level of feedi ng

No. of animals

Days on feed

Body weight gain
(kg/d)

Empty body
Weight gain (kg/d)

Lipids % EBWG

Proteins % EBWG

Energy (Mcal/kg EBWG)

Ad 1 i

4

200
24

1 .53
0.16

1 .38
0.12

14.5
1 .2

20.8
0.2

2.50
0.10

Charolai s
b. Restricted

4

429
13

0.75
0.01

0.66
0.01

1 1 .8
0.6

20.9
0.1

2.26
0.06

Ad li

4

219
2

0.96
0.08

0.89
0.07

20.0
1 .8

18.6
0.4

2.90
0.15

Friesian
b. Restricted

4

368
27

0.58
0.01

0.43
0.01

13.1
1 .3

20.4
0.1

2.34
0.13
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In F r i e s i a n b r e e d , t h e c o m p o s i t i o n o f g a i n w a s s i g n i f i c a n t l y

(P < 0 . 0 1 ) d i f f e r e n t b e t w e e n l e v e l s o f f e e d i n g . A d l i b i t u m f e d a n i m -

a l s h a d a h i g h e r p e r c e n t a g e o f l i p i d s ( 2 0 . 0 v s 1 3 . 1 % E B W G ) , a h i g h -

er c a l o r i f i c v a l u e ( 2 . 9 0 vs 2 . 3 4 M c a l / k g E B W G ) a n d l o w e r p e r c e n t a g e

o f p r o t e i n s ( 1 8 . 6 v s 2 0 . 4 % E B W G ) . In c o n t r a s t , in C h a r o l a i s b r e e d s

o n l y t h e l i p i d s p e r c e n t a g e w e r e s i g n i f i c a n t l y d i f f e r e n t ( 1 4 . 5 vs

1 1 . 8 % E B W G ) . T h i s i n t e r a c t i o n b e t w e e n b r e e d a n d f e e d i n g l e v e l h a s

b e e n n o t e d p r e v i o u s l y by G e a y , R o b e l i n a n d B e r a n g e r ( 1 9 7 6 ) . T h e e f -

f e c t o f a r e d u c t i o n of e n e r g y i n t a k e on t h e c o m p o s i t i o n of g a i n , a n d

m a i n l y on l i p i d d e p o s i t i o n , is h i g h e r in e a r l y m a t u r i n g t h a n in l a t e

m a t u r i n g a n i m a l s .

C o n c l u s i o n

In c a t t l e , m e a s u r e m e n t o f d e u t e r i a t e d w a t e r s p a c e g i v e s a r a t h e r

g o o d e s t i m a t e o f b o d y c o m p o s i t i o n , m a i n l y o f b o d y 1 i p i d s . M o s t i n t e r -

e s t i n g l y t h e r e l a t i o n s h i p b e t w e e n D - 0 s p a c e a n d b o d y 1 i p i d s d o e s n o t

s e e m t o v a r y b e t w e e n b r e e d s . L o g i c a l l y , t h i s r e l a t i o n s h i p s h o u l d

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

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

T h e a c c u r a c y of d e t e r m i n a t i o n of D ? 0 s p a c e h a s b e e n d i s c u s s e d

in a n o t h e r p a p e r ( R o b e l i n , 1 9 8 1 , b ) . T h e a c c u r a c y o f d e t e r m i n a t i o n

of b o d y l i p i d s is c l o s e l y r e l a t e d to t h e a c c u r a c y o f d e t e r m i n a t i o n

o f t h e " m e a n " b o d y w e i g h t of a n i m a l s . F o r t h i s r e a s o n s e v e r a l r e -

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

t h e d a y o f m e a s u r i n g D ? 0 s p a c e . O b v i o u s l y , s u c h m e a s u r e m e n t s h o u l d

be a v o i d e d d u r i n g a p e r i o d of c h a n g e in n a t u r e or l e v e l of f e e d i n g .

R e f e r e n c e s

C r a b t r e e , R . M . , R . A . H o u s e m a n n , M. K a y , 1 9 7 4 . P r o c . N u t r . S o c , 3J3,

7 4 A - 7 5 A .

G e a y , Y . , J. R o b e l i n , C. B e r a n g e r , 1 9 7 6 . A n n . Z o o t e c h . 2J5, 2 8 7 - 2 9 8 .

M o u l t o n , C . R . , 1 9 2 3 . J. B i o l . C h e m . , ^ 7 , 7 9 - 9 7

R o b e l i n , J., 1 9 7 7 . A n n . B i o l . an i m . B i o c h . B i o p h y s . j_7_, 9 5 - 1 0 5 .

R o b e l i n , J., 1 9 8 1 , a . N u t r . R e p r o d . D e v e l o p . (In p r e s s ) .
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R o b e l i n , J., 1 9 8 1 , b . CEC W o r k s h o p . C o p e n h a g e n , D e c e m b e r 1 9 8 1 .

R o b e l i n , J., 1 9 8 1 , c . J. L i p i d . R e s . , ^ 2 , 4 5 2 - 4 5 7 .

R o b e l i n , J., 1 9 8 1 , d . A n i m . P r o d , (in p r e s s ) .

R o b e l i n , J., Y. G e a y , 1 9 7 8 . A n n . Z o o t e c h . , 2J_, 1 5 9 - 1 6 7 .

R o b e l i n , J., R. D a e n i c k e , 1 9 8 0 . A n n . Z o o t e c h . , 29_, 9 9 - 1 1 8 .

R o b e l i n , J., M. T h e r i e z , 1 9 8 0 . N u t r . R e p r o d . D e v e l o p . , 2_U 3 3 5 - 3 5 3

S e a r l e , T.W., 1 9 7 0 . J. A g r i c . S e i . , 74., 3 5 7 - 3 6 2 .

Van E s , A . J . H . , 1 9 8 1 . CEC W o r k s h o p . C o p e n h a g e n , D e c e m b e r 1 9 8 1 .
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e . E S T I M A T I N G C A R C A S S C O M P O S I T I O N O F Y O U N G B U L L S

F R O M W E I G H T F O R A G E A N D F E E D I N T A K E D A T A

G . T o r r e e l e

D e p a r t m e n t o f A n i m a l B r e e d i n g

F a c u l t y o f A g r i c u l t u r a l S c i e n c e s

S t a t e U n i v e r s i t y

G h e n t - B e l g i u m

T h e s t a r t o f o u r i n v e s t i g a t i o n s i n t o t h e s u b j e c t d a t e s b a c k t o t h e

e n d o f '61 a n d b e g i n n i n g o f ' 6 2 . B e f o r e p u b l i s h i n g t h e f i r s t r e -

p o r t o f t h e S t u d y C e n t e r f o r M e a t P r o d u c t i o n , M a r t i n a n d I d i s -

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

a s s o c i a t i o n b e t w e e n t o t a l f e e d i n t a k e a n d t h e t i m e an a n i m a l

n e e d e d t o a t t a i n a l i v e w e i g h t o f 5 0 0 k g s . F i g u r e 1 is a c o p y

o f t h i s g r a p h as it a p p e a r e d in o u r M a y 1 9 6 2 r e p o r t . I n i t i a l l y ,

o u r a t t e n d t i o n w a s d i r e c t e d t o t h e e x p l a n a t i o n o f t h e v a r i a b i l -

i t y in f e e d i n t a k e , m o r e s p e c i f i c , t o t h e p o s s i b i l i t y o f e s t i m -

a t i n g t o t a l f e e d i n t a k e f r o m c u r r e n t (in o u r e x p e r i m e n t s ) o b -

s e r v a t i o n a l d a t a as w e r e w e i g h t f o r a g e r e c o r d i n g s a n d d a t a

a b o u t c a r c a s s c o m p o s i t i o n . In f a c t , w e w e r e l o o k i n g f o r an

e s c a p e f o r f e e d i n t a k e r e c o r d i n g ( a t t h a t t i m e , t h e r e w e r e v e r y

f e w f a t t e n i n g t r i a l s r e c o r d i n g i n d i v i d u a l f e e d i n t a k e , s e c o n d -

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

i n t a k e a n d g r o w t h r a t e , a n d t h i r d , w e h a d d e v e l o p e d a v e r y f i n e

m e t h o d o f e s t i m a t i n g c a r c a s s c o m p o s i t i o n ) .
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Fi gure 1 . Total Feed Intake (I, in fodder units) as a function of
Age (T) for constant live weight (We = 4 9 5 k g s ) . (Report
No. 1, 1962)

(too T(cL)

This first data includes 50 animals and means, standard deviation
and simple correlations are shown in the following:

XI

X2

X3

X4

X5

X6

X

2210

56.1

70.4

57.2

19.7

478.6

xi

220

5.3

15.6

10.4

10.3

7.4

X2

.81

X3

.34

.20

X4

-.11

-.25

-.35

X5

.20

.05

-.32

.67,

X6

.02

.06

.33

-.39

-.25
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In t h i s t a b l e XI r e p r e s e n t s f e e d i n t a k e in f o d d e r u n i t s ; X2 =

d u r a t i o n on f a t t e n i n g in w e e k s ; X3 = total e x t r a m u s c u l a r fat + in-

t e s t i n a l fat ( k g s ) ; X4 is i n i t i a l w e i g h t ( k g s ) ; X5 i niti al age ( d a y s )

and X6 is w e i g h t j u s t b e f o r e s l a u g h t e r ( k g s ) .

P a r t i a l and m u l t i p l e c o r r e l a t i o n s of d i r e c t i n t e r e s t h e r e a r e :

r12

r13

r23

and

.56 ~ *

.56 = •

.56 = •

*£-, r l z_

A A * Y*

^4' r13.

2 2' r23.

, = 0.55

356

256 = *

156 ="#

82; r12

' 13

26; r23

.3456 =

.2456 =

.1456

.80

.46

-.26

Mu c h e f f o r t has been d e v o t e d to an a m e l i o r a t i o n of t h i s c o r r e -

l a t i o n .

F i g u r e 2 s k e t c h e s r o u g h l y t h e s i t u a t i o n w i t h r e g a r d to t h e p r e -

d i c t i o n of X3 (total f a t ) f r o m XI (total f e e d i n t a k e ) and X2 ( d u r a -

t i o n of f a t t e n i n g ) .

T

F-- 1 - o.

F.xj

Fi g u r e 2 . P r e d i c t i o n of total fat f r o m total feed i n t a k e
and d u r a t i o n of f a t t e n i n g ( T o r r e e l e , 1 9 6 3 ) .
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T h e s e a s s o c i a t i o n s h a v e b e e n c o n f i r m e d o n s e v e r a l o c c a s i o n s a n d

h a v e b e e n s t u d i e d \/ery e x t e n s i v e l y at t h e S t u d y C e n t e r w i t h i n

d i f f e r e n t b r e e d s a n d s i r e w i t h i n b r e e d s . S u b j e c t s w e r e t h e r e l a -

t i o n s at c o n s t a n t l i v e w e i g h t s v a r y i n g f r o m 1 5 0 - 5 0 0 k g s w i t h

s t e p s o f 5 0 k g s ; at c o n s t a n t a g e s v a r y i n g f r o m 2 - 1 2 m o n t h s w i t h

s t e p s o f 1 m o n t h ; at c o n s t a n t f e e d i n t a k e s u p t o 2 0 0 0 F . U . w i t h

s t e p s o f 2 0 0 . A s t o t h e e s t i m a t i o n o f c a r c a s s c o m p o s i t i o n , o n l y

s i t u a t i o n s at 4 5 0 k g s a n d 5 0 0 k g s c o u l d b e i n c l u d e d in o u r a n a -

l y s i s.

F r o m o u r v i e w p o i n t , in t h e r e l a t i o n s m e n t i o n e d a b o v e , a g e m e r e -

ly f u n c t i o n s as a s u b s t i t u t e f o r m a i n t e n a n c e r e q u i r e m e n t s . A s

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

o f l i v e w e i g h t , W x , a b e t t e r e s t i m a t e o f t o t a l n o n p r o d u c t i v e

f e e d c o u l d p o s s i b l y h a v e b e e n o b t a i n e d by u s i n g s u r f a c e a r e a b e -

t w e e n t h e a g e a x i s a n d s o m e ( w e i g h t ) * f o r a g e c u r v e .

F i g u r e 3 . C a l c u l a t i o n of s u r f a c e a r e a ( A x ) ( T o r r e e l e , 1 9 6 4 ) .
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Fi g u r e 3 . F e e d I n t a k e a s a f u n c t i o n o f f i n a l w e i g h t a n d g r o w t h
r a t e . ( M a r t i n a n d T o r r e e l e , 1 9 6 5 ) .
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S o , w e r e c a l c u l a t e d t h e a b o v e a s s o c i a t i o n s u s i n g a s e r i e s o f i n -

d i v i d u a l s u r f a c e a r e a s A ( x ) w i t h xE ( o . 4 , 0 . 5 , ...., 1 . 2 } a n d

l o o k e d f o r an x - v a l ue t h a t w o u l d m a x i mi ze t he c o r r e l ati on r x l /w x ) •

F o r e a c h o f t h e 4 b r e e d s i n c l u d e d in t h i s s t u d y , a s l i g h t c u r v a -

t u r e in t h e r e l a t i o n s h i p ( x , r..-, „, , h a s b e e n o b s e r v e d w i t h a

m a x i m u m b e t w e e n x = 0.4 a n d x = 1 . 2 . H o w e v e r , at f i r s t s i g h t , no

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

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

a g e a n d f e e d i n t a k e . A s , in t h i s v i e w , d i f f e r e n c e s in A ( x ) d u e t o

d i f f e r e n c e s in W n ( i n i t i a l w e i g h t ) a r e d e p e n d e n t u p o n a g e at

f i n a l w e i g h t , a n d v i c e v e r s a , it w a s d e c i d e d t h a t , f o r a l a t e r

d e f i n i t i v e a n a l y s i s , s u r f a c e a r e a A ( x ) s h o u l d b e s p l i t t e d i n t o

t h e c o m p o n e n t s c o r r e s p o n d i n g t o t h e i n t e r v e n i n g d i f f e r e n c e s .

T h e r e e x i s t s e v e r a l w a y s o f b r i n g i n g in f e e d i n t a k e i n t o t h e

r e l a t i o n s h i p s c o n s i d e r e d : as t o t a l f e e d i n t a k e , as a f e e d c o n v e r -

s i o n c o e f f i c i e n t , e t c . . A l s o , as f e e d p r o c u r e d is c o m p o s e d o f

s e v e r a l ( g r o s s ) c o m p o n e n t s , d i f f e r e n t " n u t r i t i o n a l " v a l u e s o f

t h e d i f f e r e n t c o m p o n e n t s c a n be i n t r o d u c e d a n d t e s t e d in v i e w

o f m a x i m i z i n g t h e r e l a t i o n s h i p u n d e r i n v e s t i g a t i o n . In o u r s i -

t u a t i o n , f e e d i n t a k e i n c l u d e s 4 c o m p o n e n t s : s k i m m i l k ( v a l u e

1 . 3 3 3 ) , h a y ( v a l u e 0 . 4 ) , c o n c e n t r a t e s N o . 1 ( v a l u e 0 . 9 6 ) a n d

c o n c e n t r a t e s N o . 2 ( v a l u e 1 . 0 ) . T o t a l f e e d i n t a k e , in f o d d e r

u n i t s , is t h u s = I = k g s s k i m m i l k x 1 . 3 3 3 + k g s h a y x 0.4 +

k g s N o . 1 x 0 . 9 6 + k g s N o . 2 x 1 . 0 .

A c o r r e l a t i o n s t u d y w a s r u n on a v e r y h e t e r o g e n e o u s m a t e r i a l

( 6 0 a n i m a l s , 15 o f e a c h o f 4 b r e e d s , all h a v i n g a d i f f e r e n t s i r e ,

f a t t e n e d up f r o m a b o u t 14 d a y s o l d t o 4 5 0 k g s ) . T h e v a r i a b l e s i n -

c l u d e d w e r e X I : k g s o f m u s c l e a n d X 2 : k g s of f a t , Y l ( k g s o f h a y ) ,

Y 2 ( k g s o f N o . 1 ) , Y3 ( k g s o f N o . 2 ) a n d Y 4 ( d u r a t i o n o f f a t t e n -

i n g , in d a y s ) . A s r x l y 1 Y 2 Y 3 Y 4 = *32' r X 2 Y 1 Y 2 Y 3 Y 4 = "31 v e r s u s

r„-| T i = . 2 4 a n d t"yoTi = 0 . 2 4 , it is c l e a r that, o u r p r e v i o u s " n u -

t r i t i o n a l " v a l u e s w e r e n o t o p t i m a l f o r p r e d i c t i n g t o t a l a m o u n t

o f m u s c l e o r t o t a l , a m o u n t o f f a t in t h e c a r c a s s .
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In a d d i t i o n , f o r t h i s s a m e h e t e r o g e n e o u s g r o u p o f a n i m a l s , a

c a n n o n i c a l c o r r e l a t i o n a n a l y s i s w a s p e r f o r m e d f o r t h e d a t a s e t :

[ ( X I , X 2 , X 3 ) , ( Y l , Y 2 , Y 3 , Y 4 ) ] w i t h X ( 3 ) d e s c r i b i n g c a r c a s s

c o m p o s i t i o n a n d Y ( 4 ) t h e g r o w t h - i n t a k e d a t a . X l s t o t a l a m o u n t o f

m u s c l e , X 2 = t o t a l a m o u n t o f f a t , X 3 = t o t a l a m o u n t of b o n e ; Yl

= k g s h a y , Y2 = k g s c o n c e n t r a t e N o . 1, Y3 = k g s c o n c e n t r a t e N o .

2 a n d Y4 d u r a t i o n o f f a t t e n i n g . T h e c a n o n i c a l c o r r e l a t i o n c o e f f i -

c i e n t s R ( 3 ) = f r -| » r 2 " r 3 ' w e r e ° - 3 6 > ° - 1 9 and 0 . 0 8 . B a s e d on R ( 3 )

a n d t h e a s s o c i a t e d m a t r i c e s X ( 3 , 3 ) a n d Y ( 3 , 4 ) it is p o s s i b l e t o

w o r k o u t a p r o c e d u r e f o r e s t i m a t i n g XI r e s p . X 2 r e s p . X 3 . F i g . 4

g i v e s t h e r e s u l t s f o r e s t i m a t i n g XI = kg o f m u s c l e o u t of t h e

c a n o n i c a l c o r r e l a t i o n d a t a . W e f o u n d r v, *. = 0 . 3 0 . T h i s c o e f f i -

c i e n t c o m p a r e s g o o d w i t h r y l Y 4 I ) = 0 . 2 4 a n d r x ] Y l Y 2 Y 3 Y 4

1(0
F i g u r e 4 . E s t i m a t i o n o f M f r o m c a n o n i c a l c o r r .

( T o r r e e l e a n d S i a w i n s k y , 1 9 7 0 ) .
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T h e r e i s a l s o s o m e d i s c u s s i o n a b o u t t h e c r i t e r a t h a t a r e b e s t

f i t f o r a d e s c r i p t i o n o f c a r c a s s v a l u e b y c a r c a s s c o m p o s i t i o n .

Is p e r c e n t a g e c o m p o s i t i o n t o b e p r e f e r r e d , or is c o m p o s i t i o n

b e s t e x p r e s s e d a s t o t a l a m o u n t o f m u s c l e , f a t a n d b o n e ? T h e l a s t

c a s e is e q u i v a l e n t o f e x p r e s s i n g % c o m p o s i t i o n o f t h e l i v e a n i m -

al at c o n s t a n t l i v e w e i g h t .

A s t u d y i n c l u d i n g 5 0 a n i m a l s o f o n e b r e e d a n d w e i g h i n g 4 5 0 k g s

g a v e c o r r e l a t i o n s o f . 4 6 f o r p e r c e n t m u s c l e a n d f o r t o t a l a m o u n t

o f m u s c l e , . 5 4 f o r t o t a l a m o u n t o f c a r c a s s f a t a n d p e r c e n t a g e

o f f a t in t h e c a r c a s s .

S o m e e f f o r t h a s b e e n d e v o t e d t o m a k e e s t i m a t i o n s o f s p e c i f i c

w e i g h t o f l i v e a n i m a l s i n a n a i r p r e s s u r e c h a m b e r . T h i s a p p r o a c h

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

t i e s .

A n o t h e r a p p r o a c h t o t h e p r o b l e m h a s b e e n t h e s e a r c h f o r a r e l a -

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

t i o n ( T o r r e e l e , 1 9 7 7 ) .

H e r e b y , d i f f e r e n t g r o w t h m o d e l s w e r e f i t t e d t o a s e r i e s o f i n d i -

v i d u a l ( a g e , l i v e w e i g h t ) d a t a . G r o w t h c u r v e p a r a m e t e r - e s t i m a t e s

a n d d e r i v e d g r o w t h c h a r a c t e r i s t i c s w e r e a n a l y s e d t o g e t h e r w i t h

d a t a r e l a t i v e t o t h e s l a u g h t e r v a l u e o f t h e a n i m a l s . F r o m t h i s

s t u d y , it w a s s e e n t h a t t h e e s t i m a t e d g r o w t h c u r v e p a r a m e t e r s

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

s i t i o n . D r e s s i n g p e r c e n t a g e s h o w e d c o r r e l a t i o n w i t h a l l g r o w t h

c h a r a c t e r i s t i c s e x c e p t f e e d i n t a k e . O f i m p o r t a n c e w a s a l s o t h e

z e r o c o r r e l a t i o n b e t w e e n a g e a t 4 5 0 k g s a n d c a r c a s s v a l u e . T o t a l

f e e d i n t a k e at 4 5 0 k g s is c o r r e l a t e d w i t h p e r c e n t a g e m u s c l e a n d

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

i o n c o e f f i c i e n t .

A l t h o u g h t h e s e r e s u l t s t e m p e r e d m u c h o f o u r e x p e c t a t i o n f o r s u c h

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

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

d a t a . T h e a i m o f t h e s t u d y is t o g i v e i n d i c a t i o n s a s t o t h e

d a t a n e c e s s a r y t o e v a l u a t e w i t h s o m e d e g r e e o f c o n f i d e n c e t h e

u n d e r l y i n g p a r a m e t e r s . In o u r s t u d y , t h e m o d e l i s t h o u g h t o f a s
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" t h e e x p e c t e d v a l u e " of t h e g r o w t h of an a n i m a l . W e u s e f o r t h e

m o m e n t as an e x a m p l e t h e c u r v e W = Al + A 2 + T A N H (A3 x (T - A 4 )

for d i f f e r e n t s e t s of T - v e c t o r s ( c o v e r i n g age i n t e r v a l s af 1,,

1 . 5 , 2 , 2 . 5 , 3, 4, 5 y e a r s and d i f f e r e n t w e i g h i n g s c h e m e s ) .

D i f f e r e n t " e r r o r s t r u c t u r e s " m a y be s i m u l a t e d , and t h e m o d e l

and d a t a m a y be f i t t e d by o n e of s e v e r a l non l i n e a r l e a s t

s q u a r e p r o g r a m s .
U n l e s s t h i s w o r k s h o p b r i n g s in h a r d e v i d e n c e t h a t a t a c k l i n g as

o u r s is u n f r u i t f u l l , w e i n t e n d to c o n t i n u e o u r r e s e a r c h in t h e

s e n s e w e s t a r t e d , i.e. g i v e n p a r t i a l l y g r o w t h - and i n t a k e - d a t a ,

w e f i t a ( w e i g h t , a g e , i n t a k e ) - m o d e l . F o r a gi ven w e i g h t s e q u e n -

ce (say 5 0 , 7 5 , 100 ...., 4 2 5 , 4 5 0 k g s ) , t h e c o r r e s p o n d i n g d w /

d t , d i / d t and dw/di - v e c t o r s a r e o b t a i n e d , and we a n a l y s e t h e

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

all of t h e t e c h n i q u e s a n d / o r r e m a r k s g i v e n a b o v e .
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R e p o r t N o . 1 of t h e S t u d y C e n t r e f o r M e a t P r o d u c t i o n , 72 p p , 1 9 7 2 ,

G h e n t .

M a r t i n , J. and G. T o r r e e l e , 1 9 6 2 . A n n . Z o o t e c h n . 1 1 ( 3 ) , 2 1 7 - 2 2 4 .

M a r t i n , J., G. T o r r e e l e and H. D o o r m e , 1 9 6 4 . R e p o r t N o . 4 of t h e

S t u d y C e n t r e f o r M e a t P r o d u c t i o n , G h e n t .

R a s s c h a e r t , W . , 1 9 6 6 . E n g e n e e r s d i s s e r t a t i o n . F a c . of A g r i c . S c i e n -

c e , G h e n t .

T o r r e e l e , G., 1 9 6 3 . U n p u b l i s h e d .

T o r r e e l e , G., 1 9 6 4 . D o c t o r a l d i s s e r t a t i o n , G h e n t .

T o r r e e l e , G., 1 9 6 5 . L a n d - en T u i n b o u w j a a r b o e k 1 9 6 5 - 1 9 6 6 .

T o r r e e l e , G. and T. S l a w i n s k y , 1 9 7 0 . M e d . F a c . L a n d b o u w w . , G h e n t .

T o r r e e l e , G., 1 9 7 7 . In H. de B o e r and J. M a r t i n , e d i t o r s .

T o r r e e l e , G., 1 9 7 3 . M i m e o , F a c . of A g r i c . S c i e n c e s , G h e n t .
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F, USE OF IN VIVO TECHNIQUES AND THE I R LI MI TAT IONS FOR COMMERCIAL

MANAGEMENT AND SELECTION OF CATTLE FOR SLAUGHTER

A. J. Kemps ter

Meat and Livestock Commission, P.O. Box 44, Queensway House,
Bletchley, Milton Keynes, MK2 2EF

Prediction of body composition on the live animal is necessary in a whole
range of circumstances from the producer selecting those of his stock
that are ready for slaughter, through the selection of superior sires on
the basis of performance tests, to the scientist monitoring changes in
body composition during growth. Research has tended to concentrate on
the more complex techniques rather than on simpler techniques suitable
for on-farm use, although the latter is a very important area commercially.

Efforts to develop accurate predictive techniques have been relatively
unsuccessful. The precision achieved with the most sophisticated
equipment has been little better than that obtained by simple fat and
muscle measurements taken on the carcase and that with simple techniques
suitable for on-farm use often substantially worse. To some extent this
has been due to the lack of clear objectives but it is also important
that there are significant problems associated with the development of
accurate predictors for use on live animals. The animal is anatomically
and structurally complex and is rarely conveniently unmoving like the
carcase.

The techniques suitable for on-farm use are limited essentially to live
weight, visual assessment and handling methods and simple linear
measurements.

Live weight

As animals grow their carcase composition changes: the proportion of fat
increases at the expense of muscle and bone. For animals of similar type
grown contemporaneously, live weight will, therefore, normally show a
high positive correlation with the proportion of fat in the carcase and,
because of the close relationship between muscle and bone, a high
negative correlation with the proportion of lean in the carcase.

Even in mixed breed populations with animals coming, from different
production systems, there is often an association between weight and
fatness although the degree of correlation will be variable. Used sensibly,
therefore, live weight can be a guide to carcase composition. It can be
used most effectively when a sample of cattle within a contemporaneous
batch are slaughtered early to establish the relationship between weight
and composition.

The need for contemporaneity when using live weight to estimate slaughter
point is important. The relationship between live weight and fatness is auch
that it will be sensitive to the way animals are fed, the environment in
which they are grown and any subclinical disease which may alter their
growth rate. Live weight, and its relationship with composition, is also
very dependent on the contents of the digestive tract which can vary from
10 to 20% of live weight in cattle depending on the type of diet fed.
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Any relationship developed to predict fatness from live weight in one
set of circumstances is therefore unlikely to apply with acceptable
accuracy in other circumstances.

For these various reasons it is difficult to set out guidelines: the
producer should be monitoring his own performance and weight -
fatness relationships. Figure 1 shows typical weight-fatness relationships
for cattle on different systems of production in Britain.

Body dimensions

There has long been interest in the use of external body measurements
of the live animal to predict carcase composition. While there are
a number of reports of their use in experiments to record changes in
growth and shape, they have not been used widely in commercial practice
on farms. The early results appeared promising but were often obtained
within groups of animals showing wide variation in size and shape, and
interpreted only by correlation coefficients. High correlations with
tissue weights were obtained reflecting variation in live weight and
its association with body dimensions.

Some relationships can be established between external body measurements
and skeletal characteristics (such as the weights and dimensions of bones)
particularly where there is little interference by overlaying fat and
muscle. But accurate estimates of soft tissues are more difficult to
obtain. Little is known about the effect of variation in each tissue
independently on body dimensions and distinguishing the effects of fat
and muscle on shape is difficult: animals can be blocky because they
have thick well-developed muscles or because they are fat.

A further problem concerns the accuracy with which the measurements can
be taken. There are many reports to indicate that the accuracy involved
is inadequate to discriminate between members of relatively homogenous
groups of animals. Estimates of skeletal structure tend to have the
highest repeatabilities, followed by measures of bone and flesh (e.g. width
of the shoulders) where the skeletal structures involved help to stabilise
the relationships. Estimates of soft tissue only (e.g. circumference of
hind leg) are least repeatable. Taylor and Craig (1965) outlined some
of the problems of obtaining reliable live animal measurements and the
subject has been reviewed more recently by Fisher (1976).

Once the important effect of a large range in weight was appreciated, the
results examined in this new light were disappointing. Only with a
large number of measurements do dimensions add significantly to the
information provided by live weight in estimating carcase composition (for
example9 (Green et al 1971). But even then the advantage is small and,
of course the use of many measurements and prediction equations is unsuitable
for on-farm use.

There has recently been a resurgence of interest in the USA in the use
of measurement systems for determining the genetic merit of cattle. These
systems, which include growth characteristics as well as body measurements,
use advances in computer and video-technology (for example, Genetic
Profiles, Arlington, Texas) and have been heavily promoted to cattlemen.
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Visual assessment and handling

Visual assessment and handling methods are the live animal evaluation
techniques used most commonly in practice.

A major problem in visual assessment as with linear measurements is to
distinguish between muscling and fatness both of which can improve the
appearance. Fatness has the effect of filling in the indentations
between muscles and where they insert giving the rounded appearance of
more muscular animals. Visual assessments of conformation are, therefore,
likely to be more effective as indicators of muscling within a narrow
range of fatness and particularly when levels of fatness are low.

Results in the experimental literature on the precision achieved with
these techniques is very variable indeed, influenced particularly by
the range in fatness and conformation in the group of animals examined.
Picking out the very fat and lean animals is relatively easy especially
when there are differences in breed and sex in the groups. But, with the
limited variation which is found within breeds in improvement schemes
when animals are compared at the same weight or age, the difficulties
are greater. Useful reviews on the value of live animal visual assessment
were published by Barton (1976) and Kallweit (1976).

Handling the animal to assess fatness can add usefully to the accuracy
achieved both with visual scoring and linear body measurements, particularly
if the assessor is experienced and knows what he is feeling for.

Fatness in beef cattle can be assessed (Figure 2), by varying finger
pressure at four key points. The condition of the flank is also commonly
used but, although useful as a guide to cattle of extreme fatness, it
is less reliable in helping to assess cattle in the middle of the range.
The brisket is not recommended because it is impractical to use when handling
cattle under farm conditions. The cod fat may be deceptive as size and fullness
are affected by the method of castration. The presence of considerable
quantities of kidney fat may interfere with the assessment of the fat cover
over the loin. Differences between the positions of the left and right kidney
affect handling, therefore the left side of the animal, as seen from behind,
should be used rather than the right.

A number of standardised systems have been developed to obtain a more
precise description of a live animal by visual method. Most of the
standardised systems depend on graphic or photographic standards as
exemplified, for example, by the East of Scotland College of Agriculture
(1976) condition scoring for cattle or the USDA feeder cattle grades. The
value of these standards is that they cause the judge to concentrate his
attention only on the key points. An additional advantage is that different
judges in different places and at different times will give similar scores
to similar animals. This allows more confidence to be placed in
comparison from place to place and generation to generation.

Charles (1974) examined the measurements of the 'anal fold1 of fat using
calipers as a means of estimating carcase composition in live cattle. He
found that the precision of carcase lean prediction was comparable with
that achieved with fat thickness measurements taken over the M. longissimus
on the cut surface of the carcase. There was quite a range of fatness in
these data and several breed types were involved, but the technique certainly
merits further study because of its simplicity.
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A significant limitation of handling methods to assess fatness is
that they are based largely on the subcutaneous fat cover of the
animal when it is known that there are important differences between
breeds in the partition of fat between depots (Kempster, 1981). Cattle
which appear relatively lean by handling methods may have proportionately
more fat in other depots than cattle which appear fatter by handling
methods. This point was demonstrated clearly by Wright (1981) who
found a range of 10 percentage units in chemical fat in the empty body
as a percentage of live weight between purebred Friesian and Hereford
x Friesian cows of the same fat score (body condition score).
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Figure 1. Average live weight and age at slaughter for steers of several breeds
and crosses on different production systems. Typical classification
for fatness and conformation using the terminology of the EEC beef
carcase classification scheme.

Breeds are coded as follows :
CHxF
SMxF
F
HxF
AAxF

Charolais x Friesian
Simmental x Friesian
Friesian
Hereford x Friesian
Aberdeen-Angus x Friesian

Live weight at slaughter (kg)

12 H 16 18 20 22 24

Age at slaughter (months)
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Figure 2. Recommended positions for handling beef cattle to assess
fatness (MLC, 1977)

A Over the pin bones and on either side of the tail head

B The transverse processes of the loin

C Over the ribs

D The chine and the shoulder blade ridge
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a. S O M E IN V I V O U L T R A S O N I C T E C H N I Q U E S

F O R P O S S I B L E F U T U R E U S E

* )P e t e r A . L e w i n

T h e D a n i s h I n s t i t u t e o f B i o m é d i c a l E n g i n e e r i n g

P a r k Al lé 3 4 5

D K - 2 6 0 0 G l o s t r u p

D e n m a r k

I N T R O D U C T I O N

T h e i m p o r t a n c e of u l t r a s o u n d in m e d i c i n e i s c o n t i n u o u s l y i n -

c r e a s i n g , a n d a s a d i a g n o s t i c t o o l u l t r a s o u n d i s n o w u s e d as an al-

t e r n a t i v e t o X - r a y s a n d n u c l e a r v i s u a l i s a t i o n m e t h o d s .

A f t e r s u i t a b l e a d a p t a t i o n , m a n y o f t h e t e c h n i q u e s a n d p r o c e d u r e s

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

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

A l i s t o f t h e r e v i e w s on u l t r a s o u n d t e c h n i q u e s p u b l i s h e d r e c e n t l y

is g i v e n in t h e r e f e r e n c e s e c t i o n . T h e r e f o r e , t h e a i m o f t h i s c o m m u -

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

c o r d i n g t o t h e a u t h o r ' s o p i n i o n i m p o r t a n t d e v e l o p m e n t s in u l t r a s o n -

ic t e c h n i q u e s , w h i c h c a n h a v e b e a r i n g o n t h e p r a c t i c a l l y o r i e n t e d

w o r k , e . g . in t h e p e r f o r m a n c e t e s t i n g s t a t i o n s .

M E A S U R E M E N T T E C H N I Q U E S

M e a s u r e m e n t o f t i s s u e p r o p e r t i e s

O n e o f t h e p r i m a r y o b j e c t i v e s in t h e b r e e d i n g w o r k is in v i v o

t i s s u e c h a r a c t e r i z a t i o n o r e v a l u a t i o n o f t h e b o d y c o m p o s i t i o n .

A c o m p r e h e n s i v e r e v i e w o f t h e c u r r e n t e m p i r i c a l a n d t h e o r e t i c a l

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

y e a r l y p r o c e e d i n g s o f t h e C o n f e r e n c e on U l t r a s o n i c T i s s u e C h a r a c t e -

r i z a t i o n ( 1 ) . B r i e f l y , t h e s e a p p r o a c h e s m a y b e d i v i d e d i n t o t h e

f o l l o w i n g g r o u p s : e c h o a m p l i t u d e a n a l y s i s , A - s c a n s h a p e a n a l y s i s ,

* )
P r e s e n t a f f i l i a t i o n : T h e I n d u s t r i a l A c o u s t i c s R e s e a r c h G r o u p ,

T e c h n i c a l U n i v e r s i t y o f D e n m a r k - 2 8 0 0 L y n g b y , D e n m a r k .
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A - s c a n p a t t e r n r e c o g n i t i o n , B - s c a n p a t t e r n and t e x t u r e a n a l y s i s and

bulk t i s s u e p r o p e r t y m e a s u r e m e n t s i n c l u d i n g s p e e d of s o u n d , a t t e n u a -

t i o n ( i n c l u d i n g a b s o r p t i o n and s c a t t e r i n g ) , a c o u s t i c i m p e d a n c e , f r e -

q u e n c y d e p e n d e n c e of a t t e n u a t i o n , a v e r a g e d f r e q u e n c y d e p e n d e n c e on

b a c k s c a t t e r and f i n a l l y a n g u l a r d e p e n d e n c e of s c a t t e r i n g c o e f f i c i -

e n t s . All t h e s e a p p r o a c h e s h a v e b e e n wi d e l y appli ed i n m e d i c a l ( h u m a n )

u l t r a s o n i c s ; of t h e m e s p e c i a l l y t h o s e i n v o l v i n g m e a s u r e m e n t s of b a -

sic t i s s u e p a r a m e t e r s seem to be p a r t i c u l a r l y s u i t a b l e for e s t i m a -

t i o n of a n i m a l b o d y c o m p o s i t i o n . M o r e o v e r , in v i v o m e a s u r e m e n t of

a c o u s t i c i m p e d a n c e of s k i n m i g h t be of p o t e n t i a l i n t e r e s t in b r e e d -

ing w o r k . A l s o , t h e d e v e l o p m e n t of t h e a n i m a l c a n , to a c e r t a i n e x -

t e n t , be e v a l u a t e d by m e a s u r e m e n t of skin t h i c k n e s s . T h i s can be

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

cy t r a n s d u c e r s (10 M H z ) , w h i c h e n s u r e a r e s o l u t i o n of - 0.5 m m .

V o l u m e d e t e r m i n a t i o n of d i f f e r e n t o r g a n s

It m a y a l s o be of i n t e r e s t to f o l l o w t h e d e v e l o p m e n t of v a r i o u s

vital o r g a n s in b r e e d i n g c a t t l e ( l i v e s t o c k ) and t h e r e a c t i o n of t h e -

se o r g a n s t o e . g . d i f f e r e n t s c h e m e s of f a s t i n g and f e e d i n g . It w a s

d e m o n s t r a t e d (2) t h a t u l t r a s o u n d m a y be u s e d as a tool f o r l i v e r v o l -

ume d e t e r m i n a t i o n . M o s t l i k e l y , t h e p r o c e d u r e d e v e l o p e d can a l s o be

used for v o l u m e a s s e s s m e n t of o t h e r o r g a n s such as e.g. k i d n e y s .

W h o l e b o d y s c a n n i n g

W h o l e b o d y s c a n n i n g w o u l d a l s o be of i m p o r t a n c e in t h e b r e e d i n g

w o r k , as such s c a n n i n g w o u l d m a k e it p o s s i b l e to f o l l o w t h e d e v e l o p m e n t

of v a r i o u s o r g a n s and r e s p o n s e of t h e a n i m a l to d i f f e r e n t f a s t i n g /

f e e d i n g s c h e m e s . So far t h e r a d i o l o g i e m e t h o d s are m o s t f r e q u e n t l y

used f o r t h e w h o l e b o d y s c a n n i n g . H o w e v e r , it w a s r e c e n t l y d e m o n -

s t r a t e d t h a t a real t i m e a c o u s t i c t r a n s m i s s i o n i m a g i n g s y s t e m u s i n g

a w a t e r p a t h c o u p l i n g t e c h n i q u e can s u c c e s s f u l l y be e m p l o y e d to o b -

t a i n u s e f u l i m a g e s ( 3 ) . P a r t of t h e a t t r a c t i v e n e s s of such s y s t e m

can be a s c r i b e d to t h e , f a c t t h a t t h a t i m a g e p r e s e n t e d r e s e m b l e s

t h a t o b t a i n e d w i t h X - r a y f l u o r o s c o p y . M o r e o v e r , t h e s y s t e m s e e m s to

be l e s s e x p e n s i v e t h a n t h e X - r a y e q u i p m e n t .
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I N S T R U M E N T A T I O N

N o v e l t r a n s d u c e r s

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

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

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

v i e w , d e p t h p e n e t r a t i o n a n d s e n s i t i v i t y d e p e n d s m a i n l y o n t h e t r a n s -

d u c e r s e m p l o y e d in t h e i m a g i n g s y s t e m . T h e r e f o r e , it i s w o r t h w h i l e

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

t e c h n o l o g y . In t h e r e c e n t y e a r s t r a n s d u c e r a r r a y s c o n s i s t i n g o f a

r o w o f e q u i d i s t a n t p i e z o e l e c t r i c e l e m e n t s a n d a s s o c i a t e d e l e k t r o n -

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

o f t r a n s d u c e r a r r a y s is t h a t t h e y a l l o w r e a l t i m e , t w o d i m e n s i o n a l

i m a g i n g o f t h e e x a m i n e d p a r t o f t h e b o d y . A n o t h e r a d v a n t a g e is t h a t

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

a l o n g t h e a c o u s t i c a x i s b y i n t r o d u c i n g a p p r o p r i a t e d e l a y s f o r e a c h

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

T h e y a l s o m a k e p o s s i b l e t o e l e c t r o n i c a l l y c o n t r o l d e f l e c t i o n o f t h e

t r a n s m i t t e d / r e c e i v e d b e a m s . C u r r e n t l y , t w o b a s i c t y p e s o f a r r a y s a r e

a v a i l a b l e , n a m e l y l i n e a r ( i n c l u d i n g p h a s e d a r r a y s ) a n d a n n u l a r a r -

r a y s . A d d i t i o n a l l y , t w o d i m e n s i o n a l a r r a y s b a s e d o n i n t e g r a t e d c i r -

c u i t t e c h n o l o g y h a v e r e c e n t l y b e e n d e v e l o p e d . A f a i r l y c o m p r e h e n s i -

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

p r o c e s s i n g , m e n t i o n e d b r i e f l y i n t h e n e x t s e c t i o n , c a n b e f o u n d in

t h e y e a r l y p r o c e e d i n g s o f t h e I E E E U l t r a s o n i c S y m p o s i u m ( 5 ) .

A p a r t f r o m t h e i m p r o v e m e n t in t h e q u a l i t y o f t h e i m a g e o b t a i n e d

t h e t r a n s d u c e r a r r a y s w i l l u n d o u b t e d l y i m p r o v e t h e f l e x i b i l i t y o f

t h e u l t r a s o n i c s y s t e m s .

C o m p o u n d s c a n n e r s

H i g h q u a l i t y a n d h i g h r e s o l u t i o n e c h o g r a m s a r e d e s i r a b l e in a l l

r e s e a r c h w o r k . I m p r o v e d r e s o l u t i o n , g r e y s c a l e e c h o g r a m s c a n b e o b -

t a i n e d u s i n g s p e c i a l l y d e v e l o p e d U I O c t o s o n s c a n n i n g s y s t e m ( 4 ) .

T h i s s y s t e m c o m p l e t e s c o m p o u n d s c a n o f e x c e l l e n t q u a l i t y w i t h i n 2

s e c o n d s o n l y . T h e s c a n n i n g s y s t e m e m p l o y s a w a t e r p a t h c o u p l i n g t e c h -

n i q u e , in w h i c h t h e p a t i e n t l i e s o n t h e t h i n p o l y t h e n e m e m b r a n e o f
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a w a t e r t a n k , in w h i c h t r a n s d u c e r s a r e i m m e r s e d . T h e e i g h t t r a n s d u -

c e r s a r e m o v e d m e c h a n i c a l l y t h r o u g h an a n g l e o f 5 0 ° . It m a y w e l l b e

t h a t t h e UI O c t o s o n s c a n n i n g s y s t e m , a f t e r s u i t a b l e a d a p t a t i o n t o

t h e r e q u i r e m e n t s o f t h e t e s t p e r f o r m a n c e s t a t i o n , m a y o f f e r an e c o n -

o m i c a l l y p r a c t i c a l a l t e r n a t i v e t o t h e c u r r e n t l y e m p l o y e d X - r a y s y -

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

O n / o f f - l i n e p r o c e s s i n g

E c h o s i g n a l s o b t a i n e d d u r i n g u l t r a s o n i c i n v e s t i g a t i o n m a y b e

s t o r e d ( d i g i t i z e d ) in t h e m e m o r y of t h e s c a n c o n v e r t o r s o f t h e u l -

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

e r i n g t e c h n i q u e s m a y be a p p l i e d to t h e e c h o g r a m s r e c e i v e d in o r d e r

to i m p r o v e t h e i r i m a g e q u a l i t y . T h i s f i l t e r i n g and a s s o c i a t e d s i g n a l

p r o c e s s i n g is f r e q u e n t l y c o n t r o l l e d by m i c r o c o m p u t e r s , w h o s e r o l e

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

C O N C L U S I O N

S o m e o f t h e r e c e n t a d v a n c e s in u l t r a s o n i c i m a g i n g o u t l i n e d

a b o v e s e e m t o be a p p l i c a b l e to in v i v o e v a l u a t i o n of b o d y c o m p o s i -

t i o n in b e e f . On t h e o t h e r h a n d , h o w e v e r , t h e m e t h o d s d i s c u s s e d re-

q u i r e e x t e n s i v e d e v e l o p m e n t b e f o r e t h e y c a n r e l i a b l y be a p p l i e d to

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

R E F E R E N C E S

1. P r o c e e d i n g s o f t h e C o n f e r e n c e on U l t r a s o n i c T i s s u e C h a r a c t e r i -
z a t i o n , e d . M. L i n z e r , 1 9 7 6 , 1 9 7 7 . N B S s p e c i a l p u b l i c a t i o n s No
4 5 3 and 5 2 5 .

2 . S . N . R a s m u s s e n , L i v e r v o l u m e d e t e r m i n a t i o n by u l t r a s o n i c s c a n n -
i n g . P h . D . t h e s i s , U n i v e r s i t y o f C o p e n h a g e n , 1 9 7 7 .

3. P . S . G r e e n , L . F . S c h a e f e r , E . D . J o n e s a n d J . R . S u a r e z . A n e w
h i g h p e r f o r m a n c e u l t r a s o n i c c a m e r a . In " A c o u s t i c a l H o l o g r a p h y "
( e d . P . S . G r e e n ) v o l . 5 , p . 5 5 1 - 5 5 8 , P l e n u m P r e s s , N e w Y o r k ,
1 9 7 4 .

4. D. C a r p e n t e r , G. K o s s o f , W . G . G a r r e t t , K. D a n i e l , P. B o e l e . T h e
UI O c t o s o n - A n e w c l a s s o f u l t r a s o n i c e c h o s c o p e , A u s t r a l a s i a n
R a d i o l o g y 2 1 , 8 5 , 1 9 7 7 .

5. P r o c e e d i n g s of t h e I E E E U l t r a s o n i c S y m p o s i u m , Y e a r l y p u b l i c a -
t i o n .
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b . N O T E O N U L T R A S O N I C T E C H N I Q U E S F O R P O S S I B L E F U T U R E U S E

H a n s B u s k

N a t i o n a l I n s t i t u t e o f A n i m a l S c i e n c e

R o l i g h e d s v e j 2 5 , 1 9 5 8 C o p e n h a g e n V .

D e n m a r k

In D e n m a r k t h e u l t r a s o n i c e q u i p m e n t D a n s c a n n e r i s u s e d f o r m e a -

s u r i n g s o n b o t h c a t t l e , p i g s a n d s h e e p . W e h a v e a c h i e v e d g o o d r e -

s u l t s w i t h t h i s e q u i p m e n t , b u t e v e n t h e n w e s t i l l t r y t o i m p r o v e

t h e a c c u r a c y o f t h e m e a s u r i n g . In c o n n e c t i o n w i t h t h e r o u t i n e m e a -

s u r e m e n t s w e h a v e m e t s o m e p r o b l e m s , w h i c h w e a r e t r y i n g t o s o l v e .

W e h a v e s e e n i . e . t h a t s o m e a n i m a l s a r e d i f f i c u l t t o m e a s u r e , a n d

a l s o t h a t s o m e b r e e d s a r e m o r e d i f f i c u l t t o m e a s u r e t h a n o t h e r b r e e d s

M a y b e t h e r e a s o n c a n b e :

1 . T h e s h a p e o f t h e t r a n s d u c e r

2 . S o u n d v e l o c i t y i n d i f f e r e n t t i s s u e s

3 . I n t e r m u s c u l a r f a t ( f a t m a r b l i n g ) .

In a n e x p e r i m e n t in p r o g r e s s w e i n v e s t i g a t e , i f s o m e o f t h e s e

q u e s t i o n s a r e t h e r e a s o n s t o t h e p r o b l e m s .

U l t r a s o n i c e q u i p m e n t s u s e d f o r m e a s u r i n g o f b o t h m u s c l e a r e a a n d

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

a l o t o f p o s s i b i l i t i e s f o r a d j u s t m e n t s u n d e r t h e m e a s u r i n g . T h e r e -

f o r e , it t a k e s t i m e t o l e a r n t o u s e t h e e q u i p m e n t i n a r i g h t w a y . I n

t h e a c t u a l e x p e r i m e n t w e t r y t o a u t o m a t i z i s e t h e e q u i p m e n t a s m u c h

a s p o s s i b l e .

In t h e f u t u r e I t h i n k , m e a s u r i n g o f l i v e a n i m a l s w i l l t e n d i n t o

t w o d i f f e r e n t w a y s : 1 ) d e v e l o p m e n t o f e q u i p m e n t s f o r m e a s u r i n g o f

c a r c a s s q u a l i t y o n l i v e a n i m a l s , a n d 2 ) d e v e l o p m e n t o f o t h e r e q u i p -

m e n t s f o r s p e c i a l m e a s u r i n g s . A n e q u i p m e n t f o r u s e i n r o u t i n e p e r -

f o r m a n c e t e s t s h o u l d a l w a y b e r o b u s t , e a s y t o h a n d l e a n d s p e c i a l i z e d

t o m e a s u r e a f e w f a t a n d m u s c l e t r a i t s . T h e o t h e r t y p e o f u l t r a s o n -

i c e q u i p m e n t s s h o u l d b e d e v e l o p e d f o r u s e in d i f f e r e n t r e s e a r c h s t a -

t i o n s a n d c a n b e u s e d f o r o r g a n m e a s u r e m e n t s e t c .
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c. N O T E O N U L T R A S O U N D T R A N S M I S S I O N

C . A . M i l e s , M . O . W o o d s a n d G . A . J . F u r s e y

A g r i c u l t u r a l R e s e a r c h C o u n c i l

M e a t R e s e a r c h I n s t i t u t e

L a n g f o r d , Bri s t o l

G r e a t B r i t a i n

I N T R O D U C T I O N

U l t r a s o n i c m e t h o d s f o r m e a s u r i n g t h e f a t n e s s o f f a r m l i v e s t o c k

a p p e a r t o h a v e t h e g r e a t e s t p o t e n t i a l f o r p r a c t i c a l a p p l i c a t i o n s at

t h e p r e s e n t t i m e . U l t r a s o u n d c a n b e d i r e c t e d i n t o t h e b o d y t o i n t e r -

r o g a t e d e e p t i s s u e s t r u c t u r e s , y e t it is s a f e f o r t h e o p e r a t o r a n d

a n i m a l a l i k e ; it is p a i n l e s s , p r a c t i c a l t o u s e a n d t h e e q u i p m e n t is

p o r t a b l e a n d r e l a t i v e l y i n e x p e n s i v e .

T h e u l t r a s o n i c p u l s e - e c h o t e c h n i q u e h a s b e e n u s e d in t h e U K a n d

e l s e w h e r e f o r m a n y y e a r s t o s e l e c t l e a n b o a r s f o r b r e e d i n g , b u t i t s

a p p l i c a t i o n t o c a t t l e h a s n o t b e e n s t r a i g h t - f o r w a r d :

( a ) u l t r a s o n i c s c a n s o f c a t t l e a r e n o t as c l e a r as t h o s e o f p i g s a n d

c o n s e q u e n t l y e r r o r s o f s u b j e c t i v e i n t e r p r e t a t i o n a r e m o r e i m -

p o r t a n t .

( b ) m u c h o f t h e f a t in c a t t l e is n o t d e p o s i t e d s u b c u t a n e o u s l y a n d i s

t h e r e f o r e n o t d e p i c t e d in p u l s e - e c h o a n a l y s i s .

( c ) it is g e n e r a l l y t h o u g h t t h a t 2 - d i m e n s i o n a l s c a n n i n g is r e q u i r e d

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

a n a l y s i s .

N e v e r t h e l e s s , t h e t e c h n i q u e is u s e d , b e c a u s e t h e r e is a r e q u i r e -

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

c i a l l y a v a i l a b l e a l t e r n a t i v e .

T h e m e t h o d o f u l t r a s o u n d t r a n s m i s s i o n o v e r c o m e s s o m e o f t h e

p r o b l e m s o f t h e p u l s e - e c h o t e c h n i q u e y e t r e t a i n s m a n y o f i t s a d v a n -

t a g e s . T h e m e t h o d :
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(a) g i v e s a d i g i t a l r e a d i n g , w h i c h is d i r e c t l y r e l a t e d t o f a t n e s s

and d o e s n o t r e q u i r e s u b j e c t i v e i n t e r p r e t a t i o n by e x p e r i e n c e d

j u d g e s .

(b) r e s p o n d s e q u a l l y t o i n t e r - and i n t r a m u s c u l a r f a t as it d o e s

t o t h e s u b c u t a n e o u s d e p o t s .

(c) g i v e s t h e f a t n e s s p r e d i c t i o n on t h e s p o t and r e q u i r e s no s u b s e -

q u e n t l e n g t h y a n a l y s i s of p h o t o g r a p h s .

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

S o m e e x a m p l e s of i t s u s e on c a t t l e w i l l be p r e s e n t e d at t h e m e e t i n g

T H E V E L O C I T Y OF U L T R A S O U N D IN M U S C L E A N D F A T T Y T I S S U E

M u s c l e

T h e s p e e d of u l t r a s o u n d in s k e l e t a l m u s c l e , e x c i s e d f r o m c a r -

c a s s e s and r e h e a t e d to b o d y t e m p e r a t u r e , is a b o u t 1.6 k m / s and o n -

ly s l i g h t v a r i a t i o n s , o f t h e o r d e r of a p e r c e n t a r e d i s c e r n a b l e b e -

t w e e n s a m p l e s ( T a b l e l ) .



Table 1. Measurement of the speed of ultrasound in tissues excised from carcasses.

Mean
Nominal No. of speed

frequency carcasses and range Temperature
Tissue Species Condition f MHz measured (km/sec) (°C)

Muscle 1 )

Fatty -j
Tissue"*'

Cattle

Cattle

Pig

Sheep

Cattle

Pig

Pig

Sheep

Immedi ately
post mortem

Refri gerated

Refri gerated

Refri gerated

Refri gerated

Immedi ately
post mortem

Refri gerated

Refri gerated

2)

2)

2)

2)

2)

2)

2

2

2.5

2.5

2

2

2

2

6

7

5

11

4

7

9

2

1 .59
(1.59-1 .60)

1 .61
(1.59-1.63)

1 .60
(1 .59-1.61)

1 .60
(1.58-1 .61 )

1 .43

1 .44
(1 .43-1 .44)

1 .43
(1 .42-1.44)

1 .43
(1.43-1.44)

35

37

37

37

35-37

35

35-37

35-37

Various: m. semitendinosus , m . sternomandibularis , m. extensor carpi radialis,
m. semi membranosus and m. longissimus thoracis et lumborum.

2)

3)
Chill temperature + 1°.

Subcutaneous, from back.
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A l t h o u g h t h e v e l o c i t y a l o n g t h e f i b r e s is s l i g h t l y h i g h e r t h a n

t h a t a c r o s s t h e f i b r e s o f p o s t r i g o r m u s c l e ( t h e d i f f e r e n c e i s a b o u t

0 . 6 % at 3 7 d e g r e e s C , s e e T a b l e 2 ) , t h e s p e e d a p p e a r s t o b e r e l a t i -

v e l y u n a f f e c t e d by g r o s s c h a n g e s in s t r u c t u r e o r by d i f f e r e n c e in

p h y s i o l o g i c a l s t a t e . F o r e x a m p l e M i l e s a n d F u r s e y ( 1 9 7 4 ) r e p o r t e d

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

a c r o s s t h e f i b r e s o f b e e f M . s t e n o m a n d i b u 1 a r i s u n d e r g o i n g t h e p r o -

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

i n g t o 3 7 d e g r e e s C a l s o p r o d u c e d n o s i g n i f i c a n t c h a n g e .

T a b l e 2 . V e l o c i t y o f u l t r a s o u n d m e a s u r e d a c r o s s a n d a l o n g t h e
f i b r e s o f p o s t r i g o r b e e f m . s e m i t e n d i n o s u s at 3 7 ° C .

N u m b e r o f m u s c l e s 16

M e a n f a t c o n t e n t I 2.1

M e a n w a t e r c o n t e n t % 7 4 . 9

A c r o s s f i b r e s k m / s 1 . 5 9 5

Al o n g fi b r e s k m / s 1 . 6 0 5

S i g n i f i c a n c e o f d i f f e r e n c e ***

H a r m o n i c m e a n

T h e s p e e d in f i n e l y c o m m i n u t e d a n d d e g a s s e d m u s c l e w a s f o u n d t o be

v i r t u a l l y t h e s a m e as t h a t m e a s u r e d a c r o s s t h e f i b r e s (Mi 1 e s a n d F u r -

s e y , 1 9 7 7 ) . W h e n c o m m m i n u t e d m u s c l e w a s f r e e z e - d r i e d a n d r e h y d r a t e d

t o i t s o r i g i n a l l e v e l , t h e s p e e d s in b o t h n a t i v e a n d r e h y d r a t e d t i s -

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

t y ( T a b l e 3 ) .

T a b l e 3. S p e e d s o f u l t r a s o u n d in t w o s a m p l e s o f m i n c e d b e e f m u s c l e
a n d in s u b s a m p l e s t h a t w e r e d e h y d r a t e d a n d r e h y d r a t e d t o
t h e s a m e w a t e r c o n t e n t ( 7 4 % w a t e r ) . D a t a in k m / s .

T e m p e r a t u r e °C 0 2 0 37

N a t u r a l m u s c l e 1 . 5 4 1 , 1 . 5 5 2 1 . 5 6 9 , 1 . 5 7 4 1 . 5 9 3 , 1 . 5 9 9

R e h y d r a t e d m u s c l e 1 . 5 3 6 , 1 . 5 4 8 1 . 5 7 1 , 1 . 5 7 7 1 . 5 9 1 , 1 . 5 9 9

A d i p o s e t i s s u e

E q u a l l y t h e s p e e d o f u l t r a s o u n d in a d i p o s e t i s s u e a p p e a r s t o be

g o v e r n e d p r i m a r i l y by i t s c o m p o s i t i o n a n d t e m p e r a t u r e . It is t h e
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s a m e in i n t a c t t i s s u e , as it is in d e g a s s e d , c o m m i n u t e d t i s s u e ( c o m -

p a r e , f o r e x a m p l e , t h e d a t a of M i l e s a n d F u r s e y , 1 9 7 7 ) . A s w i t h m u s c l e ,

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

s a m p l e s a r e l a r g e l y e x p l a i n e d by d i f f e r e n c e s in c h e m i c a l c o m p o s i t i o n

( T a b l e 4 ) .

T a b ! e 4. E f f e c t of c o m p o s i t i o n on t h e s p e e d of u l t r a s o u n d in b e e f
m u s c l e a n d f a t t y t i s s u e .

% v a r i a n c e | f a t
T i s s u e n e x p l ai n e d - S D

M u s c l e

19 7 1 . 9 5 . 9 - 2 . 4

13 4 2 . 4 2 . 9 - 1 . 0

32 7 5 . 2 4.7 - 2.4

12 3 6 . 0 6 6 . 5 - 5.4

11 - ( N S ) 8 3 . 2 - 2.6

23 8 2 . 4 7 4 . 5 - 9.5

LD = M. 1 o n g i s s i m u s d o r s i IM = i n t e r m u s c u l a r f a t t y t i s s u e
S T = M . s e m i t e n d i n o s u s SC = s u b c u t a n e o u s f a t t y t i s s u e

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

t a i n i n g a h i g h p r o p o r t i o n o f w a t e r a n d p r o t e i n w i l l be h i g h e r et b o d y

t e m p e r a t u r e t h a n t h a t in a t i s s u e , w h i c h is h i g h in f a t a n d l o w in

w a t e r and p r o t e i n .

M i x t u r e s of a d i p o s e t i s s u e a n d m u s c l e

T h e r e is a l i n e a r r e l a t i o n s h i p b e t w e e n t h e r e c i p r o c a l of t h e s p e e d

o f u l t r a s o n i c a n d t h e p r o p o r t i o n o f f a t in h o m o g e n o u s m i x t u r e s o f

c o m m i n u t e d m u s c l e and a d i p o s e t i s s u e . T h i s r e l a t i o n s h i p is s i m i l a r ,

if n o t i d e n t i c a l , w i t h t h a t f o u n d in t h e i n d i v i d u a l t i s s u e s t h e m s e l -

v e s ( F i g u r e 1 ) .

LD

ST

LD +

F a t t y

IM

SC

IM +

ST

T i s s u e

SC
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VELOCITY OF ULTRASOUND IN BEEF
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F i g u r e j . S p e e d o f u l t r a s o u n d t r a n s m i s s i o n in c o m m i n u t e d f a t t y
t i s s u e s a n d m u s c l e s a t 3 7 ° C . T h e f a t c o n t e n t d e t e r -
m i n e d b y S o x h l e t e x t r a c t i o n w i t h 4 0 ° t o 6 0 ° p e t r o l e u m
s pi r i t (as d e s c r i b e d by H a n s o n , 1 9 7 3 ) .

C o n s i d e r a s l a b o f m e a t a t 3 7 ° C b o u n d e d b y t w o p a r a l l e l p l a n e s ,

X = 0 a n d X = L. S u p p o s e t h e m e a t c o n s i s t s o f m u l t i p l e p a r e l l e l l a y -

e r s o f m u s c l e a n d f a t t y t i s s u e , t h e r e is b e i n g an a r b i t r a r y n u m b e r o f

l a y e r s a n d t h e s e a r e a r r a n g e d in a n y c o m b i n a t i o n . A l l t h e t i s s u e s m a y

be o f d i f f e r e n t a r b i t r a r y f a t n e s s . T h e r e s u 1 t s o f Fi g. 1 s h o w t h a t in

all t h e s e t i s s u e s t h e v o l u m e f r a c t i o n o f f a t , Y , c o u l d b e e s t i m a t e d

f r o m t h e s a m e r e l a t i o n :

w h e r e a a n d b a r e c o n s t a n t s a n d v is t h e s p e e d o f u l t r a s o u n d .
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T h e m e a n v o l u m e f r a c t i o n o f f a t i s g i v e n b y :

-L
o l

dx T
= b A + a

w h e r e ( T / v ) i s t h e t r a n s m i s s i o n t i m e d i v i d e d b y t h e d i s t a n c e t r a v e l l -

e d , a q u a n t i t y t h a t c a n b e m e a s u r e d d i r e c t l y o n l i v i n g a n i m a l s .

M E A S U R E M E N T S O F L I V I N G C A T T L E

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

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

m a d e b y t i m i n g t h e p a s s a g e o f p u l s e s a c r o s s a k n o w n t h i c k n e s s o f

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

d u c e r s a r e h e l d i n l i n e a n d o p p o s i t e o n e a n o t h e r u s i n g a n a d j u s t -

a b l e f r a m e . A s w i t h p u l s e - e c h o m e a s u r e m e n t s t h e t r a n s d u c e r s m u s t b e

c o u p l e d t o t h e a n i m a l ' s s k i n w i t h a n a p p r o p r i a t e c o u p l a n t , e . g . l i -

q u i d p a r a f f i n . T h e t r a n s i t t i m e a n d d i s t a n c e m e a s u r e m e n t s a r e m a d e

w i t h a r e s o l u t i o n o f - 0.1 m i c r o s e c o n d a n d - 0 . 2 m m , r e s e p c t i v e l y .

In p r a c t i c e t h e o v e r a l l a c c u r a c y o f t h e m e a s u r e m e n t o f 1/v i s

l i m i t e d b y t h e a c c u r a c y o f t h e d a t a f o r p u l s e t r a n s i t t i m e . T h i s i s ,

in t h e l i m i t , d e t e r m i n e d b y t h e f r e q u e n c y o f t h e u l t r a s o u n d ; t h e

h i g h e r t h e f r e q u e n c y , t h e b e t t e r t h e r e s o l u t i o n . H o w e v e r , a t t e n u a t i o n

i n c r e a s e s a s t h e f r e q u e n c y i s i n c r e a s e d a n d a c o m p r o m i s e m u s t b e m a d e

t o s a t i s f y t h e c o n f l i c t i n g i n t e r e s t s o f r e s o l u t i o n a n d a d e q u a t e s i g -

n a l / n o i s e . F o r c a t t l e o f c o m m e r c i a l s i z e a f r e q u e n c y o f b e t w e e n 1 - 2

M H z h a s b e e n f o u n d s u i t a b l e . W e h a v e g e n e r a l l y u s e d a n o m i n a l f r e -

q u e n c y o f 1 . 2 5 M H z w i t h t r a n s d u c e r s t h a t a r e 2 0 m m i n d i a m e t e r .

P R A C T I C A L M E A S U R E M E N T S O N A N I M A L S

In o r d e r t o u t i l i z e t h e r e l a t i o n s h i p b e t w e e n t h e v e l o c i t y o f u l -

t r a s o u n d a n d t h e c o m p o s i t i o n o f s o f t t i s s u e s i n a m e t h o d f o r r a n k i n g

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

n e c e s s a r y t o d e f i n e p o s i t i o n s o n t h e a n i m a l , w h i c h c a n b e l o c a t e d

r e p r o d u c i b l y f r o m a n i m a l t o a n i m a l a n d f r o m o c c a s i o n t o o c c a s i o n .
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Sites on the hind limbs have been d e f i n e d r e l a t i v e to the posit i o n

and size of skeletal f e a t u r e s .

The r e p r o d u c i b i 1 i ty, with which m e a s u r e m n t s can be mad e at a giv-

en site p r o v i d e s a fu n d a m e n t a l limit to the p r e c i s i o n of fa t n e s s pre-

d i c t i o n . The v a r i a n c e of rep e a t e d m e a s u r e m e n t s has been studied in

var i o u s g r o u p s of anim a l s r a n g i n g from 500 days old bulls to 70 days

old c a l v e s . These data have shown that it is po s s i b l e to m e a s u r e the

speed of ul t r a s o u n d t r a n s m i s s i o n in living a n i m a l s r e p r o d u c i b l y from

one o c c a s i o n to an o t h e r and from one site on the body to a n o t h e r .

The actual e x p e r i m e n t a l u n c e r t a i n t y of m e a s u r e m e n t d e p e n d s on

the f r e q u e n c y e m p l o y e d and the t h i c k n e s s of t i s s u e . At 1.25 MHz and

40 cm the overall u n c e r t a i n t y is no more than - 0.02us/cm and this

gives useful d i s c r i m i n a t i o n between a n i m a l s and between sites even

at a you n g age (e.g. T a b l e 5 ) .

T a b l e 5 (a ) . Mean r e c i p r o c a l v e l o c i t i e s m e a s u r e d at 1.25 MHz in two
groups of Her e f o r d bulls over a two weeks p e r i o d . Group
1: 400 days o l d , Group 2;500 days old. Each datum is
the mean of r e p l i c a t e m e a s u r e m e n t s taken at two s e s s i o n s
and at two sites ( B & B ) . Data are in us/ c m .

TAG -
NO. 2

573

460

538

548

541

519

451

490

463

497

.7.80

6.274

6.282

6.291

6.310

6.313

6.319

6.337

6.337

6.370

6.397

Group 1

9.7.80

6.271

6.288

6.323

6.290

6.351

6.369

6.390

S i g n i f i c a n c e ***
of d i f f e r e n c e
between
a n i m a l s

16

6

6

6

6

.7.80

.264

.307

.291

.322

TAG
NO.

436

562

517

477

587

456

462

528

547

495

15.10.80

6.313

6.320

6.320

6.322

6.339

6.340

6.341

6.343

6.358

6.377

Group 2,

22.10.80

6.318

6.309

6.328

6.337

6.336

6.325

6.339

**

29.

6

6

6

6

10.80

.327

.337

.339

.326

SED .0051 .0047
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Table 5 ( b ) . Two way analysis of variance of the means of three mea-
surements of the reciprocal velocity taken on four se-
parate o c c a s i o n s . Measurements were made at each of two
sites (B and Bl) in the hind limbs o f l O British Frie-
sian bull calves aged 10 w e e k s , at a nominal frequen-
cy of 1.25 M H z .

Source of Variation

Animals

Sites

Animals -
Sites Interaction

Resi dual

Total

Degreees
of Freedom

9

1

9

60

79

Mean Square

0.0008267

0.0057291

0.0001882

0.0002766

0.0003982

F
rati o

3.0

20.7

0.7

Signi-
ficance

**

***

N.S.

*** P< 0.001, ** P < 0.01,N.S. P > 0.05

r » s » d t = 0.017 us cm"

Correlation with carcass composition

Useful correlations have been found between the speed of ultra-

sound transmission in the live animal and the fatness of the car-

cass determined by dissection.

Acknowledgment

The Hereford bulls were supplied by the Animal Breeding Research
Organization.

Referen c e s

M i l e s , C.A. and G.A.J. Fursey, 1974. Anim. Prod. 18, 9 3 - 6 .

M i l e s , C.A. and G.A.J. Fursey, 1977. Fd. Chem. 2, 107-118.

Hanson, N.W. 1973. "Official Standardized and Recommended Methods of

A n a l y s i s " , 2nd Edition, Society of Analytical C h e m i s t s , London.



- 1 4 8 -

d. E S T I M A T I O N OF B O D Y C O M P O S I T I O N IN L I V E A N I M A L S

BY USE OF C O M P U T E R I Z E D T O M O G R A P H Y

H a r a l d S k j e r v o l d

D e p a r t m e n t of A n i m a l G e n e t i c s and B r e e d i n g

A g r i c u l t u r a l U n i v e r s i t y of N o r w a y

1432 Å s - N L H

N o r w a y

In 1 9 7 9 the Nobel P r i c e in m e d i c i n e w a s g i v e n to A . M . C o r m a c k

and G . N . H o u n d s f i e l d f o r t h e i r d e v e l o p m e n t of C o m p u t e d T o m o g r a p h y

( C . T . ) , "a p r e s e n t a t i o n of a n a t o m i c a l i n f o r m a t i o n by c o m p u t e d s y n -

t h e s i s of an i m a g e from X - r a y t r a n s m i s s i o n d a t a o b t a i n e d in m a n y

d i f f e r e n t d i r e c t i o n s t h r o u g h t h e p l a n e u n d e r c o n s i d e r a t i o n " . T h e i r

c o n t r i b u t i o n can be d e s c r i b e d as f o l l o w s ( C o r m a c k 1 9 8 0 , H o u n d s f i e l d

1 9 8 1 ) .

In his Nobel l e c t u r e H o u n d s f i e l d p o i n t e d out t h r e e w e a k n e s s e s

by o r d i n a r y X - r a y p i c t u r e s ( F i g . 1 ) .

1. B e c a u s e we are u s i n g a f i l m , we do not get a n u m e r i c a l e s t i m a t e

of t h e q u a l i t y of X - r a y s , w h i c h p a s s t h r o u g h the b o d y .

2. X - r a y s p i c t u r e c a n n o t d i f f e r b e t w e e n d i f f e e n t t y p e s of soft t i s -

sue .

3. X - r a y p i c t u r e d o e s not g i v e eny d e p t h - e f f e c t .

fa
V////Z

1 Î

Fi g u r e 1 . A n x - r a y p h o t o o f t h e s e t h r e e o b j e c t s w i l l s h o w t h e s a m e
pi c t u r e .



- 1 4 9 -

I n s t e a d o f u s i n g ' f i I m , as is d o n e in a t r a d i t i o n a l X - r a y p i c t u r e ,

s p e c i a l c e l l s ( d e t e c t o r s ) w e r e d e v e l o p e d in o r d e r to e x p r e s s t h e a m o u n t

of X - r a y b e a m s p a s s i n g t h r o u g h t h e b o d y . It w a s p o s s i b l e t o cal cul a t e

t h e d e n s i t y of b o d y t i s s u e in d i f f e r e n t d i s t a n c e s f r o m t h e X - r a y t u b e

t h r o u g h l e t t i n g t h e X - r a y t u b e r o t a t e a r o u n d t h e o b j e c t . T h i s is i l -

l u s t r a t e d in F i g u r e 2 .

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

m a d e it p o s s i b l e to cal cul a t e t h e d e n s i t y i n e a c h p o i n t a n d t h e r e b y r e -

c o n s t r u c t t h e p i c t u r e o f a s l i c e t h r o u g h t h e o b j e c t , w a s d e v e l o p e d . A n

e x a m p l e o f s u c h a r e c o n s t r u c t i o n , a d e n s i t y m a t r i x , is s h o w n in F i g . 3.

o n m i m n n n i D

F i g u r e 2 . I l l u s t r a t i o n o f t h e s y s t e m w i t h r o t a t i n g X - r a y t u b e
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CIALS - RVF 31 OCT 75 RIGHT BREAST, SLICE 3 Page C3

H 78 79 80 81 82 83 84 85 86 87 88 119 90 91 92 93 94

-15 -8
-12 -9 -7
-20 -10 -7
-22 -1
-22 -1
-26 -1

-10 -11 -4 -3 -13

-10 -2

-26 -17 -32
-41 -31 -33 -4
-50 -41 -37 -4
-57 -54 -45 -4
-61 -63 -55 -5
-63 -58 -63
-67 -64 -68
-70 -68 -69 -6
-64 -66 -65
-68 -63 -60
-67 -66 -67
-70 -65 -67
-66 -66 -66 -6
-64 -67 -64 -6
-64 -69 -67 -5
-66 -67 -63
-63 -49 -48 -3
-43 -36 -20 -
- 8 - 5 4 -
- 6 - 3 I -

-7 -19 -27
-16 -39 -45
-39 -49 -56

-54 -55 -62
-54 -62 -64
-52 -63 -70

5 -7
-2 -5
-3 -12

-23 -21
-38 -42
-56 -55

-64 -65

24 -10 -19 -2

14 -28 -39 -4

20 -26 -33 -4
30 -34 -37 -4

6a -59 -55
65 -62 -64 -5

-65 -62 -6
68 -69 -64 -6

6G -68 -GO -64 -

-64 -63 -GC -C7 - I Î 1 -02
-65 -67 -G6 -09 -;>3 -4 5
-67 -GO -57 -4« -34 -26
-58 -54 -40 -36 -24 -7
-38 -25 -26 -18 1 0

-5 -3 -3 -5 -1

36 -43 -5 -55
-57
-59-49 -

-55 -6'
-55 -

48 -56 -GO -5
49 -
52 -61 -6!
52 -59 -59

-63

30 -62 -6
32 -65 -6
34 -6!
Ï4 -63 -6
>3 -63 -66 -

-63 -63 -
-62 -

61 -62 -62

Fi g u r e 3. T h e c o m p u t e r is c a l c u l a t i n g t h e d e n s i t y in each s q u a r e
and is b u i l d i n g up a p h o t o on the b a s i s of t h e s e d e n -
s i t y n u m b e r s . T h i s is an e x a m p l e of t h e d e n s i t y m a t r i x
of t h e c h e s t of a p a t i e n t . The d e n s i t i e s a r o u n d z e r o
are w a t e r .

T h e c o m p u t e r is c a l c u l a t i n g the d e n s i t y in ea c h s q u a r e of less

t h a n 0.5 m m 2 . The d e n s i t y in such a s q u a r e can v a r y w i t h 1 0 0 0 u n i t s

or m o r e , d e p e n d i n g u p o n t h e t y p e of c o m p u t e r t o m o g r a p h and t h e a c c u -

r a c y n e e d e d .

T h e t e c h n i q u e w a s f i r s t i n t r o d u c e d in hu m a n m e d i c i n e in USA in

1 9 7 3 , and t h e f i r s t w h o l e b o d y s c a n n i n g w a s d o n e in 19 7 4 ( H o u n d s -

f i e l d , 1 9 8 0 ) . C o m p u t e r i z e d t o m o g r a p h y has l a t e r b e e n an i m p o r t a n t

aid in h u m a n m e d i c i n e .

In f i g u r e 4 is sho w n t h e d e n s i t y of d i f f e r e n t b o d y t i s s u e s . As

the f i g u r e is i n d i c a t i n g e a c h t y p e of t i s s u e s h o w s a r a n g e of C T - n u m -

b e r s . F o r e x a m p l e , fat t i s s u e s h o w s C T - v a l u e s of -20 to - 8 0 , w h i l e

m u s c l e t i s s u e s h o w s a r a n g e of C T - n u m b e r s f r o m + 4 0 to + 1 0 0 .

W h y t h i s w i d e r a n g e of C T - n u m b e r s of the s a m e t y p e of t i s s u e s ?

D o e s t h i s r a n g e of C T - n u m b e r s of fat t i s s u e s d e p e n d m o r e or

less on the w a t e r c o n t e n t ?
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D o e s t h i s r a n g e on C T - n u m b e r s of t h e m u s c l e t i s s u e s t o s o m e

e x t e n t d e p e n d on i n t e r - and i n t r a m u s c u l a r f a t c o n t e n t ? '

T h e s e w e r e q u e s t i o n s w e a s k e d o u r s e l v e s , a n d if t h a t w a s p a r t o f

t h e r e a s o n o f t h i s r a n g e o f C T - n u m b e r s , it w a s e x p e c t e d t h a t t h e f r e -

q u e n c y d i s t r i b u t i o n of C T - n u m b e r s f o r d i f f e r e n t t i s s u e s w o u l d b e an

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

ÖOO -WO -300 -200 -100 ±0 +/O0 +200 +300 +VOO +500

F i g u r e 4 . D e n s i t y ( C T - n u m b e r s ) o f d i f f e r e n t b o d y t i s s u e s .

F e e d e f f i c i e n c y is a c r o s s s p e c i e s t h e f a r m o s t i m p o r t a n t t r a i t

in a n i m a l b r e e d i n g . In N o r w a y f e e d c o s t s r e p r e s e n t b e t w e e n 1/2 a n d

3/4 of t h e c o s t in a n i m a l p r o d u c t i o n . T h e d i f f i c u l t i e s in i m p r o v -

i n g b i o l o g i c a l f e e d e f f i c i e n c y is c o n n e c t e d t o t h e p r o b l e m s o f e s t i -

m a t i n g b o d y c o m p o s i t i o n and e n e r g y c o n t e n t of l i v e a n i m a l s . T h e l i m -

i t e d p o s s i b i l i t i e s o f i m p r o v i n g m e a t q u a l i t y is c o n n e c t e d t o t h e s a m e

p r o b l e m .

It w a s t h e r e f o r e r e a s o n a b l e t o s e e , if t h e r e t h r o u g h c o m p u t e r i z -

ed t o m o g r a p h y c o u l d be p o s s i b i l i t i e s f o r e s t i m a t i n g b o d y c o m p o s i t i o n .

F r o m p r e l i m i n a r y s t u d i e s X - r a y i n g ( E M I S C A N / C T 5 0 0 5 ) m u s c u l u s l o n -

g i s s i m u s d o r s i f r o m 4 0 p i g c a r c a s s e s w i t h d i f f e r e n t d e g r e e o f f a t -

n e s s , it w a s c o n c l u d e d t h a t t h e r e w e r e l a r g e d i f f e r e n c e s in C T - n u m -

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

e n t c a r c a s s e s .

R E S U L T S F R O M S C A N N I N G L I V E P I G S

B e c a u s e o f t h e v e r y h i g h c o r r e l a t i o n w e g o t in t h i s p r e l i m i n a r y

s t u d y b e t w e e n C T - n u m b e r a n d e n e r g y c o n t e n t of f a t t i s s u e s , w e p l a n -

n e d t o u s e c o m p u t e r i z e d t o m o g r a p h y on l i v e p i g s
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In c o - o p e r a t i o n w i t h t h e d e p a r t m e n t o f X - r a y p h o t o g r a p h y , U l l e v a a l

H o s p i t a l , w e w e r e a b l e t o e x a m i n e 2 3 l i v e p i g s w i t h an a v e r a g e b o d y

w e i g h t o f 5 7 . 8 5 - 4 . 6 2 k g . T h e p i g s w e r e a n e s t h e t i z e d a n d t h e n s c a n -

n e d j u s t b e t w e e n t h e l a s t r i b s .

A f t e r t h e s c a n n i n g t h e p i g s w e r e s l a u g h t e r e d , a n d t h e c a r c a s s e s

d i s s e c t e d . A s e p a r a t e d i s s e c t i o n w a s d o n e f o r a 1 c m t h i c k s l i c e o f

t h e c a r c a s s , w h e r e t h e t o m o g r a p h i c p i c t u r e h a d b e e n t a k e n . C h e m i c a l

a n a l y s i s o f f a t , p r o t e i n a n d w a t e r o f t h e w h o l e c a r c a s s a n d t h e

s l i c e w e r e t a k e n , a n d e n e r g y c o n t e n t c a l c u l a t e d . T h e r e g r e s s i o n m o d -

el u s e d in o r d e r t o p r e d i c t b o d y c o m p o s i t i o n o n t h e b a s i s o f t h e r e -

l a t i v e d i s t r i b u t i o n o f C T - n u m b e r s i s d e s c r i b e d b y S k j e r v o l d e t a l .

( 1 9 8 1 ) .

T a b l e 1. P r e d i c t i o n o f b o d y c o m p o s i t i o n o f p i g s o n b a s i s o f t h e r e -
l a t i v e d i s t r i b u t i o n o f C T - n u m b e r s f r o m o n e t o m o g r a p h i c
p l a n e . D a t a f r o m s c a n n i n g o f 2 3 y o u n g p i g s ( S k j e r v o l d e t
al ., 1 9 8 1 ) .

C h e m i c a l a n a l y s i s o f

T h e s l i c e

T h e w h o l e c a r c a s s

P r e d i c t i o n o f b o d y c o m p o s i t i o n
b a s e d o n C T - n u m b e r s

R 2 - v a l u e s

% f a t

0 . 8 9

0 . 8 9

% p r o t e i n % w a t e r

0 . 8 0 0 . 8 5

0 . 8 3 0 . 8 2

E n e r g y c o n t e n t

0 . 8 5

0 . 8 5

T h e r e s u l t s a r e s h o w n in T a b l e 1. It w a s s p o s s i b l e t o o b t a i n a

r a t h e r g o o d p r e d i c t i o n o f b o d y c o m p o s i t i o n on t h e b a s i s o f t h e r e l a -

t i v e C T - d i s t r i b u t i o n f r o m o n e t o m o g r a p h i c p l a n e . T h i s in v i v o p r e -

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

t a i n e d w i t h o t h e r k n o w n m e t h o d s . It i s s u r p r i s i n g t h a t t h e p r e d i c t -

i o n is a l m o s t a s g o o d f o r t h e b o d y c o m p o s i t i o n a s f o r t h e s l i c e . H o w -

e v e r , r e m o v i n g f r o m t h e t o m o g r a p h i c s l i c e C T - v a l u e s , w h i c h d e s c r i b e

i n t e s t i n e s s t o m a c h e t c . , o r g a n s n o t i n c l u d e d in t h e d i s s e c t i o n a n a -

l y s i s o f t h e c a r c a s s , w o u l d o f c o u r s e i n c r e a s e t h e R ^ - v a l u e s e s p e -

c i a l l y f o r t h e s l i c e .
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F U T U R E A S P E C T S O F C O M P U T E R I Z E D T O M O G R A P H Y

T h e r e s u l t s o f t h e r e p o r t e d s t u d y is r a t h e r p r o m i s i n g . H o w e v e r ,

i n c r e a s e d a c c u r a c y i s e x p e c t e d t o b e o b t a i n e d w h e n c o m b i n i n g i n f o r -

m a t i o n f r o m s e v e r a l t o m o g r a p h i c p l a n e s t h o r u g h t h e a n i m a l s . I m p r o v e -

m e n t in a c c u r a c y w o u l d a l s o b e e x p e c t e d b y i n c r e a s i n g t h e n u m b e r o f

i n d i v i d u a l s , o n w h i c h t h e l i n e a r m o d e l i s b a s e d . T h e r e i s o b v i o u s l y

a n e e d f o r l a r g e r s c a n n e r s , w h i c h c a n a c c e p t l a r g e r a n i m a l s .

In eyery f e e d i n g e x p e r i m e n t , w h e r e o n e w a n t s t o k n o w t h e e n e r g y

c o n t e n t at t h e s t a r t o f an e x p e r i m e n t , t o l o o k a t c h a n g e s in b o d y

c o m p o s i t i o n d u r i n g t h e e x p e r i m e n t e t c . , t h i s n e w t e c h n i q u e c o u l d b e

m o s t u s e f u l . In a l l e s t a t i o n s t e s t i n g o f p o t e n t i a l b r e e d i n g a n i m a l s ,

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

c o m p u t e r i z e d t o m o g r a p h y w o u l d l a r g e l y r e d u c e t h e n e e d o f s u b - t e s t s

in o r d e r t o r e c o r d c a r c a s s c h a r a c t e r i s t i c s t h r o u g h r e l a t i v e s . F u t u -

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

d y s c a n n e r s . H o p e f u l l y , t h e u s e o f t h i s t e c h n i q u e in a n i m a l s c i e n c e

w i l l i n c r e a s e r a p i d l y a s i t i s n o w s e e n in h u m a n m e d i c a l s c i e n c e .

D E V E L O P I N G W O R K

In N o r w a y w e now g e t a n e w S O M A T O M 2 f r o m S i e m e n s f o r u s e in an-

i m a l s c i e n c e .

B e f o r e t h i s e q u i p m e n t c a n b e u s e d in a n i m a l b r e e d i n g m u c h d e v e l -

o p i n g w o r k h a s t o b e d o n e .

W e a r e p l a n n i n g a m i n u t e s c a n n i n g o f a b o u t 3 0 0 l i v e p i g s a n d

a b o u t t h e s a m e n u m b e r o f l a m b s .

A f t e r d i s s e c t i o n a n d c h e m i c a l a n a l y s i s o f t h e s e c a r c a s s e s w e ho-

p e t o g e t d a t a e n o u g h f o r a r a t h e r a c c u r a t e e s t i m a t e o f :

% p r o t e i n

% f a t

% w a t e r

% b o n e

e n e r g y c o n t e n t

It is a q u e s t i o n , o n w h i c h p l a c e s h o u l d t h e s c a n s b e t a k e n , a n d

h o w m a n y s c a n s s h o u l d b e t a k e n ?
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A s o f t w a r e s h o u l d b e d e v e l o p e d g i v i n g u s t h e s e p e r c e n t a g e s a t

t h e s a m e t i m e as w e d o t h e s c a n n i n g .

W e s h o u l d a l s o l i k e t o g e t a t o m o g r a p h , w h i c h m a k e s it p o s s i b l e

t o s c a n c a t t l e .

W e a r e i n f o m e d t h a t s u c h d e v e l o p i n g w o r k is u n d e r c o n s i d e r a t i o n .

J u s t n o w it is a n n o u n c e d ( N e w S c i e n t i s t , D e c . 1 9 8 1 , N o . 1 2 8 2 ) a

n e w e q u i p m e n t , w h i c h s e e m s t o i n c r e a s e t h e p o s s i b i l i t y o f u t i l i z i n g

t h e c o m p u t e r t o m o g r a p h in e v a l u a t i n g b o d y c o m p o s i t i o n . I am h e r e

r e f e r r i n g t o t h e s o c a l l e d M a g i s c a n. T h i s e q u i p m e n t c a n by p r o g r a m m i n g

b e a b l e t o i d e n t i f y p a r t i c u l a r i t e m s in an i m a g e , s e l e c t t h o s e i t e m s

a n d t h e n m a k e m e a s u r e m e n t s s u c h a s :

h o w m a n y i t e m s t h e r e a r e

w h a t s i z e d o t h e s e i t e m s h a v e

w h a t o r i e n t a t i o n e t c .

A p p l i c a t i o n s r a n g e f r o m c o u n t i n g a s b e s t o r f i b r e s in s a m p l e s o f

a i r t o m e a s u r i n g t h e s i z e o f t h e h e a r t in c o n s t r u c t i v e X - r a y i m a g e s ,

t o f i n d o u t , w h e t h e r it c o n t r a c t s a n d e x p a n d s in t h e r i g h t w a y f o r a

h e a l t h y p e r s o n .

T h i s a i m s e e m s t o b e a b l e t o a d d t o t h e t o m o g r a p h f o r c o n t i n u o u s

e s t i m a t i o n o f t h e s i z e o f e . g . d i f f e r e n t m u s c l e s e t c .

In y e a r s t o c o m e it is in t h i s f i e l d e x p e c t e d a d e v e l o p m e n t o f

n e w t e c h n i q u e , w h i c h c a n b e o f g r e a t i m p o r t a n c e in a n i m a l s c i e n c e

( V a n g e n e t a l . , 1 9 8 1 ) . In a d d i t i o n t o t h e c o m p u t e r t o m o g r a p h , t h e

a r r i v a l o f P o s i t r o n - E m i s s i o n T o m o g r a p h ( T e r - P o g o s s i a n et a l . , 1 9 8 0 )

a n d D y n a m i c S p a t i a l R e c o n s t r u c t u r ( N e w S c i e n t i s t , O c t o b e r 1 9 8 0 ) a r e

a n n o u n c e d .

S U M M A R Y

C o m p u t e r i z e d t o m o g r a p h y m e a n s a p r e s e n t a t i o n o f a n a t o m i c a l i n -

f o r m a t i o n b y c o m p u t e d s y n t h e s i s o f an i m a g e f r o m X - r a y t r a n s m i s s i o n

d a t a o b t a i n e d in m a n y d i f f e r e n t d i r e c t i o n s t h r o u g h t h e p l a n e u n d e r

c o n s i d e r a t i o n . By t h i s t e c h n i q u e it is p o s s i b l e t o c a l c u l a t e - t h e

d e n s i t y ( C T - n u m b e r ) o f d i f f e r e n t b o d y t i s s u e s in d i f f e r e n t d i s t a n -

c e s f r o m t h e X - r a y t u b e . C o m p u t e r i z e d T o m o g r a p h y ( C T ) is t o d a y

w i d e l y u s e d in h u m a n m e d i c i n e .
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In a n i m a l b r e e d i n g w e a r e i n t e r e s t e d in e s t i m a t i n g b o d y c o m p o s i -

t i o n a n d e n e r g y c o n t e n t o f l i v i n g a n i m a l s . T h i s is i m p o r t a n t in o r -

d e r t o i m p r o v e b i o l o g i c a l f e e d e f f i c i e n c y a n d m e a t q u a l i t y . T h e Com-

p u t e r T o m o g r a p h h a s n o w b e e n t r i e d o u t f o r t h i s p u r p o s e at U l l e v a a l

H o s p i t a l in N o r w a y . By s c a n n i n g 2 3 a n e s t i z e d p i g s a n d t h e r e a f t e r

s l a u g h t e r t h e m a n d d i s s e c t c a r c a s s e s , it w a s p o s s i b l e t o c a l c u l a t e
2

t h e R f o r p r e d i c t i o n of b o d y c o m p o s i t i o n b a s e d on t h e r e l a t i v e d i -

s t r i b u t i o n of C T - n u m b e r s f r o m o n e t o m o g r a p h i c p l a n e . 11 w a s p o s s i b l e

t o d e s c r i b e 8 5 % v a r i a t i o n in e n e r g y c o n t e n t o f t h e l i v i n g a n i m a l .

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

o b t a i n e d by o t h e r k n o w n m e t h o d s .

I m p r o v e d t e c h n i q u e , C o m p u t e r t o m o g r a p h s m o r e s u i t e d f o r s c a n n i n g

a n i m a l s e t c . g i v e s g r e a t p o s s i b i l i t i e s f o r a f u t u r e d e v e l o p m e n t o f a

n e w f i e l d in a n i m a l b r e e d i n g .

L I T T E R A T U R E

C o r m a c k , A . M . 1 9 8 0 . N o b e l L e c t u r e , D e c e m b e r 8 , 1 9 7 9 . J o u r n a l o f Com-

p u t e r A s s i s t e d T o m o g r a p h y , 4: 6 5 8 - 6 6 4 .

H o u n d s f i e l d , G . N . 1 9 8 0 . N o b e l L e c t u r e , D e c e m b e r 8 , 1 9 7 9 . J o u r n a l of

A s s i s t e d T o m o g r a p h y , 4 : 6 6 5 - 6 7 4 .

S k j e r v o l d , H . , K. G r ø n s e t h , 0. V a n g e n a n d A . E v e n s e n , 1 9 8 1 . Z . T i e r -

ziichtg. Z ü c h t B i o l . , 9 8 : 7 7 - 7 9 .

T e r - P o g o s s i a n , M . M . , M . E . R a i c h l e a n d B . E . S o b e l , 1 9 8 0 . S c i e n t i f i c

A m e r i c a n 2 4 3 ( 4 ) : 1 4 0 - 1 5 5 .

V a n g e n , 0 . , K. G r ø n s e t h , A . E v e n s e n a n d H. S k j e r v o l d , 1 9 8 1 . E s t i m a -

t i o n of b o d y c o m p o s i t i o n of a l i v e a n i m a l s . E A A P - m e e t i n g , Z a g r e b ,



- 1 5 6 -

e. M E A S U R E M E N T O F B O D Y W A T E R IN L I V I N G C A T T L E

B Y D I L U T I O N T E C H N I Q U E

L a b o r a t o i r e d e l a P r o d u c t i o n d e V i a n d e

I n s t i t u t N a t i o n a l d e l a R e c h e r c h e A g r o n o m i q u e

C R Z V - THEI.X - 6 3 1 1 0 B E A U M O N T

F r a n c e

T h e c h e m i c a l c o m p o n e n t s o f t h e w h o l e b o d y o f a n i m a l s ( w a t e r , li-

p i d s , p r o t e i n s , a s h ) a r e s t a t i s t i c a l l y w e l l r e l a t e d t o e a c h o t h e r .

T h e w a t e r a n d p r o t e i n c o n t e n t o f f a t f r e e m a s s ( F F M ) i s f a i r l y c o n -

s t a n t in m a t u r e a n i m a l s ( M o u l t o n , 1 9 2 3 ) . M o r e p r e c i s e l y , t h e p e r c e n t -

a g e o f w a t e r in F F M d e c r e a s e s s l o w l y d u r i n g g r o w t h , w h e r e a s t h e p e r -

c e n t a g e o f p r o t e i n i n c r e a s e s ( R o b e l i n a n d G e a y , 1 9 7 8 ) . T h e e s t i m a -

t i o n o f b o d y c o m p o s i t i o n b y d i l u t i o n t e c h n i q u e is b a s e d o n t h e s e re-

l a t i o n s h i p s . B o d y w a t e r c a n b e m e a s u r e d in v i v o b y t h e d i l u t i o n s p a -

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

t h e w a t e r c o n t e n t o f t h e b o d y . T h e a i m o f t h i s p a p e r i s m a i n l y t o d e -

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

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

e x p e r i m e n t s w i l l b e e x a m i n e d e l s e w h e r e ( R o b e l i n , 1 9 8 1 a ) .

B A S I S O F D I L U T I O N T E C H N I Q U E

T h e m e t h o d c o n s i s t s o f m e a s u r i n g t h e d i l u t i o n s p a c e in t h e b o d y

o f a w a t e r t r a c e r . T h e t r a c e r i n f u s e d i n t o t h e b o d y w a t e r , b y w a y o f

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

c o m p a r t m e n t s . D u r i n g t h i s e q u i l i b r a t i o n p e r i o d , t h e c o n c e n t r a t i o n o f

t h e t r a c e r in t h e b l o o d w a t e r d e c r e a s e s very, r a p i d l y . O n c e e q u i l i -

b r i u m is r e a c h e d , t h e c o n c e n t r a t e o f t h e t r a c e r ( C ) is t h e s a m e in

a l l t h e w a t e r c o m p a r t m e n t s o f t h e b o d y ( b l o o d , e x t r a - c e l l u l a r or in-

t r a - c e l l u l a r ) . It d e c r e a s e s w i t h t i m e ( t ) , m o r e s l o w l y a n d a c c o r d -

i n g t o a n e x p o n e n t i a l f u n c t i o n (C = C o " ° ) ( s e e f i g . 1 ) . T h e c o e f f i -

c i e n t s o f t h i s f u n c t i o n ( C o a n d S ) c a n b e d e t e r m i n e d e x p e r i m e n t a l -

l y b y s e r i a l m e a s u r e m e n t s o f C ( c o n c e n t r a t i o n o f t r a c e r in b l o o d

w a t e r ) a t d i f f e r e n t t i m e t ( h o u r s ) a f t e r t h e i n f u s i o n . T h e c o e f f i c i -



- 1 5 7 -

e n t Co c o r r e s p o n d s t o t h e i n i t i a l c o n c e n t r a t i o n o f t h e t r a c e r at in-

f u s i o n t i m e (t = o ) . T h e c o e f f i c i e n t «A, is t h e r a t e of d e c r e a s e ( d C /

C ) of t h e c o n c e n t r a t i o n o f t h e t r a c e r ; it c o r r e s p o n d s t o t h e t u r n -

o v e r r a t e o f b o d y w a t e r ( k g / k g / h o u r ) . T h e d i l u t i o n s p a c e o f t h e

t r a c e r ( D s ) is c a l c u l a t e d as t h e r a t i o b e t w e e n t h e a m o u n t ot t r a c e r

i n f u s e d ( Q ) a n d t h e i n i t i a l c o n c e n t r a t i o n ( C o ) : D S = Q / C o .

S e v e r a l w a t e r t r a c e r s m a y b e u s e d . H o w e v e r , it m u s t b e b o r n in

m i n d t h a t a t r a c e r s h o u l d n o t b e t o x i c , m u s t n o t be m e t a b o l i z e d ,

s h o u l d be e a s i l y m e a s u r a b l e , a n d m u s t d i f f u s e h o m o g e n o u s l y i n t o all

t h e v o l u m e t o be m e a s u r e d . A m o n g t h e d i f f e r e n t t r a c e r s u s e d in v a r -

i o u s s p e c i e s , A n t i p y r e n e a n d N - A c e t y l - A n t i p y r e n e ( D u m o n t , 1 9 5 8 ;

P a n a r e t t o a n d T i l l , 1 9 6 3 ) d e n t e r i a t e d w a t e r ( D „ 0 ) or t r i t i a t e d

w a t e r ( T O H ) ( F o o t a n d G r e e n h a l g h , 1 9 7 0 ; S e a r l e , 1 9 7 0 ) D 2 0 a n d T O H

a p p e a r e d t o b e t h e m o s t s u i t a b l e . In a d d i t i o n D ? 0 s e e m s t o be p r e f e r -

a b l e , as it is n o t r a t i o a c t i v e .

M E T H O D O F M E A S U R E M E N T O F D 2 0

I n f u s i o n o f t h e t r a c e r a n d b l o o d s a m p l i n g .

In t h e e x p e r i m e n t s r e p o r t e d h e r e , D^O ( p u r i t y 9 9 . 8 % ) w a s w e i g h -

ed in p l a s t i c s y r i n g e s a n d i n f u s e d i n t o t h e j u g u l a r v e i n by w a y o f

a c a t h e t e r . A f t e r i n f u s i o n , t h e c a t h e t e r w a s r i n s e d w i t h s a l i n e a n d

t h e s y r i n g e s ( p o s s i b l y w i t h a s m a l l a m o u n t o f t r a c e r ) w e r e t a r e d .

T h e a m o u n t of t r a c e r i n f u s e d w a s d e t e r m i n e d by t h e d i f f e r e n c e b e -

t w e e n t h e w e i g h t o f t h e s y r i n g e s b e f o r e a n d a f t e r i n f u s i o n t o t h e

n e a r e s t 0.5 g. In all c a s e s t h e a m o u n t of t r a c e r i n f u s e d w a s a p p r .

0.5 g / k g b o d y w e i g h t , to o b t a i n a c o n c e n t r a t i o n of t h e t r a c e r in

b l o o d w a t e r in t h e 5 0 0 - 1 0 0 0 p . p . m . r a n g e . T h i s w a s d o n e at 8-9 h O O

in t h e m o r n i n g ; t h e a n i m a l s w e r e f e d 7h 0 0 a n d 1 5 h 0 0 .

At l e a s t t h r e e b l o o d s a m p l e s w e r e t a k e n at 6, 9 a n d 2 4 h o u r s af-

t e r i n f u s i o n , in 3 0 ml p l a s t i c v i a l s . In s o m e a n i m a l s , 4 a d d i t i o n a l

b l o o d s a m p l e s w e r e t a k e n at 3 , 1 2 , 3 0 a n d 4 8 h o u r s a f t e r i n f u s i o n .

B l o o d w a t e r w a s p i c k e d up by f r e e z e - d r y i n g a n d t h e c o n c e n t r a t i o n of

D ? 0 w a s m e a s u r e d by I.R. s p e c t r o m e t r y a c c o r d i n g t o t h e m e t h o d d e -

s c r i b e d by R o b e l i n ( 1 9 7 7 ) a n d T i s s i e r et a l . ( 1 9 7 8 ) .
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E q u i l i b r a t i o n and e l i m i n a t i o n of the t r a c e r

T h e e v o l u t i o n of the D^O c o n c e n t r a t i o n of in bloo d w a t e r (mean

v a l u e for 62 c a t t l e ) is r e p o r t e d in f i g u r e 1.

(20)

Log (C/Co)

1 .0

0.9 -

0.3
I • I ' i •

12 2\ 36
Time after infusion (hours)

Fi g u r e 1 . E v o l u t i o n o f D ^ O c o n c e n t r a t i o n i n b l o o d w a t e r a f t e r i n -
f u s i o n i n c a t t T e ( t h e n u m b e r o f d a t a a r e i n d i c a t e d b e -
t w e e n p a r e n t h e s i s ) .

D u r i n g t h e f i r s t 6 - 9 h o u r s a f t e r i n j e c t i o n , t h e c o n c e n t r a t i o n

o f t h e t r a c e r d e c r e a s e d very r a p i d l y ( 1 % p e r h o u r ) . E q u i l i b r i u m w a s

r e a c h e d b e t w e e n 6 a n d 9 h o u r s a f t e r i n f u s i o n . A f t e r e q u i l i b r i u m t h e

c o n c e n t r a t i o n o f D p O d e c r e a s e d a t a m e a n r a t e o f 0 . 0 0 3 3 0 (h ) .

T h i s m e a n s t h a t t h e t u r n o v e r r a t e o f b o d y w a t e r w a s a l m o s t 0 . 3 3 % p e r

h o u r , o r a p p r o x i m a t e l y 2 5 k g p e r d a y f o r a 5 5 0 k g b o d y w e i g h t c a t t -

l e . T h i s r a t e w a s 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 C h a r o l a i s a n d

F r i e s i a n b u l l s ( R o b e l i n , 1 9 8 1 b ) , o r b e t w e e n b u l l s a n d m a t u r e d r y

c o w s ( 0 . 0 0 3 3 v s 0 . 0 0 3 6 ) , b u t i t v a r i e d w i d e l y b e t w e e n a n i m a l s ( f r o m

0 . 0 0 2 0 t o 0 . 0 0 5 0 i n o u r p o p u l a t i o n o f 6 2 a n i m a l s ) . A n a l y s i s o f t h e

d e v i a t i o n s f r o m t h e r e g r e s s i o n l i n e ( F i g . 1 ) s h o w e d t h a t t h e c o n c e n -

t r a t i o n o f t h e t r a c e r f l u c t u a t e s w i t h t h e f i l l i n g l e v e l o f a n i m a l s .

In t h e m i d d l e o f t h e d a y (9 a n d 3 0 h o u r s a f t e r i n f u s i o n ) , t h e c o n -

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

s e c o n d m e a l o f t h e d a y (6 h o u r s a f t e r i n f u s i o n ) o r in t h e m o r n i n g

( 2 4 h o u r s a f t e r i n f u s i o n ) i t w a s a b o v e t h e r e g r e s s i o n l i n e .
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C o n s e q u e n t l y , b l o o d s a m p l i n g m u s t b e a d e q u a t e l y w i d e s p r e a d

t h o r u g h o u t t h e d a y s a f t e r i n f u s i o n t o r e m o v e s y s t e m a t i c b i a i s i n C o

d e t e r m i n a t i o n . D u e t o t h e t i m e t a k e n b y e q u i l i b r a t i o n ( 6 - 9 h o u r s ) ,

i n f u s i o n m u s t o c c u r in t h e m o r n i n g ( 8 - 1 0 h O O ) . T w o b l o o d s a m p l i n g s

n e a r e q u i l i b r i u m ( 6 - 9 h o u r s a f t e r i n f u s i o n ) o n t h e d a y o f i n f u s i o n

a n d t w o b l o o d s a m p l i n g s t h e d a y a f t e r i n f u s i o n ( i n t h e m o r n i n g a n d

a f t e r n o o n ) s e e m n e c e s s a r y . A d d i t i o n a l b l o o d s a m p l i n g t h e s e c o n d d a y

a f t e r i n f u s i o n c o u l d p r o v i d e a m o r e a c c u r a t e d e t e r m i n a t i o n o f C o a n d

d i l u t i o n s p a c e ( s e e l a t e r ) .

B O D Y W E I G H T F L U C T U A T I O N S A L O N G T H E D A Y

T h e v a r i a t i o n s o f b o d y w e i g h t in 1 2 C h a r o l a i s b u l 1 s w e i g h i n g 4 8 0

k g , b e t w e e n 7 h O O ( t i m e o f t h e f i r s t m e a l o f t h e d a y ) , 1 4 h O O (1 h o u r

b e f o r e t h e s e c o n d m e a l ) a n d 1 8 h O O (3 h o u r s a f t e r t h e s e c o n d m e a l )

w e r e m e a s u r e d . T h e b o d y w e i g h t i n c r e a s e d b y 6.0 k g ( 1 . 2 5 % o f b o d y

w e i g h t ) b e t w e e n 7 h O O a n d 1 4 h O O a n d i n c r e a s e d a g a i n b y 6 . 4 kg

( 1 . 3 3 % b o d y w e i g h t ) b e t w e e n 1 4 h O O a n d 1 8 h O O . T h e s e v a r i a t i o n s r e -

s u l t f r o m c h a n g e s in g u t c o n t e n t , a n d , c o n s e q u e n t l y , in t o t a l b o d y

w a t e r , a s s u m i n g t h a t t h e p e r c e n t a g e o f w a t e r in g u t c o n t e n t d o e s n o t

v a r y w i d e l y as s h o w n b y B e r a n g e r ( u n p u b l i s h e d d a t a ) .

S i m i l a r v a r i a t i o n s o c c u r e d in o u r e x p e r i m e n t s o n D ? 0 s p a c e m e a -

s u r e m e n t . T h e a n i m a l s w e r e f e d a t 7 h O O a n d w e r e i n f u s e d at 8 h O O -

9 h O O . T h e y r e c e i v e d a s e c o n d m e a l a t 1 5 h O O a n d w e r e s i a u g h t e r e d o n

t h e n e x t m o r n i n g ( w i t h o u t a n y m e a l ) a t 9 h O O - 1 0 h O O . B o d y w e i g h t

w a s r e c o r d e d a t i n f u s i o n t i m e ( B W I ) a n d j u s t p r i o r s l a u g h t e r ( B W S ) .

E m p t y b o d y w e i g h t ( E B W ) w a s m e a s u r e d a f t e r s l a u g h t e r . In a d d i t i o n ,

t h e " m e a n " b o d y w e i g h t o f a n i m a l s , i n t h e m i d d l e o f t h e d a y o f i n -

f u s i o n ( b e t w e e n t h e t w o m e a l s ) w a s e s t i m a t e d b y r e g r e s s i o n a n a l y s i s

as f o l l o w s : a n i m a l s w e r e w e i g h e d o n t w o c o n s e c u t i v e d a y s at 1 4 h O O ,

1 5 - 1 6 d a y s a n d 1-2 d a y s b e f o r e i n f u s i o n . A r e g r e s s i o n e q u a t i o n w a s

c o m p u t e d w i t h t h e s e 4 w e i g h t s , a n d t h e v a l u e o f b o d y w e i g h t o n t h e

d a y o f i n f u s i o n w a s c a l c u l a t e d f r o m t h i s e q u a t i o n . T h i s " r e g r e s s i o n

b o d y w e i g h t " ( B W R ) a m o u n t s t o t h e t h e o r e t i c a l m e a n w e i g h t o f t h e

a n i m a l s in t h e m i d d l e o f t h e d a y .

S u c h b o d y w e i g h t v a r i a t i o n s o n t h e d a y o f i n f u s i o n in 21 C h a r o -

l a i s a n d 21 F r i e s i a n b u l l s a r e p r e s e n t e d i n t a b l e 1.



C h a r o 1 a i s
Bul Is (n = 21 )

Mean

332

1 .12

1 .13

1.11

31

0.005

0.007

0.010

F r i e s i
Bulls (n

Mean

267

1.15

1 .17

1 .13

an
= 2 1 )
Se

28

0.010

0.010

0.005

- 160 -

T a b l e 1. V a r i a t i o n s of b o d y w e i g h t a f t e r i n f u s i o n .

EBW (kg)

B W I / E B W

B W R / E B W

B W S / E B W

B o d y w e i g h t i n c r e a s e d by 1 and 2% r e s p e c t i v e l y in C h a r o l a i s and

F r i e s i a n b u l l s b e t w e e n i n f u s i o n t i m e (2 h o u r s a f t e r t h e f i r s t m e a l )

and t h e m i d d l e of t h e d a y ( r e g r e s s i o n b o d y w e i g h t ) . It d e c r e a s e d

by 2 % and 4 % r e s p e c t i v e l y in C h a r o l a i s and F r i e s i a n b u l l s b e t w e e n

t h e m i d d l e of the d a y and s l a u g h t e r t i m e .

S i m i l a r v a r i a t i o n s in tota l b o d y w a t e r c o u l d be a s s u m e d ( t a b l e

2 ) . E m p t y b o d y w a t e r ( E B W A T ) and t o t a l b o d y w a t e r ( T B W A T ) w e r e m e a -

s u r e d a f t e r s l a u g h t e r . In a d d i t i o n , t o t a l b o d y w a t e r in th e m i d d l e

of the d a y of i n f u s i o n ( T B W A T R ) w a s cal c u l a t e d f r o m t h e r e g r e s s i o n

b o d y w e i g h t , a s s u m i n g t h a t t h e p e r c e n t a g e of w a t e r in gu t c o n t e n t

did n o t v a r y w i t h g u t f i l l .

T a b l e 2. V a r i a t i o n s of b o d y w a t e r a f t e r i n f u s i o n .

C h a r o l
B u l l s (n
Mean

218

1 .14

1.17

ai s
= 2 1 )
Se

19

0.006

0.009

F r i e s i a n
B u l l s (n = 21 )
Me a n

167

1.17

1 .22

Se

15

0.006

0.010

E B W A T (kg)

T B W A T / E B W A T

T B W A T R / E B W A T

W a t e r in the gut c o n t e n t r e p r e s e n t s 14 and 1 7 % of e m p t y b o d y

w a t e r r e s p e c t i v e l y in C h a r o l a i s and F r i e s i a n b u l l s at s l a u g h t e r ;

t h e s e v a l u e s r e a c h e d 17 and 2 2 % of e m p t y b o d y w e i g h t in the m i d d l e

of t h e d a y of i n f u s i o n .

T h e s e r e s u l t s s h o w t h a t t o t a l b o d y w a t e r can v a r y by 3 to 5% in

r e l a t i v e v a l u e a l o n g the d a y and c o u l d e x p l a i n the f l u c t u a t i o n s in

the t r a c e r c o n c e n t r a t i o n in b l o o d w a t e r q u o t e d b e f o r e .
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RE L A T I O N S H I P B E T W E E N BODY WATER AND D 2 O SPACE

Three w a t e r c o m p a r t m e n t s have been c o n s i d e r e d in this a n a l y s i s :

1) empty body w a t e r ( E B W A T ) ; 2) total body w a t e r m e a s u r e d at

slaug h t e r ( T B W A T ) ; 3) total body w a t e r e s t i m a t e d in the m i d d l e of

the day of infu s i o n ( T B W A T R ) . S i m i l a r l y , two d i l u t i o n s p a c e s have

also been c o n s i d e r e d . 1) The d i l u t i o n space c a l c u l a t e d f r o m t h e v a l -

ue of Co es t i m a t e d by r e g r e s s i o n a n a l y s i s ( D S C o ) ; 2) the d i l u t i o n

space c a l c u l a t e d from the c o n c e n t r a t i o n of the t r a c e r 6 hour s after

infusion (DSC6 = Q / C 6 ) . Such m e t h o d of di l u t i o n space e s t i m a t i o n

has often been u s e d , due to the fact that only one blood s a m p l i n g

i s needed.

Total body w a t e r e s t i m a t e d in the m i d d l e of the day ( T B W A T R ) is

more c l o s e l y related to di 1 u t i o n space (either DSCo or D S C 6 ) than

the other w a t e r c o m p a r t m e n t s (table 3 ) ; the residual s t a n d a r d devia-

t i o n s is near 4 kg, i.e. a p p r o x i m a t e l y 2 % of total body w a t e r . D ? 0

space seems to be a poor e s t i m a t e of empty body w a t e r - the residual

standard d e v i a t i o n e q u a l s 6-7 kg or 3. 4 % of empty body w a t e r . This

is e x p l a i n e d by the fact that the t r a c e r D 2 0 d i f f u s e s in the gut

content (Smith and S y k e s , 1974) and that the di l u t i o n space is not

limited to empty body w a t e r .

Table 3. R e g r e s s i o n a n a l y s i s b e t w e e n total body w a t e r m e a s u r e d at
sla u g h t e r ( T B W A T ) , total body w a t e r e s t i m a t e d at the m i d d l e
of the day (TBWA T R ) or emp t y body w a t e r ( E B W A T ) as d e p e n d -
ant v a r i a b l e s . (Y) and D ? 0 space c a l c u l a t e d from e s t i m a t -
ed initial c o n c e n t r a t i o n (DSCo) or the c o n c e n t r a t i o n of
the tracer 6 hours after i n f u s i o n (DSC6) as i n d é p e n d a n t
v a r i a b l e s (X) : Y = bo + blX - RSD.

Resi du a 1 standard d e v i a t i o n (RSD; kg

Cha r o l a i s DSCo
bulls
(n = 21) DSC6

Fries i an DSCo
bulls
(n = 21) DSC6

TBWAT

4 . 5 2

5 . 0 1

5 . 2 8

5 . 8 2

TBWATR

4 . 4 0

4 . 8 2

4 . 5 1

5 . 2 8

EBWAT

7 . 1 9

6 . 7 1

6 . 0 1

6 . 0 2
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The di 1 ution space cal c u l a t e d by r e g r e s s i o n a n a l y s i s gives a m o r e

a c c u r a t e e s t i m a t i o n of total body w a t e r than D S C 6 . This is f i r s t l y

due to the fact that DSCo is c a l c u l a t e d from several m e a s u r e m e n t s of

t r a c e r c o n c e n t r a t i o n in blood w a t e r , w h e r e a s , DSC6 i s cal cul a t e d from

only one m e a s u r e m e n t . A n o t h e r reason is that the c o n c e n t r a t i o n of the

t r a c e r 6 hours after infusion d e p e n d s on the t u r n o v e r rate of w a t e r ,

w h i c h v a r i e s w i d e l y b e t w e e n a n i m a l s . So the r e g r e s s i o n m e t h o d m i g h t

be used to c a l c u l a t e the d i l u t i o n s p a c e .

S o , only the r e l a t i o n s h i p b e t w e e n T B W A R T and DSCo could be c o n -

s i d e r e d . The two e q u a t i o n s for C h a r o l a i s and F r i e s i a n b u l l s a r e :

C h a r o l a i s TBWATR = 0.36 + 0.971 DSCo RSD = 4.40 kg

F r i e s i a n TBWATR =-2.95 + 0.973 DSCo RSD = 4.51 kg

In t h e s e two e q u a t i o n s , the c o e f f i c i e n t s 0.36 and -2.95 are not

s i g n i f i c a n t l y d i f f e r e n t from zero (P < 0 . 0 1 ) . S o , the f o l 1 o w i n g e q u a -

t i o n s w i t h o u t c o n s t a n t have been c o m p u t e d :

C h a r o l a i s T B W A T R = 0.972 DSco RSD = 4.41 kg

F r i e s i a n TBWATR = 0.961 DSCo RSD = 4.64 kg

The slopes for C h a r o l a i s (0.972 - 0.003) and F r i e s i a n bulls

(0.961 - 0.004) are not s i g n i f i c a n t l y d i f f e r e n t (P < 0 . 0 1 ) , and the

same e q u a t i o n for both b r e e d s can be u s e d :

TBWATR = 0.968 DSCo RSD = 4.63 kg

This e q u a t i o n shows that d i l u t i o n space is a p p r o x i m a t e l y 3%

g r e a t e r than total, body w a t e r . This v a l u e c o r r e s p o n d s to the one

found in the same c o n d i t i o n s of m e a s u r e m e n t in lambs ( R o b e l i n , 1 9 7 7 ) .

The o v e r e s t i m a t i o n is p a r t l y d u e to the fact that the tra c e r is

e l i m i n a t e d m o r e q u i c k l y than e x p e c t e d by the r e g r e s s i o n (C = Co e )

during e q u i l i b r a t i o n , and also to the fact that a small amount of

tra c e r is i n c l u d e d in o r g a n i c c o m p o u n d s (lipids and p r o t e i n s ) and

d i s a p p e a r s from the body w a t e r c o m p a r t m e n t s .

A C C U R A C Y OF THE E S T I M A T I O N OF TOTAL BODY WATER

The residual standard d e v i a t i o n was found to be c l o s e to 4.6 kg

in 42 b u l l s (with a mean body w a t e r of 220 k g ) ; it a c c o u n t s for ap-

p r o x i m a t e l y 2% of body w a t e r and c o m e s from the error in m e a s u r e m e n t

of D ? 0 space and the error in body w a t e r m e a s u r e m e n t .
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T h e f i r s t s o u r c e o f error c a n be a n a l y s e d . T h e d i l u t i o n s p a c e is

c a l c u l a t e d as t h e r a t i o b e t w e e n t h e a m o u n t of t r a c e r i n f u s e d (Q) and

t h e c o n c e n t r a t i o n of t h e t r a c e r in b l o o d w a t e r ( C o ) . T h e e r r o r in

t h e m e a s u r e m e n t of Q is very s m a l l ( a p p r o x i m a t e l y 0.5 g f o r 2 0 0 g

i n f u s e d ) , as l o n g as no l o s s of t r a c e r o c c u r s at t h e l e v e l of t h e

c a t h e t e r ; t o p r e v e n t t h i s l o s s , it is b e t t e r to u s e s e a l e d c a t h e t e r .

T h e e r r o r in t h e Co d e t e r m i n a t i o n is m o r e d i f f i c u l t to e s t i m a t e ; t h e

e r r o r on t h e d e t e r m i n a t i o n of D „ 0 c o n c e n t r a t i o n in o n e s a m p l e of

b l o o d w a t e r is c l o s e to 1% in r e l a t i v e v a l u e f o r a d u p l i c a t e m e a s u -

r e m e n t . T h e o r e t i c a l l y t h e e r r o r of C o e s t i m a t i o n by r e g r e s s i o n a n a -

l y s i s c o u l d be e s t i m a t e d . S t a t i s t i c a l l y it d e p e n d s on t h e r e s i d u a l
— fit. i"

s t a n d a r d d e v i a t i o n of t h e r e g r e s s i o n C = Co e , on t h e n u m b e r of

C d e t e r m i n a t i o n and t h e r a n g e of t i m e of b l o o d s a m p l i n g . F o r t h i s

r e a s o n b l o o d s a m p l i n g m u s t be m a d e f o r at l e a s t 24 h o u r s , and p r e f e r -

a b l y f o r 4 8 h o u r s . B u t t h e m a i n p o i n t is t h a t t h i s m e a s u r e m e n t o f

t h e e v o l u t i o n of t r a c e r c o n c e n t r a t i o n s h o u l d a c c o u n t f o r a c t u a l e v o -

l u t i o n of c o n c e n t r a t i o n as m u c h as p o s s i b l e a c c o r d i n g t o t h e f l u c t u a -

t i o n s in b o d y w a t e r d u r i n g t h e d a y .

T h e s e c o n d s o u r c e of e r r o r is r e l a t e d to t h e d e t e r m i n a t i o n o f

b o d y w a t e r a f t e r s l a u g h t e r . Its m a g n i t u d e is d i f f i c u l t t o e s t i m a t e ,

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

s h o u l d be c l o s e t o 1% of b o d y w a t e r .

C O N C L U S I O N

T e c h n i c a l l y s p e a k i n g , t h i s m e t h o d of m e a s u r e m e n t of b o d y w a t e r

is f a i r l y g o o d , as l o n g as e n o u g h b l o o d s a m p l i n g s , and b o d y w e i g h t

r e c o r d i n g s a r e m a d e .

T h e i r l i m i t a t i o n s a r e m a i n l y t h e c o s t of t h e t r a c e r , and t h e

n e e d f o r a v e r y g o o d IR s p e c t r o m e t e r to m a k e t h e m e a s u r e m e n t of

D ? 0 c o n c e n t r a t i o n . T h e u s e f u l n e s s of t h i s m e a s u r e m e n t in n u t r i t i o n

e x p e r i m e n t s w i l l be d i s c u s s e d in a n o t h e r p a p e r .
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f, O T H E R T E C H N I Q U E S A N D F U T U R E P O S S I B I L I T I E S

C . A . M i l e s

A g r i c u l t u r a l R e s e a r c h C o u n c i l

M e a t R e s e a r c h I n s t i t u t e

L a n g f o r d , B r i s t o l

E n g l a n d

I N T R O D U C T I O N

T h e p u r p o s e of t h i s p a p e r , t h e l a s t of t h e s y m p o s i u m , is to as-

ses b r i e f l y t h e p o t e n t i a l and l i m i t a t i o n s of s o m e m e t h o d s n o t c o v e r -

ed in p r e v i o u s p r e s e n t a t i o n s , n a m e l y :

D e n s i ty

D i e l e t r i c m e t h o d s

M e t h o d s u s i n g X - r a y or g a m m e r a d i a t i o n

H o r m o n e m e a s u r e m e n t s

N u c l e a r m a c n e t i c r e s o n a n c e

P o t a s s i u m - 4 0

N e u t r o n a c t i v a t i o n a n a l y s i s

U l t r a s o n i c and d i l u t i o n m e t h o d s w i l l h a v e b e e n d e a l t w i t h a l -

r e a d y and t h e s e a r e not c o n s i d e r e d h e r e n o r a r e m e t h o d s b a s e d on

t h e m e a s u r e m e n t of e x t e r n a l s i z e and s h a p e , or v i s u a l a p p e a r a n c e or

s e n s o r y a s s e s s m e n t s by e x p e r i e n c e d j u d g e s .
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DENSITY

Several studies (see the review by Miles, 1975) have shown that the

correlation between the density and chemical composition of beef carcasses

could be useful when a rapid, if rough, comparison between groups of

carcasses is required. While measurements of density have been used

successfully to assess the composition of living human bodies (see for

example Brozek, Grande, Anderson and Keys, 1963) there are few, if any,

reports of successful applications of the method to live cattle. The

problems of measurement are not inconsiderable and corrections would have

to be applied for lung volume. However, it is the variable affect of the

contents of the digestive system, particularly the marked affect of any

air spaces, that cast doubt on the likely accuracy of predictions based

on the density of living cattle.

DIELECTRIC METHODS

The dielectric properties of biological tissues vary rapidly with frequency

and are governed to a large extent by the water content. Thus,at a given

frequency and temperature, the electrical properties of fatty tissue differ

widely from those of muscle (Fig. 1 ; see also Ede and Haddow, 1951 and the

data of several authors quoted by Schwan, 1957).

Electrode polarisation is a major problem of measurement (Schwan, 1963)

and is especially important at low frequencies, less than 100 kHz. Results

and conclusions based on measurements at frequencies < 100 kHz are often

criticised because this effect has not been allowed for adequately. Audio

frequencies would be particularly convenient to work with in commerce and a

four terminal device, which largely overcomes the effects of electrode

polarisation, has been developed at Torry Research Station, Aberdeen

for measuring fish quality.
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1. (a) Dielectric permittivity and (b) electrical conductivity
of skeletal muscle and fatty tissue at 37 degrees C. Muscle:
79.5% water; fatty tissue: 9% water by volume. Data of Schepps
and Foster { 1980).



- 168 -

Several conductivity probes for measuring the subcutaneous fat thickness
(West and Andefson, 1972),

of carcasses have been developed. CSIRO have made a two terminal version,

while a 3 terminal system employing a differential measurement, has been

produced by the Danish Meat Research Institute, Roskilde (Pedersen, Busk

and Boeskov, 1972).

Kirton, Nichols and Philips, (1965)measured the reactive and resistive

components of a parallel plate air capacitor with,and without a sheep

interposed between the fixed plates. They found statistically significant

relations between the electrical measurements and composition but it would

seem that in their arrangement the air gaps would have a marked and variable

effect on the readings obtained.

Eddy current testing

Induction coupling has been used in an American apparatus, the EMME, for

measuring the fatness of comminuted meat, commercial boxes of boneless meat,

and living pigs. Eddy currents are induced in the object by the action of

an alternating magnetic field produced by a radio frequency current passing

through a coil surrounding the specimen. The eddy currents themselves

generate their own magnetic fields which can be picked up either by a

secondary coil or by a change in impedance of the primary (Fig. 2 ). The

effect depends on the magnitude, position and phase of the eddy currents.

These factors depend5to some extent,on the composition of the specimen, since

the conductivity of muscle is much higher than that of fat.

In view of the large number of assumptions, mostly unsubstantiated, that

must be used to derive a relation between the EMME reading and composition,

it is difficult to assess reports of statistically significant relations

between EMME readings of live pigs and the composition of their carcasses

(Somermuth, W.F., Kenm, T.L., Alexander, M.A., Hedrich, H.B. and Clark, J.L.,

1973).
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(a) (b)

A

primary

Figure 2 Diagram to illustrate the principle of eddy current testing.
The specimen is placed in a coil carrying a radio frequency
current. Eddy currents induced in the specimen generate
their own magnetic field which can be detected with a secondary
coil (Fig b) or by measuring the change in impedance of the primary
(Fig a). _____

i depth

cy GH2

Figure 3 Characteristic depth of penetration of electromagnetic
radiation in muscle. Represents the depth at which the
amplitude of the wave is 1/e of its value at a plane surface.
Smooth curve drawn through data of Jason (1974) and Bottomley
and Andrew (1978).



- 170 -

Microwaves

At high frequencies (in the region of,or in excess of,1 GHz) electromagnetic

radiation can be directed in a narrow beam to interrogate a region of

interest. The absorption of microwaves in tissue is largely produced by

its liquid water component alone and thus microwave attenuation can be

useful to measure the unfrozen water content of tissue (eg Kent and Jason)

and also correlates with the fatness of frozen meat (Miles, 1972). However,

microwave attenuation is much too large in unfrozen aqueous tissues to give

reasonable signal to noise values at large depths of penetration and

therefore any possible future use of microwave measurements in livestock

evaluation studies is likely to be limited to examination of tissues near

the surface of the body (Fig. 3 ).

X-RAY AND GAMMA-RADIATION METHODS

X-ray and gamma-radiation are both very short wavelength electromagnetic

waves which differ in the way they are produced. X-rays are emitted from

the target of X-ray tubes and have a continuous spectrum of energy with a

sharp line spectrum superimposed, whereas gamma radiation is emitted from

radioactive nuclei at discrete energies.

X-radiography

The application of X-radiography to fat muscle assessments in animals has

never been very successful and has been reviewed by Stouffer (1963) and

Brozek (1965). Conventional X-radiography works well for showing up bone

structure,but is less useful in discriminating between tissues with similar

attenuation coefficients, fatty tissue and muscle, for example, where

detectors more sensitive than photographic film are required. More important,

the technique loses information by projecting a three dimensional body onto

a two dimensional film and confusion results when several structures are
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superimposed on the same point on an X-ray photograph. To overcome this,

multiple irradiation from a number of incident directions may be used,

followed by complex mathematical analysis, to reconstruct a

clear image. (Plate 1). This is called computerised X-ray tomography.

Computerised X-ray tomography

As this technique is the subject of a paper presented earlier, this section

is restricted to brief comments about Plate 1. This scan was taken at 120keV

using an EMI brain scanner at EMI's Central Research Laboratory. The total

image area of 24 cm x 24 cm was made up of a matrix of 160 x 160 picture

elements, each corresponding to a cuboid of tissue 1.5 mm x 1.5 mm x 13 mm.

Coefficients representing the attenuation in each element were generated

by the equipment and printed on an arbitrary scale upon which water was 0,

and air and bone -500 and +500 respectively. In the example, attenuations

of +50 and above appear white, and areas of -50 or less appear black.

Intermediate values are spread over a grey scale. The following points

are pertinent:

1. Scanning produces numerical data.

2. Scans give very clear discrimination between fat and muscle.

3. Unlike sonar, which detects boundaries, the X-ray method gives a

matrix of values (i.e. a 'shaded' picture). The result is that the

method not only locates areas of different tissue types, but also

indicates, by the value of the attenuation, the type of tissue.

4. It has been claimed that X-ray attenuation is an index of tissue

fatness. This is the basis of the Anyl-Ray, a commercial fatness

tester. In so far as this is true, the technique, with suitable

calibration, might be used to give indirectly the chemical fat content

of the muscle and fatty tissues.
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5. The technique can resolve fine structure within a given tissue type.

6. The technique will be limited by signal/noise problems as tissue

thickness is increased. (Table 1 )

Dual energy photon attenuation

Consider a parallel beam of photons passing through a homogeneous slab of

matter made up of two components. The attenuation of the beam depends on

two parameters: the thickness of the slab,and its composition. If the

attenuation spectra have different forms (as they do for fat and muscle,

see Fig. 4 ) then measurement of the attenuation at two energies allows

simultaneous calculation of the thickness of the slab and its composition.

This method has been used to measure the fat content of human soft tissues

(see for example Witt and Mazess, 1978) and a study of the low energy photon

attenuation properties of beef is to be published shortly (Miles and Fursey,

1982). That work showed that it was possible to use dual energy photon

attenuation for rapid, if rough, estimations of the proportion of lipid in

mixture of beef fatty tissue and muscle. The method has the following

attractive features:

1. It does not require contact with the sample.

2. It is insensitive to the presence of voids and to fluctuations in

sample temperature.

3. It is rather insensitive to differences in the connective tissue content,

in the fatty acid composition of the fat,and to changes in the water

content of the fat-free tissue.

4. Good estimates of the attenuation in tissue can be obtained from the

pro-rata sum of the mass attenuation coefficients of the elements of
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Table 1 Effect of tissue thickness on signal: noise

problems in computerised X-ray tomography. Calculations are

based on the following values for the linear attenuation coefficients

-1 -1of 100 keV photons in bone and soft tissue: 0.27 cm and 0.18 cm

respectively.

Thickness
in
cm

25

40

75

Transmitted
Incident

Soft
tissue Bone

10"2 10'3

10"3 10"5

10"6 IQ"9

Photons out
10ö photons

Soft
tissue

106

105

102

for
in:

Bone

105

103

lo"1

Brain

Human

Cattle

Use

scanner

body scanner

scanner (?)
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which it is composed. It is therefore possible to assess by calculation

the affect of potential perturbations on the predictions.

Against these advantages must be weighed the fundamental limitations of a

reduction in signal to noise as the thickness of tissue structures is

increased. The method relies on the discrimination in photon attenuation

that exists at low energies only, at which penetration is poor (Fig. 4 ).

Striated muscle

Fat

100

photon energy. keV

1000

Figure 4 The photon attenuation coefficients of soft tissues are similar
at energies above about 100 keV but there is useful discrimination
at low energies. Curves are based on data from National Bureau
of Standards (1969) and Veigele (1973).
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HORMONE MEASUREMENTS

Hormones are chemical substances that are secreted by glands and which act

in a specific manner on the function of other organs in the body. They

play an important role in the growth and development of mammals and on

their rates of metabolism (Table 2 ).

Insulin, for example, is secreted by the pancreas into the bloodstream

where it regulates carbohydrate metabolism and influences protein synthesis.

In many mammals a high insulin secreting ability has been found to be

associated with body fatness and a low ability with leanness. Gregory,

Lovell, Wood and Lister (1977) found, for example, that lean Pietrain pigs

had a lower insulin secreting response to intravenous injection with

tolbutamide, glucose and arginine than fatter Large White Pigs.

However, Gregory, Truscott and Wood (1980) reported that, whereas, in Hereford

and Friesian steers, a high insulin secreting ability was associated with

age-related fatness within animals, it did not correlate with differences

between animals of the same age.

Poor correlations were also reported by Truscott (1980). His study of

plasma concentrations of various hormones and metabolites in Friesian and

Hereford cattle is summarised in Table ( 3).

NUCLEAR MAGNETIC RESONANCE (n.m.r.)

A recent publication (Phil Trans R Soc Lond B 289, 379-553) has reviewed

the nuclear magnetic resonance (n.m.r.) of intact biological systems.

When the nuclei of certain atoms are placed in a magnetic field they can

absorb electromagnetic radiation of a particular frequency. These nuclei

1 3 1 13include H, P and C and n.m.r. measurements of these have been made in



Table 2 . Some important hormones

Gland

Pancreas

Hormone

Insulin

Function

Secreted directly into the blood where it regulates
carbohydrate metabolism, influences protein and RNA
synthesis and storage of lipids.

Thyroid Thyroxine (T4)

3,5,3 Triiodothyronine
(T3)

Regulates carbohydrate, fat, protein and mineral
metabolism. Stimulates growth and maturation.

Same as T4 but more potent in regulation of growth
and metabolism.

Pituitary

Adrenal medulla

Growth hormone (G H)

Adrenaline

Stimulates skeletal and muscle growth.

Stimulates increases heart rate and output.
Facilitates heat production.

Noradrenaline Facilitates heat production.
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Table 3 Correlation coefficients between % lipid in the empty body and some

plasma parameters, measured in 15 Hereford and 15 Fri es i an steers

throughout a 2 d fast at 20 months of age. (Data summarised by

N.G. Gregory from Truscott (1980)).

Plasma

parameter

Insul in

ITT+

Free fatty acids

Growth hormone

Adrenaline

Noradrenaline

T3

Ta

Number of

samples per animal

9

7.

14

14

6

6

3

3

Across breed

0.11

-0.20

-0.19

-0.25

-0.08

0.05

0.16

0.22

Pooled

within breed

0.33

-0.01

-0.17

-0.28

0.02

0.22

0.31

0.26

+ Insulin response to tolbutamide at 27 h starvation
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intact biological tissues including muscle. Various n.m.r. techniques and

equipment are noted in Table (4 ).

1 ? 1 fi
The most commonisotopesof some elements, eg C and 0 do not give n.m.r.

13and low abundance isotopes have to be used for n.m.r. studies of them: C

and 0. The frequency at which absorption takes place is proportional to

the magnetic field strength and in the case of protons, the constant of

proportionality is 42.6MHz per tesla.

High resolution n.m.r.

Several papers (eg. Dawson, Gadian and Wilkie (1980), Ackerman, Bore,

Gadian, Grove & Radda (1980))have analysed the phosphorus n.m.r. spectrum

of intact muscle (frog or toad skeletal muscle (Dawson et al.) or the beating

heart of small mammals (Ackerman et al.)). The phosphorus n.m.r. spectrum

of intact muscle shows 5 narrow peaks: 3 derived from the nuclei of the

3 phosphorous atoms of ATP, one from the phosphorus in phosphocreatine and

the other from 'free' phosphorus. Experiments have involved simultaneous

n.m.r. measurements of the time course of the concentration of these components

under a variety of physiological conditions, eg. oxygen starvation, contraction

and relaxation at various states of exhaustion. pH was measured from the

shift in the phosphorus spectrum.

Potential of high resolution n.m.r. of tissues

1. n.m.r. is a non destructive analytical method, which can be used to

measure the concentration of various chemicals in intact tissues but,

(a) it is insensitive and only useful for relatively high concentrations,

10" M at best, and (b) the resonances must be narrow and is, therefore,

restricted mainly to small molecules such as ATP, phosphocreatine, sugars and

adrenalin. It does not 'see' nuclei in large molecules such as DNA, RNA,

large proteins or molecules fixed in the membranes.



TYPE

Table 4 Some n.m.r. methods and equipment

MANUFACTURERS TYPICAL PRICE TYPICAL USE

High resolution n.m.r. Perkin Elmer
Varian
Nicolet
Bruker
Joel

up to £140k-£150k

High power

Quality control
(Minispec(^uantity analyzer)

High power +
High resolution
(C x P)

Spinlock

Bruker
Newport Instruments

Bruker
Nicolet
+
conversions by
Varian &
Joel

£3k and magnet
+ self assembly

£20k

£180k+

molecules in solution
eg phosphorus metabolites

mobility measurements

solid/liquid ratios
water/fat content

high resolution n.m.r. in
solid materials

n.m.r. imaging
proton density mapping )

Topical n.m.r.
High resolution in
narrow region of body

GECJ
EMI'

Oxford Instruments

head and body scanning in
hospitals (note head scan 30s,
body scan 2 mins) 128 x 128 matrix

In vivo measurements of
biochemistry in organs

1. Instrument under test at a Nottingham hospital
2. Instrument under test at Hammersmith hospital

(Designed at Nottingham University, Physics Department)
(Designed at Nottingham University, Physics Department)
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2. n.m.r. can show the biological compartment within which a chemical

occurs, notably extracellular or intracellular.

3. n.m.r. can give the time course of changes in the concentrations of

several components simultaneously during physiological processes. It could

be used for example to measure changes in the pH and concentration of ATP,

phosphocreatine and inorganic phosphate during rigor mortis, cold-shortening,

thaw rigor, electrical stimulation.

4. It can be used to study molecule/molecule association equilibria.

5. Signals are affected by the chemical environment.

6. n.m.r. can be used to measure the mobility of molecules in tissue,

eg. proton n.m.r. can be used to study water mobility.

Low resolution proton n.m.r.

n.m.r. can be used for very accurate measurements of the fat in small

heated samples of dried meat (Nilsson and Kolar 1971; Casey and Miles 1974)

or for measuring solid to liquid ratios in fats.

N.m.r. imaging

Biological tissues produce strong proton n.m.r. signals from water and fat

and these have been used to produce cross sectional pictures of whole

organisms including fruit, vegetables, small mammals and living human beings,

using methods similar to those employed in X-ray computer tomography. The

essence of the method is shown in Fig. (5 ). if a linear field gradient

is superimposed on the highly uniform field in an n.m.r. spectrometer, the

n.m.r. spectrum is a one-dimensional graph of proton density along the field

gradient. A variety of techniques are employed to convert such measurements

into two-dimensional images of cross sections of solid objects. These are

described and reviewed by Andrew (1980).
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Absorption

nmr
spectrum

Field
gradient

Object

.5 Diagram to show how the n.m.r. spectrum of an object in a linear
field gradient is a projection of the mobile proton density along
the field gradient. The principle is ued in n.m.r. imaging (redrawn
from Andrew, 1980).
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On the whole, the n.m.r. images of mammalian tissue that have been

published so far do not appear as clear as those obtained with computerised

X-ray tomography. However Andrew (1980) draws attention to the following

advantages of the n.m.r. imaging technique:

(a) it is a non-invasive and uses a non-ionising radiation. It is without

known hazard.

(b) the electromagnetic radiation penetrates boney tissue and deep into

the body without significant attenuation.

(c) it measures the density distribution of hydrogen, the most abundant

element in the body, and does so with useful tissue discrimination.

(d) the method might be applied to obtain other proton measurements such

as mobility, flow and diffusion.

Topical n.m.r.

Recently it has been found possible to focus an n.m.r. spectrometer on a

particular region of the living mammalian body and to obtain high resolution

spectra. The extent of this region can be made large or small and its

position can be manipulated. It is therefore possible to measure the

concentration of important chemicals at specific positions inside the

living mammalian body.

POTASSIUM-40

ApproximatelyO.OOISof all naturally occurring potassium is made up of the

radioactive isotope K which has a half-life of 1.3 x 10 years; the rest

is comprised/Çfe stable isotopes: 3 9K (93.22%) and 4 1K (6.77%) (Kaye & Laby

1973).
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40
K emits gamma radiation at 1.46MeV. Thus the intensity of 1.46MeV gamma

emission from a body can be used to estimate its total potassium content.

From this figure total body protein can be estimated if it is assumed that

the mass of protein/potassium is constant.

The method has proved useful in research for measuring total body potassium

in human beings and animals including farm livestock and is reviewed

extensively in the book 'Body Composition in Animals and Man1. The method

appears to be a useful research tool but it relies on bulky and expensive

apparatus and facilities which must be specially shielded from background

radiation because of the low levels being measured. This restricts its use.

Uncertainties in the measurement of total body potassium arise from various

sources including: random errors due to counting statistics, instability of

the counting apparatus, and variations in sensitivity due to differences in

body geometry and position. Lohman, Coffman, Twardock, Breidenstein and

Norton (1968) reported that their standard error of an estimate of total

mass of potassium in beef carcasses was 3.4% and the corresponding figure

for carcass lean muscle mass was 4.2%. These figures are comparable with

measurements of human beings reported by Smith, Hesp and MacKenzie (1979)

to range from 3.0-3.4% potassium in two types of counter.

NEUTRON ACTIVATION ANALYSIS

Radioactivity can be induced in the body by irradiating it with neutrons.

Spectroscopic measurement of this activity allows the radioactive elements

to be identified and their amounts estimated. This is called neutron

activation analysis. The technique has been reviewed in two recent

publications by IAEA (1979, 1980) and was first used for in vivo measurements

of human beings by Andersen, Osborn, Tomlinson, Newton, Rundo, Salmon and

Smith (1964). Using radiation doses that were considered acceptable for
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human patients, the technique has been used in medicine for estimating

body sodium, chlorine, calcium, nitrogen and phosphorus (see for example

Williams, Boddy, Harvey and Haywood, 1978; Haywood, Williams, McArdle and

Boddy, 1981). The technique does not appear to have been used for measure-

ments of farm livestock, although there does seem some potential for its

use in research.

For convenience the principle of the method is described below for the

measurement of body sodium. If an animal is exposed to neutrons some of its

23naturally occurring sodium, Na, will interact with the neutrons to form

24the radioactive isotope Na. This has a half-life of 15 hours and emits

gamma radiation at characteristic and known energies, mainly at 2.8 MeV and

241.37 MeV. If the neutron exposure is known, or fixed, the amount of Na

23induced is proportional to the quantity of Na irradiated. Quantitative

measurements of body sodium may therefore be made by comparing the intensities

of the characteristic gamma radiation emitted by the body with that emitted

by a phantom of known sodium content exposed to neutrons under identical

conditions. Actual measurements require corrections for background radiation

(eg. that from naturally occurring K and from any fallout nuclides eg. Cs)

and for any interfering neutron activation reactions (eg. in the case of

sodium analyses Na may be induced by the action of neutrons on Mg) and

for any variations in sensitivity with size or composition. Calibration

procedures have been the subject of some doubt (see for example a discussion

and references quoted in Haywood et al. 1981a). When actual bodies are

irradiated with neutrons radioactivity is induced in other elements which can be

measured similarly. The principal reactions are given in Table (5 ).

Recently Haywood et al (1981b) claimed that a department which already had

40access to a high efficiency whole body counter for K, could extend its

investigations of body composition to include the elements phosphorus,
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Table 5

Element

Calcium

Sodium

Chlorine

Phosphorus

Nitrogen

Principal neutron activation reactions

Williams et al_. (1978)).

Reaction

48Ca(n5 Y)
49Ca

23Na(n, y)
24Na

37Cl(n, Y)
38C1

31P(n, a)28Al

14N(n, 2n)13N

Gamma ray
energy
(MeV)

3.1
4.1

1.37
2.75

1.6
2.17

1.78

0.511

in vivo (taken

Yield
(%)

89
10

100
100

38
47

100

200

from

Half-life
(min)

8.72

901.8

37.18

2.243

9.97
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calcium, nitrogen, chlorine and sodium by the addition of a neutron
2

irradiation facility at a cost of 75 m of floor space and £28000 (1979

prices).

A transportable neutron source for Neutron Activation Analysis has been

developed to study the feasibility of its use on patients in ambulances

(Oxby, Oldroyd and McCarthy, 1980) and several papers have described

neutron installations suitable for irradiating parts of the human body

(eg. the foot: Evans, Leblanc and Johnson, 1979; the hand: Cohen-Boulakia,

Mazier and Comar, 1981).

CONCLUSIONS

1. The dielectric properties of tissues are to a large extent governed

by their water content and therefore at a given frequency and temperature,

the electrical properties of fatty tissue differ widely from those of

muscle. There is therefore potential for using dielectric measurements

in body composition analyses but it is difficult to assess some of the

dielectric methods used so far, eg. the eddy current and parallel plate

methods, because of a number of underlying assumptions which are difficult

to justify.

2. The potential for using microwave methods may be limited to examinations

of tissues near the surface of the body due to high attenuation in aqueous

tissues such as muscle.

3. Physical techniques for producing images of internal anatomy, eg. X-ray

tomography and n.m.r., have advanced rapidly in recent years. X-ray

tomography produces images of remarkable clarity in body tissues the size

of the human torso but the technique may be limited by signal to noise

problems in much thicker objects. The equipment is expensive and bulky.
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4. Measurements of the attenuation of gamma radiation at two low energies

may be used to estimate the fatness of mixtures of

muscle and fatty tissue. Equipment is quite simple but the technique

gives no information about where the fat is located, merely how much there

is of it. Signal to noise problems are likely to be important in the

measurement of thick tissue structures.

5. The intensity of gamma ray emissions resulting from the decay of unstable

nuclei, either naturally occurring such as K, or produced by the action

of a neutron beam, may be used to estimate the quantities of elements such

as potassium, nitrogen, calcium, sodium, chlorine and phosphorus. While

neutron activation analysis does appear to have some potential for use in

research, it does not appear to have been applied to the measurement of farm

livestock. These techniques are particularly interesting because the

measurements are specific to particular chemical elements, not indirect

like many physical methods. The apparatus is bulky and expensive and there

has been some controversy about calibration.

6. There is scope for the application of various n.m.r. techniques in

body composition analysis. Tissues produce strong n.m.r. signals from

water and fat and these have been used to produce cross sectional pictures

of fruit, vegetables, small mammals and living human beings. To date, n.m.r.

images do not appear to be as clear as those obtained with computerised

X-ray tomography but at the frequencies employed electromagnetic radiation

penetrates deep into the body with little attenuation. Topical n.m.r.

allows examination of the biochemistry of specific parts of the living body.

7. Hormones play an important role in the growth and development of mammals

and on their rates of metabolism. More research is needed to provide a

fundamental understanding of the function of hormones in the body and their
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relation to body composition. Initial simple attempts to relate plasma

hormone levels to the body composition of cattle have been unsuccessful.

8. The variable affects of the contents of the digestive system, particularly

the marked affects of any air spaces cast doubt on the likely accuracy of

prediction of body composition from measurements of the density of living

cattle.

ACKNOWLEDGEMENTS

For helpful discussions concerning X-ray tomography and n.m.r., I wish to

thank Mr. R.J. Froggatt and Dr. W. Derbyshire respectively. Thanks are

due also to Dr. N.G. Gregory, Mr. A.V. Fisher and Mr. G.A.J. Fursey for

help in the preparation of this paper.



- 189 -

References

Ackerman J J H, Bore P J, Gadian D G, Grove T H, Radda G K, 1980.
Phil Trans R Soc Lond B 289, 425-436.

Andersen J, Osborn S B, Tomlinson R W S, Newton D, Rundo J, Salmon L,
Smith J W 1964. The Lancet ii 1201-1205.

Andrew E R 1980. Phil Trans R Soc Lond B 289, 471-482.

Bottomley P A, Andrew E R, 1978. Phys Med Biol 23, 630-643.

Brozek J 1965. In 'Human body composition1 edited by Brozek, J Pergamon Press.

Brozek J, Grande F, Anderson J T, Keys A 1963. Ann N Y Acad Sei 110, 113-140.

Casey J C, Miles C A,1974. J Sc Fd Agric 25, 1155-1162.

Cohen-Boulakia F, Maziere B, Comar D 1981. Phys Med Biol 26, 857-866.

Dawson M J, Gadian D G, Wilkie D R 1980. Phil Trans R Soc Lond B 289, 445-456.

Ede A J, Haddow R R 1951. Fd Manuf 26, 156.

Evans H J, Leblanc A D, Johnson P C 1979. Phys Med Biol 24, 181-187.

Gregory N G, Lovell R D, Wood J D, Lister D, 1977. J. Agric Sei.
Camb 89, 407-413.

Gregory N G, Truscott T G, Wood J D 1980. Proc Nutr Soc 39, 7A.

Haywood J K, Williams E D, McArdle F J, Boddy K 1981a. Phys Med Biol,
26, 591-602.

Haywood J K, Williams E D, McArdle F J, Boddy K 1981b. Phys Med Biol,
26, 603-611.

IAEA 1979 Nuclear Activation Techniques in the Life Sciences 1978, STI/PUB/
492 (Vienna: IAEA, 1979).

IAEA1980 Elemental Analysis of Biological Materials: Current Problems and
Techniques with special Reference to Trace Elements. Technical Report Series
No 197 (Vienna: IAEA, 1980).

Kirton A H, De La Mare Nichols G, Philips D S M, 1965. Nature 206, 940-941.

Jason A C 1974. Proceedings of MRI Symposium No 3 ' Meat Freezing - Why
and How?' Meat Research Institute, Langford, Bristol.

Kaye G W C, Laby T H 1973 'Tables of Physical and Chemical Constants and some
Mathematical Functions'. 14th Edition, Longman London and New York.



- 190 -

Kent M, Jason A C 1975. In 'Water Relations of Foods' edited by Duckworth
RB, p 221-232. Academic Press. New York London. San Fransisco.

Lohman T G, Coffman W J, Twardock A R, Breidenstein B C, Norton H W 1968.
In 'Body Composition in Animals and Man'. National Academy of Sciences
Washington D.C.

Miles C A 1972. Meat Research Annual Report. 1972-3, p72. HMSO.

Miles C A 1975. In 'Criteria and methods for Assessment of Carcass and
Meat Characteristics in Beef Production Experiments' edited by Fisher A V
et al, p253-262, CEC.

Miles C A, Fursey G A J 1982. J Sc Fd Agric (to be published).

National Bureau of Standards 1969. Photon cross sections, attenuation
coefficients and energy absorption coefficients from 10 keV to 100 GeV.
J H Hubble.

Nilsson R, Kolar K 1971. Proceedings 17th Meeting of Meat Research Workers,
Meat Research Institute, Bristol.

Oxby C B, Oldroyd B, McCarthy I D 1980. Phys Med Biol 25, 137-139.

Pedersen OK, Busk H, Boeskov B 1972. Landokonomisk Forsog laboratoriums
efterarswode, Kobenhavn, Årbog 1972, p 98-102.

Schwan H P 1957. In 'Advances in Biological and Medical Physics' Vol 5,
147-209.

Schwan H P 1963. In 'Physical Techniques in Biological Research' edited
by Nastuk W L, Academic Press.

Smith T, Hesp R, MacKenzie J 1979. Phys Med Biol 24, 171-175.

Stouffer J R 1963. Ann N Y Acad Sei 110, 31-39.

Truscott T G 1980. Ph D Thesis, University of Bristol.

Viegele W J 1973. Atomic Data 5(1), 64-101.

Weste R R, Anderson J 1972. Meat Research Report No 6172. Meat Research

Laboratory, Cannon Hill, CSIRO Australia.

Williams E D, Boddy K Harvey I, Haywood J K 1978, Phys. Med Biol. 23, 405-415,

Witt R M, Mazess R B 1978, Phys. Med Biol 23, 620-629.



- 191 -

I- f1 **
' •

lilîHillfîp!

è
i|.im\!,h(

Y ? rf
,[|Jfillll|!!|«ll|t|j[!

- 1

l l l l l j !

rtfî^tmtnjinitSHi

•, 4 , +!!|if|iis! diljiiÉm

S)0tH>

f 1
tiimiim i]sli!|!!iii!

• ' ! - ' • • '

Plate I. X-ray scan of a length of pork loin from a carcass of pork
weight. Scanning was performed at the level of the first/
second lumbar vertebra perpendicular to the spine. The original
Polaroid print was produced with different magnifications in the
x- and y- directions and this has been adjusted photographically
to give an approximately undistorted image in this print.
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CONCLUDING DISCISSION

T h e p a p e r s p r e s e n t e d i n t h e w o r k s h o p d e m o n s t r a t e d v e r y r a p i d

t e c h n i c a l d e v e l o p m e n t i n t h e a r e a o f i n v i v o t e c h n i q u e s . T h e

d e v e l o p m e n t s e e m s t o g o i n t w o d i r e c t i o n s . O n e f o r r e l a t i v e -

ly r o b u s t a n d s i m p l e e q u i p m e n t s e a s y t o a p p l y u n d e r f a r m c o n -

d i t i o n s ; a n d t h e o t h e r f o r m o r e a d v a n c e d t e c h n i q u e s t o b e u -

s e d o n t e s t i n g a n d r e s e a r c h s t a t i o n s . E x a m p l e s o f t e c h n i q u e s

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

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

s e d o n a r e l a t i v e l y s i m p l e t e c h n i q u e . E x a m p l e s o f a m o r e a d -

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

s o n i c s c a n n i n g a n d c o m p u t e r i z e d t o m o g r a p h y f r o m x - r a y t r a n s -

m i s s i o n d a t a .

N e w i n vi v o t e c h n i q u e s h a v e g r e a t p o t e n t i a l u s e i n s e v e r a l

a r e a s i n n u t r i t i o n , b r e e d i n g a n d m a n a g e m e n t . H o w e v e r , o b j e c -

t i v e s a n d p r o b l e m s c a n b e d i f f e r e n t . In b r e e d i n g t h e m o r e

a d v a n c e d i n v i v o t e c h n i q u e s c a n b e u s e d i n i n d i r e c t s e l e c t i -

o n f o r d r e s s i n g p e r c e n t a g e a n d c a r c a s s q u a l i t y a m o n g p e r f o r -

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

d e v e l o p m e n t w i l l m a k e i t p o s s i b l e t o f o l l o w t h e d e v e l o p m e n t

o f v a r i o u s v i t a l o r g a n s , t h e d e p o s i t i o n o f e n e r g y a n d t h e

r e a c t i o n o n d i f f e r e n t f a s t i n g / r e f e e d i n g s y s t e m s . I f t h i s p r o -

v e s p o s s i b l e , i t w i l l i n c r e a s e t h e i m p o r t a n c e o f i n v i v o

t e c h n i q u e s d r a s t i c a l l y . In n u t r i t i o n a l e x p e r i m e n t s t h e r e is

a g r e a t n e e d t o o b t a i n m o r e i n f o r m a t i o n o n g r o w t h a n d d e -

v e l o p m e n t , i n c l u d i n g t h e p o s s i b i l i t y o f b e i n g a b l e t o f o l l o w

t h e c o n t i n u o u s c h a n g e s in h i s t o l o g i c a l a n d c h e m i c a l b o d y c o m -

p o s i t i o n d u r i n g f e e d i n g e x p e r i m e n t s . A f u l l y d e v e l o p e d i n v i v o

t e c h n i q u e c o u l d p o s s i b l y b e a s u b t i t u t e t o t h e v e r y c o s t l y

p r o c e d u r e o f s e r i a l s l a u g h t e r i n g .
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In t e s t i n g a n d c o m p a r i s o n s o f v a r i o u s i n v i v o t e c h n i q u e s

e m p h a s i s m u s t b e c o n c e n t r a t e d o n f a c t o r s l i k e t h e i r v a l u e

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

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

s u c h c o m p a r i s o n s w i l l d e p e n d o n t h e o b j e c t i v e o f t h e t e c h -

n i q u e . P r e l i m i n a r y a n a l y s e s h a v e s h o w n t h a t s o m e t e c h n i q u e s

h a v e very f a v o u r a b l e c o s t / b e n e f i t r a t i o s a n d t h a t c o n s i d e r -

a b l e i n v e s t m e n t i n e q u i p m e n t c a n s o m e t i m e s b e j u s t i f i e d . H o w -

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

s u m p t i o n s .

F u r t h e r d e v e l o p m e n t a n d e x p e r i m e n t s w i t h i n v i v o t e c h n i q u e s

s h o u l d b e g i v e n h i g h p r i o r i t y i n t h e n e a r f u t u r e . H o w e v e r ,

d e v e l o p m e n t a n d t e s t i n g i s e x p e n s i v e a n d , s i n c e t h e r e s u l t s

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

t i o n a n d c o - o p e r a t i o n b e t w e e n c o u n t r i e s i s r e c o m m a n d e d . W h e n

n e w t e c h n i q u e s a r e t e s t e d , i t i s c o n c i d e r e d i m p o r t a n t t o b u i l d

i n c o m p a r i s o n s w i t h o n e o r m o r e p r e v i o u s l y e s t a b l i s h e d i n v i v o

m e t h o d s . I t i s a l s o i m p o r t a n t t o f o l l o w very c l o s e l y d e v e l o p -

m e n t s i n h u m a n m e d i c i n e .

T h e w o r k s h o p r e c o m m a n d s t h a t a s e m i n a r i s a r r a n g e d o n t h e u s e

o f i n v i v o t e c h n i q u e s i n b r e e d i n g a n d n u t r i t i o n e x p e r i m e n t s .

S u c h a s e m i n a r c o u l d g i v e f u r t h e r p r o g r e s s i n t h e a r e a a n d

a l s o a d d t o t h e i n t e r n a t i o n a l c o - o r d i n a t i o n . It w a s a g r e e d

t h a t a m u l t i di s e i pi i n a r y s e m i n a r w o u l d b e t h e m o s t a p p r o p r i a t e .

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

o f p r o b l e m s a n d p r o s p e c t s o f i n v i v o t e c h n i q u e s i n r e l a t i o n t o

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

r e l a t i o n t o p h y s i o l o g i c a l s t u d i e s a n d a l s o o n c o s t / b e n e f i t a n a -

l y s i s . E x p e r t s o n t h e u s e o f i n v i v o t e c h n i q u e s i n h u m a n m e d i -

c i n e s h o u l d b e i n v i t e d t o t a k e p a r t i n t h e s e m i n a r a n d g i v e a

r e v i e w a n d e v a l u a t i o n o f t h e u s e o f t h e t e c h n i q u e s i n t h e i r f i e l d
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