
C A R C A S S  G R A D I N G  O F  C U L L  C O W S  A N D  I T S  R E L A T I O N  W I T H  T H E  

N U T R I T I O N A L  A N D  S E N S O R Y  Q U A L I T Y  O F  M E A T
L U I S A  B .  L I M A ,  E D U A R D O  B E N C O M O , C A R L O S  C A S A L S ,  M A R G A R I T A  

N U K E  Z D E  V I L L A V I C E N C I Q  A N D  J U A N  G O N Z A L E Z
F o o d  I n d u s t r y  R e s e a r c h  I n s t i t u t e ,  A v e .  R a n c h o  B o y e r o s ,

k m  3  , H a v a n a  1 3 4 0 0 ,  C u b a .

S U M M A R Y :  C u l l  c o w s  a r e  c o m m e r c i a l l y  c l a s s i f i e d  i n  

C u b a  a c c o r d i n g  t o  a  v i s u a l  a p p r e c i a t i o n  a n d  l i v e  w e i g h t ,
w i t h o u t  c o n s i d e r a t i o n  o f  m e a t  o r  c a r c a s s  q u a l i t y  g r a d e .
A g r e e m e n t  b e t w e e n  n u t r i t i o n  a n d  s e n s o r y  q u a l i t y  o f  

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

T h e  l o n g i s s i m u s  d o r s i  o f  3 0  a n i m a l s  b e l o n g i n g  t o  3  
g r o u p s  ( 2 - 3 ,  4 - 5 ,  6  o r  m o r e  y e a r s )  w e r e  a n a l y s e d  i n
o r d e r  t o  d e t e r m i n e  b r o m a t o l o g i c  c o m p o s i t i o n ,  e n e r g e t i c  
v a l u e ,  f a t t y  a c i d s  a n d  c h o l e s t e r o l  c o n t e n t s .  C o o k e d  m e a t  
w e r e  e v a l u a t e d  b y  6  t r a i n e d  s e n s o r s  w h o  s t u d i e d  f l a v o r ,

m e a s u r e d  w i t h  a  T e x t u r o m e t e r  I n s t r o n .  M e a n s  v a l u e s  o f  
s o m e  v a r i a b l e s  w e r e :  h u m i d i t y  7 3 , 6 - 7 4 , 9 %  ; p r o t e i n :

1 8 , 7 - 2 1 , 2 7 . ;  f  a t : 3 , 2 - 6 , 2 %  ; e n e r g e t i c  v a l u e  1 1 5 - 1 3 3

b e t w e e n  s e n s o r y  a n d  i n s t r u m e n t a l  h a r d n e s s  ( r  — 0 , 7 2 )  . 
A c c o r d i n g  t o  t h e  d i s c r i m i n a n t  a n a l y s i s  1 0  v a r i a b l e s  w e r e  

s i g n i f i c a n t s :  c h o l e s t e r o l ,  f a t t y  a c i d s  ( C 1 8 : 1 ,  L l 8 ; 3 ,

C 1 4 : 0 ,  C 1 6 : 1 ,  C 1 6 : 0 ,  0 1 8 : 0 ) ,  h a r d n e s s  ( b y  I n s t r o n  a n d
s e n s o r y  d e t e r m i n a t i o n )  a n d  h u m i d i t y .  G o o d  r e s u l t s  w e r e  

o b t a i n e d  i n  t h e  e v a l u a t i o n  o f  t h e  p r o p o s e d  g r a d i n g  
m e t h o d ,  w i t h  o n l y  2  m i s c l a s s i f i e d  a n i m a l s  a n d  a  t o t a l  

o " f  9 3 %  c o r r e c t l y  c l a s s i f i e d .  T h e s e  r e s u l t s  s h o w  g o o d  
a g r e e m e n t  b e t w e e n  t h e  a g e  c l a s s i f i c a t i o n  s y s t e m  a n d  c o w  

m e a t  q u a l i t y .

I N T R O D U C T I O N ;  I n  t h e  l a s t  2 0  y e a r s  p o p u l a t i o n  a w a r e n e s s  

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

t h e  c a s e  f o r  c h o l e s t e r o l  a n d  s a t u r a t e d  f a t s .

M e a t  i s  a n  i m p o r t a n t  s o u r c e  o f  p r o t e i n s  a n d  f a t s  a n i m a l  

o r i g i n .  T h e r e f o r e  i t  i s  o f  g r e a t  i n t e r e s t  t o  l e a r n  
c h e m i c a l  c o m p o s i t i o n  o f  a n i m a l  c a r c a s s ,  w h i c h  i s  a l s o  o f  

e c o n o m i c  s i g n i f i c a n c e .  F u n d a m e n t a l  c o n s t i t u e n t s  o f  b e e f  

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

a n d  h a r d n e s s .  T h e  l a s t  a t t r i b u t e  w a s  a l s o

k c a l / 1 0 0 g ; j  u i c i n e s s : l i g h t l y  d r y - d r y ;  

s o f t - 1 i g h t l y  h a r d .  A  g o o d

h a r d n e s s :  l i g h t l y  

w a s  o b t a i n e d

a g e y a , 1 9 6 9 ;  W e s t e r l i n g ,  1 9 7 9 ;  B e r y o s a , 1 9 8 1 ) .
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S r i . ? " " ™ ’ " " * " " ”  b iai o ^ i i v ; a0rausin9

This study aimed at definina a r i n c c i f ^  , . 
cull cows according to age Should hp 1 5ystsfn for
Since to date in Cuba those animals a r e ^ o i L e S S i  J 1 1 ** * *

5-%“ ; : ^  ¡ i a - s r  :„nmore years old. ' l ^ c )  a nimals 6 or

S S T S S i f i C a t i ° n was based Dn visual appraisal of the 
s t a n d a r d s^"6 ^  ltS C D m Parison «ith p h o t o g r a p h i c

(3P t i S S s ) fi n ^ n ^ E l e c t r S l u -  ^ d ^ f i 33 animals was ground humidity protein .„w* } model B g r inder to analyzeprotein and ash, all by AO AC ,
lipid content was d e termined bv PoVSS ’ 5 t0tal
et al., 1957) using c h 1 o r o f o r m - m e t h a n o l T ? / f i F ° l c h

^ c a ^ g ^ o r  prbi t d i f f e r r Ce; - e r g ^ S M ^ ’b ^ i ^ t o r s
Saturated a n d ^ n s a i C r a i L  “ ¡ « y  * th" ’
c h r o m a t o g r a p h y  u s i n g  a  , l a t e  d ' i t e o i o ?  a n d ° a 9 o l ? ; S  
2 m  ;< 4 m m  i „ d . .  p a c k e d  i + h 1 0 -/ , - a n d  a  g i a 5 3  c o l u m n
s u p p o r t  . i n y - i t  o r  ^ d  t  d l e t h y 1 * n g I y c o  1 o n  s i l a n e

2 0 0 2 C  r e s p e c t i v e l y ” M e t  h 1 i " 1*  - t e m p e r a  t u r e  w s r e  2 5 0  a n d  

b o r o n  t r i f l u o r i n e  ( A O A C , 1 1 ? 8 0 " h o  1 e s t e r  a l  1 H J J t h a n o l i c

i : X n L : Lr ti0n W±th 15X m e thanolic K OH in^*w a t e r * " b a th-shaker at 60or durinn 1 k a water
components „ere e« t rac ̂ d ” tji ’ t h ° "  m ? T f  ' h" " " ' "
analyzed by W a t s o n ’s (1960) colorimetric prooedu?2? ^

- ‘r ^ i : u : ^ s ^ - : i i r - t c r n i r i a :  rserved to a = a - . into 1 , 2  cm cubes and
scored the samples fSr^tlnd sensorv/ Panel. Panelist
using a 6 points hedonic s c a i ^  ( V  * 1 ^  ’very u n d e s i r a b l e  = 1 ) H a r d n e - <= „ a^ d e s i r a b l e  - 6, to
Instron Tex turome ter Model H 4 0  Cs i n 1 Ua ted by an
Bratzler blade with a head i p t L  ’ * 1 ™ * ^  th
graphic obtained Plotting power vs lenght h S ^ n e s s  w L
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e s timated in the m aximum peak of the c u r v e .
c a l  a n a l y s i s .  M e a n  v a l u e  ( x ) a n d  s t a n d a r d

d e v i a t i o n  ( S D ) o f  e a c h  v a r i a b l e  w e r e  d e t e r m i n e d .  D a t a

m i c r o c o m p u t e r  A T  u s i n g  a  S t a t i s t i c a l  P a c k a g e  o f  S o c i a l  
S c i e n c e  ( S P S S ,  1 9 8 7 ) .  S i m p l e  c o r r e l a t i o n  b e t w e e n  

s e n s o r ' s  s c o r e  f o r  h a r d n e s s  a n d  I n s t r o n  d e t e r m i n a t i o n s  
w a s  m a d e .

R E S U L T S  A N D  D I S C U S S I O N :  T a b l e  1 s h o w s  n u t r i t i o n a l  

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

b y  o t h e r  a u t h o r s  o r  i n  F o o d  C o m p o s i t i o n  T a b l e s  ( H a n e v ,  
1 9 8 5 ;  B r o w i n g  e t  a l . , 1 9 9 0 ;  C a r n o v a l e  a n d  M i u c c i o ,  1 9 7 7 ;  

I I I A - I N H A ,  1 9 8 7 ) .  N e v e r t h e l e s s  t h e r e  w a s  a  t e n d e n c y  t o  a  
d i c r e a s e  i n  p r o t e i n  c o n t e n t s  a n d  a n  i n c r e a s e  i n  f a t  a n d  
e n e r g e t i c  v a l u e  w i t h  a g e .  T h i s  o f  c o u r s e  i s  n o t  g o o d  
f r o m  t h e  n u t r i t i o n a l  p o i n t  o f  v i e w .  P r i c e ( 1 9 7 0 ) ,  

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

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

F a t  v a l u e s  r e p o r t e d  b y  R h e e  e t  a l .  ( 1 9 8 2 )  i n  t h e  

l o n g i s s i m u s  d o r s i  o f  8 0  a n i m a l s  w e r e  b e t w e e n  2 , 7 3  a n d  
1 2 , 0 8 % ,  c o m p a r a b l e  w i t h  t h o s e  o b t a i n e d  i n  t h e  p r e s e n t  
s t u d y  ( 1 , 3 0  - 1 2 , 1 0 % ) .

F a t t y  a c i d s  ( T a b l e  2 )  s h o w e d  d i f f e r e n c e  b e t w e e n  g r o u p s .  

M y r i s t i c  a c i d  ( C 1 4 : 0 ) ,  s t e a r i c  a c i d  ( C 1 8 : 0 )  a n d  
l i n o l e n i c  a c i d  ( C I S : 3 )  w e r e  h i g h e r  i n  t h e  y o u n g e r  c o w s  

a n d  d e c r e a s e d  w i t h  a g e i n g ;  t h e  o p p o s i t e  o c c u r s  w i t h  
o l e i c  a c i d  ( C 1 8 : 1  ) .

T o t a l  o f  v a r i o u s  t y p e s  o f  f a t t y  a c i d s  a r e  s u m m a r i z e d  i n  

t a b l e  3 .  T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  
o b t a i n e d  b y  B e r y o s a  ( 1 9 8 1 )  i n  c o w s  8  o r  m o r e  y e a r s  o l d .  

H e  f o u n d  4 5  %  o f  s a t u r a t e d  f a t t y  a c i d s  a n d  t h e  r e s t  w e r e  

u n s a t u r a t e d ;  b u t  a r e  i n  c o n t r a d i c t i o n  w i t h  S i n c l e a r  a n d  
O ' D e a  ( 1 9 8 7 )  w h o  r e p o r t e d  a  r e d u c t i o n  o f  m o n o u n s a t u r a t e d  

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

C h o l e s t e r o l  v a l u e s  a r e  s h o w n  i n  t a b l e  4 .  T h i s  a l c o h o l  

i n c r e a s e d  w i t h  a g e .  S t a n d a r d  d e v i a t i o n  w a s  h i g h ,  m o r e  
m a r k e d  i n  y o u n g e r  c o w s ,  w h i c h  s h o w  a  g r e a t  i n d i v i d u a l

w a s  e v a l u a t e d  b y  a a n a l y s i s  w i t h  a
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h i q h ï r a i n m Î Î Ï '  f a C t  t h a t  c h o l ^ s t e r o l  c o n  t e n t s ' w e r e
h i g h e r  i n  t h e  o l d e r  a n i m a l s  a f f e c t e d  q u a l i t y  o f  t h e
m e a t ,  s i n c e  t h i s  c o m p o n e n t  i s  h a r m f u l  t o  h e a l t h  w h e n  
c o n s u m e d  i n  h i g h  q u a n t i t i e s .

i n n ï ï b L a " d e v a l u a t i o n  o f  s a m p l e s  i s  s h o „ n
b l e  H a r d n e s s  a s  d e t e r m i n e d  b y  a n  I n s t * - o n

t y p i c I ? mo i e h  Wh S  V e ^  v s r i a b l e  a n d  m e a n  v a l u e s  w e r e  
/ p  c a l  o f  h a r d  m e a t  ( d e  H o r a b r a ,  1 9 9 0 ) .  S i m i l a r  r p - n l t -

" ' I ?  o b t a i n e d  f ™ ,  p a n e l i e t e  w h o  d e t e r o i n Î d  ^ h a t  
h a r d n e s s  i n c r e a s e d  w i t h  a g e .  N o  d i f f e r e n c e s  w e r e  

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

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

T e x t u r o m e t e r  ( r  =  0 , 7 2 )  c o m p a r a b l e  w i t h  t h o s e  r e p o r t e d  
f o r  b e e f  b y  H o s t e l l e r  e t  a l ,  1 9 7 8  ( r  =  0 , 5 6  - V S ^  a n S  
M a r t i n  e t  a l ,  1 9 7 1  ( r = 0 , B 0 ) .  ’ ?

T h r o u g h  this s t u dy  d i s c r i m i n a n t  , _ _ , w
o n l y  o  o  -, n  : m ,  i  _ . ■ 1 n  a  n  t  a n a l y s i s  w a s  m a d e  w i t h

t h e / s a l r i m a l S ’ S i n c e  s e n s o r '/ i n f o r m a t i o n  f r o m  o n e  o f  t h e  s a m p l e s  w a s  m i s s i n g .

Cholesterol levels for cows 4-5 years old and A n r -

were higher than those reported by Tu et al fl9A7i Rh
et a!, (1982,, Wheeler e t ’al 1987^ Ind H o o d , U 9 B 7 Î  in

A n i m a l s  w e r e  r e g r o u p e d  
G r o u p  1 =  2 — 3  y e a r s  o l d ;  
y e a r s  o r  m o r e .

t o  t h i s  a n a l / 3 15 a s  f o l l o w s :
G r o u p  2 -  4 - 5  y e a r s ;  G r o u p  3 =

R e s u l t s  s h o w e d  t h a t  1 0  v a r i a b l e s  w a r e  s i g n i  

c h o i e s t e r o i ,  o l e i c ,  l i n o l e n i c ,  m y r i s t i c ,  p a l m i t o l e ^ c

I n "  o n t d ^ b  ' t t * *  * a r d n e s s  «  d e t e r m i n e d
/  I n s t r o n  a n d  b y  t h e  s e n s o r s  a s  w e l l  a s  h u m i d i t y .

n ! o , ! r , U S e d  t 0  ° b t a i n  t h e  d i s c r i m i n a n t  f u n c t i o n s  f o r  e a c h  
g r o u p  a r e  p r e s e n t e d  i n  t a b l e  6 .  A c c o r d i n g  t o  t h e s e  

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

p r e s e n t e d  i n  t a b l e  7 ,  P e r c e n t a g e  o fr e s u l t s  a r e

c l a s s i f i e d  a n i m a l s  w a s  v e r y  h i g h  w i t h  o n l y  2  
- i m a l s  m i s s c . a s s i f  i e d  , o n e  f r o m  G r o u p  2  a n d  t h e  o t h e r

- ! S t e m r h U P  h ’ T h l S  m t f a n S  t h a t  t h i s  a g a  c l a s s i f i c a t i o n  
i n  n  h  ° n  V 1 S U a l  a p p r a i 5 f l I  o f  t h e  a n i m a l  s p i n e  w a s
i n  g o o d  a g r e e m e n t  w i t h  n u t r i t i o n a l  a n d  s e n s o r y  
p r o p e r t i e s  o f  m e a t .

T h e s e  r e s u l t s  c a n  b e  a p p l i e d  i n  C u b a  i n  c u l l  c o w s  t r a d e  
b e t w e e n  A g r i c u l t u r e  a n d  F o o d  I n d u s t r y  m i n i
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C O N C L U S I O N S :  A g e  c  1 a s s i f i c a t i o n  o f  c u l l  c o w s  w a s  i n  
g o o d  a g r e e m e n t  w i t h  n u t r i t i o n a l  a n d  s e n s o r y  p r o p e r t i e s  
o f  m e a t ,  w i t h  a  t o t a l  o f  9 3 , 1  X  a n i m a l s  c o r r e c t l y  
c l a s s i f i e d .

V a r i a b l e s  u s e d  t o  c l a s s i f y  c u l l  c o w s  w e r e :  c h o l e s t e r o l  

f a t t y  a c i d s  ( C 1 4  : 0  ; C 1 6 : 0 ;  C 1 6  : 1 ; C 1 8  : 0  ; C 1 8  : 1 ; C I S : 3 )  
h a r d n e s s  m e a s u r e d  b y  i n s t r u m e n t a l  a n d  b y  s e n s o r y  
d e t e r m i n a t i o n  a n d  h u m i d i t y ,

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

s y s t e m  i n  C u b a n  s 1 a u g h t e r h o u s e s  i n  c u l l  c o w s  t r a d e .

R E F E R E N C E S :

-  A O A C  ( 1 9 8 0 )  O f f i c i a l  M e t h o d s  o f  A n a l y s i s .  1 3 t h  e d . 
A s s o c ,  O f f ,  A n a l .  C h e m . ,  W a s h i n g t o n ,

-  B e r y o s a ,  I . S .  ( 1 9 8 1 )  M y a s n a y a  I n d u s t r y a  5 : 4 3 .
-  B r o w n i n g ,  f i , A . e t  a l  ( 1 9 9 0 )  J .  A n i m .  S c i  . 5 5 , 1 , 9 .
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TABLE 1« Nutritional c o m position of longissimus dorsi
■from dif f e r e n t  age culled cows,

Humid i  t y  , X X
SD

P r o t e i n , X X
SD

F a t s X X
SD

C a r b o h y d r a t e ,  X 7
SD

A s h ,  X X
SD

E n e r g e t i  c 
v a l u e ,  k c a l / 1 0 2  g 7

SD

AGE ( y e a r s )

1 1 
w

 
! 

1 
1 

W
 

1 1 !

4 - 5 6  o r  m o r e

7 4  , 2 7 4 , 9 7 3 , 6
1 , 0 1 , 0 1 , 6

2 1 , 2 1 9 , 3 1 8 , 7
0 , 9 0 , 9 2 , 2

3 , 2 4 , 5 6 , 2
0 , 4 1 , 5 w ? ■-*

0 , 3 0 , 4 0 , 5
0 , 2 0 , 1 0 , 2

1 , 0 1 , 0 1 , 0
0 , 2 0 , 1 0 , 2

1 1 5 1 1 6 1 3 3
9 , 4 1 2 , 1 2 2 , 2
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T A B L E 2 .  F a t t y a c i d s c o n t e n t s  i n  i n t r a m u s c u l a r  f a t  ( % )

A G E  ( y e a r s )

2 _Tt

i I 1 1 1 1 1 1 1 
■£»

1 
1 

1 
01

 
1 1 1 1 

1 
1 

1 
1 

1

6  o r  m o r e

0 1 4 : 0 X 2 , 6 2 , 9 2 , 5
S D 0 , 6 1 , 0 0 , 7

0 1 6 : 0 X 2 4 , 3 2 9 , 0 2 8 , 5
S D 2 , 0 5 , 0 4 , 1

0 1 6  : 1 X 4 , 1 5 , 7 5 , 0
S D 1 , 2 2 , 1 1 , 1

C I S  : 0 X 2 1 , 7 1 7 , 9 1 5 , 9
S D 2 , 3 3 , 6 4 , 0

0 1 8 : 1 X 3 4 , 9 3 5 , 4 3 8 , 5
S D 6 , 4 5 , 5 5 , 6

0 1 8 : 2 X 5 , 2 4 , 9 5 , 2
S D 2 , 1 2 , 6 4 , 1

0 1 8 : 3 7 1 , 3 0 , 5 0 , 6
S D 0 , 9 0 , 7 0 , 6
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TABLE 3 .  T o t a l  f a t t y  a c i d s  c o n t e n t s  i n  i n t r a m u s c u l a r  
fa t  ( X)„

AGE ( y e a r s )

F a t t y  a c i d s 2 - 3 4 - 5 6  o r  m o r e

S a t u r a t e d 4 8 , 6 4 9 , 8 4 6 , 9

M o n o i n s a t u r a t e d 3 9 , 0 4 1 , 1 4 3 , 5

P o l y u n s a t u r a t e d 6 , 5 5 , 4 5 , 8

T o t a l  i n s a t u r a t e d 4 5 , 5 4 6 , 5 4 9 , 3

T A B L E  4 .  C h o l e s t e r o l  

a n i m a l s  f r o m
c o n t e n t s  i n  

d i f f e r e n  t
l o n g i s s i m u s  

g r o u p s .
d o r s i  o f

A G E  ( y e a r s )

2 - 3 4 - 5 6  o r  m o r e

C h o l e s t e r o l , X
m g  /  1 0 0 g  S D

6 2 , 4
2 7 , 2

8 6 . 7
1 9 . 8

9 8 , 4  
1 3 , 1
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TABLE D * Sensory and i n s t r u m e n t a l  e v a l u a t i o n  o f  m u s c l e  
s a m p l e s .

AGE ( y e a r s )

2 - 3

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
Ja

 
1 

1 
! 

1 
1 

01
 

1 
1 

1
1 

1 
1 

1

6  o r  m o r e

H a r d n e s s  

( k g  )
( I n s t r o n ) ,  X

S D
1 3 , 7

6 , 7
1 2 , 9  

6 , 7
1 2 , 4  

5 , 0

H a r d n e s s ( s e n s o r y ) X 

S D
5 , 0  

1 , 4

4 , 6  
1 , 3

4 , 5  
0 , 9

J u i c i n e s s X
S D

2 , 7  

1 , 0
3 , 1  

0 , 7
3 , 1
1 , 5

F  1 a  v  o  r X
S D

4 , 7
0 , 3

4 , 7  

0 , 4
4 , 7
0 , 3

T A B L E  6 . C l a s s i f i c a t i o n  f u n c t i o n  c o e f f i c i e n t s  ( F i s h e r ' s  
l i n e a r  d i s c r i m i n a n t  f u n c t i o n )

G r o u p 1 r? 3

C h o l e s t e r o l  3 , 1 4 7 4 3 , 2 9 2 6 3 , 2 8 5 7

C 1 4  : 0 2 4 4 , 9 4 1 0 2 4 9 , 9 6 9 3 2 4 2 , 8 9 6 5

C 1 6  : 0 4 1 , 6 0 9 5 4 2 , 6 9 7 9 4 1 , 8 1 4 9

C 1 6  : 1 3 6 , 2 7 6 1 3 7 , 7 5 9 3 3 6 , 3 9 6 2

C I S  : 0 6 , 0 0 7  8 5 , 7 6 2 6 5 , 4 5 0 7

C I S  : 1 2 1 . 0 8 6 0 2 1 , 5 6 5 1 2 1 , 2 7 2 8

H a r d n e s s  
( I n s t r o n  > 2 4 , 1 0 9 9 2 4 , 3 2 0 9 2 3 , 5 3 4 6

H a r d n e s s  
( S e n s o r y  > 1 5 8 , 2 4 6 5 1 6 0 , 4 1 4 1 1 5 5 , 4 6 2 6

H u m i d i t y 2 4 0 , 6 4 2 3 2 4 5 , 5 9 0 7 2 3 9 , 8 9 7 5

C o n s t a n t - 1 0 9 2 7 , 3 6 - 1 1 3 3 2 , 4 9 1 0 8 6 1 , 3 1
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TABLE 7. results.

N e w  g r o u p s  N o .  o f  c a s e s  P r e d i c t e d  G r o u p  M e m b e r s h i p

1 2 3

1

3

9

10

10

9
( 1 0 0  7.)  

0
( 0  7.)

0
( 0  7.)

0
( 0  7.)

9 1
( 9 0  % )  ( 1 0  % )

1
( 1 0  7.)

0 9
( 0  7.)  ( 9 0  7.)

9 3 . 1  7. o f  

F i g u r e s  i n
c a s e s  

p a r e n t h e s i s
c 1 a s s i  f  i  e d  

c l a s s : p e r c e n  t a g e s .
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