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

W A L L - D E G R A D I N G E N Z Y M E M I X T U R E S T O E N H A N C E T H E
F E R M E N T A T I O N C H A R A C T E R I S T I C S A N D A E R O B I C S T A B I L I T Y O F
F O R A G E S E N S I L E D I N T E M P E R A T E A N D T R O P I C A L E N V I R O N M E N T S

B y

A b n e r A n t o n i o R o d r i g u e z - C a r i e s

V O L U M E I

A D I S S E R T A T I O N

S u b m i t t e d t o
M i c h i g a n S t a t e U n i v e r s i t y

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

D O C T O R O F P H I L O S O P H Y

D e p a r t m e n t o f A n i m a l S c i e n c e

1 9 9 6



A B S T R A C T

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

W A L L - D E G R A D I N G E N Z Y M E M I X T U R E S T O E N H A N C E T H E
F E R M E N T A T I O N C H A R A C T E R I S T I C S A N D A E R O B I C S T A B I L I T Y O F
F O R A G E S E N S I L E D I N T E M P E R A T E A N D T R O P I C A L E N V I R O N M E N T S

B Y

A b n e r A n t o n i o R o d r i g u e z - C a r i a s

A s e r i e s o f s t u d i e s w e r e c o n d u c t e d t o a d d r e s s t h e h y p o t h e s i s t h a t a d d i t i o n

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

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

t r o p i c a l e n v i r o n m e n t s . I n e x p e r i m e n t o n e , a t w o y e a r s t u d y w a s c o n d u c t e d

t o e v a l u a t e t h e e f f e c t o f a m i c r o b i a l i n o c u l a n t a n d a c o m m e r c i a l e n z y m e

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

s o r g h u m e n s i l e d a f t e r 9 0 d o f g r o w t h i n t e m p e r a t e a n d t r o p i c a l

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

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

s o r g h u m a s e v i d e n c e d b y a d e c r e a s e i n p H ; a n i n c r e a s e i n l a c t i c a c i d

p r o d u c i n g - b a c t e r i a l p o p u l a t i o n a n d l a c t i c a c i d c o n t e n t . H o w e v e r , i t h a d

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

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

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

f o r a g e s o r g h u m e n s i l e d a t 9 0 a n d 1 1 0 d o f g r o w t h i n a t r o p i c a l

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



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

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

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

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

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

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

b e t w e e n f o r a g e s p e c i e s . I n e x p e r i m e n t f i v e , t h e N D F d i s a p p e a r a n c e f r o m

f o r a g e s o r g h u m h a r v e s t e d i n a t e m p e r a t e e n v i r o n m e n t , t r e a t e d w i t h 5

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

E n z y m e p r e p a r a t i o n s d i f f e r e d i n t h e i r a b i l i t y t o d e g r a d e t h e N D F f r a c t i o n o f

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

i m p r o v e N D F d i s a p p e a r a n c e . R e s u l t s f r o m e x p e r i m e n t s i x i n d i c a t e d t h a t

a d d i t i o n o f e n z y m e m i x t u r e s d i d n o t c o n s i s t e n t l y a f f e c t t h e f e r m e n t a t i o n

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

t e m p e r a t e e n v i r o n m e n t .



I n m e m o r y o f G . M . J . H o r t o n



A C K N O W L E D G M E N T S

I w i s h t o e x p r e s s m y g r a t i t u d e t o t h e O f f i c e o f D i v e r s i t y a n d P l u r a l i s m ,

C A N R a n d t o t h e D e p a r t m e n t o f A n i m a l S c i e n c e a t M i c h i g a n S t a t e

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

M y g r a t i t u d e i s e x t e n d e d t o t h e U n i v e r s i t y o f P u e r t o R i c o , M a y a g u e z

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

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

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

M i k e A l l e n , D r . M a r g a r e t B e n s o n , D r . W a l d m a r M o l i n e , a n d D r . O r a n

H e s t e r m a n f o r t h e i r h e l p f u l i n p u t . S p e c i a l t h a n k s a r e a l s o e x t e n d e d t o D r .

E r n e s t o R i q u e l m e f o r s e r v i n g a s e x t e r n a l e x a m i n e r , a n d f o r h i s a s s i s t a n c e

d u r i n g t h e e x p e r i m e n t s c o n d u c t e d i n P u e r t o R i c o .

I a m i n d e b t e d a n d t h a n k f u l f o r t h e a s s i s t a n c e o f R o b e r t B u r n e t t i n t h e u s e o f

H P L C e q u i p m e n t . B o b , I h o p e t h e L i o n s a n d t h e L a k e r s c a n m a k e i t n e x t

y e a r . T o T a d d D a w s o n a n d M i c h a e l S c h l e g e l ; y o u r f r i e n d s h i p a n d

p r o f e s s i o n a l a s s i s t a n c e w e r e v e r y h e l p f u l .

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

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

m e c h a n i s m .



F i n a l l y b u t n o t l e a s t , I w o u l d l i k e t o e x p r e s s m y t h a n k s t o D r . M e l v i n

Y o k o y a m a a n d e s p e c i a l l y D r . S t e v e n R u s t f o r s e r v i n g a s f a c u l t y c o - a d v i s o r s

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

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

b e s t l e a r n i n g e x p e r i e n c e a t M i c h i g a n S t a t e : h o w t o b e p a t i e n t .

v i
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O t h e r S i l a g e A d d i t i v e s . . . . . . . . . . . . . . . . . . . . . . . . . . 5 0
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4 M I C R O B I A L I N O C U L A N T A N D E N Z Y M E S I N F O R A G E S O R G H U M
E N S I L E D A T T W O S T A G E S O F M A T U R I T Y I N A T R O P I C A L
E N V I R O N M E N T
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I m p l i c a t i o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 0 4
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I N T R O D U C T I O N

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

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

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

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

b e e f c a t t l e o r i n t o t a l m i x e d r a t i o n s ( T M R ) f o r d a i r y c a t t l e d u r i n g w i n t e r

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

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

t h r o u g h o u t t h e y e a r .

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

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

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

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

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

P u e r t o R i c o i s a n i s l a n d l y i n g b e t w e e n t h e A t l a n t i c O c e a n a n d t h e C a r i b b e a n

S e a , l o c a t e d o n t h e l a t i t u d e 1 8 ° N a n d l o n g i t u d e 6 6 ° W a n d m e a s u r e s a b o u t

1 6 0 k i l o m e t e r s f r o m e a s t t o w e s t , a n d 5 6 k i l o m e t e r s f r o m n o r t h t o s o u t h .

T h e w e a t h e r o f P u e r t o R i c o i s c l a s s i f i e d a s t r o p i c a l . T e m p e r a t u r e c h a n g e s



2

a r e s m a l l , a n d t h e s e a s o n s a r e n o t c l e a r l y d e f i n e d ( C a p i e l a n d C a l v e s b e r t ,

1 9 7 6 ) . T h e m i n i m u m a n d m a x i m u m a n n u a l t e m p e r a t u r e s a r e 1 9 3 ° C a n d

3 0 ° C , r e s p e c t i v e l y , w i t h a n a v e r a g e t e m p e r a t u r e o f 2 4 . 7 ° C . T h e i s l a n d i s

d i v i d e d i n t o s i x c l i m a t i c r e g i o n s ( F i g u r e I - 1 ) b a s e d o n t h e a m o u n t o f

p r e c i p i t a t i o n . H o w e v e r , i n a l l c l i m a t i c r e g i o n s , t w o s e a s o n s a r e o b s e r v e d , a

d r y s e a s o n w h i c h b e g i n s i n D e c e m b e r a n d e n d s i n J u l y , a n d a r a i n y s e a s o n

w h i c h b e g i n s i n A u g u s t a n d e n d s i n N o v e m b e r ( F i g u r e l - 2 ) .

A n i m a l p r o d u c t i o n r e p r e s e n t s 5 9 . 0 % o f t h e g r o s s a n n u a l a g r i c u l t u r a l i n c o m e

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

C u r r e n t l y , i s l a n d p r o d u c t i o n c o n t r i b u t e s 2 4 % o f t h e t o t a l b e e f c o n s u m p t i o n

w i t h t h e r e m a i n i n g b e e f ( 7 6 % ) b e i n g i m p o r t e d f r o m C e n t r a l A m e r i c a a n d t h e

c o n t i n e n t a l U n i t e d S t a t e s . B e e f p r o d u c t i o n i s b a s e d o n g r a z i n g s y s t e m s ,

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

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

w e i g h t l o s s i n t h e d r y s e a s o n . W i t h t h i s p r o d u c t i o n s y s t e m , i t r e q u i r e s 3 6

m o n t h s t o r e a c h m a r k e t w e i g h t .

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

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

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

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

g r a z i n g c o n d i t i o n s , a n d l o w q u a l i t y h a y . T h i s r e s u l t s i n a n i n c r e a s e d c o s t o f

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

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

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

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

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

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

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

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

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

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

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

g r o w i n g c a t t l e a n d b r o o d c o w s . H o w e v e r , i n c o n t r a s t t o t e m p e r a t e

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

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

a s s o c i a t e d w i t h t h e e n s i l i n g o f t r o p i c a l g r a s s e s ( C a t c h p o o l e a n d W i l l i a m s ,

1 9 6 9 ; C a t c h p o o l e a n d H e n z e l l , 1 9 7 1 ) . P r o b l e m s w h i c h l i m i t s i l a g e - m a k i n g

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

c a r b o h y d r a t e f o u n d i n t h e f o r a g e s ( V a n S o e s t , 1 9 9 4 ) , a n d a l a c k o f

e p i p h y t i c h o m o f e r m e n t a t i v e l a c t i c a c i d b a c t e r i a l p o p u l a t i o n ( M c D o n a l d e t a l . ,

1 9 9 1 ) . I n a d d i t i o n t o t h e p r o b l e m s a s s o c i a t e d w i t h e n s i l i n g o f t r o p i c a l

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

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



6

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

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

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

B o l s e n ( 1 9 9 2 ) i n d i c a t e d t h a t s i l a g e f e r m e n t a t i o n w a s i m p r o v e d a s e v i d e n c e d

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

a c i d , o r r e d u c i n g t h e l e v e l s o f a m m o n i a - n i t r o g e n i n 6 6 % o f t h e s t u d i e s .

H e n d e r s o n e t a l . ( 1 9 8 2 ) r e p o r t e d t h a t a d d i n g . 4 % c e l l u l a s e t o g r a s s a n d

l e g u m e f o r a g e ( f r e s h m a t e r i a l ) r e s u l t e d i n m a r k e d c e l l u l o s e h y d r o l y s i s .

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

c o n t e n t s d i d n o t i m p r o v e t h e s i l a g e f e r m e n t a t i o n ( J a s t e r a n d M o o r e , 1 9 9 0 ) .

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

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

i n o c u l a n t a d d i t i o n t o c o r n s i l a g e , s t a b i l i t y w a s i m p r o v e d ( W o l t h , 1 9 8 9 )

w h e r e a s i n o t h e r s t u d i e s n o r e s p o n s e ( S c h a e f e r e t a l . , 1 9 8 9 ) o r a n e g a t i v e

r e s p o n s e ( R u s t e t a l . , 1 9 8 9 ) h a v e b e e n o b s e r v e d . E f f e c t s o f e n z y m e

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

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

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

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

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

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

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

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

a r e r e q u i r e d . I n t h i s d i s s e r t a t i o n , t w o q u e s t i o n s w e r e a d d r e s s e d : 1 . ) D o

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

a n d t r o p i c a l e n v i r o n m e n t s , a n d ; 2 . ) w h a t f a c t o r s l i m i t o r e n h a n c e t h e i r

e f f e c t i v e n e s s ? .

T h e s p e c i f i c o b j e c t i v e s o f t h i s d i s s e r t a t i o n w e r e :

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

b a c t e r i a l i n o c u l a n t a n d a p l a n t c e l l w a l l - d e g r a d i n g e n z y m e o n

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

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

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

T o d e t e r m i n e t h e e f f e c t o f t h e s i l a g e a d d i t i v e s ( e n z y m e s a n d

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

s i l a g e .

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

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

m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t .

T o e v a l u a t e e n s i l i n g o f J o h n s o n g r a s s t r e a t e d w i t h s i l a g e

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

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

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

e n v i r o n m e n t .

6 . T o c o m p a r e t h e e f f e c t s o f e n z y m e p r e p a r a t i o n s a p p l i e d a t

d i f f e r e n t r a t e s o n N D F d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m

h a r v e s t e d i n t e m p e r a t e e n v i r o n m e n t s .

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

e n z y m e m i x t u r e s a p p l i e d a t d i f f e r e n t r a t e s o n t h e f e r m e n t a t i o n

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

e n v i r o n m e n t .

I n o r d e r t o a c c o m p l i s h t h e s e o b j e c t i v e s , C h a p t e r 1 o f t h i s d i s s e r t a t i o n

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

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

a d d i t i o n , C h a p t e r 1 i n c l u d e s a r e v i e w o f t h e l i t e r a t u r e a s s o c i a t e d w i t h t h e

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

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

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

e n z y m e p r e p a r a t i o n s . O b j e c t i v e s 1 a n d 2 w e r e a c c o m p l i s h e d w i t h a t w o

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

p r e p a r a t i o n o n e n s i l i n g c h a r a c t e r i s t i c s ( C h a p t e r 2 ) a n d a e r o b i c s t a b i l i t y

( C h a p t e r 3 ) o f f o r a g e s o r g h u m e n s i l e d i n t e m p e r a t e a n d t r o p i c a l

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

w h e n f o r a g e s o r g h u m i s e n s i l e d a t t w o s t a g e s o f m a t u r i t y i n a t r o p i c a l
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e n v i r o n m e n t ( O b j e c t i v e 3 ) i s r e p o r t e d i n C h a p t e r 4 . C h a p t e r 5 d e s c r i b e s t h e

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

a s i l a g e ( O b j e c t i v e 4 ) . T h e i n v i t r o e v a l u a t i o n s o f c o m m e r c i a l e n z y m e

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

e n v i r o n m e n t ( O b j e c t i v e s 5 a n d 6 ) a r e p r e s e n t e d i n C h a p t e r s 6 a n d 7 . I n

C h a p t e r 8 , a s t u d y c o m p a r e s t h e d i f f e r e n t e n z y m e p r e p a r a t i o n s o n

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

e n v i r o n m e n t ( O b j e c t i v e 7 ) . A s u m m a r y o f t h e f i n d i n g s a n d c o n c l u s i o n s

f r o m a l l t h e s t u d i e s i s p r e s e n t e d i n C h a p t e r 9 . R a w d a t a t a b l e s f o r e a c h

c h a p t e r , a n d l i t e r a t u r e c i t e d a r e p r e s e n t e d i n t h e t w o a p p e n d i c e s .

T h e g e n e r a l h y p o t h e s i s o f t h i s w o r k i s t h a t u t i l i z i n g a h o m o f e r m e n t a t i v e

l a c t i c a c i d b a c t e r i a l i n o c u l a n t a n d p l a n t c e l l w a l l - d e g r a d i n g e n z y m e s w i l l

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

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



C H A P T E R 1

E f f e c t o f c l i m a t e o n f o r a g e q u a l i t y

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

h i g h l y d e p e n d e n t o n f o r a g e q u a l i t y . F o r a g e i s a n y v e g e t a t i v e p l a n t m a t e r i a l

i n a f r e s h , d r i e d , o r e n s i l e d s t a t e t h a t i s f e d t o l i v e s t o c k ( J e r g e n s , 1 9 9 3 ) .

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

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

i n t o t h e v a r i o u s p l a n t t i s s u e s ( V a n S o e s t , 1 9 9 4 ; F i g u r e 1 - 1 ) . T h e i n t e r a c t i o n

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

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

T h e s t r u c t u r a l c o m p o n e n t s ( e . g . c e l l u l o s e , h e m i c e l l u l o s e , a n d l i g n i n ) a r e

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

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

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

r e l a t e d t o n u t r i t i v e v a l u e ( F i g u r e 1 - 2 ) .

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

s u b s e q u e n t n u t r i t i v e v a l u e w a s i n i t i a l l y d e f i n e d b y M i n s o n a n d M c L e o d

( 1 9 7 0 ) . D i f f e r e n c e s i n p l a n t c o m p o s i t i o n h a v e b e e n a t t r i b u t e d t o l i g h t
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i n t e n s i t y , t e m p e r a t u r e , l a t i t u d e , w a t e r s t r e s s , f e r t i l i z a t i o n a n d s o i l .

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

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

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

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

s t r u c t u r e s r e s i s t a n t t o m i c r o b i a l d e g r a d a t i o n ( B u x t o n a n d F a l e s , 1 9 9 4 ) . A t

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

t e m p e r a t u r e s ( V a n S o e s t e t a l . , 1 9 6 8 : N e l s o n a n d M o s e r , 1 9 9 4 ) . T h i s

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

w h e n t e m p e r a t u r e i s i n c r e a s e d ( V a n S o e s t , 1 9 9 4 ) . E l e v a t e d t e m p e r a t u r e s

a r e a l s o a s s o c i a t e d w i t h g r e a t e r N D F , c e l l u l o s e , a n d s i l i c a ( H e n d e r s o n a n d

R o b i n s o n , 1 9 8 2 ) , a n d a d e c r e a s e i n n o n - s t r u c t u r a l c a r b o h y d r a t e s ( V o u g h

a n d M a r t e n , 1 9 7 1 ) . T h e i n c r e a s e s i n s t r u c t u r a l c a r b o h y d r a t e s a n d d e c r e a s e

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

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

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

r a p i d a c c u m u l a t i o n o f s t r u c t u r a l c o m p o n e n t s ( V a n S o e s t , 1 9 9 4 ) . I n

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

t e m p e r a t u r e i n c r e a s e s . A s a r e s u l t , n i t r o g e n s u p p l y i s i n c r e a s e d a n d s u g a r

c o n t e n t d e c r e a s e d .

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

a n d i s i n f l u e n c e d b y t o t a l a m o u n t o f l i g h t r e c e i v e d , l i g h t i n t e n s i t y a n d d a y
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l e n g t h ( V a n S o e s t , 1 9 9 4 ) . I n t e m p e r a t e e n v i r o n m e n t s , p l a n t g r o w t h o c c u r s

m a i n l y d u r i n g t h e s u m m e r . L o n g p h o t o p e r i o d s r e s u l t i n h i g h f o r a g e q u a l i t y

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

s u g a r c o n t e n t s ( W i l s o n , 1 9 8 2 ; D e i n u m , 1 9 8 4 ) . C o n v e r s e l y , i n t r o p i c a l

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

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

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

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

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

n u t r i t i v e v a l u e o f t r o p i c a l f o r a g e s ( C r o w d e r a n d C h h e d a , 1 9 8 2 ; V a n S o e s t ,

1 9 9 4 ) .

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

I n t e m p e r a t e e n v i r o n m e n t s , t h e h i g h e r l a t i t u d e s h a v e l o n g e r d a y l e n g t h s a n d

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

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

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

r e s e r v e c o n t e n t s i n t h e p l a n t ( B a t h u r s t a n d M i t c h e l l , 1 9 5 8 ; M e l v i n a n d

S u t h e r l a n d , 1 9 6 1 ; S m i t h , 1 9 7 3 ) . H o w e v e r , t h e h i g h e r t e m p e r a t u r e s a n d

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

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

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

e x t e n s i v e l y d o c u m e n t e d ( M i n s o n , 1 9 9 0 ; B u x t o n a n d F a l e s , 1 9 9 4 , V a n
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S o e s t , 1 9 9 4 ) , a n d t h e i r e f f e c t s a r e v a r i a b l e b e t w e e n e n v i r o n m e n t s a n d

w i t h i n g e o g r a p h i c a l r e g i o n s .

S i l a g e Q u a l i t y

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

n u t r i e n t s , a n d p r o d u c t i o n o f a n u t r i t i v e f e e d s t u f f f o r l i v e s t o c k ( B a r n e t t ,

1 9 5 4 ; M c C u l l o u g h , 1 9 7 8 ; V a n S o e s t , 1 9 9 4 i . S i l a g e q u a l i t y , h a s

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

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

l o w p H , a n d s t i m u l a t i o n o f g r e a t e r a n i m a l i n t a k e a n d p e r f o r m a n c e .

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

h a v e s h o w n a n e g a t i v e c o r r e l a t i o n w i t h a n i m a l p e r f o r m a n c e ( W i l k i n s o n e t

a l . , 1 9 7 6 ; M c C u l l o u g h , 1 9 7 8 ; S h a v e r e t a l . , 1 9 8 5 ) a n d a r e c o n s i d e r e d t o b e

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

t h a t h a s a p H o f l e s s t h a n 4 . 2 , l a c t i c a c i d g r e a t e r t h a n 1 . 5 g / 1 0 0 g D M ,

a c e t i c a c i d b e t w e e n . 5 a n d . 8 9 / 1 0 0 9 D M , b u t y r i c a c i d l e s s t h a n . 1 g / 1 0 0 g

D M ( B r e i r m a n a n d U l v e l s i , c i t e d b y M c C u l l o u g h , 1 9 7 8 ) , a n d a m m o n i a -

n i t r o g e n l e s s t h a n 8 % o f t h e t o t a l n i t r o g e n ( M c C u l l o u g h , 1 9 7 8 ) . C r i t e r i a

a s s o c i a t e d w i t h h i g h q u a l i t y s i l a g e a n d t h e l o s s e s a s s o c i a t e d w i t h t h e

e n s i l i n g p r o c e s s ( e . g . p l a n t e n z y m e s r e s p i r a t i o n , m i c r o b i a l m e t a b o l i s m , a n d

e f f l u e n t l o s s e s ) h a v e b e e n e x t e n s i v e l y r e v i e w e d ( M u c k , 1 9 8 8 ; M c D o n a l d e t

a l , 1 9 9 1 ; W o o l f o r d , 1 9 9 2 ; V a n S o e s t , 1 9 9 4 ) .
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M i c r o b i o l o g y o f S i l a g e

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

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

i n c l u d e ; l a c t i c a c i d b a c t e r i a , E n t e r o b a c t e r i a c e a e , y e a s t s a n d m o l d s , a n d

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

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

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

L a c t i c A c i d B a c t e r i a

T h e l a c t i c a c i d b a c t e r i a a r e d e s c r i b e d a s g r a m - p o s i t i v e , m i c r o a e r o p h i l i c ,

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

( B u c h a n a n a n d G i b b o n s , 1 9 7 4 ; L o n d o n , 1 9 7 6 ) . T h e y a r e a l s o c l a s s i f i e d

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

u t i l i z e d f o r s u g a r m e t a b o l i s m ( h e t e r o f e r m e n t a t i v e a n d h o m o f e r m e n t a t i v e ) .

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

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

h e t e r o f e r m e n t a t i v e l a c t i c a c i d - p r o d u c i n g b a c t e r i a a r e p r e s e n t ( T a b l e 1 . 1 ) .

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

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

( F i g u r e 1 - 3 ) , r e s u l t i n g i n m o r e e f f i c i e n t p r o d u c t i o n o f l a c t i c a c i d a n d

s u b s e q u e n t d e c r e a s e i n p H . T h e h e t e r o f e r m e n t a t i v e l a c t i c a c i d b a c t e r i a a r e
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T a b l e 1 - 1 . S p e c i e s o f l a c t i c a c i d b a c t e r i a f o u n d i n s i l a g e
 

 

H o m o f e r m e n t a t i v e H e t e r o f e r m e n t a t i v e

L a c t o b a c i l l u s L a c t o b a c i l l u s

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

L . p l a n t a r u m
L . s a l i v a r u s

S t r e p t o c o c c u s L e u c o n o s t o c

S . b o v i s L . m e s e n t e r o i d e s

P e d i o c o c c u s

P . a c i d i l a c t i c i

P . c e r i v i s i a e
P . p e n t o s a c e u s

L a c t o c o c c u s

L . l a c t i s

E n t e r o c o c c u s

E . f a e c a l i s
E . f a e c i u m

 

( A d a p t e d f r o m M c D o n a l d e t a l . , 1 9 9 1 )



1 8

F r u c t o s e G l u c o s e

A T I ’

A T ? A D P

A D P
G I u c o s e - 6 - p h o s p h a t e

F r u c t o s e - 6 - P h o s p h a t e

A T P

A D P

2 G I y c e r a l d e h y d e - 3 - p h o s p h a t e

: P I

Z N A D J A D P

Z N A D H + 2 H ' 4 A T P

2 - P y r u v a t e

Z N A D H + 2 H °

Z N A D '

2 - L a c t a t e

S u m : H e x o s e + 2 A D P + 2 P i = 2 L a c t a t e + 2 A T P + 2 H 2 0

F i g u r e 1 - 3 . F e r m e n t a t i o n o f g l u c o s e a n d f r u c t o s e b y h o m o f e r m e n t a t i v e l a c t i c a c i d

b a c t e r i a ( A d a p t e d f r o m M c D o n a l d , e t a l 1 9 9 1 )
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l e s s d e s i r a b l e b e c a u s e m a n y o f t h e i r f e r m e n t a t i o n p r o d u c t s ( e . g . a c e t i c a c i d ,

e t h a n o l , m a n n i t o l ; F i g u r e 1 - 4 ) t h a t r e s u l t f r o m t h e m e t a b o l i s m o f s u g a r s ,

h a v e d i s s o c i a t i o n c o n s t a n t ( p K a ' s ) g r e a t e r t h a n l a c t i c a c i d , a n d t h e i r

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

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

c a r b o n l o s s e s . H o m o l a c t i c b a c t e r i a n o r m a l l y m e t a b o l i z e s u g a r s b y t h e

E m d e n - M e y e r h o f f — P a r n a s p a t h w a y ; w h e r e a s h e t e r o f e r m e n t a t i v e b a c t e r i a u s e

t h e h e x o s e m o n o p h o s p h a t e p a t h w a y ( B u c h a n a n a n d G i b b o n s , 1 9 7 4 ) . B o t h

h o m o f e r m e n t a t i v e a n d h e t e r o f e r m e n t a t i v e l a c t i c a c i d b a c t e r i a c a n d e g r a d e

p e n t o s e s ( e . g . x y l o s e , a r a b i n o s e ) y i e l d i n g l a c t a t e a n d a c e t a t e a s

f e r m e n t a t i o n p r o d u c t s ( F i g u r e 1 - 5 ) . S o m e l a c t i c a c i d b a c t e r i a l s t r a i n s a r e

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

a c e t i c a c i d s ( B r y a n - J o n e s , 1 9 6 9 ; C i t e d b y M c D o n a l d e t a l , 1 9 9 1 ; F i g u r e 1 -

6 ) , a n d b o t h t y p e s h a v e b e e n s h o w n t o d e a m i n a t e a n d d e c a r b o x y l a t e a m i n o

a c i d s a n d p o s s e s s s o m e p r o t e o l y t i c a c t i v i t y ( B r a d y , 1 9 7 6 ; B e c k , 1 9 7 8 ) .

E n t e r o b a c t e r i a c e a e

T h e e n t e r o b a c t e r i a c e a e a r e g r a m n e g a t i v e , r o d - s h a p e d b a c t e r i a , t h a t a r e

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

u s u a l l y f o u n d a t e a r l y s t a g e s o f e n s i l i n g ( B e c k , 1 9 7 8 ) . E n t e r o b a c t e r i a c e a e

h a v e b e e n f o u n d t o o c c u r a t l e v e l s o f 1 0 5 - 1 0 ° c f u / g o f f r e s h m a t e r i a l i n

a l f a l f a , ( B o l s e n e t a l , 1 9 9 2 ) a n d g r a s s e s ( R a u r a m a a , 1 9 8 7 b ) , b u t t h e i r



S u m :

2 0

N A I H ' I I I I I N A I H '

G l u c o s e F r u c t o s e g » M a n n i t o l

A I I ' . \ I I '

A I H ' A l ) I '

G l u c o s e - G - p h o s p h a t e < — F r u c t o s e - B - p h o s p h a t e

N A I )

N - \ I ) I I 6 I I

6 - P h o s p h o g l u c o n a t e

N A O '

C 0 : N A U H o I r

R i b u l o s e - S - p h o s p h a t e

l
X y l u l o s e — S - p h o s p h a t e

I ' r

/ A I ‘ T ‘ ( \ I I '

G l y c e r a l d e h y d e - 3 - p h o s p h a t e A c e t y l p h o s p h a t e _ _ L _ . _ _ , A c e t a t e

p . I
N A D ' 2 A D P , ( b A

N A D H O [ 1 ' Q 2 A T P P i

P y r u v a t e A c e t y l - C o A

N A D H + H ' ‘ N A D I I . l t '

N A D ' l “ 6 0 ‘

L a c t a t e A c e t a l d e h y d e

N A D I I 0 I I

N A D '

E t h a n o l

G l u c o s e + A D P + P i = L a c t a t e + E t h a n o l + C 0 , + 2 A T P + 2 H 2 0
3 F r u c t o s e + 2 A D P + 2 P i = L a c t a t e + A c e t a t e + 2 M a n n i t o l + C O 2 + 2 A T P + H 2 0
G l u c o s e + 2 F r u c t o s e + 2 A D P + 2 P i = L a c t a t e + A c e t a t e + 2 M a n n i t o l + C 0 2 + 2 A T P + H 2 0

F i g u r e 1 — 4 . F e r m e n t a t i o n o f g l u c o S e a n d f r u c t o s e b y h e t e r o f e r m e n t a t i v e l a c t i c a c i d

b a c t e r i a ( a d a p t e d f r o m M c D o n a l d , e t a l 1 9 9 1 )
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X y l o s e A r a b i n o s e

X y l u l o s e R i b u l o s e

A T P A T P

A D P
A D P

R i b u l o s e - S - p h o s p h a t e

. /
X y l u l o s e - S - p h o s p h a t e

I ’ I

 

G l y c e r a I d e h y d e — 3 - p h o s p h a t e A c e t y l p h o s p h a t e

V p a
N A D ‘ 2 A D P

A D P
N A D H + H ‘ 2 A T P C

P y r u v a t e A T P

N A D H + H ‘

N A D ‘ q )

L a c t a t e A c e t a t e

S u m : X y l o s e ( o r A r a b i n o s e ) + 2 A D P + 2 P i = L a c t a t e + A c e t a t e + 2 A T P + 2 H 2 0

F i g u r e 1 - 5 . F e r m e n t a t i o n o f p e n t o s e s b y h o m o f e r m e n t a t i v e a n d h e t e r o f e r m e n t a t i v e
l a c t i c a c i d b a c t e r i a ( A d a p t e d f r o m M c D o n a l d , e t a l 1 9 9 1 )
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C i t r a t e M a l a t e

N A D '

M e l a “ N A D H + I I '

O x a l o a c e t a t e

 

C O ,

N A D H + 1 1 ’ N A D '
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/
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/
/

‘ / F o r m a t e

2 P y r u v a t e A c e t y l - C D A

P

2 C D , '

C 0 ;

2 N A I ) H + 2 H '
A c e t o i n C ‘ o A A D P

N A D H + I I ‘ .
Z N A D A T P

N A D ' . /

2 , 3 — B u t a n e d i o l E t h a n o l A c e t a t e

S u m : C i t r a t e + A D P + P i = 2 A c e t a t e + F o r m a t e + C 0 2 + A T P
2 C i t r a t e + 2 H = 2 A c e t a t e + 2 , 3 - B u t a n e d i o l + 4 C 0 2
2 C i t r a t e + A D P + P i = 3 A c e t a t e + L a c t a t e + 3 C 0 2 + A T P
C i t r a t e + 4 H = A c e t a t e + E t h a n o l + F o r m a t e + C O ,
M a l a t e = L a c t a t e + C 0 2
2 M a l a t e = 2 , 3 - B u t a n e d i o l + 4 C 0 2 + 2 H
M a l a t e + A D P + P i = A c e t a t e + F o r m a t e + C O 2 + 2 H + A T P
M a l a t e + 2 H = E t h a n o l + F o r m a t e + C O 2

F i g u r e 1 - 6 . F e r m e n t a t i o n o f C i t r a t e a n d m a l a t e . b y h o m o f e r m e n t a t i v e a n d

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

L i n d g r e n , 1 9 9 1 ) . T h e m a i n f e r m e n t a t i o n p r o d u c t s o f E n t e r o b a c t e r i a c e a e

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

p r o d u c t s p r o d u c e d i n l e s s e r a m o u n t i n c l u d e l a c t a t e , s u c c i n a t e , a n d 2 , 3 -

b u t a n e d i o l ( B u c h a n a n a n d G i b b o n s , 1 9 7 4 ; B e c k 1 9 7 8 ) .

Y e a s t s a n d M o l d s

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

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

d e g r a d e l a c t i c a c i d ( s e d i m e n t a r y o r p e l l i c l e ) . H e x o s e s a r e t h e m a i n s u g a r s

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

s t a r c h , a l c o h o l s , a n d o r g a n i c a c i d s ( P e l c z a r a n d R e i d , 1 9 7 2 ) . Y e a s t s a r e n o t

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

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

a n d e t h a n o l ( W o o l f o r d , 1 9 7 6 ) . S t u d i e s h a v e d e m o n s t r a t e d t h a t y e a s t s a r e

c a p a b l e o f p r o d u c i n g l a c t i c a c i d f r o m s u g a r ( W o o l f o r d , 1 9 7 6 ) . H o w e v e r ,

t h e i r p r e s e n c e I n s i l a g e i s n o t d e s i r a b l e b e c a u s e t h e y t e n d t o u t i l i z e c a r b o n

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

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

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

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

d e t e r i o r a t i o n a f t e r e x p o s u r e t o a i r ( M c D o n a l d e t a l . , 1 9 9 1 ) . T h e m a j o r e n d -
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p r o d u c t s o f r e s p i r a t i o n b y y e a s t s a r e l a c t a t e , a c e t a t e a n d e t h a n o l , a n d h a v e

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

e t a l . , 1 9 8 7 b ) . T h e a c t i v i t y o f m o l d s a r e u s u a l l y s e c o n d a r y t o t h e a c t i v i t y

o f y e a s t s ( O h y a m a a n d M c D o n a l d , 1 9 7 5 ; O h y a m a e t a l . , 1 9 7 5 b ) , a n d a r e

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

p r o d u c t s t h a t m a y b e d e t r i m e n t a l t o a n i m a l s ( B e c k , 1 9 7 8 ) .

E n d o s p o r e - f o r m i n g b a c t e r i a

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

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

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

C l o s t r i d i a a r e a s s o c i a t e d w i t h s i l a g e t h a t d o e s n o t r e a c h a p H b e l o w 4 . 2 ,

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

( W o o l f o r d , 1 9 8 4 ) . A c c u m u l a t i o n o f b u t y r i c a c i d c a u s e s a i n c r e a s e i n p H

w h i c h w i l l f a v o r t h e g r o w t h o f p r o t e o l y t i c C l o s t r i d i a . T h e p r e s e n c e o f

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

p r e s e r v a t i o n b y d e s t r o y i n g l a c t i c a c i d , i n c r e a s i n g p H , a n d i n c r e a s e p r o t e i n

d e g r a d a t i o n . S o m e s t r a i n s o f C l o s t r i d i a a r e a b l e t o p r o d u c e p r o p i o n i c a c i d

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

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

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

a m m o n i a h a s b e e n s h o w n t o b e a n e n d - p r o d u c t o f t h e i r m e t a b o l i s m
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( B u c h a n a n a n d G i b b o n s , 1 9 7 4 ) .

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

A c e t i c a c i d - a n d p r o p i o n i c a c i d - p r o d u c i n g b a c t e r i a , a n d L i s t e r i a a r e o t h e r

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

a c i d - p r o d u c i n g b a c t e r i a a r e m o r e a c t i v e w h e n p H i s o v e r 5 . 0 w h i c h u s u a l l y

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

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

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

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

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

i n c l u d e p r o p i o n i c a c i d , a c e t i c a c i d , a n d c a r b o n d i o x i d e . P r o p i o n i c a c i d -

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

s i l a g e ( D a w s o n , 1 9 9 4 ) .

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

n u m b e r s ( G r a y a n d K i l l i n g e r , 1 9 6 6 ) . T h e i r i m p o r t a n c e i s r e l a t e d t o m e t a b o l i c

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

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

t h e i r s u s c e p t i b i l i t y t o l o w p H .

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

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

e n s i l i n g p r o c e s s . A e r o b i c b a c t e r i a , E n t e r o b a c t e r i a c e a e , a n d y e a s t s a n d

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

p l a n t s ( L i n d g r e n e t a l . , 1 9 8 5 ) . H o w e v e r , i n v i e w o f t h e i r i m p o r t a n c e d u r i n g

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

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

m i c r o f l o r a c a n r a n g e f r o m n o d e t e c t a b l e l e v e l s t o 1 0 4 - 1 0 6 c f u / g o f f r e s h

m a t e r i a l ( F e n t o n , 1 9 8 7 ) , a n d m a y b e i n f l u e n c e d b y e n v i r o n m e n t a l a n d p l a n t

f a c t o r s . J . A . R o o k e ( 1 9 9 0 ) r e p o r t e d t h a t l a c t i c a c i d - p r o d u c i n g b a c t e r i a

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

F e n t o n ( 1 9 8 7 ) a n d M u c k ( 1 9 8 9 ) s h o w e d t h a t t h e e p i p h y t i c , l a c t i c a c i d -

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

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

E p i p h y t i c m i c r o f l o r a p r e s e n t o n a l f a l f a p l a n t s w e r e s h o w n t o b e h i g h e r a t

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

c u t t i n g n u m b e r , p l a n t m a t u r i t y , o r w i l t i n g w a s o b s e r v e d ( L i n e t a l . , 1 9 9 2 a ) .

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

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

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

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

e t a l . , 1 9 8 7 b ) . S t i r l i n g a n d W h i t t e n b u r y ( 1 9 6 3 ) o b s e r v e d a n i n c r e a s e i n

b a c t e r i a l p o p u l a t i o n s o n p l a n t m a t e r i a l d u r i n g t h e h a r v e s t i n g p r o c e s s , w h i l e
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F e n t o n ( 1 9 8 7 ) r e p o r t e d t h a t p a s s a g e t h r o u g h t h e f a r m m a c h i n e r y s e r v e d t o

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

B i o c h e m i s t r y o f t h e S i l a g e F e r m e n t a t i o n

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

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

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

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

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

a c i d s , a n d n i t r o g e n o u s c o m p o u n d s .

C a r b o h y d r a t e s i n t h e p l a n t p l a y a n i m p o r t a n t r o l e i n i n t e r m e d i a t e

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

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

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

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

( H a t f i e l d , 1 9 8 9 ) . T h e m a i n c o m p o n e n t s o f s t r u c t u r a l c a r b o h y d r a t e s i n c l u d e

c e l l u l o s e , a l i n e a r p o l y m e r o f D - g l u c o s e u n i t s j o i n e d b y 8 - ( 1 - 4 ) b o n d s ,

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

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

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

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

o f h e m i c e l l u l o s e a r e d e g r a d e d b y e n z y m e s p r e s e n t i n t h e p l a n t .
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F r u c t a n s a n d s t a r c h a r e t h e m a j o r n o n - s t r u c t u r a l , s t o r a g e c a r b o h y d r a t e s

f o u n d i n p l a n t s . F r u c t a n s a r e c o m p o s e d e n t i r e l y o f f r u c t o s e m o l e c u l e s , a n d

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

t h e m a j o r s t o r a g e c a r b o h y d r a t e s o f t e m p e r a t e g r a s s e s . S t a r c h i s f o r m e d b y

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

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

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

n o r m a l l y f o u n d i n s i l a g e s ( W o o l f o r d , 1 9 8 4 ) , h o w e v e r , i t i s t h e m a i n s t o r a g e

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

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

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

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

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

i n c o l d w a t e r a n d e a s i l y h y d r o l y z e d i n w e a k a c i d . C o l l e c t i v e l y , t h e y

c o m p r i s e t h e f r a c t i o n m e a s u r e a s w a t e r s o l u b l e c a r b o h y d r a t e s ( W S C ) a n d

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

f e r m e n t a t i o n . S m a l l e r c o n c e n t r a t i o n s o f a r a b i n o s e , x y l o s e , r i b o s e ,

g a l a c t o s e , a n d m a n n o s e a r e a l s o p r e s e n t i n t h e W S C f r a c t i o n o f f o r a g e s

( M c l l r o y , 1 9 6 7 ; V o l e n e c a n d N e l s o n , 1 9 8 4 ) . I n t h e s i l a g e f e r m e n t a t i o n , a

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

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

( S a l i s b u r y , e t a l , 1 9 4 9 ) .
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O r g a n i c a c i d s a n d t h e i r s a l t s p l a y a n i m p o r t a n t r o l e i n t h e e n s i l i n g p r o c e s s .

T h e c o n t e n t o f o r g a n i c a c i d s i n p l a n t s r a n g e f r o m 2 . 0 t o 6 . 0 % o f t h e D M

( V a n S o e s t , 1 9 9 4 ) , a n d a r e a s s o c i a t e d w i t h t h e b u f f e r i n g c a p a c i t y o f

s i l a g e s ( P l a y n e a n d M c D o n a l d , 1 9 6 6 ) . C i t r i c , m a l i c , a n d s u c c i n i c a r e t h e

p r e v a l e n t o r g a n i c a c i d s i n g r a s s e s . I n t r o p i c a l e n v i r o n m e n t s , g r a s s e s a l s o

c o n t a i n o x a l o a c e t i c a c i d ( a n i n t e r m e d i a t e i n t h e t r i c a r b o x y l i c c y c l e a n d o t h e r

b i o c h e m i c a l p a t h w a y s i n C - 4 p l a n t s ) , w h i c h h a v e b e e n s h o w n t o h a v e a

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

a c h i e v e a l o w p H i n t r o p i c a l s i l a g e s . O r g a n i c a c i d s a r e r e a d i l y d e g r a d e d b y

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

c o n s t a n t s s u c h a s 2 , 3 - b u t a n e d i o l , f o r m a t e , a c e t a t e , e t h a n o l , a n d c a r b o n

d i o x i d e ( B e c k , 1 9 7 8 ; M c C u l l o u g h , 1 9 7 8 ) .

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

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

w e i g h t p e p t i d e s ( E d w a r d s a n d M c D o n a l d , 1 9 8 7 ) . N i t r o g e n o u s c o m p o u n d s

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

a n d M c D o n a l d , 1 9 6 6 ) , a n d a r e p o s i t i v e l y c o r r e l a t e d w i t h a m m o n i a c a l

n i t r o g e n c o n t e n t o f s i l a g e ( R a u r a m a a e t a l . , 1 9 7 8 a ) .

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

S i l a g e p r o d u c t i o n h a s b e e n d i v i d e d i n t o 6 p h a s e s a c c o r d i n g t o t h e

m i c r o b i o l o g i c a l , b i o c h e m i c a l , a n d e n v i r o n m e n t a l c h a n g e s o c c u r r i n g d u n h g
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t h e e n s i l i n g p r o c e s s ( B a r n e t t , 1 9 5 4 ; M c C u l l o u g h , 1 9 7 8 ; F i g u r e 1 - 7 ) .

P h a s e 1 .

P h a s e 2 .

T h e a e r o b i c o r r e s p i r a t i o n p h a s e . B e g i n s w h e n t h e

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

t h e e n s i l e d m a t e r i a l i s d e p l e t e d . A t t h e o n s e t o f t h e

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

( m o n o m e r s a n d p o l y m e r s ) , p r o t e i n s , a n d s m a l l a m o u n t s

o f o r g a n i c a c i d s t o c a r b o n d i o x i d e , w a t e r , a n d h e a t

( W y l a n , 1 9 5 4 ) . H o w e v e r , t h e i r a c t i o n d o e s n o t s e e m t o

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

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

( W o o l f o r d , 1 9 8 4 ) . D u r i n g t h i s r e s p i r a t i o n p h a s e

t e m p e r a t u r e i s i n c r e a s e d a n d p H i s d e c r e a s e d .

E x p o n e n t i a l g r o w t h o f f a c u l t a t i v e a n d o b l i g a t e o b l i g a t e

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

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

a s h i g h a s 1 0 8 t o 1 0 9 c f u \ g o f f r e s h m a t e r i a l ( G i b s o n e t

a l , 1 9 5 8 ) . O x y g e n u t i l i z a t i o n s h o u l d b e r a p i d t o

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

m o l d s , a n d c e r t a i n C l o s t r i d i a .

A n a e r o b i c p h a s e . B e g i n s w h e n t h e o x y g e n i s d e p l e t e d .

G e n e r a l l y t e m p e r a t u r e o f t h e s i l a g e m a s s w h i c h p e a k s i n
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P h a s e I I I I I I I V V V I

C e l l A c e t i c A c i d L a c t i c A c i d L a c t i c A c i d M a t e r i a l A e r o b i c

. R e s p i r a t i o n L a c t i c A c i d F o r m a t i o n F o r m a t i o n S t o r a g e E x p o s u r e
M a j o r a n d

E v e n t s 0 0 2 . H e a t E t h a n o l
a n d W a t e r P r o d u c t i o n

P r o d u c t i o n

2 0 . 5 ° C 3 2 . 2 ° C 2 8 . 8 ° C 3 7 ° C

T e m p e r a t u r e

C h a n g e 1

C h a n g e H , . w m

. M a j ” _ E p i p h y t i c A c e t i c A c i d - L a c t i c A c i d - Y e a s t s a n d
M i c r o o r g a n i s m s M i c r o f l o r a P r o d u c i n g P T O d U C I H Q M o l d s
P r e s e n t B a c t e r i a B a c t e r i a

2 3 2 1

E n s i l i n g P r o c e s s I d I

F i g u r e 1 - 7 . P h a s e s o f s i l a g e f e r m e n t a t i o n a n d s t o r a g e

‘ S i l a g e t e m p e r a t u r e i s a f u n c t i o n o f a m b i e n t t e m p e r a t u r e

( A d a p t e d f r o m M c C u l l o u g h , 1 9 8 7 )

 

 



P h a s e 3 .

P h a s e 4 .
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p h a s e I , i s d e c l i n i n g . A t t h i s p o i n t , a n a e r o b i c b a c t e r i a

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

s o l u b l e c a r b o h y d r a t e s t o a c e t i c a c i d , l a c t i c a c i d , e t h a n o l ,

a n d c a r b o n d i o x i d e . E x p o n e n t i a l g r o w t h o f l a c t i c a c i d -

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

i n d u r a t i o n a n d m e r g e s i n t o p h a s e I I I .

L a c t i c a c i d a c c u m u l a t i o n p h a s e . I t i s t h e c o n t i n u a t i o n o f

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

a c c u m u l a t i o n . E n t e r o b a c t e r i a c e a e b a c t e r i a d e c l i n e i n

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

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

d u r i n g t h i s p h a s e . L a c t i c a c i d - p r o d u c i n g b a c t e r i a

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

i n h i b i t o r y t o m o s t o f t h e o t h e r m i c r o o r g a n i s m s ( L i n d g r e n

e t a l . , 1 9 8 8 ; P e t t e r s s o n , 1 9 8 8 ) . T h e e n d r e s u l t i s a

d o m i n a t i o n o f t h e f e r m e n t a t i o n b y L A B . T h i s e x p o n e n t i a l

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

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

S t a b l e p h a s e . L a c t i c a c i d - p r o d u c i n g b a c t e r i a c o n t i n u e t o

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



P h a s e 5 .

P h a s e 6 .
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r a t e . T h e l a c t i c a c i d b a c t e r i a l p o p u l a t i o n b e g i n s t o

d e c l i n e ( G i b s o n s e t a l . , 1 9 5 8 ) .

M a t e r i a l S t o r a g e P h a s e . T h e f i r s t f o u r p h a s e s i n t h e

e n s i l i n g p r o c e s s u s u a l l y a r e c o m p l e t e d w i t h i n t h e f i r s t 1 7

t o 2 1 d . I f t h e p r o d u c t i o n o f l a c t i c a c i d i s i n s u f f i c i e n t

a n d t h e p H i n t h e e n s i l e d m a t e r i a l i s g r e a t e r t h a n 4 . 2 , a

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

o r g a n i s m s c o n v e r t W S C i n t o b u t y r i c a c i d w h i c h i s n o t a n

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

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

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

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

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

C h a n g e s i n t h e h o m o f e r m e n t a t i v e - h e t e r o f e r m e n t a t i v e

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

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

t o t h e i r g r e a t e r t o l e r a n c e t o l a c t i c a c i d ( B e c k , 1 9 7 8 ) .

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

F e e d o u t p h a s e . S i l a g e i s b e i n g f e d o u t f r o m t h e s t o r a g e

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

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

H o w e v e r , e x c e p t i o n s d o e x i s t . W o o l f o r d ( 1 9 8 4 ) c o n c l u d e d t h a t p o o r

q u a l i t y s i l a g e c o u l d b e a s s o c i a t e d w i t h l a r g e L A B p o p u l a t i o n s , a n d g o o d

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

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

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

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

A e r o b i c s t a b i l i t y

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

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

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

1 9 7 5 a , 1 9 7 5 b ; W o o l f o r d , 1 9 9 0 ) . A e r o b i c s p o i l a g e u s u a l l y o c c u r s o n t h e

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

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

g r o w w h e n t e m p e r a t u r e s a r e a b o v e 3 7 ° C , a n d p H i s a b o v e 5 . 0 ( M u c k a n d

P i t t , 1 9 9 3 ) . T h e i n c r e a s e s i n t e m p e r a t u r e a n d p H r e s u l t f r o m t h e

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

y e a s t a n d m o l d s , a n d a e r o b i c b a c t e r i a t o c a r b o n d i o x i d e a n d w a t e r ( H o n i n g

a n d W o o l f o r d , 1 9 7 9 ) . E x t e n s i v e a e r o b i c d e t e r i o r a t i o n r e s u l t s i n d e c r e a s e d

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

a c c o u n t f o r 3 5 % o f d r y m a t t e r l o s s e s a s s o c i a t e d w i t h t h e e n s i l i n g p r o c e s s

( H e n d e r s o n e t a l . , 1 9 7 9 ; W o o l f o r d , 1 9 9 0 ) .

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

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

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

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

o x y g e n a n d c a r b o n d i o x i d e , f o r a g e s p e c i e s , a n d c o n c e n t r a t i o n s o f

f e r m e n t a t i o n a c i d s ( O h y a m a e t a l . , 1 9 7 5 ; P i t t , 1 9 8 6 ; M u c k , 1 9 8 8 ) .

C h a r a c t e r i s t i c s o f t r o p i c a l s i l a g e

I n t r o p i c a l e n v i r o n m e n t s , e n s i l i n g o f g r a s s e s r e s u l t s i n l o w e r q u a l i t y s i l a g e a s

c o m p a r e d t o t e m p e r a t e e n v i r o n m e n t s ( M c D o n a l d e t a l . , 1 9 9 1 ) . E n s i l i n g o f

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

l o w l a c t i c a c i d a c c u m u l a t i o n , a n d h i g h a m m o n i a , a c e t i c a c i d a n d p H

( C a t c h p o o l e a n d H e n z e l l , 1 9 7 1 ; A g u i l e r a , 1 9 7 5 ; P a n t i t h a r a t n e e t a l . , 1 9 8 6 ) .

T j a n d r a a t m a d j a e t a l . ( 1 9 9 0 ) d e m o n s t r a t e d t h a t L a c t o b a c i l l u s p l a n t a r u m , a

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

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

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

S u g a r d r i p ) , h a m i l g r a s s ( P a n i c u m m a x i m u m ) , p a n g o l a g r a s s ( D i g i t a r i a

d e c u m b e n s ) , a n d s e t a r i a ( S e t a r i a s p h a l a c e t a ) i n a t r o p i c a l e n v i r o n m e n t .
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H o w e v e r , M c D o n a l d e t a l . ( 1 9 9 1 ) r e p o r t e d t h a t s i l a g e w i t h h i g h

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

b a c t e r i a , a n d t h a t o t h e r m i c r o o r g a n i s m s ( e . g . E n t e r o b a c t e r i a c e a e ) m a y

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

a c e t i c a c i d a l s o h a v e b e e n a s s o c i a t e d w i t h l o w f e e d i n g v a l u e ( W i l k i n s o n e t

a l . , 1 9 7 6 ) a n d p o o r d r y m a t t e r r e c o v e r y ( H a m i l t o n e t a l . , 1 9 7 8 ) . I n a d d i t i o n ,

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

c i r c u m s t a n c e s ( V a n S o e s t , 1 9 9 4 ) .

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

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

e n s i l i n g c h a r a c t e r i s t i c s . W i l k i n s o n ( 1 9 8 3 ) r e p o r t e d f r o m a s t u d y o f 2 3 1

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

c a r b o h y d r a t e s o f 3 % w a s n e c e s s a r y t o p r o v i d e a s t a b l e , l o w p H , l a c t i c a c i d

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

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

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

t e m p e r a t e s p e c i e s ( C a t c h p o o l e a n d H e n z e l l , 1 9 7 1 ; W i l s o n a n d F o r d , 1 9 7 3 ;

N o b l e a n d L o w e , 1 9 7 4 ) . O j e d a a n d c o - w o r k e r s ( 1 9 8 7 ) r e p o r t e d t h a t t y p i c a l ,

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

g a y a n a ) , h a v e 2 t o 3 p e r c e n t a g e u n i t s l e s s w a t e r s o l u b l e c a r b o h y d r a t e

c o n t e n t s t h a n t y p i c a l t e m p e r a t e g r a s s e s ( P e r e n n i a l r y e g r a s s , O r c h a r d g r a s s ,

T i m o t h y ) . I n m o r e r e c e n t s t u d i e s , T j a n d r a a t m a d j a e t a l . ( 1 9 9 4 a ) , r e p o r t e d
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t h a t t h e w a t e r - s o l u b l e c a r b o h y d r a t e c o n t e n t s o f t h r e e t r o p i c a l g r a s s e s ( h a m i l

g r a s s , P a n i c u m m a x i m u m ; p a n g o l a g r a s s , D i g i t a r i a d e c u m b e n s ; s e t a r i a ,

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

f e r m e n t a t i o n .

S i l a g e a d d i t i v e s

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

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

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

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

a n d a b s o r b e n t s ( T a b l e 1 - 2 ) . I t i s i m p o r t a n t t o e m p h a s i z e t h a t s i l a g e

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

e n s i l i n g ( i . e . f i l l i n g r a p i d l y , g o o d m a t e r i a l c o m p a c t i o n ) a r e n o t f o l l o w e d .

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

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

s i l a g e f e r m e n t a t i o n . A d d i t i o n o f n i t r o g e n ( N P N , a m m o n i a ) , a n d a d d i t i o n a l

c a r b o h y d r a t e s o u r c e s ( m o l a s s e s ) a r e a l s o u t i l i z e d t o s o m e e x t e n t .

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

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

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

a t t h e b e g i n n i n g o f t h i s c e n t u r y ( W a t s o n a n d N a c h , 1 9 6 0 ) . C u r r e n t l y , n i n e
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c r i t e r i a h a v e b e e n d e s c r i b e d t o d e f i n e t h e c h a r a c t e r i s t i c s o f a d e s i r a b l e

m i c r o o r g a n i s m s t o b e u s e d a s s t a r t e r c u l t u r e s ( S e a l e , 1 9 8 6 ; M u c k , 1 9 8 8 ) .

D e s i r a b l e m i c r o o r g a n i s m s m u s t h a v e t h e f o l l o w i n g c h a r a c t e r i s t i c s :

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

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

o r g a n i s m s .

2 . I t m u s t p o s s e s s a h o m o f e r m e n t a t i v e p a t h w a y i n o r d e r t o

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

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

3 . I t m u s t b e a c i d t o l e r a n t a n d c a p a b l e t o p r o d u c i n g a f i n a l p H o f

a t l e a s t 4 . 0 . P r e f e r a b l y i t s h o u l d b e a b l e t o p r o d u c e t h i s l o w p H

a s r a p i d l y a s p o s s i b l e i n o r d e r t o q u i c k l y i n h i b i t t h e a c t i v i t i e s o f

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

4 . I t m u s t b e a b l e t o f e r m e n t g l u c o s e , f r u c t o s e , s u c r o s e , f r u c t a n s ,

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

5 . i t m u s t n o t p r o d u c e d e x t r a n f r o m s u c r o s e o r m a n n i t o l f r o m

f r u c t o s e .

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

7 . I t s h o u l d p o s s e s s a g r o w t h t e m p e r a t u r e r a n g e e x t e n d i n g t o

5 0 ° C .

8 . I t s h o u l d b e a b l e t o g r o w i n m a t e r i a l o f l o w m o i s t u r e c o n t e n t a s

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

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

c h a n g e s e x p e c t e d d u r i n g t h e e n s i l i n g p r o c e s s i n c l u d e ; a s h i f t i n t h e L A B

f r o m h e t e r o f e r m e n t a t i v e t o h o m o f e r m e n t a t i v e , a n i n c r e a s e i n t h e r a t i o o f

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

i n c r e a s e i n r a t e o f p H d e c l i n e , r e d u c t i o n o f p r o t e o l y s i s . a n d i n c r e a s e i n d r y

m a t t e r r e c o v e r y .

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

b a c t e r i a i n m i c r o b i a l i n o c u l a n t s a r e L a c t o b a c i l l u s p l a n t a r u m , P e d i o c o c c u s

c e r e v i s i a e , a n d E n t e r o c o c c u s f a e c i u m ( M a h a n n a , 1 9 9 3 ) . H o w e v e r , o t h e r

s p e c i e s o f b a c t e r i a ( e . i . P e d i o c o c c u s a c i d i l a c t i c i , L a c t o b a c i l l u s c u r v a t u s ,

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

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

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

q u a l i t y h a v e b e e n v a r i a b l e . T h i s v a r i a b l e r e s p o n s e m a y r e s u l t f r o m p l a n t ,

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

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

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

m i c r o b i a l i n o c u l a n t ( M u c k , 1 9 9 1 ) . I t i s d e s i r a b l e t o h a v e l a c t i c a c i d -

p r o d u c i n g b a c t e r i a a d d e d a t l e a s t 1 0 t i m e s t h e e p i p h y t i c b a c t e r i a c o u n t s t o

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

s i l a g e f e r m e n t a t i o n a n d a n i m a l p e r f o r m a n c e ( S a t t e r , 1 9 9 1 ; M u c k a n d

B o l s e n , 1 9 9 2 ) . W a t e r - s o l u b l e c a r b o h y d r a t e c o n t e n t o f t h e c r o p a l s o h a s a

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

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

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

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

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

m a y a l s o i n f l u e n c e t h e m i c r o b i a l i n o c u l a n t a c t i v i t y . I t h a s b e e n s h o w n t h a t

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

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

( D e n n i s , 1 9 8 9 ; H i l l 1 9 8 9 ) . I n a d d i t i o n , m a n y d i f f e r e n t s p e c i e s e x i s t w i t h i n

e a c h G e n u s a n d i t i s e s t i m a t e d t h a t a s m a n y a s 5 0 0 0 s t r a i n s e x i s t w i t h i n

e a c h s p e c i e ( S o d e r l u n d , 1 9 8 8 ) .

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

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

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

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

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

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

p r o d u c i n g b a c t e r i a l s p e c i e s m o s t u t i l i z e d . K u n g e t a l . , ( 1 9 9 3 ) r e p o r t e d t h a t

a m i c r o b i a l i n o c u l a n t c o n t a i n i n g L a c t o b a c i l l u s p / a n t a r u m i m p r o v e d t h e

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

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

( W i t t e n b e r g e t a l . , 1 9 8 3 ) . S t u d i e s u s i n g b i c u l t u r e s o f l a c t i c a c i d - p r o d u c i n g

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

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

L a c t o b a c i l l u s x y l o s u s ( C l e a l e , I V . e t a l . , 1 9 9 0 ) . I n a n o t h e r s t u d y , a b i c u l t u r e

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

i m p r o v e t h e e n s i l i n g c h a r a c t e r i s t i c s o f w h o l e c o r n p l a n t s i l a g e ( B o l s e n e t

a l . , 1 9 9 2 ) . S e a l e e t a l . ( 1 9 8 6 ) d e m o n s t r a t e d d e s i r a b l e c h a n g e s d u r i n g t h e

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

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

a c i d i l a c t i c i a n d L a c t o b a c i l l u s x y l o s u s . I n g r a s s e s , a m i c r o b i a l i n o c u l a n t

c o n t a i n i n g L a c t o b a c i l l u s p l a n t a r u m a n d P e d i o c o c c u s a c i d i l a c t i c i i m p r o v e d t h e

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

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

p r o t e o l y s i s ( H e r o n e t a l . , 1 9 8 8 ) . i n a l f a l f a , a n e a r l y d e c r e a s e i n p H a n d

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

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

E n t e r o c o c c u s f a e c i u m ( P h i l l i p e t a l . , 1 9 9 0 ) . K u n g e t a l . , ( 1 9 8 4 ) o b s e r v e d a n

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

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

L a c t o b a c i l / u s p l a n t a r u m , L a c t o b a c i / I u s b r e v i s a n d P e d i o c o c c u s a c i d i l a c t i c i .

S h o c k e y a n d B o r g e n ( 1 9 9 1 ) c o m p a r e d t h e e f f e c t i v e n e s s o f a m i c r o b i a l

i n o c u l a n t c o n t a i n i n g L a c t o b a c i l l u s p l a n t a r u m a n d S t r e p t o c o c c u s f a e c i u m ,

a n d a f e r m e n t a t i o n i n h i b i t o r ( N a C l ) o n f e r m e n t a t i o n c h a r a c t e r i s t i c s o f a l f a l f a

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

t h a n a l f a l f a s i l a g e t r e a t e d w i t h o n l y N a C l . I n g r a s s - l e g u m e s i l a g e t r e a t e d

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

w o r k e r s ( 1 9 8 9 ) o b s e r v e d a n a c c e l e r a t e d p H d e c l i n e , a n d r e d u c t i o n i n

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

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

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

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

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

( 1 9 9 1 ) r e p o r t e d t h a t a p p l i c a t i o n o f S t r e p t o c o c c u s b o v i s a s a m i c r o b i a l

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

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

d e g r a d i n g b a c t e r i a ( e . i . L a c t o b a c i l l u s a m y l o p h i l u s a n d L a c t o b a c i l l u s

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

( F i t z s i m o n s a n d O ' C o n n e l , 1 9 9 4 ) . H o w e v e r , t h e r e a r e n o s t u d i e s t h a t

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

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

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

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

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

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

g r e a t e r l a c t i c a c i d c o n t e n t a n d i n v i t r o o r g a n i c m a t t e r d e g r a d a b i l i t y t h a n

s i l a g e w i t h o u t i n o c u l a n t ( U m a ‘ r ‘ i a e t a l , 1 9 9 1 ) . A d e c r e a s e d i n p H i n
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b e r m u d a g r a s s e n s i l e d a s l a r g e r o u n d b a l e s a n d t r e a t e d w i t h a b a c t e r i a l

i n o c u l a n t w a s r e p o r t e d b y D a w s o n ( 1 9 8 9 ) . I n S o u t h A f r i c a , F i g u e i r e d o a n d

M a r a i s ( 1 9 9 4 ) s h o w e d t h a t a d d i t i o n o f L a c t o b a c i l l u s p l a n t a r u m o r a b i c u l t u r e

c o n t a i n i n g L a c t o b a c i l l u s b u l g a r i c u s a n d L a c t o b a c i l l u s a c i d o p h i l u s d i d n o t

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

g r a s s ( P e n n i s e t u m c l a n d e s t i n u m ) .

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

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

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

1 9 7 8 ) . H i g h e r l e v e l s o f l a c t i c a c i d i s b e n e f i c i a l a s l a c t i c a c i d i s f e r m e n t e d t o

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

t h a n e t h a n o l a n d a c e t i c a c i d ( V a n S o e s t , 1 9 9 4 ) . H o w e v e r , i n a r e c e n t

r e v i e w ( M u c k , 1 9 9 3 ) o n l y 2 5 % o f t h e s c i e n t i f i c s t u d i e s s h o w e d a b e n e f i t

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

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

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

( C l e a r l e e t a l . 1 9 8 9 ) . F e e d c o n v e r s i o n e f f i c i e n c y o f b e e f s t e e r s f e d

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

c o n t r o l s ( S c h a e f e r e t a l , 1 9 8 9 ) . I n d a i r y c a t t l e , i n c r e s e d m i l k p r o d u c t i o n

w a s o b s e r v e d w h e n a m i x t u r e o f t i m o t h y ( P h l e u m p r a t e n s e ) a n d m e a d o w

f e s c u e ( F e s t u c a p r a t e n s i s ) w a s t r e a t e d w i t h a m i c r o b i a l i n o c u l a n t

( M a r t i n s s o n , 1 9 9 2 ) . M a y n e ( 1 9 9 3 ) r e p o r t e d t h a t p e r e n n i a l r y e g r a s s ( L o l i u m

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

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

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

t r e a t e d w i t h a b a c t e r i a l i n o c u l a n t w e r e o b s e r v e d b y P h i l l i p s e t a l . ( 1 9 9 0 ) .

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

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

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

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

( D a w s o n , 1 9 8 9 ) . T h e r e i s a l i m i t e d i n f o r m a t i o n o n t h e u s e o f m i c r o b i a l

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

a n d a n i m a l p e r f o r m a n c e .

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

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

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

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

r e s u l t s . W o l t h , ( 1 9 8 9 ) r e p o r t e d t h a t i n o c u l a t i o n o f c o r n s i l a g e i m p r o v e d

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

t e m p e r a t u r e a f t e r 9 6 h o f a e r a t i o n , b u t R u s t , e t a l . ( 1 9 8 9 ) s h o w e d t h a t

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

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

s i l a g e s , m a y b e a h i g h e r r a t i o o f l a c t i c a c i d / s h o r t c h a i n f a t t y a c i d s ( e . g .

a c e t i c a c i d , p r o p i o n i c a c i d ) . S h o r t c h a i n f a t t y a c i d s h a v e b e e n s h o w n t o

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

( M o o n , 1 9 8 3 ) . A d d i t i o n a l l y , t h e r e m a y b e m o r e r e s i d u a l W S C i n t h e s i l a g e

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

P l a n t c e l l w a l l d e g r a d i n g - e n z y m e s p r e p a r a t i o n s

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

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

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

s i l a g e . M o s t c o m m e r c i a l e n z y m e p r e p a r a t i o n s c o n t a i n c e l l u l a s e s a n d

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

o f c e l l u l o s e a n d h e m i c e l l u l o s e t o p e n t o s e s a n d h e x o s e s . E n z y m e

p r e p a r a t i o n s c o n t a i n i n g a m y l a s e s a r e a l s o a v a i l a b l e . A p o s i t i v e r e s p o n s e t o

t h e e n z y m e p r e p a r a t i o n m a y r e d u c e t h e N D F a n d A D F c o n t e n t o f t h e e n s i l e d

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

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

e n z y m e s o n s i l a g e f e r m e n t a t i o n h a v e b e e n v a r i a b l e . T h e e f f e c t i v e n e s s o f

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

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

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

f o r a g e s . E n z y m e p r e p a r a t i o n s g e n e r a l l y h a v e p H a n d t e m p e r a t u r e o p t i m u m s

t h a t a r e n o t t y p i c a l l y f o u n d i n s i l a g e s ( S h e p e r d a n d K u n g , J r . , 1 9 9 4 ) , a n d

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

a n d B a s s , 1 9 8 7 ; K u n g J r . e t a l . , 1 9 9 1 ) . E n z y m e a c t i v i t y o f t h e v a r i o u s
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c o m m e r c i a l p r e p a r a t i o n s a r e e x p r e s s e d i n d i f f e r e n t u n i t s w h i c h m a k e s i t

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

i n e f f i c a c y o f t h e v a r i o u s p r e p a r a t i o n s ( S h e p e r d e t a l . , 1 9 9 5 ) . T h e

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

D i f f e r e n t f e r m e n t a t i o n p a t t e r n s w e r e o b s e r v e d i n t i m o t h y ( P h l e u m p r e t e n s e ) ,

m e a d o w f e s c u e ( F e s t u c a p r a t e n s i s ) , a n d r e d c l o v e r ( T r i f o l i u m p l a t e n s e )

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

( S e l m e r - O l s o n , 1 9 9 4 ) . B e r t i n e t a l . ( 1 9 8 5 ) f o u n d t h a t e n z y m e s d e r i v e d f r o m

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

T r i c h o d e r m a v i r i d e , w h e r e a s H e n d e r s o n a n d M c D o n a l d ( 1 9 7 7 ) r e p o r t e d

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

T h e m a j o r i t y o f s t u d i e s e v a l u a t i n g p l a n t c e l l - w a l l d e g r a d i n g e n z y m e s h a v e

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

c o n t e n t ( i . e . g r a s s e s , a l f a l f a ) . I n a c u r r e n t r e v i e w ( 1 9 8 5 t o 1 9 9 2 ) , e n z y m e

a d d i t i v e s r e d u c e d t h e f i b e r c o n t e n t o f g r a s s s i l a g e i n 8 0 % o f t h e s t u d i e s

r e p o r t e d ( M u c k , 1 9 9 3 ) . I n a l f a l f a , h o w e v e r , t h e s u c c e s s r a t e w a s o n l y 5 0

% . L e a t h e r w o o d , e t a l . ( 1 9 5 9 ) r e p o r t e d t h a t a d d i t i o n o f e n z y m e s i n c r e a s e d

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

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

t h r e e m o i s t u r e c o n t e n t s w e r e r e p o r t e d b y J a s t e r e t a l . ( 1 9 9 0 ) . I n a n o t h e r

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

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

1 9 8 2 ) .
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A n i n c r e a s e i n f i b e r d e g r a d a b i l i t y o r a r e d u c t i o n i n f i b e r c o n t e n t w o u l d b e

e x p e c t e d t o e n h a n c e a n i m a l p e r f o r m a n c e . C o n s e q u e n t l y , i f e n z y m e s r e d u c e

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

s i l a g e t o h a v e a g r e a t e r e n e r g y v a l u e . H o w e v e r , i n a s u m m a r y o f 5 9 t r i a l s

u s i n g b e e f c a t t l e , o n l y 1 5 % o f t h e c a s e s s h o w e d i m p r o v e d d e g r a d a b i l i t y b y

e n z y m e p r o d u c t s ( M u c k , 1 9 9 3 ) . I n l a c t a t i n g a n i m a l s , a n e n z y m e - t r e a t e d

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

p r o d u c t i o n d u r i n g e a r l y l a c t a t i o n ( C h e n e t a l . , 1 9 9 4 ) . C o n v e r s e l y , g r a s s -

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

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

l n s h e e p , a d e c r e a s e d i n D M i n t a k e a n d d i g e s t i b i l i t y w e r e o b s e r v e d w h e n

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

a n d h e m i c e l l u l a s e ( N a r a s i m h a l u , e t a l . , 1 9 9 2 ) . I n c o n t r a s t t o t h i s

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

g r e a t e r D M i n t a k e t h a n s h e e p f e d w i t h u n t r e a t e d a l f a l f a ( F r e d e e n a n d

M c Q u e e n , 1 9 9 3 ) .

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

( J a a k k o l a e t a l . , 1 9 9 1 ) o r l i t t l e e f f e c t ( S t o k e s , 1 9 9 2 ) o n a e r o b i c s t a b i l i t y o f

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

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

s u b t r o p i c a l c l i m a t e s i s l i m i t e d .
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M i c r o b i a l i n o c u l a n t a n d e n z y m e m i x t u r e s

W h e n f o r a g e s l a c k a d e q u a t e a m o u n t s o f w a t e r - s o l u b l e c a r b o h y d r a t e s t o

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

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

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

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

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

b e e n o b s e r v e d o n a n i m a l p e r f o r m a n c e .

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

i n c o r n a n d g r a s s - l e g u m e s i l a g e w e r e o b s e r v e d w h e n t r e a t e d w i t h a e n z y m e

m i x t u r e c o n t a i n i n g c e l l u l a s e , o r - a m y l a s e a n d p r o t e a s e , b u t a d e c r e a s e d p H

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

w h e n t h e e n z y m e c o m p l e x w a s c o m b i n e d w i t h a m i c r o b i a l i n o c u l a n t ( G r a n t

e t a l , 1 9 9 4 ) . S h e p e r d e t a l . ( 1 9 9 5 ) r e p o r t e d t h a t a d d i t i v e s c o n t a i n i n g

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

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

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

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

( S t o k e s , 1 9 9 2 ) . F e r m e n t a t i o n c h a r a c t e r i s t i c s , r u m i n a l d e g r a d a t i o n o f s i l a g e

D M a n d N D F , o r t o t a l t r a c t d i g e s t i b i l i t y i n e a r l y l a c t a t i o n c o w s w e r e n o t

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

i n o c u l a n t m i x t u r e s ( C h e n e t a l . 1 9 9 4 ) . C o n v e r s e l y , p e r e n n i a l r y e g r a s s

( L o l i u m p e r e n n e l t r e a t e d w i t h e n z y m e - i n o c u l a n t m i x t u r e s w a s m o r e
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d i g e s t i b l e t h a n c o n t r o l s i l a g e w h e n f e d t o l a c t a t i n g d a i r y c o w s ( S m i t h e t a l . ,

1 9 9 3 ) . T h e e f f e c t o f m i c r o b i a l i n o c u l a n t a n d e n z y m e m i x t u r e s o n t h e

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

f o r a g e s i s l i m i t e d .

O t h e r s i l a g e a d d i t i v e s

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

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

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

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

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

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

r y e g r a s s s i l a g e ( H e r o n e t a l . , 1 9 8 8 ) , b u t a l f a l f a e n s i l e d w i t h g l u c o s e o r

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

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

w i t h o u t t h e c a r b o h y d r a t e s o u r c e ( S e a l e e t a l . , 1 9 8 6 ) . A d d i t i o n o f a m m o n i a

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

s i l a g e a f t e r 5 0 d o f f e r m e n t a t i o n ( K u n g e t a l . , 1 9 8 4 ) . E n s i l i n g o f g r a s s e s

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

d e c r e a s e p H , i n c r e a s e l a c t i c a c i d c o n t e n t , a n d i n c r e a s e i n v i t r o o r g a n i c

m a t t e r d e g r a d a b i l i t y ( B e c k e r e t a l . , 1 9 7 0 ; U m a fi a e t a l , 1 9 9 1 ) . I n t r o p i c a l

c l i m a t e s , a d d e d m o l a s s e s t o p a n g o l a g r a s s s i l a g e ( D i g i t a r i a d e c u m b e n s l .

h a m i l g r a s s ( P a n i c u m m a x i m u m c v . H a m i l ) , a n d s e t a r i a ( S e t a r i a s p h a c e / a t a
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c v . K u z u n g u l a ) i n c r e a s e d l a c t i c a c i d c o n t e n t , b u t n o d i f f e r e n c e s i n f i n a l p H ,

o r a m m o n i a - N w e r e o b s e r v e d ( T j a n d r a a t m a d j a e t a l . , 1 9 9 4 a ) . H o w e v e r , i n

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

t r o p i c a l e n v i r o n m e n t s ( C a s t e l a n d W a t s o n , 1 9 8 5 ; T j a n d r a a t m a d j a , 1 9 9 4 b ) .

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

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

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

e x c e e d e d 3 0 ° C ( L a n i g a n , 1 9 6 1 ) .

U t i l i z a t i o n o f f e r m e n t a t i o n i n h i b i t o r s ( e . g . f o r m i c a c i d , f o r m a l d e h y d e ) i s a

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

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

a e r o b i c d e t e r i o r a t i o n ( J o n e s e t a l , 1 9 7 4 ; R a e k e r e t a l , 1 9 9 2 ) . H o w e v e r , u s e

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

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

r e f u s a l b y a n i m a l s .
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A T W O Y E A R S T U D Y O N T H E E F F I C A C Y O F S I L A G E A D D I T I V E S T O

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

T R O P I C A L E N V I R O N M E N T S . 1 . F E R M E N T A T I O N C H A R A C T E R I S T I C S .

A b s t r a c t

A t w o y e a r ( 1 9 9 3 - 1 9 9 4 ) s t u d y w a s c o n d u c t e d t o d e t e r m i n e t h e e f f e c t s o f

s i l a g e a d d i t i v e s ( e n z y m e s a n d m i c r o b i a l i n o c u l a n t ) o n t h e e n s i l i n g

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

e n v i r o n m e n t s . I n b o t h y e a r s , f o r a g e s o r g h u m w a s h a r v e s t e d a t 9 0 d o f

g r o w t h a t M i c h i g a n S t a t e U n i v e r s i t y , E a s t L a n s i n g , a n d a t t h e L a j a s

A g r i c u l t u r a l E x p e r i m e n t S t a t i o n , U n i v e r s i t y o f P u e r t o R i c o . I n b o t h y e a r s a t

e a c h l o c a t i o n , f o r a g e w a s c h o p p e d i n t o 2 . 5 c m p i e c e s , a s s i g n e d t o o n e o f

f o u r t r e a t m e n t s ; n o a d d i t i v e ( c o n t r o l ) , e n z y m e s ( . 1 % o f f r e s h w e i g h t ) ,

i n o c u l a n t ( 1 0 ° c f u / g o f f r e s h m a t e r i a l ) , a n d e n z y m e s p l u s i n o c u l a n t , a n d

p l a c e d i n t o P V C s i l o s . T h r e e s i l o s p e r t r e a t m e n t w e r e o p e n e d a f t e r e i g h t

e n s i l i n g p e r i o d s ( 0 , 1 , 3 , 7 , 1 4 , 2 1 , 4 0 , a n d 1 0 0 d ) , a n d a n a l y z e d f o r

5 2
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p l a n t o r g a n i c a c i d c o n t e n t s ( c i t r i c , m a l i c , s u c c i n i c a n d o x a l o a c e t i c ) , p H ,

m i c r o b i a l s u c c e s s i o n ( l a c t i c a c i d b a c t e r i a , e n t e r o b a c t e r i a c e a e , y e a s t s a n d

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

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

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

S t r u c t u r a l c a r b o h y d r a t e s ( N D F , A D F , c e l l u l o s e a n d h e m i c e l l u l o s e ) w e r e

d e t e r m i n e d a f t e r 0 , 4 0 a n d 1 0 0 d . M i c r o b i a l e c o l o g y a n d e n s i l i n g

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

e n v i r o n m e n t s v a r i e d b e t w e e n y e a r s . I n b o t h y e a r s a t e a c h l o c a t i o n , m a l i c

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

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

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

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

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

i n o c u l a n t a l o n e o r i n c o m b i n a t i o n w i t h e n z y m e i n t h e t e m p e r a t e e n v i r o n m e n t

d e c r e a s e d p H a t 3 , 7 , a n d 1 4 d o f f e r m e n t a t i o n , a n d i n c r e a s e d l a c t i c a c i d

b a c t e r i a l p o p u l a t i o n a f t e r 7 d a n d l a c t i c a c i d c o n t e n t a f t e r 1 4 d a s c o m p a r e d

t o s i l a g e w i t h o u t t h e i n o c u l a n t . I n t h e t r o p i c a l a r e a , s i l a g e s c o n t a i n i n g

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

l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s a f t e r 3 d a n d h i g h e r l a c t i c a c i d c o n t e n t a f t e r

1 4 d i n c o m p a r i s o n t o c o n t r o l s i l a g e o r s i l a g e t r e a t e d o n l y w i t h e n z y m e s .

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

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

o v e r t h e e n t i r e e n s i l i n g p e r i o d , b u t g r e a t e r f r u c t o s e f r o m d 1 t o d 1 0 0 d o f

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

g l u c o s e a f t e r 3 , 7 a n d 1 4 d p o s t - e n s i l i n g , b u t h i g h e r f r u c t o s e c o n t e n t o v e r

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

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

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

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 o f t h e w a t e r s o l u b l e c a r b o h y d r a t e ( W S C ) c o n t e n t i n f o r a g e s

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

p o p u l a t i o n ( L A B ) a r e n e c e s s a r y t o e n s u r e a g o o d q u a l i t y s i l a g e i s w e l l

d o c u m e n t e d ( W o o l f o r d , 1 9 8 4 ; M c D o n a l d e t a l . , 1 9 9 1 ) . L a c t i c a c i d b a c t e r i a

u s e W S C a s t h e e n e r g y s o u r c e t o p r o d u c e l a c t i c a c i d , c a u s i n g a n e a r l y

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

a s e n t e r o b a c t e r i a c e a e a n d f u n g i ( M u c k a n d B o l s e n , 1 9 9 2 ) . I n t e m p e r a t e

e n v i r o n m e n t s , t h e c o m b i n e d u s e o f a L A B i n o c u l a n t a n d a n e n z y m e m i x t u r e s

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

a v a i l a b i l i t y o f W S C h a s b e e n t h e s u b j e c t o f s e v e r a l s t u d i e s ( K u n g e t a l . ,

1 9 9 0 ; B o l s e n e t a l . , 1 9 9 2 , S h e p e r d e t a l . , 1 9 9 5 ) . H o w e v e r , t h e r e s u l t s

h a v e b e e n i n c o n s i s t e n t . C o r n ( O ' L e a r y e t a l . , 1 9 8 5 ; C l e a r e e t a l . , 1 9 9 0 ) ,
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s o r g h u m ( E l y e t a l . , 1 9 8 2 ; S a n d e r s o n , M . A . , 1 9 9 3 ) , a n d a l f a l f a ( B o l s e n e t

a l . , 1 9 9 2 ) s i l a g e s t r e a t e d w i t h a m i c r o b i a l i n o c u l a n t h a v e b e e n s h o w n t o

i n c r e a s e L A B p o p u l a t i o n s e a r l y i n t h e f e r m e n t a t i o n p e r i o d , r e s u l t i n g i n s i l a g e

w i t h h i g h e r l a c t i c a c i d c o n t e n t a n d l o w e r p H . H o w e v e r , a f t e r a n e x t e n d e d

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

1 9 8 3 ) a n d a l f a l f a s i l a g e ( S h o c k e y e t a l . , 1 9 8 5 ) t r e a t e d w i t h a b a c t e r i a l

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

s i l a g e .

A n i n c r e a s e i n c e l l u l o s e c o n t e n t w a s o b s e r v e d i n g r a s s - a l f a l f a - c l o v e r s i l a g e

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

s i m i l a r ( H e n d e r s o n e t a l . , 1 9 8 2 ) . A d d i t i o n a l l y , a n e n z y m e p r e p a r a t i o n d i d

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

( K u n g e t a l . , 1 9 9 0 ) . I n t r o p i c a l e n v i r o n m e n t s , e n s i l i n g o f f o r a g e s r e s u l t s i n

l e s s a c c u m u l a t i o n o f l a c t i c a c i d , h i g h e r p H , a n d l o w e r L A B p o p u l a t i o n t h a n

t e m p e r a t e e n v i r o n m e n t s ( M c D o n a l d e t a l . , 1 9 9 1 ) . I t h a s b e e n s u g g e s t e d

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

f e w e r e p i p h y t i c L A B . H o w e v e r , t h e r e i s l i m i t e d i n f o r m a t i o n r e g a r d i n g t h e

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

c h a r a c t e r i s t i c s o f t r o p i c a l f o r a g e s . T h e o b j e c t i v e o f t h i s e x p e r i m e n t w a s t o

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

h o m o f e r m e n t a t i v e L A B i n o c u l a n t t o e n h a n c e t h e f e r m e n t a t i o n p r o c e s s o f

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

T h e s t u d y w a s c o n d u c t e d o v e r a t w o y e a r p e r i o d ( 1 9 9 3 a n d 1 9 9 4 ) a t

M i c h i g a n S t a t e U n i v e r s i t y , E a s t L a n s i n g ( 8 4 ° 2 9 ' 3 9 w e s t l o n g i t u d e ,

4 2 ° 4 1 ' 5 0 n o r t h l a t i t u d e , e l e v a t i o n 2 6 5 m ) a n d a t t h e L a j a s A g r i c u l t u r a l

E x p e r i m e n t S t a t i o n , U n i v e r s i t y o f P u e r t o R i c o ( 6 7 ° 0 0 ' 0 0 w e s t l o n g i t u d e ,

1 8 ° 0 0 ' 0 0 n o r t h l a t i t u d e , e l e v a t i o n 1 0 0 m ) . I n b o t h y e a r s a t e a c h l o c a t i o n ,

f o r a g e s o r g h u m ( H i E n e r g y H y b r i d I I , H e r e f o r d , T X ) w a s h a r v e s t e d a t 9 0 d

o f g r o w t h a n d c h o p p e d m e c h a n i c a l l y i n t o 2 . 5 c m p i e c e s . T e m p e r a t u r e

( m i n i m u m a n d m a x i m u m ) , a n d p r e c i p i t a t i o n w e r e m o n i t o r e d d a i l y d u r i n g t h e

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

p l a c e d t h r o u g h a c o m m e r c i a l f o r a g e h a r v e s t e r i n 1 9 9 3 , w h e r e a s t h e

s o r g h u m w a s c u t a n d c h o p p e d w i t h a c o m m e r c i a l f o r a g e h a r v e s t e r i n 1 9 9 4 .

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

s i t e . C h o p p e d f o r a g e w a s a n a l y z e d f o r D M ( 5 5 ° C f o r 7 2 h ) , a s h ( 5 5 0 ° C f o r

1 2 h ) , t o t a l - N ( A O A C , 1 9 9 0 ) , b u f f e r i n g c a p a c i t y ( P l a y n e a n d M c D o n a l d ,

1 9 6 6 ) , o r g a n i c a c i d c o n t e n t , w a t e r s o l u b l e a n d s t r u c t u r a l c a r b o h y d r a t e s ,

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

w a s t r e a t e d w i t h o n e o f f o u r t r e a t m e n t s ; n o a d d i t i v e ( c o n t r o l ) , e n z y m e s

( V i s c o z y m e T M L , N o v o N o r d i s k B i o i n d u s t r i a l s , l n c . F a r n h a m , S u r v e y , U K ) ,

b a c t e r i a l i n o c u l a n t ( E c o s y l m , Z e n e c a B i o p r o d u c t s , F a r n h a m , S u r v e y , U K ) ,

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

m u l t i - e n z y m e p r e p a r a t i o n c o n t a i n i n g a r a b i n a s e , c e l l u l a s e , B - g l u c a n a s e .
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h e m i c e l l u l a s e , a n d x y l a n a s e a n d w a s a p p l i e d a t . 1 % o f f r e s h m a t e r i a l . T h e

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

p l a n t a r u m a p p l i e d a t 1 0 ‘ 3 c f u / g o f f r e s h p l a n t m a t e r i a l . T r e a t m e n t s w e r e

a p p l i e d t o w e i g h e d p o r t i o n s ( 1 . 6 k g ) o f f o r a g e s o r g h u m , m a n u a l l y m i x e d ,

a n d p a c k e d i n t o P V C l a b o r a t o r y s i l o s . L a b o r a t o r y s i l o s w e r e f i t t e d w i t h

r e l e a s e v a l v e s t o a l l o w g a s e s c a p e a n d m a i n t a i n e d a t r o o m t e m p e r a t u r e ( 2 0 -

2 3 ° C i n M i c h i g a n , a n d 2 7 - 3 0 ° C i n P u e r t o R i c o ) u n t i l o p e n e d . T h e c o n t r o l

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

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

t r e a t m e n t w e r e o p e n e d a t 0 , 1 , 3 , 7 , 1 4 , 2 1 , 4 0 , a n d 1 0 0 d p o s t - e n s i l i n g

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

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

f o r a g e f r o m e a c h s i l o a t e a c h s a m p l i n g d a y w e r e p l a c e d i n t o 4 5 0 m l o f

d i s t i l l e d w a t e r ( w / v ) a n d h o m o g e n i z e d f o r 5 m i n w i t h a S t o m a c h e r a p p a r a t u s

( T e k m a r 3 5 0 0 , T e k m a r , C i n c i n n a t i , O H ) . H o m o g e n a t e s w e r e s t r a i n e d

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

f i t t e d w i t h a c o m b i n a t i o n e l e c t r o d e ( F i s h e r S c i e n t i f i c , P i t t s b u r g h , P A ) t h a t

w a s s t a n d a r d i z e d f r o m p H 4 t o 7 u s i n g c o m m e r c i a l b u f f e r s ( C u r t i s

M a t t h e a s o n , W o d a l e , I L ) . F o r m i c r o b i a l s u c c e s s i o n d e t e r m i n a t i o n s , t e n f o l d

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

i n s t e r i l e p e p t o n e s o l u t i o n ( . 1 % l a n d e n u m e r a t e d f o r l a c t i c a c i d b a c t e r i a ,

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

e n u m e r a t e d a f t e r r e s p e c t i v e i n c u b a t i o n ( T a b l e 2 - 1 ) p e r i o d s u s i n g a d i g i t a l

c o l o n y c o u n t e r . O r g a n i c a c i d s ( c i t r i c , m a l i c , o x a l o a c e t i c , a n d s u c c i n i c a c i d s )

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

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

e x c l u s i o n H P L C a n a l y s i s ( B i o r a d a m i n e x H P X - 8 7 H ) f o l l o w i n g t h e g e n e r a l

p r o c e d u r e s o f C a n a l e e t a l . , ( 1 9 8 4 ) . M o b i l e p h a s e c o n s i s t e d o f . 0 0 5 N

H 2 8 0 4 a t a f l o w r a t e o f . 9 m l / m i n . C o l u m n t e m p e r a t u r e w a s m a i n t a i n e d a t

6 5 ° C b y a n e x t e r n a l c o l u m n h e a t e r ( W a t e r s M i l l i p o r e ) . T h r e e m l o f t h e

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

c h r o m a t o g r a p h y s y r i n g e f i l t e r s ( G e l m a n A c r o d i s k , 2 5 m m , A n n A r b o r , M I )

i n t o 4 m l H P L C s a m p l e v i a l s ( N a t i o n a l S c i e n t i f i c , A t l a n t a , G A ) . F i l t e r e d

s a m p l e s w e r e s t o r e d a t - 2 0 ° C u n t i l a n a l y s i s . F i f t e e n p l o f t h e f i l t e r e d

s a m p l e s w a s i n j e c t e d b y a n a u t o i n j e c t o r ( W a t e r W I S P 7 1 2 ) a n d q u a n t i f i e d

w i t h a r e f r a c t i v e i n d e x d e t e c t o r ( W a t e r s 4 1 0 r e f r a c t i v e i n d e x d e t e c t o r ) .

P e a k h e i g h t s w e r e q u a n t i f i e d b y a c o m m e r c i a l H P L C s o f t w a r e p r o g r a m

( T u r b o c h e m 3 , P E N e l s o n ) a n d c o m p a r e d t o k n o w n i n d i v i d u a l s t a n d a r d s f o r

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

c a r b o h y d r a t e s w e r e a l s o d e t e r m i n e d b y i o n e x c h a n g e - e x c l u s i o n H P L C

( B i o r a d a m i n e x H P X - 8 7 P ) e x c e p t t h a t 2 0 u l o f t h e f i l t e r e d s a m p l e w a s

i n j e c t e d , t h e m o b i l e p h a s e w a s m i l l i p o r e w a t e r a t a r a t e o f . 6 m l / m i n a n d t h e

c o l u m n t e m p e r a t u r e w a s m a i n t a i n e d a t 8 5 ° C . S t r u c t u r a l c a r b o h y d r a t e s ;
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N D F , A D F , h e m i c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n N D F a n d

A D F ) , a n d c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n A D F a n d l i g n i n ) ,

w e r e d e t e r m i n e d a t 0 , 4 0 a n d 1 0 0 d p o s t - e n s i l i n g b y t h e p r o c e d u r e s o f

G o e r i n g a n d V a n S o e s t ( 1 9 7 0 ) a n d V a n S o e s t e t a l . ( 1 9 9 1 M e t h o d A ) .

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

r a n d o m i z e d d e s i g n w i t h a 2 ( y e a r s ) b y 4 ( s i l a g e a d d i t i v e s ) b y 8 ( e n s i l i n g

p e r i o d ) f a c t o r i a l a r r a n g e m e n t o f t r e a t m e n t s ( S t e e l a n d T o r r i e , 1 9 7 8 ) u s i n g

t h e G e n e r a l L i n e a r M o d e l s u b r o u t i n e o f S A S ( 1 9 9 0 ) . T h e A n o v a m o d e l s f o r

o r g a n i c a c i d c o n t e n t s , p H , m i c r o b i a l g r o u p , f e r m e n t a t i o n e n d — p r o d u c t s , a n d

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

Y i j k l

W h e r e :

Y i j k l

[ 1 + A + B i + ( A * B ) i j + C k + ( A * C ) i k + ( B * C ) i k

- l - ( A * B * C ) i i k + E m a

I n d i v i d u a l r e s p o n s e v a r i a b l e m e a s u r e d ( e . g . p H ,

m i c r o b i a l g r o u p )

O v e r a l l m e a n

E f f e c t o f y e a r

E f f e c t o f s i l a g e a d d i t i v e

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

E f f e c t o f d a y o f e n s i l i n g

I n t e r a c t i o n o f y e a r b y d a y o f e n s i l i n g
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B * C j . , = I n t e r a c t i o n o f s i l a g e a d d i t i v e b y d a y o f e n s i l i n g

A " ’ B * C i j k = I n t e r a c t i o n o f y e a r b y s i l a g e a d d i t i v e b y d a y o f

e n s i l i n g

E m , I = r a n d o m r e s i d u a l e r r o r

B o n f e r r o n i - t t e s t w a s u s e d f o r m e a n s e p a r a t i o n ( S A S , 1 9 9 0 ) . T h e m o d e l f o r

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

p e r i o d s ( d 0 , 4 0 a n d 1 0 0 ) w e r e u t i l i z e d .

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

E n v i r o n m e n t a l D a t a a n d F o r a g e C h a r a c t e r i s t i c s

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

d u r i n g t h e g r o w i n g s e a s o n . I n t h e E a s t L a n s i n g s i t e , a v e r a g e t e m p e r a t u r e

w a s 1 6 . 4 2 ° C ( 1 3 . 4 5 - 2 4 . 8 1 ° C ) i n 1 9 9 3 a n d 1 6 . 7 6 ° C ( 1 3 . 2 7 - 2 6 . 1 3 ° C )

i n 1 9 9 4 , w i t h a t o t a l p r e c i p i t a t i o n o f 2 5 8 m m i n 1 9 9 3 a n d 5 3 3 m m i n 1 9 9 4

( F i g u r e 2 - 1 ) . I n t h e t r o p i c a l e n v i r o n m e n t , a v e r a g e t e m p e r a t u r e w a s

2 6 . 0 4 ° C ( 1 8 . 6 5 - 3 2 . 0 7 ° C ) i n 1 9 9 3 a n d 2 4 . 1 9 ° C ( 1 6 . 5 4 - 3 1 . 8 4 ° C ) i n

1 9 9 4 . T o t a l p r e c i p i t a t i o n d u r i n g t h e g r o w i n g s e a s o n w a s 3 7 2 m m i n 1 9 9 3 ,

a n d 1 3 6 m m i n 1 9 9 4 ( F i g u r e 2 - 2 ) . A s e x p e c t e d , i n b o t h y e a r s a g r e a t e r

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

e n v i r o n m e n t . I n P u e r t o R i c o , t h e g r o w i n g s e a s o n i n c l u d e d m o n t h s

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

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

I n i t i a l c h e m i c a l c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m ( T a b l e 2 - 2 ) u t i l i z e d i n t h i s

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

h a r v e s t e d i n t e m p e r a t e a n d t r o p i c a l e n v i r o n m e n t s ( V i c e n t e - C h a n d l e r e t a l ,

1 9 8 3 ; V a n S o e s t , 1 9 9 1 ) . F o r a g e s o r g h u m h a r v e s t e d i n t h e t e m p e r a t e

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

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

O r g a n i c m a t t e r a n d t o t a l - N w e r e s i m i l a r r e g a r d l e s s o f c l i m a t e . I n b o t h

l o c a t i o n s , g l u c o s e a n d f r u c t o s e w e r e t h e m a j o r W S C f o u n d i n f o r a g e

s o r g h u m , a n d o n l y s m a l l c o n c e n t r a t i o n s ( < 1 % D M ) o f g a l a c t o s e a n d

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

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

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

c o n t e n t . G a l a c t o s e a n d a r a b i n o s e c o n t e n t s w e r e s i m i l a r r e g a r d l e s s o f

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

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

e n v i r o n m e n t s . I n c o n t r a s t t o c o o l s e a s o n - C 3 p l a n t s , c i t r i c a n d o x a l o a c e t i c

a c i d s ( i n t e r m e d i a t e s i n t h e t r i c a r b o x y l i c c y c l e a n d o t h e r b i o c h e m i c a l

p a t h w a y s i n d i g e n o u s t o C - 4 p l a n t s ) h a v e b e e n p r e v i o u s l y e x t r a c t e d f r o m

w a r m s e a s o n g r a s s e s ( V a n S o e s t , 1 9 9 4 ) . T h e b u f f e r i n g c a p a c i t y o f t h e s e

a c i d s a r e s t r o n g e s t w i t h i n p H r a n g e o f 4 . 0 t o 6 . 0 ( P l a y n e a n d M c D o n a l d ,

1 9 6 6 ) a n d h a v e b e e n a s s o c i a t e d w i t h t h e g r e a t e r b u f f e r i n g
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c a p a c i t y f o r f o r a g e s h a r v e s t e d i n t r o p i c a l e n v i r o n m e n t s ( M c D o n a l d e t a l . ,

1 9 9 1 ) . F o r a g e s o r g h u m i s a w a r m s e a s o n - C , g r a s s n a t i v e t o t r o p i c a l

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

a t t h e s a m e c h r o n o l o g i c a l a g e a s i n t h e t e m p e r a t e e n v i r o n m e n t , t o t a l

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

E p i p h y t i c e n t e r o b a c t e r i a c e a e , l a c t i c a c i d b a c t e r i a , a n d l a c t a t e a s s i m i l a t i o n

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

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

w e r e h i g h e r i n 1 9 9 4 t h a n i n 1 9 9 3 . I n t h e t r o p i c a l e n v i r o n m e n t ,

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

w e r e h i g h e r i n 1 9 9 3 t h a n i n 1 9 9 4 , b u t l a c t a t e a s s i m i l a t i n g y e a s t c o u n t s

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

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

e n v i r o n m e n t .

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

w e r e u t i l i z e d i n b o t h y e a r s a t e a c h l o c a t i o n . H o w e v e r , v a r i a t i o n i n t h e i n i t i a l

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

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

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

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

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

T h e e f f e c t s o f e n v i r o n m e n t a l f a c t o r s o n c h e m i c a l c o m p o s i t i o n o f f o r a g e s
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h a v e b e e n e x t e n s i v e l y r e v i e w e d ( M i n s o n a n d M c L e o d , 1 9 7 0 ; B u x t o n a n d

F a l e s , 1 9 9 4 ; V a n S o e s t , 1 9 9 4 ) . E x p e r i m e n t s a l s o h a v e s h o w n t h a t t h e

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

c o n d i t i o n s w i t h i n a n d b e t w e e n g e o g r a p h i c a l a r e a s ( H e n d e r s o n , 1 9 7 2 ; M u c k ,

1 9 8 9 ; L i n e t a l . , 1 9 9 2 b ) ; w h i c h m a y e x p l a i n t h e v a r i a b i l i t y i n e p i p h y t i c

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

T e m p e r a t e S i l a g e

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

o r g a n i c a c i d s i n f o r a g e s o r g h u m e n s i l e d i n t h e t e m p e r a t e a r e a ( T a b l e 2 - 3 ) .

I n b o t h y e a r s , c o n c e n t r a t i o n o f m a l i c a c i d d e c r e a s e d ( P < 0 . 0 1 ) t h e i n i t i a l 4 0

d p o s t - e n s i l i n g , t h e n r e m a i n e d c o n s t a n t t h e l a s t 6 0 d o f f e r m e n t a t i o n .

S u c c i n i c a c i d d e c r e a s e d ( P < 0 . 0 1 ) a s t h e l e n g t h o f e n s i l i n g p e r i o d i n c r e a s e d .

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

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

f e r m e n t a t i o n p r o c e s s , b u t l o w e r c o n c e n t r a t i o n s w e r e s e e n a f t e r 1 0 0 d p o s t -

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

i n v e g e t a t i v e m a t e r i a l p r i o r t o e n s i l i n g . I n t h i s e x p e r i m e n t , a l l f o u r o r g a n i c

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

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

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

I n b o t h y e a r s , p H o f f o r a g e s o r g h u m s i l a g e d e c r e a s e d ( P < 0 . 0 1 ) t h r o u g h t h e
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i n i t i a l 1 4 d o f f e r m e n t a t i o n , a n d r e a c h e d a p H v a l u e o f 4 . 2 a f t e r 3 d p o s t -

e n s i l i n g ( T a b l e 2 - 4 ) ; w h i c h i s t h e p H n e e d e d f o r a s t a b l e s i l a g e ( W o o l f o r d ,

1 9 8 4 ) . A f t e r 1 4 d p o s t - e n s i l i n g , a s l i g h t i n c r e a s e i n p H t h e l a s t 6 0 d o f

f e r m e n t a t i o n w a s o b s e r v e d i n f o r a g e s o r g h u m e n s i l e d i n 1 9 9 3 , b u t p H

r e m a i n e d c o n s t a n t t h r o u g h o u t t h e e n s i l i n g p e r i o d i n 1 9 9 4 . T h e f i n a l p H o f

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

( W o o l f o r d , 1 9 8 4 ; M c D o n a l d e t a l . , 1 9 9 1 ) . I n t h i s e x p e r i m e n t , h i g h e r

b u f f e r i n g c a p a c i t y a n d t o t a l o r g a n i c a c i d c o n t e n t ( 5 . 9 2 v s . 7 . 9 6 D M % i n

1 9 9 3 a n d 1 9 9 4 , r e s p e c t i v e l y ) w e r e f o u n d i n f o r a g e s o r g h u m h a r v e s t e d i n

1 9 9 4 t h a n i n 1 9 9 3 , b u t p H v a l u e s w e r e l o w e r t h r o u g h o u t t h e f e r m e n t a t i o n

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

d e g r a d a t i o n o f o r g a n i c a c i d s i n m a t e r i a l e n s i l e d i n 1 9 9 4 o r d i f f e r e n c e s i n t h e

f e r m e n t a t i o n e n d - p r o d u c t s . I n i t i a l p H v a l u e s w e r e a l s o d i f f e r e n t b e t w e e n

y e a r s ( 5 . 4 0 i n 1 9 9 3 , a n d 5 . 1 8 i n 1 9 9 4 ) . I n t h i s e x p e r i m e n t , p H w a s

m e a s u r e d 2 a n d 4 h a f t e r t h e m a t e r i a l w a s h a r v e s t e d i n 1 9 9 3 a n d 1 9 9 4 ,

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

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

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

m a x i m u m l e v e l a f t e r 7 d o f f e r m e n t a t i o n a n d s l i g h t l y d e c r e a s i n g t h e r e a f t e r .

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

a n d a l f a l f a s i l a g e s b y S e a l e e t a l . ( 1 9 8 6 ) ; w h o a s s o c i a t e d t h i s d e c r e a s e i n
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T a b l e 2 - 4 . E f f e c t s o f y e a r a n d d a y o f e n s i l i n g o n p H a n d I T I I C I ' O b I a l s u c c e s s r o n o f f o r a g e

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

Y e a r P r o b a b i l i t y

I t e m D a y 1 9 9 3 1 9 9 4 S E M ' v b 0 ° w e "

p H 0 5 . 4 0 ' 5 . 1 8 ' . 0 1 4 . 0 0 1 . 0 0 1 . 0 0 1
1 4 6 0 ° 4 . 3 2 °
3 3 9 4 h 3 . 7 "
7 3 7 7 ' 3 . 4 5 ‘
1 4 3 5 8 " 3 . 4 9 ‘
2 1 3 . 5 6 " 3 . 5 2 ‘
4 0 3 . 6 1 " 3 . 5 0 ‘
1 0 0 3 6 6 ‘ 3 5 0 ‘

I I . I . I a .

L a c t i c a c i d b a c t e r i a 0 4 . 3 2 ‘ 4 . 1 7 ‘ . 0 8 7 . 0 0 1 . 0 0 1 . 0 0 1

1 7 . 2 8 ‘ 7 . 9 0 "
3 7 . 5 6 “ 8 . 5 4 9
7 8 . 2 0 ' 8 . 9 0 '
1 4 7 . 7 6 “ 8 . 5 0 “
2 1 7 . 3 4 ‘ 7 . 7 0 ‘
4 0 7 . 1 5 ’ 7 . 2 5 ’
1 0 0 7 . 1 0 l 6 . 9 9 "

E n t e r o b a c t e r i a c e a e 0 4 . 8 0 “ 4 . 5 0 “ . 1 8 2 . 0 0 1 . 0 0 1 . 0 0 1
1 5 . 8 9 ' 5 . 3 4 ‘
3 2 . 8 5 ‘ 5 . 0 5 '
7 1 . 6 6 ' 3 . 8 1 “
1 4 3 . 0 1 " 2 . 3 0 ‘
2 1 2 . 5 9 I 2 . 5 4 '
4 0 2 . 4 3 ‘ 2 . 5 0 ‘
1 0 0 2 . 7 2 ‘ 2 . 4 8 ‘

Y e a s t s a n d m o l d s 0 2 . 9 2 “ 5 . 2 8 ' . 1 4 0 . 0 0 1 . 0 0 1 . 0 0 4
1 3 . 3 9 ° 5 . 3 1 '
3 3 . 6 7 “ 4 . 4 4 °
7 3 2 2 ° 4 3 1 °
1 4 4 . 2 0 ' 4 6 9 °
2 1 4 . 4 7 ' 4 8 5 °
4 0 4 3 4 ' 4 6 8 °
1 0 0 4 3 2 ' 4 6 1 °

L a c t a t e a s s i m i l a t i n g y e a s t 0 2 . 0 5 " I 2 . 8 0 “ . 2 1 8 . 0 0 1 . 0 0 1 . 0 0 1
1 2 9 0 ° 3 1 3 ° "
3 2 1 6 " l 3 . 3 9 ' °
7 2 2 8 " 3 4 0 °
1 4 1 . 8 2 ‘ 3 . 1 6 “ “
2 1 2 . 8 0 ° 2 . 9 6 “
4 0 4 . 1 4 ' 3 . 7 5 '
1 0 0 4 . 2 6 ' 3 . 1 6 ”
 

' S t a n d a r d e r r o r o f t h e m e a n
° E f f e c t o f y e a r
° E f f e c t o f d a y o f e n s i l i n g
" I n t e r a c t i o n o f y e a r b y d a y o f e n s i l i n g
‘ c f u / g o f f r e s h m a t e r i a l
M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d i t e m h e a d i n g d i f f e r ( P < 0 . 0 1 )



7 1

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

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

d e c r e a s e d ( P < 0 . 0 1 ) d u r i n g t h e f i r s t 1 4 d o f f e r m e n t a t i o n , t h e n r e m a i n e d

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

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

s i g n i f i c a n c e d u r i n g t h e l a s t s t a g e s o f t h e e n s i l i n g p r o c e s s ( B e c k , 1 9 7 8 ;

M u c k a n d B o l s e n , 1 9 9 2 ) . A d i f f e r e n t p a t t e r n i n y e a s t a n d m o l d a n d l a c t a t e

a s s i m i l a t i n g y e a s t p o p u l a t i o n s w a s o b s e r v e d b e t w e e n y e a r s . I n 1 9 9 3 , y e a s t

a n d m o l d p o p u l a t i o n s w e r e h i g h e r ( P < 0 . 0 1 ) a f t e r 1 4 d o f f e r m e n t a t i o n .

T h i s r i s e i n y e a s t a n d m o l d c o u n t s a f t e r 1 4 d p o s t - e n s i l i n g , m a y b e

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

t h i r d s o f t h e f e r m e n t a t i o n p e r i o d . I n 1 9 9 4 , y e a s t a n d m o l d c o u n t s

d e c r e a s e d ( P < 0 . 0 1 ) d u r i n g t h e f i r s t 3 d o f f e r m e n t a t i o n , t h e n r e m a i n e d

c o n s t a n t a f t e r 1 0 0 d p o s t - e n s i l i n g , a n d a t r e n d f o r i n c r e a s e d l a c t a t e

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

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

h i g h a c i d i c c o n d i t i o n s f o u n d i n t h e e n s i l e d m a t e r i a l . 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 H e n d e r s o n e t a l . ( 1 9 7 2 ) ; w h o f o u n d h i g h y e a s t a n d m o l d

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

f o r m i c a c i d .

I n b o t h y e a r s , a c e t i c a c i d p r o d u c t i o n i n c r e a s e d ( P < 0 . 0 5 ) o v e r t h e e n s i l i n g

p e r i o d ( T a b l e 2 - 5 ) . A g r e a t e r a c e t i c a c i d c o n t e n t d u r i n g t h e f e r m e n t a t i o n
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T a b l e 2 - 5 . E f f e c t s o f y e a r a n d d a y o f e n s i l i n g o n f e r m e n t a t l o n e n d - p r o d u c t s o f f o r a g e
s o r g h u m e n s r l e d m a t e m p e r a t e e n v r r o n m e n t

Y e a r P r o b a b i l i t y
F e r m e n t a t i o n
E n d - p r o d u c t , g / I 0 0 g D M D a y 1 9 9 3 1 9 9 4 S E M ' Y " D c Y ‘ D "

A c e t i c a c i d 0 0 . 2 2 ‘ 0 . 2 8 l . 0 6 6 . 0 0 1 . 0 0 1 . 0 3 0
1 1 . 0 6 ' 0 . 7 9 '
3 1 . 2 0 “ 0 . 9 4 “
7 1 . 4 0 ° 1 1 4 °
1 4 1 . 7 1 ' 1 3 8 '
2 1 1 . 7 9 ' 1 3 8 '
4 0 1 . 7 3 ' 1 5 2 '
1 0 0 1 . 8 9 ' 1 5 4 '

L a c t i c a c i d 0 0 . 5 9 0 . 5 8 . 3 0 3 . 0 8 5 . 0 0 1 . 1 4 2
1 4 . 3 1 4 . 8 9
3 6 . 4 7 6 . 2 7
7 8 . 0 5 7 . 8 2
1 4 9 . 4 4 9 . 3 3
2 1 9 . 1 2 1 0 . 4 2
4 0 8 . 3 2 8 . 3 8
1 0 0 6 . 4 3 7 . 1 3

P r o p i o n i c a c i d 0 0 . 0 0 “ 0 . 0 0 " . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1
1 0 . 0 0 “ 0 . 0 0 F
3 0 . 0 1 " 0 . 0 0 ’
7 0 . 0 1 ‘ 0 . 0 0 '
1 4 0 . 0 1 ‘ 0 . 0 1 E
2 1 0 . 0 2 E 0 . 0 0 ‘
4 0 0 . 0 1 F 0 . 0 1 "
1 0 0 0 . 0 2 E 0 . 0 1 E

B u t y r i c a c i d 0 0 . 0 0 “ 0 . 0 0 F . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 4
1 0 . 0 1 ‘ 0 . 0 0 F
3 0 . 0 1 F 0 . 0 0 ’
7 0 . 0 1 ‘ 0 . 0 0 ’
1 4 0 . 0 2 E 0 . 0 1 ‘
2 1 0 . 0 1 ' 0 . 0 1 ‘
4 0 0 . 0 1 F 0 . 0 1 E
1 0 0 0 . 0 1 ‘ 0 . 0 1 E

E t h a n o l 0 0 . 1 9 “ 0 . 1 8 “ 0 . 0 7 . 0 0 1 . 0 0 1 . 0 0 1
1 0 . 5 2 ' 0 . 5 0 ‘
3 1 . 2 0 “ 0 . 5 4 “ “
7 1 . 6 2 E 0 . 6 1 E
1 4 1 . 4 2 " 0 . 5 5 F
2 1 1 . 4 5 " 0 . 6 9 E
4 0 1 . 2 2 “ 0 . 4 9 F
1 0 0 1 . 1 2 " 0 . 5 6 E
 

‘ S t a n d a r d e r r o r o f t h e m e a n
" E f f e c t o f y e a r
‘ E f f e c t o f d a y o f e n s i l i n g
‘ E ' F l m fl r a c t i o n o f e a r b y a y o f e n s i l i n g

M e a n s w i t u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d f e r m e n t a t i o n e n d - p r o d u c t h e a d i n g d i f f e r ( P < 0 . 0 1 )
" " " M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d f e r m e n t a t i o n e n d - p r o d u c t h e a d i n g d i f f e r ( P < 0 . 0 5 )
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p r o c e s s w a s o b s e r v e d i n 1 9 9 3 t h a n i n 1 9 9 4 ; w h i c h m a y b e r e s p o n s i b l e t o

t h e h i g h e r p H f o u n d i n f o r a g e s o r g h u m e n s i l e d i n 1 9 9 3 . A c e t i c a c i d h a s a

d i s a s s o c i a t i o n c o n s t a n t ( p K a = 4 . 7 6 ) g r e a t e r t h a n o t h e r m a j o r e n d - p r o d u c t s

p r o d u c e d i n t h e f e r m e n t a t i o n p r o c e s s ( e . g . l a c t i c a c i d , p K a = 3 . 8 6 ) , a n d i t s

p r e s e n c e h a s b e e n a s s o c i a t e d w i t h h i g h p H s i l a g e s ( W o o l f o r d , 1 9 8 4 ;

M c D o n a l d e t a l . , 1 9 9 1 ) . L a c t i c a c i d w a s t h e m a j o r f e r m e n t a t i o n e n d -

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

i n t e r a c t i o n b e t w e e n y e a r a n d d a y o f e n s i l i n g f o r l a c t i c a c i d c o n t e n t w a s

o b s e r v e d . H o w e v e r , f o r a g e s o r g h u m e n s i l e d i n 1 9 9 4 t e n d e d ( P < . 0 8 ) t o

h a v e g r e a t e r l a c t i c a c i d c o n t e n t t h a n s o r g h u m e n s i l e d i n 1 9 9 3 . I n b o t h

y e a r s , l a c t i c a c i d p r o d u c t i o n i n c r e a s e d t h r o u g h 2 1 ( I p o s t - e n s i l i n g , t h e n

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

e x p e r i m e n t i n c r e a s e d a t a n e x p o n e n t i a l r a t e d u r i n g t h e f i r s t 7 d o f e n s i l i n g .

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

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

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

g r e a t e r ( P < 0 . 0 1 ) i n 1 9 9 3 t h a n i n 1 9 9 4 . H o w e v e r , c o n c e n t r a t i o n o f t h e s e

f e r m e n t a t i o n e n d - p r o d u c t s w e r e b e l o w . 1 % D M ; w h i c h i s t h e m i n i m u m

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

( M c D o n a l d e t a l . , 1 9 9 1 ) .

E t h a n o l p r o d u c t i o n i n c r e a s e d ( P < 0 . 0 1 ) d u r i n g t h e f i r s t 7 d p o s t - e n s i l i n g i n

f o r a g e s o r g h u m e n s i l e d i n 1 9 9 3 , t h e n d e c r e a s e d s l i g h t l y ( P < 0 . 0 1 ) t h e l a s t
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t w o - t h i r d s o f t h e f e r m e n t a t i o n p e r i o d . I n 1 9 9 4 , e t h a n o l c o n t e n t i n c r e a s e d

( P < 0 . 0 1 ) t h r o u g h 3 d p o s t - e n s i l i n g , t h e n r e m a i n e d c o n s t a n t t h e r e a f t e r . A l l

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

s o r g h u m e n s i l e d i n 1 9 9 4 t h a n i n 1 9 9 3 , b u t e t h a n o l c o n t e n t w a s l o w e r .

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

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

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

i n 1 9 9 3 .

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

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

f r u c t o s e w e r e r a p i d l y d e g r a d e d t h e f i r s t 7 d p o s t - e n s i l i n g ( T a b l e 2 - 6 ) . T h i s

d e c r e a s e i n g l u c o s e a n d f r u c t o s e c o n t e n t c o r r e s p o n d s t o t h e m a x i m u m L A B

c o u n t s a n d m a x i m u m p H d e c r e a s e f o u n d i n t h i s e x p e r i m e n t . A f t e r 7 d

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

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

a c i d a t t h e e a r l y s t a g e s o f t h e f e r m e n t a t i o n p e r i o d , d e c r e a s e d a f t e r 7 ( I p o s t -

e n s i l i n g . T h e i n c r e a s e i n a c e t i c a c i d a n d d e c r e a s e i n l a c t i c a c i d a t t h e l a t e r

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

p o p u l a t i o n f r o m h o m o f e r m e n t a t i v e t o h e t e r o f e r m e n t a t i v e . A d d i t i o n a l l y , t h e

g r e a t e r g l u c o s e c o n t e n t o v e r f r u c t o s e o b s e r v e d a f t e r 7 d p o s t - e n s i l i n g m a y

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

p r e f e r e n c e , a n d i n c r e a s e d t h e i r m e t a b o l i c a c t i v i t y d u r i n g t h e l a t e r
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T a b l e 2 - 6 . E f f e c t s o f y e a r a n d d a y o f e n s i l i n g o n w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s o f

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

 

 
 

 

Y e a r P r o b a b i l i t y

C a r b o h y d r a t e , g / 1 0 0 g D M D a y 1 9 9 3 1 9 9 4 S E M ' Y b D c Y " D d

G l u c o s e 0 5 . 3 1 ' 6 . 4 1 ' . 1 2 2 . 0 0 1 . 0 0 1 . 0 0 1
1 3 . 2 4 ' 3 . 6 2 '
3 2 . 6 1 “ 3 . 4 1 '
7 1 . 6 8 “ 2 . 3 1 °
1 4 1 . 5 6 “ 2 . 0 9 “
2 1 1 . 1 5 ' 1 . 7 4 ' I
4 0 1 . 1 1 ' 1 . 5 2 “
1 0 0 1 . 0 7 ‘ 1 . 0 1 ‘

F r u c t o s e 0 4 . 8 3 ‘ 6 . 3 0 ’ . 1 3 1 . 0 0 1 . 0 0 1 . 0 0 1
1 1 . 9 1 ' 2 . 2 2 '
3 1 . 3 8 “ 2 . 0 7 '
7 0 . 9 4 " 1 . 6 8 “
1 4 0 . 7 6 " 1 . 2 7 "
2 1 0 . 7 3 " 1 . 0 6 "
4 0 0 . 6 7 “ 0 . 8 7 ‘
1 0 0 0 . 6 9 " 0 . 9 1 '

G a l a c t o s e 0 0 . 0 6 0 . 1 7 . 0 0 2 . 0 0 1 . 0 0 1 . 4 1 2
1 0 . 0 6 0 . 2 4
3 0 . 1 5 0 . 3 1
7 0 . 1 0 0 . 2 9
1 4 0 . 0 9 0 . 2 5
2 1 0 . 1 0 0 . 2 7
4 0 0 . 0 8 0 . 2 4
1 0 0 0 . 0 6 0 . 2 3

X y l o s e 0 0 . 0 7 0 . 0 6 . 0 2 7 . 3 0 1 . 0 0 1 . 8 2 6
1 0 . 0 7 0 . 0 8
3 0 . 0 9 0 . 1 2
7 0 . 1 4 0 . 1 0
1 4 0 . 1 2 0 . 1 2
2 1 0 . 1 6 0 . 2 0
4 0 0 . 2 9 0 . 3 1
1 0 0 0 . 5 6 0 . 6 1

A r a b i n o s e 0 0 . 0 7 “ 0 . 1 6 ' 0 . 0 1 . 0 0 1 . 0 0 1 . 0 0 1
1 0 . 0 6 ‘ 0 . 1 4 “ “
3 0 . 0 7 “ 0 . 1 3 “ "
7 0 . 0 9 ' 0 . 1 2 “ ”
1 4 0 . 0 8 “ 0 . 1 1 "
2 1 0 . 0 7 “ 0 . 1 0 I
4 0 0 . 0 7 “ 0 . 0 9 ’
1 0 0 0 . 0 9 ‘ 0 . 1 5 “
 

' S t a n d a r d e r r o r o f t h e m e a n
" E f f e c t o f y e a r
° E f f e c t o f d a y o f e n s i l i n g
‘ I n t e r a c t i o n o f y e a r ' d a y o f e n s i l i n
" ° " " M e a n s w i t h u n l i k e s u p e r s c r i p t s 1 n t h e s a m e y e a r a n d c a r b o h y d r a t e h e a d i n g d i f f e r ( P < . 0 1 )
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s t a g e s o f t h e f e r m e n t a t i o n p e r i o d w h e n c o n d i t i o n s w e r e m o r e a c i d i c . I t

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

u t i l i z e d o t h e r s u b s t r a t e s r a t h e r t h a n s u g a r s a f t e r t h e i n i t i a l 7 ( I p o s t - e n s i l i n g .

G l u c o s e a n d f r u c t o s e c o n t e n t s w e r e l o w e r ( P < 0 . 0 1 ) o v e r t h e e n t i r e e n s i l i n g

p e r i o d i n f o r a g e s o r g h u m e n s i l e d i n 1 9 9 3 t h a n i n 1 9 9 4 . T h e d i f f e r e n c e s i n

s u g a r s c o n t e n t b e t w e e n y e a r s s u p p o r t t h e o b s e r v a t i o n o f a g r e a t e r

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

y e a s t s a n d m o l d s ) i n t h e 1 9 9 3 s i l a g e , a s e v i d e n c e d b y h i g h e r c o n t e n t o f

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

c o u n t s . F o r a g e s o r g h u m e n s i l e d i n 1 9 9 4 h a d g r e a t e r ( P < 0 . 0 1 ) g a l a c t o s e

c o n t e n t t h e n f o r a g e e n s i l e d i n 1 9 9 3 . G a l a c t o s e c o n c e n t r a t i o n w a s s i m i l a r

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

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

p r o c e s s . X y l o s e c o n t e n t o f s i l a g e s w a s s i m i l a r ( P < 0 . 0 1 ) d u r i n g b o t h y e a r s .

O v e r t h e e n s i l i n g p e r i o d , x y l o s e c o n t e n t i n c r e a s e d ( P < 0 . 0 1 ) a s l e n g t h o f t h e

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

d u r i n g t h e l a s t 4 0 d p o s t - e n s i l i n g . T h i s i n c r e a s e i n x y l o s e c o n t e n t m a y b e

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

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

f e r m e n t a t i o n e n d - p r o d u c t s ( e . g . a c e t i c a c i d ) t h r o u g h o u t t h e f e r m e n t a t i o n

p e r i o d . A r a b i n o s e c o n t e n t w a s c o n s t a n t o v e r t i m e i n 1 9 9 3 . I n 1 9 9 4 ,

a r a b i n o s e c o n t e n t r e m a i n e d c o n s t a n t d u r i n g t h e i n i t i a l 2 1 d o f t h e
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f e r m e n t a t i o n p r o c e s s , b u t i n c r e a s e d ( P < 0 . 0 1 ) f o r t h e r e m a i n d e r o f t h e

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

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

N e u t r a l d e t e r g e n t f i b e r c o n t e n t t e n d e d t o d e c r e a s e ( P < 0 . 0 6 l a s t h e l e n g t h

o f t h e e n s i l i n g p e r i o d i n c r e a s e d i n 1 9 9 4 ( T a b l e 2 - 7 ) . I n 1 9 9 3 , N D F c o n t e n t

a f t e r 4 0 d p o s t - e n s i l i n g w a s l o w e r t h a n t h e i n i t i a l N D F , b u t s i m i l a r a f t e r 1 0 0

d p o s t - e n s i l i n g . F o r a g e e n s i l e d i n 1 9 9 3 h a d h i g h e r ( P < 0 . 0 5 ) A D F t h a n

s o r g h u m e n s i l e d i n 1 9 9 4 . I n b o t h y e a r s , h e m i c e l l u l o s e d e c r e a s e ( P < 0 . 0 5 )

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

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

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

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

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

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

s i l a g e a d d i t i v e b y d a y o f e n s i l i n g i n t e r a c t i o n f o r o r g a n i c a c i d s w a s n o t

s i g n i f i c a n t ( d a t a n o t s h o w e d ) . I n t h i s e x p e r i m e n t , d e g r a d a t i o n o f o r g a n i c

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

t h e s i l a g e e n z y m e o r m i c r o b i a l i n o c u l a n t t r e a t m e n t s .

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

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

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

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



T a b l e 2 - 7 .

7 8

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

 

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

 

 

Y e a r P r o b a b i l i t y

I t e m , 9 / 1 0 0 g D M D a y 1 9 9 3 1 9 9 4 S E M ' Y " D ° Y " D d

N D F O 5 7 . 5 2 ' 5 9 . 8 8 ’ . 4 7 5 . 0 0 1 . 0 6 0 . 0 4 0
4 0 5 6 . 1 7 ' 5 7 . 9 6 '
1 0 0 5 6 . 7 6 ’ 5 6 . 8 5 “

A D F 0 3 4 . 6 5 3 5 . 6 6 . 5 7 0 . 0 3 1 . 0 8 1 . 4 2 1
4 0 3 3 . 9 2 3 5 . 6 9
1 0 0 3 4 . 9 2 3 5 . 1 9

H e m i c e l l u l o s e 0 2 2 . 7 6 ' 2 4 . 2 1 ' . 4 3 0 . 0 0 3 . 1 5 1 . 0 2 2
4 0 2 2 . 2 4 “ 2 2 . 2 7 '
1 0 0 2 1 . 8 3 ' 2 1 . 6 6 “

C e l l u l o s e 0 2 9 . 5 1 2 8 . 1 4 ° . 4 7 1 . 9 7 1 . 0 0 1 . 0 0 2
4 0 2 9 . 5 3 3 0 . 8 3 E
1 0 0 2 9 . 7 1 2 9 . 7 4 F
 

' S t a n d a r d e r r o r o f t h e m e a n
° E f f e c t o f y e a r
‘ E f f e c t o f d a y o f e n s i l i n g
‘ I n t e r a c t i o n o f y e a r ' d a y o f e n s i l i n g
5 ° M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d i t e m h e a d i n g d i f f e r ( P < . 0 1 )
“ “ M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d i t e m h e a d i n g d i f f e r ( P < . 0 5 )
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w i t h e n z y m e s h a d l o w e r ( P < 0 . 0 1 ) p H a n d h i g h e r ( P < 0 . 0 1 ) L A B p o p u l a t i o n s

t h a n f o r a g e s o r g h u m e n s i l e d w i t h o u t m i c r o b i a l i n o c u l a n t ( T a b l e 2 - 8 ) . L a c t i c

a c i d c o n t e n t a l s o w a s i n c r e a s e d ( P < 0 . 0 1 ) b y i n o c u l a t i o n w h e n c o m p a r e d t o

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

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

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

B o l s e n e t a l . ( 1 9 9 2 ) , w h o r e p o r t e d t h a t e x c e p t f o r L A B , i n o c u l a t i o n d i d n o t

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

G l u c o s e c o n t e n t w a s l o w e r ( P < 0 . 0 1 ) , b u t f r u c t o s e ( P < 0 . 0 1 ) a n d a r a b i n o s e

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

m i c r o b i a l i n o c u l a n t . G a l a c t o s e c o n t e n t t e n d e d ( P < . 0 7 ) t o b e l o w e r i n

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

c o n c e n t r a t i o n s w e r e o b s e r v e d . E n z y m e a d d i t i v e d i d n o t a f f e c t ( P < 0 . 0 5 )

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

H o w e v e r , s i l a g e s c o n t a i n i n g p l a n t c e l l - w a l l d e g r a d i n g e n z y m e s h a d l o w e r

( P < 0 . 0 1 ) N D F c o n t e n t t h a n f o r a g e s o r g h u m e n s i l e d w i t h o u t t h e e n z y m e

a d d i t i v e .

T h e r e w a s a s i g n i f i c a n t s i l a g e a d d i t i v e b y d a y o f e n s i l i n g i n t e r a c t i o n o n p H

a n d L A B p o p u l a t i o n ( T a b l e 2 - 9 ) . E n s i l i n g o f f o r a g e s o r g h u m w i t h i n o c u l a n t

o r i n o c u l a n t p l u s e n z y m e h a d l o w e r ( P < 0 . 0 1 ) p H a t 3 , 7 a n d 1 4 d o f

f e r m e n t a t i o n , a n d g r e a t e r ( P < 0 . 0 1 ) L A B p o p u l a t i o n 7 d p o s t - e n s i l i n g .

S i g n i f i c a n t i n t e r a c t i o n s b e t w e e n s i l a g e a d d i t i v e a n d d a y o f e n s i l i n g o n o t h e r
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8 2

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

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

c o u r s e o f e n s i l i n g ( T a b l e 2 - 1 0 ) . I n o c u l a t i o n o f f o r a g e s o r g h u m r e s u l t e d i n

h i g h e r ( P < 0 . 0 5 ) l a c t i c a c i d c o n c e n t r a t i o n s a f t e r 1 , 3 , a n d 7 d p o s t - e n s i l i n g ,

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

a c i d c o n t e n t c o r r e s p o n d e d w i t h t h e g r e a t e r L A B p o p u l a t i o n a n d l o w e r p H

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

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

( T a b l e 2 - 1 1 ) w e r e c o n s i s t e n t a t e a c h e n s i l i n g p e r i o d . F r u c t o s e c o n t e n t w a s

h i g h e r ( P < 0 . 0 1 ) f r o m d 1 u n t i l t h e e n d o f f e r m e n t a t i o n i n t r e a t m e n t s

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

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

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

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

A r a b i n o s e w a s h i g h e r ( P < 0 . 0 5 ) a f t e r 1 4 , 2 1 , a n d 4 0 d p o s t - e n s i l i n g i n

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

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

T h e s u m o f t h e 5 i n d i v i d u a l W S C i n t h i s e x p e r i m e n t a f t e r 1 0 0 d p o s t -

e n s i l i n g , i n d i c a t e t h a t f o r a g e s o r g h u m t r e a t e d w i t h b a c t e r i a l i n o c u l a n t ( 3 . 1 7

g / 1 0 0 g D M ) o r i n o c u l a n t p l u s e n z y m e s ( 2 . 9 5 g / 1 0 0 g D M ) h a d g r e a t e r

r e s i d u a l W S C a t t h e e n d o f t h e f e r m e n t a t i o n p r o c e s s t h a n c o n t r o l s i l a g e

( 2 . 3 3 g / 1 0 0 g D M ) o r s i l a g e t r e a t e d o n l y w i t h e n z y m e s ( 2 . 3 5 g / 1 0 0 g D M ) .

I n o t h e r e x p e r i m e n t s , c o r n s i l a g e t r e a t e d w i t h l a c t i c a c i d b a c t e r i a l i n o c u l a n t
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8 5

h a d h i g h e r W S C a f t e r 1 1 0 d p o s t - e n s i l i n g t h a n c o r n s i l a g e t r e a t e d w i t h o u t

m i c r o b i a l c u l t u r e ( C l e a r e e t a l . , 1 9 9 0 ) . T h e h i g h e r r e s i d u a l W S C c o n t e n t

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

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

N e u t r a l d e t e r g e n t f i b e r a f t e r 4 0 a n d 1 0 0 d p o s t - e n s i l i n g t e n d e d t o b e l o w e r

( P < 0 . 0 9 ) i n f o r a g e s o r g h u m c o n t a i n i n g e n z y m e s t h a n f o r a g e e n s i l e d

w i t h o u t a d d i t i v e o r L A B i n o c u l a n t ( T a b l e 2 - 1 2 ) . T h e s i l a g e a d d i t i v e b y d a y

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

s i g n i f i c a n t . I n t h i s e x p e r i m e n t , e n z y m e m i x t u r e s d e c r e a s e d t h e N D F f r a c t i o n

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

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

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

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

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

p l a n t m a t u r i t y a n d p l a n t s p e c i e s .

T r o p i c a l S i l a g e

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

( P < 0 . 0 1 ) a c r o s s y e a r s ( T a b l e 2 - 1 3 ) . M a l i c a n d o x a l o a c e t i c a c i d s a c i d s w e r e

g r e a t e r i n 1 9 9 4 t h a n i n 1 9 9 3 . A d d i t i o n a l l y , t h e c o n c e n t r a t i o n o f t h e s e a c i d s

d e c r e a s e d o v e r t h e e n s i l i n g p e r i o d ( P < 0 . 0 1 ) . F o r a l l e n s i l i n g p e r i o d s , c i t r i c

a c i d t e n d e d ( P < 0 . 0 8 ) t o b e h i g h e r i n 1 9 9 3 t h a n i n 1 9 9 4 , b u t s u c c i n i c a c i d

c o n t e n t w a s l o w e r ( P < 0 . 0 1 ) . F o r a l l e n s i l i n g p e r i o d s , c i t r i c a c i d t e n d e d
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( P < 0 . 0 8 ) t o b e h i g h e r i n 1 9 9 3 t h a n i n 1 9 9 4 , b u t s u c c i n i c a c i d c o n t e n t w a s

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

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

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

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

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

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

l e n g t h o f e n s i l i n g a c r o s s y e a r s ( T a b l e 2 - 1 4 ) . O v e r t i m e , p H o f f o r a g e

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

w a s v a r i a b l e , a n d r e a c h e d t h e 4 . 2 v a l u e a f t e r 2 1 d o f f e r m e n t a t i o n . I n t h i s

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

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

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

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

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

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

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

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

f e r m e n t a t i o n p r o c e s s ( M c D o n a l d e t a l . , 1 9 9 1 ) .

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

s i g n i f i c a n t y e a r b y d a y o f e n s i l i n g i n t e r a c t i o n . L a c t i c a c i d b a c t e r i a l

p o p u l a t i o n w a s h i g h e r ( P < 0 . 0 1 ) t h e i n i t i a l 7 d p o s t - e n s i l i n g i n 1 9 9 4 t h a n i n

1 9 9 3 , b u t w a s l o w e r ( P < 0 . 0 1 ) d u r i n g t h e r e s t o f t h e f e r m e n t a t i o n p r o c e s s .
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T a b l e 2 - 1 4 . E f f e c t s o f y e a r a n d d a y o f e n s i l i n g o n p H a n d m i c r o b i a l s u c c e s s i o n o f f o r a g e
s o r g h u m e n s i l e d i n a t r o p i c a l e n v i r o n m e n t

 

 

 

Y e a r P r o b a b i l i t y

I t e m D a y 1 9 9 3 1 9 9 4 S E M ' Y ” D “ Y “ ' D ' j

p H 0 5 . 5 6 5 . 6 1 . 0 4 3 . 1 6 3 . 0 0 1 . 7 6 0
1 4 . 7 4 4 . 7 3
3 4 . 5 6 4 . 5 0
7 4 . 5 5 4 . 4 8
1 4 4 . 3 4 4 . 3 4
2 1 4 . 5 1 4 . 4 2
4 0 4 . 1 1 4 . 0 7
1 0 0 4 1 4 4 . 1 2

I I . I . I E ,

L a c t i c a c i d b a c t e r i a 0 4 . 8 3 ’ 4 . 2 1 " . 1 1 5 . 0 0 1 . 0 0 1 . 0 0 1
1 5 . 9 6 ' 8 . 4 5 '
3 7 . 7 0 ' 8 . 6 2 '
7 7 . 6 5 ' 7 . 8 7 9
1 4 7 . 0 9 9 7 . 0 5 "
2 1 6 . 6 6 “ “ 6 6 0 I
4 0 6 . 8 0 9 " 6 4 5 .
1 0 0 6 . 7 3 " 5 7 9 .

E n t e r o b a c t e r i a c e a e 0 7 . 0 1 ' 5 . 4 7 ‘ . 2 5 5 . 0 0 1 . 0 0 1 . 0 0 1
1 6 9 6 ' 7 . 9 6 '
3 5 2 6 ° 6 . 3 4 “
7 3 4 3 " 5 . 9 8 . ‘
1 4 3 6 2 h 3 . 6 1 I L
2 1 2 9 6 I 4 . 3 8 1
4 0 3 2 4 ' 3 . 4 9 | k
1 0 0 2 2 4 ' 3 . 8 7 t

Y e a s t s a n d m o l d s 0 6 . 1 1 “ 3 . 1 4 " . 1 4 9 . 0 0 1 . 0 0 1 . 0 0 4
1 6 . 3 0 “ 5 . 5 4 I
3 6 . 3 4 ” 6 . 8 8 "
7 6 . 8 9 ' 7 . 4 7 '
1 4 6 . 5 3 ' 6 . 2 1 h
2 1 6 . 7 5 ' 5 . 9 7 "
4 0 6 . 8 2 ’ 5 . 3 3 I
1 0 0 6 . 8 3 ' 4 . 8 7 I

L a c t a t e a s s i m i l a t i n g y e a s t 0 2 . 5 5 ' 2 . 9 5 " . 1 7 3 0 0 1 . 0 0 1 . 0 0 1
1 3 . 9 9 " 5 . 0 3 I
3 4 . 7 2 9 6 . 2 4 ‘ I
7 6 . 0 4 ' 7 . 0 9 '
1 4 5 . 9 4 ' 6 . 2 0 °
2 1 6 . 0 8 ' 5 . 8 2 "
4 0 5 . 7 8 ' 5 . 1 1 I
1 0 0 6 . 1 0 ' 4 . 5 9 ‘
 

' S t a n d a r d e r r o r o f t h e m e a n
" E f f e c t o f e a r
‘ E f f e c t o f a y o f e n s i l i n g
" I n t e r a c t i o n o f y e a r b y d a y o f e n s i l i n g
' c f u / g o f f r e s h m a t e r i a l
' ° " " M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d i t e m h e a d i n g d i f f e r ( P < 0 . 0 1 )



9 0

I n t h i s e x p e r i m e n t , a g r e a t e r l a c t i c a c i d b a c t e r i a l p o p u l a t i o n f o u n d i n 1 9 9 4

d u r i n g t h e f i r s t w e e k p o s t - e n s i l i n g d i d n o t r e s u l t i n l o w e r p H v a l u e s ; w h i c h

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

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

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

c u r r e n t l y t h o u g h t . I n 1 9 9 3 , e n t e r o b a c t e r i a c e a e p o p u l a t i o n d e c r e a s e d

( P < 0 . 0 1 ) a s l e n g t h o f e n s i l i n g p e r i o d i n c r e a s e d , w h e r e a s , i n 1 9 9 4 t h e

p o p u l a t i o n i n c r e a s e d b y d a y 1 b e f o r e s h o w i n g t h e d e c l i n i n g t r e n d . Y e a s t

a n d m o l d p o p u l a t i o n s w e r e h i g h e r ( P < 0 . 0 1 ) a f t e r 7 d p o s t - e n s i l i n g i n b o t h

y e a r s , b u t t h e c h a n g e s w e r e m u c h m o r e d r a m a t i c i n 1 9 9 4 .

L o w W S C c o n t e n t o f t r o p i c a l g r a s s e s a n d l o w h o m o f e r m e n t a t i v e L A B

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

m a j o r p r o b l e m s a s s o c i a t e d w i t h t h e e n s i l i n g o f t r o p i c a l f o r a g e s ( M c D o n a l d e t

a l . , 1 9 9 1 ; V a n S o e s t , 1 9 9 4 ) . H o w e v e r , i n t h i s e x p e r i m e n t , L A B

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

e n t e r o b a c t e r i a c e a e , y e a s t s a n d m o l d s , a n d l a c t a t e a s s i m i l a t i n g y e a s t s

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

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

e n v i r o n m e n t s . T h e h i g h e r c o u n t s o f t h e s e m i c r o o r g a n i s m s , d e s c r i b e d a s

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

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

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

c o n t e n t i n c r e a s e d w i t h l e n g t h o f t h e e n s i l i n g p e r i o d ( T a b l e 2 - 1 5 ) . A g r e a t e r



9 1

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

e n s i l e d i n 1 9 9 4 t h a n i n 1 9 9 3 . T h i s c h a n g e i n a c e t i c a c i d c o n t e n t i n f o r a g e

e n s i l e d i n 1 9 9 4 , m a y c o r r e s p o n d t o t h e h i g h e r e n t e r o b a c t e r i a c e a e a n d m o r e

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

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

a f t e r 2 1 d p o s t - e n s i l i n g , i t w o u l d s e e m t h a t o t h e r a c e t i c a c i d p r o d u c i n g

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

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

a t l a t e r s t a g e s o f t h e f e r m e n t a t i o n p r o c e s s . L a c t i c a c i d w a s t h e m a j o r

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

t h e t r o p i c a l e n v i r o n m e n t . A g r e a t e r l a c t i c a c i d p r o d u c t i o n a f t e r 3 d p o s t -

e n s i l i n g w a s f o u n d i n f o r a g e s o r g h u m e n s i l e d i n 1 9 9 4 a s c o m p a r e d t o

s o r g h u m e n s i l e d i n 1 9 9 3 . T h i s h i g h e r l a c t i c a c i d m a y i n d i c a t e a m o r e a c t i v e

L A B p o p u l a t i o n i n f o r a g e s o r g h u m e n s i l e d i n 1 9 9 4 . I n b o t h y e a r s , l a c t i c

a c i d c o n t e n t i n c r e a s e d a f t e r d 1 4 p o s t - e n s i l i n g ; w h i c h c o r r e s p o n d s t o

c h a n g e s i n p H a n d l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s . A f t e r 1 4 d p o s t -

e n s i l i n g , l a c t i c a c i d c o n t e n t d e c r e a s e d ( P < 0 . 0 1 ) o v e r t i m e . I t w o u l d

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

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

I n t h i s e x p e r i m e n t , f o r a g e s o r g h u m e n s i l e d i n a t r o p i c a l e n v i r o n m e n t f o r 1 0 0

d h a d l o w a c e t i c a c i d c o n t e n t . L e v e l s o f a c e t i c a c i d i n d i c a t e d t h a t f e w

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

t h a t m i c r o o r g a n i s m s r e s p o n s i b l e f o r a c e t i c a c i d p r o d u c t i o n h a d v e r y l o w
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T a b l e 2 - 1 5 . E f f e c t s o f y e a r a n d d a y o f e n s i l i n g o n f e r m e n t a t i o n e n d - p r o d u c t s o f f o r a g e
s o r g h u m e n s i l e d i n a t r o p i c a l e n v r r o n m e n t .

Y e a r P r o b a b i l i t y
F e r m e n t a t i o n d
E n d - P r o d u c t , g / 1 0 0 g D M D a y 1 9 9 3 1 9 9 4 S E M ' Y " D ‘ Y ' D

A c e t i c a c i d 0 0 . 0 4 " 0 . 0 8 “ . 0 4 1 . 0 0 1 . 0 0 1 . 0 0 1
1 0 . 2 1 “ 0 . 2 5 “
3 0 . 2 3 “ 0 . 7 1 '
7 0 . 3 0 ' 0 . 7 4 '
1 4 0 . 3 3 ' 0 . 8 0 ’
2 1 0 . 3 8 ' 0 . 6 9 '
4 0 0 . 3 7 ' 0 . 6 7 '
1 0 0 0 5 1 ’ 0 . 7 2 '

L a c t i c a c i d 0 0 . 1 9 “ 0 . 1 0 . 2 2 3 . 0 0 1 . 0 0 1 . 0 0 1
1 1 . 5 4 ‘ I 1 . 1 4 '
3 2 . 1 9 ' 7 . 2 4 '
7 3 . 1 7 ' 7 . 2 3 '
1 4 3 . 5 5 ' 7 . 5 3 '
2 1 2 . 4 8 ' 6 . 0 5 '
4 0 1 . 8 1 " 4 . 5 9 “
1 0 0 1 . 5 1 ‘ I 3 . 2 0 "

P r o p i o n i c a c i d 0 0 . 0 0 9 0 . 0 0 9 . 0 1 0 . 0 0 1 . 0 0 1 . 0 0 7
1 0 . 0 0 9 0 . 0 0 ! I
3 0 . 0 0 " 0 . 0 0 “
7 0 . 0 0 9 0 . 0 0 9
1 4 0 . 0 9 ‘ 0 . 0 4 “
2 1 0 . 0 7 ' 0 . 0 4 “
4 0 0 . 0 4 ' 0 . 0 5 '
1 0 0 0 . 0 4 ’ 0 . 0 2 "

B u t y r i c a c i d 0 0 . 0 0 0 . 0 0 . 0 0 6 . 8 9 9 . 0 0 1 . 1 5 0
1 0 . 0 3 0 . 0 4
3 0 . 0 5 0 . 0 6
7 0 . 0 8 0 . 0 4
1 4 0 . 0 5 0 . 0 5
2 1 0 . 0 6 0 . 0 6
4 0 0 . 0 4 0 . 0 4
1 0 0 0 . 0 4 0 . 0 5

E t h a n o l 0 0 . 0 2 ’ 0 . 0 8 1 . 0 5 8 . 1 9 8 . 0 0 1 . 0 0 1
1 0 . 1 2 ' 0 . 4 8 "
3 0 . 2 9 " 0 . 6 5 “
7 0 . 6 3 ' 0 . 8 1 '
1 4 1 . 1 1 ' 1 1 0 °
2 1 0 . 6
4 0 0 . 5
1 0 0 0 . 7 19

.1
9.

.
0
9
9
.

"
o
h
m

0
1
0
0
)
’
0

 

' S t a n d a r d e r r o r o f t h e m e a n
" E f f e c t o f y e a r
° E f f e c t o f d a y o f e n s i l i n g
‘ I n t e r a c t i o n o f y e a r b y a y o f e n s i l i n g
‘ 9 " M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d f e r m e n t a t i o n e n d - p r o d u c t h e a d i n g d i f f e r ( P < 0 . 0 1 )
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m e t a b o l i c a c t i v i t y , o r t h a t o t h e r m i c r o o r g a n i s m s a s s o c i a t e d w i t h t h e e n s i l i n g

p r o c e s s a r e c a p a b l e o f u t i l i z i n g a c e t i c a c i d a s a s u b s t r a t e . I n s i m i l a r

e x p e r i m e n t s p e r f o r m e d i n t h e t r o p i c a l e n v i r o n m e n t o f H a w a i i , ( K u n g J r . e t

a l . , 1 9 8 2 ) l a c t i c a c i d w a s a l s o t h e m a j o r f e r m e n t a t i o n e n d - p r o d u c t o f w h o l e

p l a n t s u g a r c a n e ( S a c c h a r u m o f f i c i n a r u m ) e n s i l e d a t 5 d i f f e r e n t s t a g e s o f

m a t u r i t y f o r 6 0 d . H o w e v e r , r e s u l t s f r o m t h e c u r r e n t e x p e r i m e n t a n d t h e

K u n g J r . s t u d y a r e i n d i s a g r e e m e n t w i t h o t h e r s t u d i e s ( C a t c h p o o l e a n d

W i l l i a n s , 1 9 6 9 ; C a t c h p o o l e a n d H e n z e l , 1 9 7 0 ; P a n d i t h a r a t n e e t a l . , 1 9 8 6 )

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

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

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

a t r o p u r p u r e u s , D e s m o d i u m i n t o r t u m , L o t o n o n i s b a i n e s s i , S e t a r i a s p h a c e l a t a ,

o r C h l o r i s g a y a n a ) o r g r a s s s p e c i e s ( P a n i c u m m a x i m u m ) w i t h d i f f e r e n t

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

s o r g h u m e v a l u a t e d i n t h i s e x p e r i m e n t o r t h e s u g a r c a n e b a g a s s e . L o n g e r

e n s i l i n g p e r i o d s ( 2 0 0 d ) w e r e a l s o u t i l i z e d i n t h o s e s t u d i e s a s c o m p a r e d t o

t h e l e n g t h o f e n s i l i n g u t i l i z e d i n t h e c u r r e n t e x p e r i m e n t ( 1 0 0 d ) . I t h a s b e e n

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

t h e h o m o f e r m e n t a t i v e L A B p o p u l a t i o n a n d l a c t i c a c i d c o n t e n t , a n d i n c r e a s e s

t h e p H , h e t e r o f e r m e n t a t i v e L A B a n d a c e t i c a c i d c o n t e n t ( T j a n d r a a t m a d j a e t

a l . , 1 9 9 1 ) .

P r o p i o n i c a n d b u t y r i c a c i d s w e r e a l s o d e t e c t e d i n b o t h y e a r s . B u t y r i c a n d

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

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

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

I n b o t h y e a r s , e t h a n o l p r o d u c t i o n i n c r e a s e d d u r i n g t h e i n i t i a l 1 4 d p o s t -

e n s i l i n g , b e i n g s l i g h t l y h i g h e r ( P < 0 . 0 1 ) i n f o r a g e s o r g h u m e n s i l e d i n 1 9 9 4

t h a n i n 1 9 9 3 . A f t e r 1 4 d p o s t - e n s i l i n g , e t h a n o l p r o d u c t i o n d e c r e a s e d a s

l e n g t h o f f e r m e n t a t i o n i n c r e a s e d i n 1 9 9 4 , b u t t h i s g e n e r a l t r e n d w a s n o t

o b s e r v e d i n 1 9 9 3 . T h e s e d i f f e r e n c e s i n e t h a n o l c o n t e n t b e t w e e n y e a r s m a y

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

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

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

W S C a s s o c i a t e d w i t h t h e f e r m e n t a t i o n p r o c e s s o f f o r a g e s o r g h u m e n s i l e d i n

t h e t r o p i c a l c l i m a t e ( T a b l e 2 - 1 6 ) . I n b o t h y e a r s , g l u c o s e a n d f r u c t o s e

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

o c c u r i n g w i t h i n t h e f i r s t 7 d . T h e g r e a t e r d i s a p p e a r a n c e o f g l u c o s e a n d

f r u c t o s e t h e f i r s t w e e k p o s t - e n s i l i n g c o r r e s p o n d s t o t h e m a x i m u m L A B

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

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

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

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

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

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

g r e a t e r ( P < 0 . 0 1 ) i n 1 9 9 4 t h a n 1 9 9 3 , b u t a s i m i l a r p a t t e r n a c r o s s y e a r s
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T a b l e 2 - 1 6 . E f f e c t s o f y e a r a n d d a y o f e n s i l i n g o n w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s o f

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

  

 

Y e a r P r o b a b i l i t y

C a r b o h y d r a t e , g / 1 0 0 g D M D a y 1 9 9 3 1 9 9 4 S E M ' Y " D c Y ' D "

G l u c o s e 0 3 . 2 8 ' 2 . 9 3 ' . 0 3 4 . 2 4 2 . 0 0 1 . 0 0 1
1 1 . 1 2 ' 0 . 6 4 '
3 0 . 5 1 “ 0 . 5 1 9
7 0 . 4 1 " 0 . 4 4 "
1 4 0 . 1 4 ' 0 . 4 7 "
2 1 0 . 1 2 ' 0 . 3 6 '
4 0 0 . 0 8 " 0 . 3 0 ‘
1 0 0 0 . 0 4 " 0 . 2

F r u c t o s e 0 2 . 6 3 ' 3 . 2 5 ' . 0 4 6 . 0 0 1 . 0 0 1 . 0 0 1
1 0 . 5 4 ' 0 . 4 9 '
3 0 . 3 4 " 0 . 3 6 “
7 0 . 2 2 “ 0 . 3 7 “
1 4 0 . 2 " 0 . 4 1 9 '
2 1 0 . 1 7 " 0 . 3 0 “ “
4 0 0 . 1 4 " 0 . 2 2 "
1 0 0 0 . 0 6 ' 0 . 1 3 '

G a l a c t o s e 0 0 . 0 5 0 . 2 0 . 0 6 8 . 0 0 1 . 0 0 1 . 1 5 1
1 0 . 0 4 0 . 1 0
3 0 . 0 4 0 . 0 8
7 0 . 1 2 0 . 2 3
1 4 0 . 1 3 0 . 5 4
2 1 0 . 1 1 0 . 1 8
4 0 0 . 0 6 0 . 1 7
1 0 0 0 . 0 5 0 . 1 4

X y l o s e 0 0 . 3 7 ’ 0 . 6 7 “ . 0 4 3 . 0 0 1 . 0 0 1 . 0 0 1
1 0 . 3 3 ' 0 . 6 9 “
3 0 . 3 2 ' 0 . 5 7 “ “
7 0 . 1 2 ' 0 . 6 5 ”
1 4 0 . 1 5 ' 0 . 7 5 '
2 1 0 . 1 3 ' 0 . 5 5 “
4 0 0 . 1 1 ' 0 . 1 9 '
1 0 0 0 . 0 7 ' 0 . 1 9 '

A r a b i n o s e 0 0 . 0 6 0 . 0 9 . 0 1 2 . 0 0 1 . 0 0 6 . 2 4 3
1 0 . 0 7 0 . 0 8
3 0 . 0 7 0 . 0 7
7 0 . 0 6 0 . 0 8
1 4 0 . 0 7 0 . 1 3
2 1 0 . 0 7 0 . 1 0
4 0 0 . 0 5 0 . 1 0
1 0 0 0 . 1 1 0 . 1 2
 

' S t a n d a r d e r r o r o f t h e m e a n
" E f f e c t o f y e a r
° E f f e c t o f d a y o f e n s i l i n g
" I n t e r a c t i o n o f y e a r b y d a y o f e n s i l i n g
" ° " " M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d c a r b o h y d r a t e h e a d i n g d i f f e r ( P < 0 . 0 1 )
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w a s o b s e r v e d . A s m a l l i n c r e a s e i n g a l a c t o s e c o n t e n t w a s o b s e r v e d a f t e r

1 4 - 2 1 d o f f e r m e n t a t i o n , h o w e v e r , t h e c h a n g e s i n g a l a c t o s e c o n t e n t d i d

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

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

t e m p e r a t e e n v i r o n m e n t , x y l o s e c o n t e n t a f t e r 1 0 0 d p o s t - e n s i l i n g w a s l o w e r

( P < 0 . 0 1 ) t h a n x y l o s e c o n t e n t i n v e g e t a t i v e m a t e r i a l p r i o r t o e n s i l i n g .

A r a b i n o s e c o n t e n t w a s h i g h e r ( P < 0 . 0 1 ) a f t e r 1 0 0 d p o s t - e n s i l i n g t h a n i n i t i a l

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

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

w e r e r e d u c e d ( P < 0 . 0 1 ) a s a r e s u l t o f f e r m e n t a t i o n ( T a b l e 2 - 1 7 ) . T h o u g h

m o r e v a r i a b l e , A D F a n d c e l l u l o s e c o n t e n t s i n c r e a s e d a s l e n g t h o f e n s i l i n g

i n c r e a s e d ( P < 0 . 0 1 ) . T h i s m a y r e s u l t f r o m a c o n c e n t r a t i o n o f t h e s e

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

d e c r e a s e d ( P < 0 . 0 5 ) a s l e n g t h o f t h e e n s i l i n g p e r i o d i n c r e a s e d . T h i s

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

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

p o s s i b l e e x p l a n a t i o n s f o r t h e d i f f e r e n c e s o b s e r v e d i n 4 o r 5 c a r b o n s u g a r

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

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

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

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

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

t h e r a t e o f a r a b i n o s e h y d r o l y s i s i s h i g h e r t h a n i t s r a t e o f u t i l i z a t i o n .
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T a b l e 2 - 1 7 . E f f e c t s o f y e a r a n d d a y o f e n s i l i n g o n s t u c t u r a l c a r b o h y d r a t e c o n t e n s t o f f o r a g e

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

 

 

 

Y e a r P r o b a b i l i t y

l t e m , g / 1 0 0 9 o f D M D a y 1 9 9 3 1 9 9 4 S E M ' Y " D ° Y " D d

N D F 0 6 5 . 8 5 6 6 . 3 5 . 3 4 1 . 4 3 9 . 0 0 1 . 4 1 5
4 0 6 3 . 2 4 6 2 . 9 3
1 0 0 6 3 . 2 8 6 3 . 7 5

A D F 0 3 7 . 2 3 ' 3 9 . 7 0 ' . 3 8 3 . 0 0 1 . 0 0 1 . 0 0 5
4 0 3 7 . 8 6 ' 3 5 . 7 7 '
1 0 0 3 9 . 2 3 ' 4 0 . 0 2 '

H e m i c e l l u l o s e 0 2 8 . 8 4 ' 2 6 . 4 3 ‘ . 2 5 5 . 0 0 1 . 0 0 1 . 0 0 1
4 0 2 5 . 8 2 ' 2 5 . 5 2 '
1 0 0 2 4 . 4 1 9 2 4 . 4 3 ‘ I

C e l l u l o s e 0 3 0 . 1 1 ' 3 2 . 5 0 ' . 4 7 1 . 0 2 9 . 0 0 1 . 0 0 8
4 0 3 1 . 5 1 ' 3 1 . 4 4 '
1 0 0 3 2 . 9 3 “ 3 2 . 9 6 ’

 

' S t a n d a r d e r r o r o f t h e m e a n
° E f f e c t o f y e a r
° E f f e c t o f d a y o f e n s i l i n g
" I n t e r a c t i o n o f y e a r b y a y o f e n s i l i n g
“ 9 M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e y e a r a n d i t e m h e a d i n g d i f f e r ( P < 0 . 0 1 )
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T h e e f f e c t s o f a d d i t i v e s w e r e s i m i l a r d u r i n g b o t h y e a r s . S i m i l a r t o f o r a g e

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

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

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

c o m b i n a t i o n w i t h e n z y m e h a d l o w e r ( P < 0 . 0 1 ) p H , a n d g r e a t e r ( P < 0 . 0 1 )

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

s i l a g e t r e a t e d o n l y w i t h e n z y m e s ( T a b l e 2 - 1 8 ) . S i m i l a r t o t h e r e s u l t s

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

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

s i l a g e . I n o c u l a t e d s o r g h u m s i l a g e a l s o h a d l o w e r ( P < 0 . 0 1 ) g l u c o s e t h a n

f o r a g e s o r g h u m e n s i l e d w i t h o u t m i c r o b i a l i n o c u l a n t , b u t h i g h e r ( P < 0 . 0 1 )

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

m i c r o b i a l i n o c u l a n t p l u s e n z y m e s w a s h i g h e r ( P < 0 . 0 1 ) t h a n c o n t r o l s i l a g e s ,

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

c u l t u r e o n l y .

T h e r e w a s n o s i g n i f i c a n t s i l a g e a d d i t i v e b y d a y o f e n s i l i n g i n t e r a c t i o n o n p H

( T a b l e 2 - 1 9 ) , b u t p H v a l u e s w e r e n u m e r i c a l l y l o w e r m o s t o f t h e e n s i l i n g

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

w a s i n o c u l a t e d b e f o r e e n s i l i n g h a d a g r e a t e r ( P < 0 . 0 1 ) L A B p o p u l a t i o n a f t e r

1 d p o s t - e n s i l i n g . L i k e w i s e i n o c u l a t e d s i l a g e t e n d e d ( P < 0 . 0 7 ) t o h a v e l o w e r

e n t e r o b a c t e r i a c e a e a n d y e a s t a n d m o l d ( P < 0 . 0 6 ) p o p u l a t i o n s a f t e r 3 a n d 7

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

i n o c u l a n t . T h e l o w e r p H f o u n d i n s i l a g e t r e a t e d w i t h i n o c u l a n t m a y e x p l a i n
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1 0 1

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

f e r m e n t a t i o n . H o w e v e r a t d 1 0 0 p o s t - e n s i l i n g , a l l s i l a g e s h a d s i m i l a r

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

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

i n f l u e n c e d b y s i l a g e a d d i t i v e s ( T a b l e 2 - 2 0 ) . S i l a g e s c o n t a i n i n g m i c r o b i a l

i n o c u l a n t h a d g r e a t e r ( P < 0 . 0 5 ) l a c t i c a c i d c o n t e n t a f t e r 3 , 7 a n d 1 4 d p o s t -

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

o n l y w i t h e n z y m e s . I n c o n t r a s t t o s o r g h u m e n s i l e d i n t h e t e m p e r a t e

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

d i d n o t c o r r e s p o n d t o p e r i o d s o f i n c r e a s e d L A B c o u n t s .

G l u c o s e w a s t h e o n l y W S C i n f l u e n c e d o v e r t i m e b y s i l a g e a d d i t i v e s ( T a b l e

2 — 2 1 ) . I n o c u l a t e d s i l a g e h a d l o w e r g l u c o s e ( P < 0 . 0 1 ) c o n t e n t a f t e r 3 , 7 , a n d

1 4 d p o s t - e n s i l i n g a s c o m p a r e d t o s i l a g e t r e a t e d w i t h o u t m i c r o b i a l i n o c u l a n t .

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

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

d e c l i n e d l i n e a r l y ( P < 0 . 0 1 ) o v e r t i m e f o r a l l t r e a t m e n t s . H o w e v e r , s i l a g e

t r e a t e d w i t h m i c r o b i a l i n o c u l a n t h a d g r e a t e r ( P < 0 . 0 1 ) f r u c t o s e c o n t e n t t h a n

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

o f t h e s t r u c t u r a l c a r b o h y d r a t e f r a c t i o n s i n f o r a g e s o r g h u m s i l a g e ( T a b l e 2 -

2 2 ) .

T h e m i c r o b i a l i n o c u l a n t u t i l i z e d i n t h i s e x p e r i m e n t , d e c r e a s e d t h e p H a n d

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

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

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

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

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

a p p l i e d a t 1 0 ° c f u / g o f f r e s h m a t e r i a l , t h e o p t i m u m a p p l i c a t i o n r a t e i n

t e m p e r a t e e n v i r o n m e n t s . P r e v i o u s e x p e r i m e n t s a l s o s h o w e d t h a t

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

f o r a g e s ( S o r g h u m b i c o l o r c v . S u g a r d r i p , P a n i c u m m a x i m u n , D i g i t a r i a

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

( T j a n d r a a t m a d j a e t a l . , 1 9 9 0 ) . H o w e v e r , t h e d i f f e r e n t c h e m i c a l c o m p o s i t i o n

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

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

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

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

m e t a b o l i c a c t i v i t y o f t h e m i c r o b i a l c u l t u r e .

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

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

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

I m p l i c a t i o n s

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

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

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

i n o c u l a t e d i n t h e t e m p e r a t e a r e a h a d a g r e a t e r f r u c t o s e c o n t e n t a f t e r 1 0 0 d

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

H o w e v e r , i n t h e t r o p i c a l e n v i r o n m e n t f r u c t o s e l e v e l s w e r e n o t e l e v a t e d 1 0 0

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

c o n d u c t e d t o e v a l u a t e o t h e r b a c t e r i a l i n o c u l a n t s o r s p e c i f i c s t r a i n s o f L A B

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

p r e p a r a t i o n s c o n t a i n i n g d i f f e r e n t e n z y m e ( 5 ) , e n z y m a t i c a c t i v i t y o r

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



C H A P T E R 3

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

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

T R O P I C A L E N V I R O N M E N T S . I I . A E R O B I C S T A B I L I T Y

A b s t r a c t

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

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

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

s o r g h u m w a s h a r v e s t e d i n 1 9 9 3 a n d 1 9 9 4 a f t e r 9 0 d o f g r o w t h a t M i c h i g a n

S t a t e U n i v e r s i t y , E a s t L a n s i n g , a n d a t t h e L a j a s A g r i c u l t u r a l E x p e r i m e n t

S t a t i o n , U n i v e r s i t y o f P u e r t o R i c o , M a y a g u e z . I n b o t h e n v i r o n m e n t s ,

c h o p p e d f o r a g e w a s p l a c e d i n t o P V C l a b o r a t o r y s i l o s f o r 4 0 a n d 1 0 0 d , a n d

w a s a s s i g n e d t o o n e o f f o u r t r e a t m e n t s ; n o a d d i t i v e ( c o n t r o l ) , e n z y m e s ( . 1 %

o f f r e s h m a t e r i a l ) , m i c r o b i a l i n o c u l a n t ( 1 0 ° c f u / g o f f r e s h m a t e r i a l ) , a n d

e n z y m e s p l u s m i c r o b i a l i n o c u l a n t . D u p l i c a t e s i l o w e r e p r e p a r e d i n b o t h

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

r e m o v a l , s i l a g e ( 4 0 0 g ) w a s p l a c e d i n t o l a r g e s t y r o f o a m c o n t a i n e r s l i n e d

1 0 7
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w i t h a p l a s t i c b a g a n d e x p o s e d t o a i r f o r O , 1 , 3 , 5 , a n d 7 d . A f t e r e a c h

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

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

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

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

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

b e t w e e n 0 a n d 3 d i n t h e t e m p e r a t e s i l a g e , a n d b e t w e e n 0 a n d 1 d i n t h e

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

t r e a t e d w i t h o u t t h e m i c r o b i a l i n o c u l a n t . S i l a g e e x p o s e d t o a i r a f t e r 4 0 d o f

f e r m e n t a t i o n w a s l e s s s t a b l e t h a n s i l a g e e x p o s e d a f t e r 1 0 0 d , b u t a m o r e

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

t e m p e r a t e s i l a g e .

I n t r o d u c t i o n

A e r o b i c d e t e r i o r a t i o n c a n a c c o u n t f o r a s m u c h a s 3 5 % o f t h e t o t a l D M l o s s

t h a t o c c u r s d u r i n g t h e e n s i l i n g p r o c e s s ( H o n n i g a n d W o o l f o r d , 1 9 7 9 ;

W o o l f o r d , 1 9 9 0 ) . I n t e m p e r a t e e n v i r o n m e n t s , u t i l i z a t i o n o f s i l a g e a d d i t i v e s

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

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

l o w e r t h e s t a b i l i t y o f h i g h m o i s t u r e c o r n e n s i l e d f o r 4 0 d ( W a r d y n s k i e t a l .

1 9 9 3 ) . W h e a t a n d s o r g h u m e n s i l e d f o r 4 5 d a n d t r e a t e d w i t h a b a c t e r i a l

i n o c u l a n t s p o i l e d f a s t e r t h a t c o n t r o l s i l a g e s ( W e i n b e r g e t a l . , 1 9 9 3 ) . N o
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d i f f e r e n c e s a t t r i b u t e d t o m i c r o b i a l i n o c u l a n t o n a e r o b i c s t a b i l i t y o f c o r n

e n s i l e d f o r 4 0 a n d 1 8 6 d , a n d s o r g h u m e n s i l e d f o r 3 0 a n d 1 6 0 d w a s

o b s e r v e d b y S a n d e r s o n ( 1 9 9 3 ) . L i k e w i s e , u t i l i z a t i o n o f p l a n t c e l l - w a l l

d e g r a d i n g e n z y m e s a l s o h a s i m p r o v e d o r s h o w n ( J a a k k o l a , e t a l . , 1 9 9 1 )

l i t t l e e f f e c t ( S t o k e s , 1 9 9 2 ) o n a e r o b i c d e t e r i o r a t i o n . H o w e v e r , t h e r e i s a

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

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

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

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

c o m m e r c i a l p l a n t c e l l - w a l l d e g r a d i n g e n z y m e p r e p a r a t i o n a n d a

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

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

e f f e c t o f l e n g t h o f f e r m e n t a t i o n ( 4 0 o r 1 0 0 d ) o n a e r o b i c s t a b i l i t y w a s a l s o

d e t e r m i n e d .

E x p e r i m e n t a l P r o c e d u r e

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

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

d e s c r i b e d i n C h a p t e r 2 . I n b o t h 1 9 9 3 a n d 1 9 9 4 , a n d a t e a c h l o c a t i o n ,

d u p l i c a t e s i l o s f r o m e a c h t r e a t m e n t w e r e e m p t i e d a f t e r 4 0 o r 1 0 0 d o f

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

e x p o s e d t o a i r f o r 7 d . A f t e r 0 , 1 , 3 , 5 , a n d 7 d o f a e r o b i c e x p o s u r e ,
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s a m p l e s w e r e a n a l y z e d f o r p H a n d y e a s t a n d m o l d p o p u l a t i o n s a s p r e v i o u s l y

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

m e d i a ( T r y p t i c s o y a g a r w i t h 1 1 . 5 % a g a r ) a n d e n u m e r a t e d a f t e r 2 d o f

i n c u b a t i o n . F e r m e n t a t i o n e n d - p r o d u c t s a n d W S C w e r e q u a n t i f i e d b y i o n

e x c h a n g e c h r o m a t o g r a p h y a s d e s c r i b e d i n C h a p t e r 2 . T e m p e r a t u r e w a s

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

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

e n v i r o n m e n t a s a c o m p l e t e l y r a n d o m i z e d d e s i g n w i t h a 2 ( y e a r s ) b y 2

( l e n g t h o f f e r m e n t a t i o n ) b y 4 ( s i l a g e a d d i t i v e s ) b y 5 ( d a y s o f a e r o b i c

e x p o s u r e ) f a c t o r i a l a r r a n g e m e n t o f t r e a t m e n t s ( S t e e l a n d T o r r i e , 1 9 8 0 ) u s i n g

t h e G e n e r a l L i n e a r M o d e l P r o c e d u r e o f S A S ( 1 9 9 0 ) . T h e m o d e l s f o r p H ,

m i c r o b i a l g r o u p s , f e r m e n t a t i o n e n d - p r o d u c t s , a n d W S C w e r e a s f o l l o w s :

Y . . . “ = p + A i + t 3 i + ( M B ) i i + c , + ( A * C ) i , , + ( 3 * 0 ) , + ( A * B * C ) , , . . ,

+ D , + ( A * D ) , , + ( t a m ) j l + ( A * B * D ) m + ( 0 0 ) , . + ( A * c * p ) , , .

+ ( B * C * D I m + ( A * B * C * D ) , i . , . + E i i k ' m

W h e r e :

Y = I n d i v i d u a l v a r i a b l e m e a s u r e d ( e . g . g l u c o s e ,

f r u c t o s e )

, u = O v e r a l l m e a n

A i = E f f e c t o f y e a r

3 = E f f e c t o f l e n g t h o f f e r m e n t a t i o n



A * B - -
l l

* -3 C i ,

A * D i ,

B * D , .

A * C * D M

i j k l r n
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I n t e r a c t i o n o f y e a r b y l e n g t h o f f e r m e n t a t i o n

E f f e c t o f s i l a g e a d d i t i v e

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

I n t e r a c t i o n o f l e n g t h o f f e r m e n t a t i o n b y s i l a g e

a d d i t i v e

I n t e r a c t i o n o f y e a r b y l e n g t h o f f e r m e n t a t i o n b y

s i l a g e a d d i t i v e

E f f e c t o f l e n g t h o f a e r o b i c e x p o s u r e

I n t e r a c t i o n o f y e a r b y l e n g t h o f a e r o b i c e x p o s u r e

I n t e r a c t i o n o f l e n g t h o f f e r m e n t a t i o n b y l e n g t h o f

a e r o b i c e x p o s u r e

I n t e r a c t i o n o f y e a r b y l e n g t h o f f e r m e n t a t i o n b y

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

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

e x p o s u r e

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

a e r o b i c e x p o s u r e

I n t e r a c t i o n o f l e n g t h o f f e r m e n t a t i o n b y s i l a g e

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

I n t e r a c t i o n o f y e a r b y l e n g t h o f f e r m e n t a t i o n b y

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

r a n d o m r e s i d u a l e r r o r



1 1 2

M e a n s e p a r a t i o n w a s p e r f o r m e d b y B o n f e r r o n i t - t e s t . T h e m o d e l f o r

s t r u c t u r a l c a r b o h y d r a t e c o n t e n t w a s s i m i l a r e x c e p t t h a t 8 d a y s o f a e r o b i c

e x p o s u r e w e r e u t i l i z e d .

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

T e m p e r a t e S i l a g e

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

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

a n i n c r e a s e i n p H a n d t e m p e r a t u r e ( S p o e l t r a e t a l . , 1 9 8 8 ) . I n t h i s

e x p e r i m e n t , p H i n c r e a s e d ( P < 0 . 0 1 ) a s l e n g t h o f a e r o b i c e x p o s u r e i n c r e a s e d

( T a b l e 3 - 1 ) . T h i s t r e n d o c c u r r e d d u r i n g b o t h y e a r s . B y t h e t h i r d d a y , p H

w a s s i g n i f i c a n t l y i n c r e a s e d a n d c o n t i n u e d i n a l i n e a r f a s h i o n t h r o u g h d - 5 .

D u r i n g b o t h y e a r s , t h e m a x i m u m t e m p e r a t u r e ( P < 0 . 0 1 ) w a s o b s e r v e d

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

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

i n c r e a s e d ( P < 0 . 0 1 ) a t a e x p o n e n t i a l r a t e a f t e r 3 a n d 5 d a y s o f a e r o b i c

e x p o s u r e i n 1 9 9 3 a n d 1 9 9 4 , r e s p e c t i v e l y . S i m u l t a n e o u s i n c r e a s e s i n p H a n d

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

e x p e r i m e n t . S i m i l a r r e l a t i o n s h i p s h a v e b e e n r e p o r t e d i n p r e v i o u s s t u d i e s

( C o u r t i n a n d S p o e l t r a , 1 9 9 0 ; R u s t a n d Y o k o y a m a , 1 9 9 2 ) c o n d u c t e d i n

t e m p e r a t e e n v i r o n m e n t s . T o t a l b a c t e r i a l p o p u l a t i o n i n c r e a s e d ( P < 0 . 0 1 ) b y

5 % a n d 1 2 % a f t e r 3 o r 5 d o f a e r o b i c e x p o s u r e i n 1 9 9 3 a n d 1 9 9 4 ,
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1 1 4

r e s p e c t i v e l y . B a s e d o n p r o l i f e r a t i o n o f m i c r o o r g a n i s m s o v e r t i m e , y e a s t s

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

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

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

( M o o n e t a l . , 1 9 8 3 ) w h i c h i n d i c a t e d t h a t y e a s t s a n d m o l d s a r e t h e m o s t

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

H o w e v e r , i n m a i z e s i l a g e , a c e t i c a c i d b a c t e r i a i n a d d i t i o n t o y e a s t s a n d

m o l d s h a v e b e e n i m p l i c a t e d i n t h e i n i t i a t i o n o f a e r o b i c d e t e r i o r a t i o n ( S p o e l t r a

e t a L , 1 9 8 8 L

I n b o t h y e a r s , a c e t i c a c i d c o n t e n t s u b s t a n t i a l l y d e c r e a s e d ( P < 0 . 0 1 ) a f t e r 5

d o f a e r o b i c e x p o s u r e ( T a b l e 3 - 2 ) . R a t e o f a c e t i c a c i d u t i l i z a t i o n v a r i e d

b e t w e e n y e a r s , a s i n d i c a t e d b y t h e d e c r e a s e i n a c e t i c a c i d c o n t e n t a t d 1 o f

a e r o b i c e x p o s u r e i n t h e 1 9 9 4 s i l a g e a s c o m p a r e d t o d 3 i n 1 9 9 3 . L a c t i c

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

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

a n d 3 d o f a e r o b i c e x p o s u r e . O n l y s m a l l c o n c e n t r a t i o n s o f b u t y r i c a n d

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

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

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

p r e s e n t e d i n A p p e n d i x A . E t h a n o l c o n t e n t d e c r e a s e d ( P < 0 . 0 1 ) o v e r t h e

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

f e r m e n t a t i o n e n d - p r o d u c t s o b s e r v e d o v e r t i m e i n t h i s e x p e r i m e n t m a y
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1 1 6

i n d i c a t e t h a t t h e r a t e a n d e x t e n t o f d e t e r i o r a t i o n w a s h i g h e r i n 1 9 9 4 t h a n i n

1 9 9 3 . H o w e v e r , i n b o t h y e a r s t h e g r e a t e s t a m o u n t o f d e t e r i o r a t i o n

o c c u r r e d b e t w e e n 0 a n d 3 d a s e v i d e n c e d b y c h a n g e s i n m i c r o b i a l c o u n t s ,

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

A r a p i d d e c l i n e i n h e x o s e a n d p e n t o s e c o n t e n t w a s o b s e r v e d w i t h i n 3 d o f

a e r o b i c e x p o s u r e ; w h i c h c o r r e s p o n d e d t o t h e i n c r e a s e i n p H , t e m p e r a t u r e

a n d m i c r o b i a l p o p u l a t i o n s ( T a b l e 3 - 3 ) . R e s u l t s f r o m t h i s e x p e r i m e n t ,

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

s o l u b l e s u g a r s o c c u r r e d d u r i n g t h e f i r s t 3 d o f a e r o b i c e x p o s u r e . I t

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

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

v a r i a t i o n i n r a t e a n d e x t e n t o f d e t e r i o r a t i o n a c r o s s y e a r s .

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

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

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

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

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

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

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

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

t h e f i e l d t o c o n s u m p t i o n .

R e s u l t s f r o m C h a p t e r 2 i n d i c a t e d t h a t f o r a g e s o r g h u m t r e a t e d w i t h m i c r o b i a l
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1 1 8

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

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

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

e x p o s e d t o a e r o b i c c o n d i t i o n s , i n o c u l a t e d s i l a g e h a d h i g h e r ( P < 0 . 0 1 ) p H

t h a n f o r a g e s o r g h u m e n s i l e d w i t h o u t t h e m i c r o b i a l i n o c u l a n t ( T a b l e 3 - 4 ) .

T e m p e r a t u r e a n d y e a s t a n d m o l d p o p u l a t i o n s w e r e h i g h e r ( P < 0 . 0 1 ) i n

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

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

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

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

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

p o p u l a t i o n s . T h e s e r e s u l t s a g r e e w i t h R u s t e t a l . ( 1 9 8 9 ) , a n d W a r d y n s k i e t

a l . ( 1 9 9 3 ) ; w h o r e p o r t e d t h a t i n o c u l a t e d c o r n s i l a g e a n d h i g h m o i s t u r e c o r n

w e r e l e s s s t a b l e u p o n e x p o s u r e t o a i r t h a n c o n t r o l s i l a g e . E t h a n o l w a s t h e

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

e x p o s u r e p e r i o d . C o n t r o l s i l a g e h a d l o w e r ( P < 0 . 0 1 ) e t h a n o l c o n t e n t t h a n

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

t h e e n z y m e m i x t u r e . T h e s i m i l a r c o u n t s o f t o t a l b a c t e r i a a m o n g

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

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

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

( P < 0 . 1 0 ) t o b e h i g h e r , b u t f r u c t o s e w a s l o w e r ( P < 0 . 0 1 ) i n c o n t r o l s i l a g e o r
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1 2 0

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

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

G a l a c t o s e c o n t e n t w a s h i g h e r ( P < 0 . 0 1 ) i n s i l a g e c o n t a i n i n g t h e e n z y m e

m i x t u r e , a n d a r a b i n o s e c o n t e n t w a s h i g h e r ( P < 0 . 0 1 ) i n s i l a g e t r e a t e d w i t h

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

T h e p H w a s s i m i l a r f o r a l l t r e a t m e n t s a t d 0 a n d 1 o f a e r o b i c e x p o s u r e , b u t

s i l a g e t r e a t e d w i t h b a c t e r i a l i n o c u l a n t h a d g r e a t e r ( P < 0 . 0 1 ) p H f r o m d 3 t o

7 t h a n c o n t r o l s i l a g e o r s i l a g e t r e a t e d o n l y w i t h t h e e n z y m e m i x t u r e ( T a b l e

3 - 5 ) . I n i t i a l t e m p e r a t u r e w a s s i m i l a r f o r a l l t r e a t m e n t s , b u t w a s h i g h e r

( P < 0 . 0 1 ) i n s i l a g e t r e a t e d w i t h t h e m i c r o b i a l i n o c u l a n t a f t e r 1 a n d 2 d o f

a e r o b i c e x p o s u r e . A f t e r 3 d o f e x p o s u r e , t e m p e r a t u r e f o r a l l t r e a t m e n t s

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

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

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

s o r g h u m c o n t a i n i n g t h e m i c r o b i a l i n o c u l a n t b e f o r e e x p o s u r e t o a i r , a f t e r 1 d

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

T h e g r e a t e r p H a n d t e m p e r a t u r e o b s e r v e d i n s i l a g e s c o n t a i n i n g t h e m i c r o b i a l

i n o c u l a n t w i t h i n 3 d a f t e r a e r o b i c e x p o s u r e , a n d t h e h i g h e r y e a s t a n d m o l d

p o p u l a t i o n s o v e r t h e e n t i r e a e r o b i c e x p o s u r e p e r i o d , i n d i c a t e s t h a t

i n o c u l a t i o n i n c r e a s e d t h e r a t e o f d e t e r i o r a t i o n i n f o r a g e s o r g h u m s i l a g e .

I n i t i a l a c e t i c a c i d l e v e l s w e r e s i m i l a r f o r a l l t r e a t m e n t s ( T a b l e 3 - 6 ) . S i l a g e

c o n t a i n i n g m i c r o b i a l i n o c u l a n t h a d l o w e r ( P < 0 . 0 1 ) a c e t i c a c i d c o n t e n t a f t e r
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1 2 2

1 d o f a i r e x p o s u r e t h a n s i l a g e w i t h o u t t h e i n o c u l a n t . A f t e r 3 d o f a e r o b i c

e x p o s u r e , c o n t r o l s i l a g e h a d l o w e r a c e t i c a c i d c o n t e n t t h a n s i l a g e s

c o n t a i n i n g a d d i t i v e s , b u t n o d i f f e r e n c e s d u e t o s i l a g e a d d i t i v e s w e r e

o b s e r v e d a f t e r 5 a n d 7 d o f a e r o b i c e x p o s u r e . L a c t i c a c i d c o n t e n t w a s

s i m i l a r ( P < 0 . 0 1 ) a t d 0 a n d 1 o f a e r o b i c e x p o s u r e r e g a r d l e s s o f s i l a g e

a d d i t i v e . A f t e r 3 d , s i l a g e s c o n t a i n i n g t h e m i c r o b i a l i n o c u l a n t h a d l o w e r

( P < 0 . 0 1 ) l a c t i c a c i d c o n t e n t t h a n s i l a g e w i t h o u t t h e m i c r o b i a l a d d i t i v e . T h e

s i l a g e t r e a t e d o n l y w i t h t h e m i c r o b i a l a d d i t i v e h a d g r e a t e r ( P < 0 . 0 1 ) e t h a n o l

c o n t e n t t h e f i r s t d a y o f a e r o b i c e x p o s u r e , t h e r e a f t e r , e t h a n o l l e v e l s w e r e

s i m i l a r a m o n g t r e a t m e n t s a t e a c h d a y t e s t e d . T h e r e w a s a s i g n i f i c a n t s i l a g e

a d d i t i v e b y d a y o f a e r o b i c e x p o s u r e i n t e r a c t i o n o n f r u c t o s e ( P < 0 . 0 1 ) a n d

a r a b i n o s e ( P < 0 . 0 5 ) c o n t e n t ( T a b l e 3 - 7 ) . S i l a g e s t r e a t e d w i t h t h e m i c r o b i a l

i n o c u l a n t h a d g r e a t e r f r u c t o s e c o n t e n t a t d 0 a n d 1 o f a e r o b i c e x p o s u r e

t h a n s i l a g e s w i t h o u t t h e s t a r t e r c u l t u r e , b u t f o r a l l t r e a t m e n t s , f r u c t o s e

c o n t e n t w a s s i m i l a r t h e r e a f t e r . D i f f e r e n c e s i n a r a b i n o s e c o n t e n t a m o n g

t r e a t m e n t s w e r e a l s o o b s e r v e d t h e i n i t i a l 3 d o f a e r o b i c e x p o s u r e , b u t

t h e r e a f t e r c h a n g e s w e r e s m a l l a n d a g e n e r a l t r e n d w a s n o t o b s e r v e d .

C h a n g e s i n f e r m e n t a t i o n e n d - p r o d u c t s ( e . g . l a c t i c a c i d ) a n d W S C ( e . g .

f r u c t o s e ) f u r t h e r s u p p o r t t h e p r e m i s e t h a t i n o c u l a t i o n i n c r e a s e d t h e r a t e o f

d e t e r i o r a t i o n i n f o r a g e s o r g h u m e x p o s e d t o a i r .

I t i s w e l l d o c u m e n t e d t h a t l o n g e r s t o r a g e i n t e r v a l s i m p r o v e t h e s t a b i l i t y o f

s i l a g e s ( M u c k , 1 9 8 8 ; P i t t e t a l . , 1 9 9 1 a , 1 9 9 1 b ) . I n t h i s s t u d y , s i l a g e s
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1 2 5

e x p o s e d t o a i r a f t e r 1 0 0 d o f f e r m e n t a t i o n h a d l o w e r ( P < 0 . 0 1 ) t e m p e r a t u r e ,

p H a n d m i c r o b i a l p o p u l a t i o n s , b u t h i g h e r ( P < 0 . 0 1 ) p e n t o s e a n d

f e r m e n t a t i o n e n d - p r o d u c t s t h a n s i l a g e s o p e n e d a f t e r 4 0 d ( T a b l e 3 - 8 ) .

H e x o s e c o n t e n t w a s s i m i l a r r e g a r d l e s s o f l e n g t h o f f e r m e n t a t i o n . S i m i l a r

t r e n d s i n p H e l e v a t i o n w e r e o b s e r v e d f o r s i l a g e s s t o r e d f o r b o t h 4 0 a n d 1 0 0

d ( T a b l e 3 - 9 ) , h o w e v e r t h e r a t e a n d e x t e n t o f c h a n g e w e r e g r e a t e r i n s i l a g e s

s t o r e d f o r 4 0 ( 1 . T e m p e r a t u r e r e a c h e d i t s m a x i m u m v a l u e a f t e r 1 a n d 3 d o f

a e r o b i c e x p o s u r e f o r s i l a g e s o p e n e d a f t e r 4 0 o r 1 0 0 d , r e s p e c t i v e l y . F o r

b o t h f e r m e n t a t i o n p e r i o d s , y e a s t a n d m o l d p o p u l a t i o n s i n c r e a s e d ( P < 0 . 0 1 )

a t a e x p o n e n t i a l r a t e a f t e r 5 d o f a e r o b i c e x p o s u r e , b u t a g r e a t e r i n c r e a s e

w a s o b s e r v e d w h e n s i l a g e w a s o p e n e d a f t e r 4 0 d . T o t a l b a c t e r i a l

p o p u l a t i o n i n c r e a s e d a s t h e t i m e o f e x p o s u r e i n c r e a s e d ( P < 0 . 0 5 ) r e g a r d l e s s

o f f e r m e n t a t i o n p e r i o d .

A c e t i c a n d l a c t i c a c i d l e v e l s d e c r e a s e d o v e r t i m e w i t h s i l a g e s s t o r e d f o r 4 0

a n d 1 0 0 d , b u t t h e r a t e o f d e c l i n e w a s g r e a t e r ( P < 0 . 0 1 ) f o r s i l a g e s s t o r e d

f o r t h e s h o r t e r t i m e p e r i o d ( T a b l e 3 - 1 0 ) . E t h a n o l c o n t e n t d e c r e a s e d

( P < 0 . 0 1 ) o v e r t i m e f o r f o r a g e s o r g h u m s i l a g e o p e n e d a f t e r 4 0 o r 1 0 0 d . A

s i g n i f i c a n t i n t e r a c t i o n b e t w e e n l e n g t h o f s t o r a g e a n d t i m e o f e x p o s u r e w a s

d e t e c t e d ( P < 0 . 0 5 ) b u t a d i v e r g e n t t r e n d w a s n o t o b s e r v e d .

T h e s o l u b l e s u g a r s d e c r e a s e d t h r o u g h o u t t h e e x p o s u r e p e r i o d f o r s i l a g e s

s t o r e d f o r e i t h e r 4 0 o r 1 0 0 ( I ( T a b l e 3 - 1 1 ) . T h e r e w a s a n o v e r a l l t e n d e n c y

f o r t h e 4 0 d s i l a g e s t o h a v e l o w e r s u g a r l e v e l s a f t e r 7 d o f e x p o s u r e , b u t t h e
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T a b l e 3 - 8 . E f f e c t s o f l e n g t h o f f e r m e n t a t i o n o n a e r o b i c s t a b i l i t y o f f o r a g e s o r g h u m e n s i l e d

i n a t e m p e r a t e e n v i r o n m e n t a n d e x p o s e d t o a i r f o r s e v e n d a y s

L e n g t h o f F e r m e n t a t i o n ( d )

I t e m

4 0 1 0 0 S E M ' P r o b a b i l i t y

p H 5 . 2 7 “ 4 . 5 2 “ . 0 3 2 . 0 0 1

T e m p e r a t u r e ( ° C ) 2 3 . 9 5 “ 2 2 . 1 5 “ . 0 1 4 . 0 0 1

I I . I . I G b

Y e a s t s a n d m o l d s 6 . 7 5 “ 6 . 4 1 “ . 0 3 8 . 0 0 1
T o t a l b a c t e r i a 7 . 9 4 “ 7 . 3 5 “ . 0 4 0 . 0 8 8

A c e t i c a c i d 0 . 8 1 “ 0 . 9 9 “ . 1 1 8 . 0 0 1
L a c t i c a c i d 2 . 9 2 “ 4 . 1 9 “ . 0 3 0 . 0 0 1

E t h a n o l 0 . 5 1 “ 0 . 6 2 “ . 0 2 6 . 0 0 1

W "

G l u c o s e 0 . 5 3 0 . 5 7 . 0 2 9 . 3 4 1

F r u c t o s e 0 . 3 4 0 . 3 5 . 0 2 2 . 7 3 0

G a l a c t o s e 0 . 0 7 0 . 0 8 . 0 0 6 . 0 7 6

X y l o s e 0 . 0 8 “ 0 . 1 6 “ . 0 0 9 . 0 0 1

A r a b i n o s e 0 . 0 4 “ 0 . 0 9 “ . 0 0 6 . 0 0 1
 

' S t a n d a r d E r r o r o f t h e m e a n
5 c f u / g o f f r e s h m a t e r i a l
° 9 / 1 0 0 g D M
6 ' M e a n s w i t h u n l i k e s u p e r s c r i p t s i n t h e s a m e r o w d i f f e r ( P < 0 . 0 1 )
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1 2 8

d i f f e r e n c e s w e r e v e r y s m a l l a n d o f m i n i m a l s i g n i f i c a n c e .

D i f f e r e n c e s i n a v a i l a b i l i t y a n d u t i l i z a t i o n o f s u b s t r a t e s a n d m i c r o b i a l e c o l o g y

r e s p o n s i b l e f o r t h e a e r o b i c i n s t a b i l i t y m a y e x p l a i n t h i s d i f f e r e n c e s i n r a t e a n d

e x t e n t o f d e t e r i o r a t i o n w h e n s i l a g e w a s e x p o s e d t o a i r a f t e r 4 0 o r 1 0 0 d o f

f e r m e n t a t i o n . I t w o u l d a p p e a r t h e 4 0 d s i l a g e i s l e s s s t a b l e t h a n t h e 1 0 0 d

s i l a g e . W h a t e v e r r e n d e r s s t a b i l i t y t o a s i l a g e w a s p r e s e n t i n t h e 1 0 0 d b u t

n o t i n t h e 4 0 d s i l a g e s . L i k e w i s e , i t w o u l d a p p e a r i t i s s o m e o t h e r f a c t o r

b e s i d e s a c i d i t y , f e r m e n t a t i o n e n d - p r o d u c t s o r r e s i d u a l s u g a r s t h a t l e a d s t o

s t a b l e s i l a g e s .

L e n g t h o f f e r m e n t a t i o n a l s o i n f l u e n c e d t h e e f f e c t o f s i l a g e a d d i t i v e s o n

a e r o b i c s t a b i l i t y . F o r a g e s o r g h u m t r e a t e d w i t h m i c r o b i a l i n o c u l a n t a l o n e o r

i n c o m b i n a t i o n w i t h e n z y m e s a n d e x p o s e d t o a i r a f t e r 4 0 o r 1 0 0 d o f

f e r m e n t a t i o n h a d h i g h e r p H ( P < 0 . 0 1 ) t h a n c o n t r o l s i l a g e o r s i l a g e t r e a t e d

o n l y w i t h e n z y m e s ( T a b l e 3 - 1 2 ) . C h a n g e s i n p H b e t w e e n i n o c u l a t e d a n d

n o n - i n o c u l a t e d s i l a g e s w e r e g r e a t e r w h e n s i l a g e w a s o p e n e d a f t e r 4 0 d o f

f e r m e n t a t i o n . A h i g h e r ( P < 0 . 0 1 ) t e m p e r a t u r e w a s a l s o o b s e r v e d i n

i n o c u l a t e d s i l a g e s e x p o s e d t o a i r a f t e r 4 0 d a s c o m p a r e d t o s o r g h u m e n s i l e d

w i t h o u t t h e m i c r o b i a l i n o c u l a n t . W h e n f o r a g e s o r g h u m w a s e x p o s e d t o a i r

a f t e r 1 0 0 d p o s t - e n s i l i n g , t e m p e r a t u r e w a s h i g h e r ( P < 0 . 0 5 ) i n s i l a g e s

c o n t a i n i n g t h e m i c r o b i a l i n o c u l a n t p l u s t h e e n z y m e m i x t u r e t h a n t h e o t h e r

t r e a t m e n t s .

F o r b o t h p e r i o d s o f f e r m e n t a t i o n , y e a s t a n d m o l d p o p u l a t i o n s w e r e h i g h e r
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1 3 2

( P < 0 . 0 1 ) i n f o r a g e s o r g h u m t r e a t e d ' w i t h t h e m i c r o b i a l i n o c u l a n t a s

c o m p a r e d t o t h e o t h e r t r e a t m e n t s . S i m i l a r t o c h a n g e s i n p H a n d

t e m p e r a t u r e , d i f f e r e n c e s i n y e a s t a n d m o l d c o u n t s b e t w e e n i n o c u l a t e d a n d

n o n - i n o c u l a t e d s i l a g e s w e r e g r e a t e r i n s i l a g e s s t o r e d f o r 4 0 d t h a n 1 0 0 d .

T o t a l b a c t e r i a l p o p u l a t i o n s w e r e s i m i l a r f o r a l l s i l a g e a d d i t i v e s r e g a r d l e s s o f

l e n g t h o n f e r m e n t a t i o n ; w h i c h s u p p o r t s t h e o b s e r v a t i o n t h a t y e a s t s a n d

m o l d s a r e t h e i n i t i a t o r s o f d e t e r i o r a t i o n r a t h e r t h a n b a c t e r i a .

T h e p a t t e r n s o f c h a n g e i n f e r m e n t a t i o n e n d - p r o d u c t s w e r e s i m i l a r ( P < 0 . 0 5 )

f o r t h e f o u r t r e a t m e n t s i n s i l a g e s s t o r e d f o r 4 0 a n d 1 0 0 ( I ( T a b l e 3 - 1 3 ) .

T h e r e w a s a s i g n i f i c a n t i n t e r a c t i o n d e t e c t e d f o r a c e t i c a c i d , b u t a d i v e r g e n t

t r e n d w a s n o t e v i d e n t .

W a t e r s o l u b l e c a r b o h y d r a t e l e v e l s f o r t h e s i l a g e t r e a t m e n t s w e r e s i m i l a r f o r

b o t h t h e 4 0 a n d 1 0 0 d s i l a g e s ( T a b l e 3 - 1 4 ) .

R e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e d t h a t i n o c u l a t e d f o r a g e s o r g h u m s i l a g e

s p o i l e d f a s t e r t h a n n o n - i n o c u l a t e d s i l a g e s , r e g a r d l e s s o f l e n g t h o f

f e r m e n t a t i o n . H o w e v e r , t h e n e g a t i v e e f f e c t o n a e r o b i c s t a b i l i t y d u e t o

i n o c u l a t i o n w a s m o r e p r o n o u n c e d w h e n s i l a g e w a s e x p o s e d t o a i r a f t e r 4 0

t h a n 1 0 0 d o f f e r m e n t a t i o n .

T r o p i c a l S i l a g e

S i l a g e e x p o s e d t o a i r i n 1 9 9 3 h a d a h i g h e r ( P < 0 . 0 1 ) p H t h a n i n 1 9 9 4 ( T a b l e

3 - 1 5 ) . T h e p H i n c r e a s e d ( P < 0 . 0 1 ) a s l e n g t h o f a e r o b i c e x p o s u r e i n c r e a s e d



T
a
b
l
e
3
-
1
3
.

Ef
fe
ct
s
of
si
la
ge
ad
di
ti
ve
s
a
n
d
l
e
n
g
t
h
of
en
si
li
ng
o
n
f
e
r
m
e
n
t
a
t
i
o
n
e
n
d
-
p
r
o
d
u
c
t
s
of
f
o
r
a
g
e
s
o
r
g
h
u
m
si
la
ge
e
x
p
o
s
e
d
to
ai
r
in

a
t
e
m
p
e
r
a
t
e
e
n
v
i
r
o
n
m
e
n
t

 

Le
ng
th
of
Fe
rm
en
ta
ti
on
(d
)

Pr
ob
ab
il
it
y
 
 

F
e
r
m
e
n
t
a
t
i
o
n

E
n
d
-
P
r
o
d
u
c
t
,
g/
1
0
0
g
D
M

Si
la
ge
A
d
d
i
t
i
v
e

4
0

1
0
0

S
E
M
'

A
“

L“
A
“
L
“

Ac
et
ic
ac
id

N
o
ad
di
ti
ve

0.
89
“

0.
86
’

.
0
7
2

.0
01

.0
01

.
0
5
6

E
n
z
y
m
e

0
.
9
0
“

1
.2
7“

ln
oc
ul
an
t

0.
79
'

0.
95
f

E
+
l

0
.
6
7
'

0
.
9
0
f

La
ct
ic
ac
id

N
o
ad
di
ti
ve

2
.
9
9

4
.
3
3

.
2
3
7

.
2
2
1

.
0
0
1

.
3
2
6

E
n
z
y
m
e

2
.
9
5

4
.
6
3

l
n
o
c
u
l
a
n
t

2
.
7
7

4
.
0
6

E
+

l
2
.
9
6

3
.
7
6

E
t
h
a
n
o
l

N
o
ad
di
ti
ve

0
.
4
0

0
.
5
6

.
0
5
3

.
0
0
1

.
0
0
1

.
8
7
6

E
n
z
y
m
e

0
.
5
8

0
.
6
5

l
n
o
c
u
l
a
n
t

0
.
6
0

0
.
6
9

E
+

I
0
.
4
8

0
.
5
9

“
S
t
a
n
d
a
r
d
er
ro
r
of
th
e
m
e
a
n

“
Ef
fe
ct
of
si
la
ge
ad
di
ti
ve

“
Ef
fe
ct
of
le
ng
th
of
en
si
li
ng

“
In
te
ra
ct
io
n
of
si
la
ge
ad
di
ti
ve
by
le
ng
th
of
en
si
li
ng

“'
M
e
a
n
s
wi
th
un
li
ke
su
pe
rs
cr
ip
ts
in
th
e
s
a
m
e
c
o
l
u
m
n
wi
th
in
a
n
it
em
h
e
a
d
i
n
g
di
ff
er
(
P
<
0
.
0
5
)

1 3 3



Ta
bl
e
3-
14
.

Ef
fe
ct
s
of
si
la
ge
s
ad
di
ti
ve
a
n
d
le
ng
th
of
en
si
li
ng
o
n
w
a
t
e
r
so
lu
bl
e
c
a
r
b
o
h
y
d
r
a
t
e
c
o
n
t
e
n
t
s
of
f
o
r
a
g
e
s
o
r
g
h
u
m
si
la
ge
e
x
p
o
s
e
d

to
ai
r
in
a
t
e
m
p
e
r
a
t
e
e
n
v
i
r
o
n
m
e
n
t

Ca
rb
oh
yd
ra
te

,
g
/
1
0
0
g
D
M

Si
la
ge
Ad
di
ti
ve

L
e
n
g
t
h
of
F
e
r
m
e
n
t
a
t
i
o
n
(d
)
 

4
0

1
0
0

S
E
M
'

Pr
ob
ab
il
it
y
 

A
b

L
C

A
“
L
“
 

G
l
u
c
o
s
e

F
r
u
c
t
o
s
e

G
a
l
a
c
t
o
s
e

X
y
l
o
s
e

A
r
a
b
i
n
o
s
e

N
o
ad
di
ti
ve

E
n
z
y
m
e

l
n
o
c
u
l
a
n
t

E
+

I

N
o
ad
di
ti
ve

E
n
z
y
m
e

l
n
o
c
u
l
a
n
t

E
+

I

N
o
ad
di
ti
ve

E
n
z
y
m
e

l
n
o
c
u
l
a
n
t

E
+

I

N
o
ad
di
ti
ve

E
n
z
y
m
e

l
n
o
c
u
l
a
n
t

E
+

I

N
o
ad
di
ti
ve

E
n
z
y
m
e

l
n
o
c
u
l
a
n
t

E
+

l

0
.
5
7

0
.
5
8

0
.
4
9

0
.
4
8

0.
21
0
.
3
0

0.
41
0
.
4
4

0
.
0
6

0
.
0
8

0
.
0
5

0
.
0
7

0
.
0
8

0
.
1
0

0
.
0
7

0
.
0
8

0
.
0
3

0
.
0
5

0
.
0
4

0
.
0
6

0
.
6
0

0
.
6
3

0
.
5
9

0
.
4
5

0
.
2
0

0
.
3
0

0
.
4
7

0
.
4
5

0
.
0
8

0
.
1
2

0
.
0
6

0
.
0
7

0
.
1
5

0
.
1
9

0
.
1
6

0
.
1
5

0
.
0
6

0
.
0
8

0
.
0
9

0
.
1
3

0
.
0
5

0
.
0
4

0.
01

0.
01

0.
01

. 1
0 5

.0
01

. 0
0 5

.
3
7
4

.0
02

. 3
4 1

.
7
3
0

. 0
7 6

.0
01

.0
01

.7
21

. 9
1 6

. 6
0 8

.9
67

.
2
4
0

 '
S
t
a
n
d
a
r
d
er
ro
r
of
th
e
m
e
a
n

“
Ef
fe
ct
of
si
la
ge
ad
di
ti
ve

°
Ef
fe
ct
of
le
ng
th
of
en
si
li
ng

“
In
te
ra
ct
io
n
of
si
la
ge
ad
di
ti
ve
b
y
le
ng
th
of
en
si
li
ng

1 3 4



1 3 5

i n t h e 1 9 9 3 s i l a g e . I n 1 9 9 4 , a c i d i t y w a s s i m i l a r a t d 0 a n d 1 , b u t t h e n

d e c r e a s e d a s l e n g t h o f a e r o b i c e x p o s u r e i n c r e a s e d . O v e r a l l , s i m i l a r t r e n d s

o c c u r r e d o v e r t i m e i n b o t h y e a r s . T e m p e r a t u r e r e a c h e d a m a x i m u m v a l u e

a f t e r 1 d o f a e r o b i c e x p o s u r e i n 1 9 9 3 a n d 1 9 9 4 , t h e n s l i g h t l y d e c r e a s e d

u n t i l t h e e n d o f t h e a e r o b i c e x p o s u r e p e r i o d . T h e s e s i l a g e s w e r e u n s t a b l e

b a s e d o n c r i t e r i a o f a n e x p o n e n t i a l i n c r e a s e ( P < 0 . 0 1 ) i n y e a s t s a n d m o l d s

a n d t o t a l b a c t e r i a l p o p u l a t i o n s w i t h i n t h e f i r s t 2 4 h i n 1 9 9 3 . I n 1 9 9 4 ,

m i c r o o r g a n i s m s e n u m e r a t e d i n c r e a s e d o v e r t i m e , b u t a t a s l o w e r r a t e

( P < 0 . 0 1 ) . I n c o n t r a s t t o f o r a g e s o r g h u m e x p o s e d t o a i r i n t h e t e m p e r a t e

e n v i r o n m e n t , i t a p p e a r s t h a t g r e a t e r d e t e r i o r a t i o n i n t r o p i c a l s i l a g e o c c u r r e d

b e f o r e 1 d o f a e r o b i c e x p o s u r e , a s e v i d e n c e d b y c h a n g e s ~ « l n p H , t e m p e r a t u r e

a n d m i c r o b i a l p o p u l a t i o n s . T h e h i g h e r p H , a m b i e n t t e m p e r a t u r e a n d y e a s t

a n d m o l d p o p u l a t i o n s w h e n t h e t r o p i c a l s i l a g e i s e x p o s e d t o a i r m a y b e

r e s p o n s i b l e f o r t h e h i g h e r r a t e o f d e t e r i o r a t i o n . I t h a s b e e n s h o w n i n

m o d e l s d e v e l o p e d b y d i f f e r e n t a u t h o r ' s ( C o u r t i n a n d S p o e l t r a , 1 9 9 0 ;

W o o l f o r d , 1 9 9 0 : P i t t e t a l . , 1 9 9 1 ; M u c k a n d O ' K e i l y , 1 9 9 2 ) t h a t i n i t i a l

c o u n t s o f y e a s t s a n d m o l d s , h i g h p H a n d h i g h t e m p e r a t u r e s n e g a t i v e l y

i n f l u e n c e t h e s t a b i l i t y o f s i l a g e s .

A c e t i c a c i d c o n t e n t i n c r e a s e d ( P < 0 . 0 1 ) t h e i n i t i a l 3 d o f a e r o b i c e x p o s u r e i n

t h e 1 9 9 3 s i l a g e , t h e n d e c r e a s e d t h e r e a f t e r ( T a b l e 3 - 1 6 ) . I n 1 9 9 4 , a c e t i c

a c i d d e c r e a s e d ( P < 0 . 0 1 ) d u r i n g t h e f i r s t 3 d o f e x p o s u r e a n d , t h e n

r e m a i n e d c o n s t a n t . I n b o t h y e a r s , l a c t i c a c i d c o n t e n t d e c r e a s e d ( P < 0 . 0 1 )
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1 3 7

a s l e n g t h o f a e r o b i c e x p o s u r e i n c r e a s e d . L e v e l s w e r e s i g n i f i c a n t l y h i g h e r i n

1 9 9 4 a s c o m p a r e d t o 1 9 9 3 . E t h a n o l c o n t e n t w a s h i g h e r ( P < 0 . 0 1 ) a f t e r 1

d , b u t l o w e r t h e r e a f t e r . S i n c e y e a s t s a r e k n o w n t o p r o d u c e e t h a n o l , t h i s

o b s e r v a t i o n w o u l d s u p p o r t t h e p r e m i s e t h a t y e a s t s a r e t h e e a r l y i n i t i a t o r s o f

t h e d e t e r i o r a t i o n p r o c e s s . S i m i l a r t o s i l a g e e x p o s e d t o a i r i n t h e t e m p e r a t e

c l i m a t e , m i c r o b i a l e c o l o g y a n d r a t e o f d e t e r i o r a t i o n d i f f e r b e t w e e n y e a r s i n

t h e t r o p i c a l s i l a g e , b u t t h e m a j o r c h a n g e s o c c u r r e d w i t h i n t h e i n i t i a l 2 4 h o f

a e r o b i c e x p o s u r e .

S u g a r s l e v e l s w e r e l o w i n a l l s i l a g e s a n d t e n d e d t o d e c r e a s e a s l e n g t h o f

e x p o s u r e i n c r e a s e d ( T a b l e 3 - 1 7 ) . S u g a r s l e v e l s w e r e h i g h e r ( P < 0 . 0 1 ) i n

1 9 9 4 t h a n i n 1 9 9 3 . I n c o n t r a s t t o w h a t h a p p e n e d d u r i n g a e r o b i c e x p o s u r e

o f t e m p e r a t e s i l a g e , m i c r o o r g a n i s m s i n t r o p i c a l s i l a g e a p p e a r e d t o u t i l i z e

o r g a n i c a c i d s t o g r e a t e r e x t e n t t h a n r e s i d u a l s u g a r s . T h e c h a n g e s i n

m i c r o b i a l p o p u l a t i o n s , f e r m e n t a t i o n e n d - p r o d u c t s a n d r e s i d u a l W S C

o b s e r v e d i n t h i s e x p e r i m e n t , s u g g e s t t h a t l a c t a t e a s s i m i l a t i n g ( C a n d i d a

k r u s e i ) r a t h e r t h a n s u g a r s u t i l i z i n g ( S a c c h a r o m y c e s c e r e v i s i a e ) a r e t h e

p r e d o m i n a n t y e a s t s a s s o c i a t e d w i t h t h e i n s t a b i l i t y o f f o r a g e s o r g h u m , a n d

t h a t a c e t i c a c i d b a c t e r i a w h i c h o x i d i z e e t h a n o l t o a c e t i c a c i d a n d ; a c e t i c a n d

l a c t i c a c i d s t o C 0 2 a n d H 2 0 ( F e n t o n e t a l . , 1 9 9 5 ) m a y a l s o p l a y a m a j o r r o l e

i n t h e d e t e r i o r a t i o n .

I n c o n t r a s t t o t h e r e l a t i v e l y l a r g e n e g a t i v e e f f e c t o f i n o c u l a t i o n o n t h e

a e r o b i c s t a b i l i t y o f f o r a g e s o r g h u m e n s i l e d t h e t e m p e r a t e e n v i r o n m e n t , i n
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1 4 0

t h e t r o p i c a l c l i m a t e u t i l i z a t i o n o f s i l a g e a d d i t i v e s h a d o n l y a s m a l l e f f e c t o n

a e r o b i c s t a b i l i t y . O n d 1 , t e m p e r a t u r e w a s h i g h e r ( P < 0 . 0 1 ) f o r s i l a g e s

t r e a t e d w i t h t h e m i c r o b i a l i n o c u l a n t , b u t t h e r e a f t e r t e m p e r a t u r e s w e r e

s i m i l a r ( T a b l e 3 - 1 8 ) . O t h e r m e a s u r e s o f a e r o b i c s t a b i l i t y s u c h a s p H ,

m i c r o b i a l p o p u l a t i o n s , f e r m e n t a t i o n e n d - p r o d u c t s , a n d w a t e r s o l u b l e

c a r b o h y d r a t e s w e r e s i m i l a r i n f o r a g e s o r g h u m u p o n e x p o s u r e t o a i r

r e g a r d l e s s o f a d d i t i v e t r e a t m e n t ( T a b l e s 3 - 1 8 , 3 - 1 9 , 3 - 2 0 ) . R e s u l t s f r o m

c h a p t e r 2 i n d i c a t e d t h a t t h e e n s i l i n g c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m d i f f e r

w h e n e n s i l e d i n t e m p e r a t e a n d t r o p i c a l e n v i r o n m e n t s , a n d t h e u t i l i z a t i o n o f a

m i c r o b i a l i n o c u l a n t i m p r o v e d t h e f e r m e n t a t i o n p r o c e s s i n b o t h l o c a t i o n s .

H o w e v e r , b a s e d o n m i c r o b i o l o g i c a l ( e . g . y e a s t s a n d m o l d s p o p u l a t i o n s ) a n d

b i o c h e m i c a l ( e . g . r e s i d u a l s u g a r c o n t e n t ) c h a n g e s o b s e r v e d o v e r t i m e i n

b o t h e n v i r o n m e n t s , t h e i n o c u l a n t r e d u c e d t h e s t a b i l i t y o f t h e s i l a g e s . T h e

f a s t e r p H d e c l i n e a n d a c c u m u l a t i o n o f l a c t i c a c i d d u r i n g f e r m e n t a t i o n d u e t o

t h e i n o c u l a n t m o s t l y l i k e l y i n h i b i t e d p r o d u c t i o n o f t h e c o n d i t i o n s t h a t r e n d e r

s t a b i l i t y t o s i l a g e s . I t w o u l d a p p e a r t h a t o t h e r f a c t o r s b e s i d e s p H a n d l a c t i c

a c i d a r e a l s o i m p o r t a n t i n s t a b i l i t y o f s i l a g e s .

I n t h e t e m p e r a t e e n v i r o n m e n t , f o r a g e s o r g h u m s i l a g e e x p o s e d t o a i r a f t e r

4 0 d o f f e r m e n t a t i o n w a s l e s s s t a b l e t h a n s i l a g e o p e n e d a f t e r 1 0 0 d . I n

c o n t r a s t , l e n g t h o f f e r m e n t a t i o n h a d s m a l l e r e f f e c t s i n s i l a g e s f r o m t h e

t r o p i c a l e n v i r o n m e n t . T h e r e w a s a t e n d e n c y f o r s i l a g e f e r m e n t e d f o r 4 0 d

t o h a v e a g r e a t e r t e m p e r a t u r e i n c r e a s e d u r i n g e x p o s u r e t h a n s i l a g e
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1 4 4

f e r m e n t e d f o r 1 0 0 d , h o w e v e r , t h e s e d i f f e r e n c e s a r e s m a l l a n d m a y b e o f

l i t t l e p r a c t i c a l s i g n i f i c a n c e ( T a b l e 3 - 2 1 ) . L e n g t h o f f e r m e n t a t i o n d i d n o t

i n f l u e n c e t h e r a t e o f p H d e c l i n e . C o l l e c t i v e l y , t h e p a t t e r n o f c h a n g e s

o b s e r v e d i n a l l c r i t e r i a t o m e a s u r e s t a b i l i t y w e r e s i m i l a r . Y e a s t a n d m o l d

a n d t o t a l b a c t e r i a p o p u l a t i o n s w e r e g r e a t e r ( P < 0 . 0 1 ) i n t h e 4 0 d a s

c o m p a r e d t o 1 0 0 d s i l a g e s . A c e t i c a c i d s l e v e l s w e r e g r e a t e r ( P < 0 . 0 1 )

w h e r e a s l a c t i c a c i d a n d e t h a n o l l e v e l s w e r e l e s s i n t h e 1 0 0 d s i l a g e s ( T a b l e

3 - 2 2 ) . G l u c o s e a n d f r u c t o s e l e v e l s w e r e h i g h e r ( P < 0 . 0 1 ) i n t h e 4 0 d s i l a g e

( T a b l e 3 - 2 3 ) , b u t g a l a c t o s e a n d x y l o s e w e r e l o w e r ( P < 0 . 0 5 ) . T h e r e w e r e

f e w s i g n i f i c a n t i n t e r a c t i o n s b e t w e e n l e n g t h o f f e r m e n t a t i o n a n d s i l a g e

a d d i t i v e s d e t e c t e d i n t h i s s t u d y ( T a b l e s 3 - 2 4 , 3 - 2 5 , 3 - 2 6 ) . P a r a m e t e r s

w h e r e a s i g n i f i c a n t i n t e r a c t i o n w a s d e t e c t e d i n c l u d e d y e a s t s a n d m o l d s

( P < 0 . 0 6 ) , e t h a n o l ( P < 0 . 0 1 ) , a n d a r a b i n o s e ( P < 0 . 0 6 ) c o n t e n t . I n t o t a l , t h e

r e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e d t h a t t h e e f f e c t o f s i l a g e a d d i t i v e s o n

t h e a e r o b i c s t a b i l i t y o f f o r a g e s o r g h u m w e r e e s s e n t i a l l y t h e s a m e r e g a r d l e s s

o f l e n g t h o f f e r m e n t a t i o n i n t r o p i c a l s i l a g e s .

I m p l i c a t i o n s

U t i l i z a t i o n o f m i c r o b i a l i n o c u l a n t d i d n o t p r e v e n t t h e a e r o b i c d e t e r i o r a t i o n o f

f o r a g e s o r g h u m e n s i l e d i n t e m p e r a t e o r t r o p i c a l e n v i r o n m e n t s . I n c o n t r a s t ,

i n o c u l a t i o n i n c r e a s e d t h e r a t e o f d e t e r i o r a t i o n o f f o r a g e s o r g h u m e n s i l e d i n

t h e t e m p e r a t e l o c a t i o n , a n d a m o r e p r o n o u n c e d n e g a t i v e e f f e c t w a s n o t i c e d
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C H A P T E R 4

M I C R O B I A L I N O C U L A N T A N D E N Z Y M E S I N F O R A G E S O R G H U M E N S I L E D

A T T W O S T A G E S O F M A T U R I T Y I N A T R O P I C A L E N V I R O N M E N T .

A b s t r a c t

A n e x p e r i m e n t w a s c o n d u c t e d t o e v a l u a t e t h e b e n e f i c i a l e f f e c t s o f s i l a g e

a d d i t i v e s ( e n z y m e s a n d i n o c u l a n t ) o n t h e e n s i l i n g c h a r a c t e r i s t i c s a n d a e r o b i c

s t a b i l i t y o f f o r a g e s o r g h u m e n s i l e d a t t w o s t a g e s o f m a t u r i t y i n a t r o p i c a l

e n v i r o n m e n t . F o r a g e s o r g h u m w a s h a r v e s t e d a f t e r 9 0 ( 2 2 . 7 5 % D M ) a n d

1 1 0 d ( 3 2 . 7 3 % D M ) o f g r o w t h i n t h e L a j a s A g r i c u l t u r a l E x p e r i m e n t S t a t i o n ,

U n i v e r s i t y o f P u e r t o R i c o , a n d w a s m e c h a n i c a l l y c h o p p e d i n t o 2 . 5 c m

p i e c e s . C h o p p e d f o r a g e a t e a c h s t a g e o f m a t u r i t y w a s a s s i g n e d t o o n e o f

f o u r t r e a t m e n t s ; n o a d d i t i v e ( c o n t r o l ) , e n z y m e s ( . 1 % o f f r e s h m a t e r i a l ) ,

i n o c u l a n t ( 1 0 “ c f u / g o f f r e s h m a t e r i a l ) a n d e n z y m e s p l u s i n o c u l a n t , a n d

p l a c e d i n t o P V C s i l o s . T h r e e s i l o s p e r t r e a t m e n t a t e a c h s t a g e o f m a t u r i t y

w e r e o p e n e d a f t e r 6 e n s i l i n g p e r i o d s ( 0 , 1 , 3 , 7 , 2 1 , a n d 1 0 0 d ) a n d

a n a l y z e d f o r p l a n t o r g a n i c a c i d s ( c i t r i c , m a l i c , o x a l o a c e t i c , a n d s u c c i n i c

a c i d s ) , p H , m i c r o b i a l s u c c e s s i o n ( e n t e r o b a c t e r i a c e a e , l a c t i c a c i d b a c t e r i a ,

y e a s t s a n d m o l d s , a n d l a c t a t e a s s i m i l a t i n g y e a s t ) s i l a g e f e r m e n t a t i o n e n d -
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p r o d u c t s ( o r g a n i c a c i d s a n d e t h a n o l ) a n d w a t e r s o l u b l e c a r b o h y d r a t e s

( g l u c o s e , f r u c t o s e , g a l a c t o s e , x y l o s e , a n d a r a b i n o s e ) . S t r u c t u r a l

c a r b o h y d r a t e s ( N D F , A D F , h e m i c e l l u l o s e , a n d c e l l u l o s e ) w e r e d e t e r m i n e d a t

d 0 a n d 1 0 0 p o s t - e n s i l i n g . F o r a e r o b i c s t a b i l i t y s t u d i e s , d u p l i c a t e s i l o s f o r

e a c h t r e a t m e n t a t e a c h s t a g e o f m a t u r i t y w e r e o p e n e d a f t e r 1 0 0 d p o s t -

e n s i l i n g a n d e x p o s e d t o a i r f o r 7 d . A c i d i t y , f e r m e n t a t i o n e n d - p r o d u c t s , a n d

w a t e r s o l u b l e c a r b o h y d r a t e s w e r e d e t e r m i n e d a f t e r 0 , 3 , a n d 7 d .

T e m p e r a t u r e w a s m o n i t o r e d d a i l y . F e r m e n t a t i o n p a t t e r n s o f f o r a g e s o r g h u m

s i l a g e v a r i e d w i t h s t a g e o f m a t u r i t y . A d d i t i o n o f l a c t i c a c i d b a c t e r i a l

i n o c u l a n t a l o n e o r i n c o m b i n a t i o n w i t h e n z y m e s i m p r o v e d t h e e n s i l i n g

c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m , b u t a m o r e b e n e f i c i a l r e s p o n s e w a s

o b s e r v e d i n t h e m o r e i m m a t u r e s i l a g e . A g r e a t e r d e t e r i o r a t i o n o f f o r a g e

s o r g h u m s i l a g e e n s i l e d a t 9 0 o r 1 1 0 d o c c u r r e d w i t h i n t h e f i r s t 3 d o f

a e r o b i c e x p o s u r e . S i l a g e a d d i t i v e s d i d n o t p r e v e n t t h e a e r o b i c d e t e r i o r a t i o n

o f f o r a g e s o r g h u m s i l a g e , r e g a r d l e s s o f s t a g e o f m a t u r i t y .

I n t r o d u c t i o n

A s p l a n t m a t u r e , n u m e r o u s c h a n g e s o c c u r i n p l a n t c o m p o s i t i o n ( V a n S o e s t ,

1 9 9 4 ) , a n d e p i p h y t i c m i c r o f l o r a ( W o o l f o r d , 1 9 8 4 ) w h i c h m a y i n f l u e n c e t h e

f e r m e n t a t i o n p r o c e s s a n d t h e e f f e c t i v e n e s s o f s i l a g e a d d i t i v e s ( S a t t e r e t a l . ,

1 9 9 1 ) . I n t e m p e r a t e e n v i r o n m e n t s , e n s i l i n g o f f o r a g e s a t d i f f e r e n t s t a g e s o f

m a t u r i t y w i t h o r w i t h o u t s i l a g e a d d i t i v e s h a s b e e n t h e s u b j e c t o f m a n y
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s t u d i e s . I n o n e s t u d y , a d i f f e r e n t f e r m e n t a t i o n p a t t e r n w a s o b s e r v e d w h e n

f o r a g e s o r g h u m w a s e n s i l e d w i t h s i l a g e a d d i t i v e s a t v a r i o u s s t a g e s o f

m a t u r i t y ( B l a c k e t a l , 1 9 8 0 ) . B o l s e n e t a l . ( 1 9 9 2 ) , r e p o r t e d t h a t f i n a l p H i n

a l f a l f a s i l a g e d e c r e a s e d a s s t a g e o f m a t u r i t y a d v a n c e d .

L i k e w i s e , t h e e f f e c t o f m a t u r i t y ( S t o k e s , 1 9 9 2 ) a n d s i l a g e a d d i t i v e s ( R u s t e t

a l . , 1 9 8 9 ) o n a e r o b i c d e t e r i o r a t i o n o f f o r a g e s e n s i l e d i n t e m p e r a t e

e n v i r o n m e n t s h a v e s h o w n v a r i a b l e r e s u l t s . F o r a g e s o r g h u m e n s i l e d a t t h e

e n d o f f l o w e r i n g s t a g e w a s m o r e s t a b l e t h a n s o r g h u m e n s i l e d a t m i l k s t a g e

( W e i n b e r g e t a l . , 1 9 9 3 ) . C l e a r e e t a l ( 1 9 9 0 ) f o u n d t h a t i n o c u l a t e d c o r n

s i l a g e h a d l o w e r p H a f t e r 4 8 a n d 7 2 h o f a e r o b i c e x p o s u r e t h a n u n t r e a t e d

c o r n s i l a g e . M o o n e t a l . ( 1 9 8 3 ) , r e p o r t e d t h a n i n o c u l a t i o n o f w h e a t s i l a g e

w i t h b a c t e r i a o r f u n g i a c c e l e r a t e d a e r o b i c d e t e r i o r a t i o n a f t e r 4 d o f a e r o b i c

e x p o s u r e .

I n t r o p i c a l e n v i r o n m e n t s , s i l a g e f e r m e n t a t i o n i s d i f f e r e n t t h a n t y p i c a l l y

o b s e r v e d i n a t e m p e r a t e c l i m a t e ( M c D o n a l d , 1 9 9 1 ) , a n d a d i f f e r e n t r e s p o n s e

t o a e r o b i c e x p o s u r e w o u l d b e e x p e c t e d . A d d i t i o n a l l y , f o r a g e s m a t u r e a t a

f a s t e r r a t e i n t r o p i c a l e n v i r o n m e n t s ( V a n S o e s t e t a l . , 1 9 9 4 ) . I n p r e v i o u s

c h a p t e r s ( 3 a n d 4 ) w e d e m o n s t r a t e d t h a t t h e a p p l i c a t i o n o f a l a c t i c a c i d

b a c t e r i a l i n o c u l a n t a l o n e o r i n c o m b i n a t i o n w i t h e n z y m e s d e c r e a s e d t h e p H ,

a n d i n c r e a s e d l a c t i c a c i d b a c t e r i a a n d l a c t i c a c i d c o n t e n t i n f o r a g e s o r g h u m

e n s i l e d a t 9 0 d o f g r o w t h , b u t d i d n o t p r e v e n t a e r o b i c d e t e r i o r a t i o n .

H o w e v e r , t h e d i v e r s i t y o f m i c r o o r g a n i s m s o n t h e f o d d e r p l a n t a t d i f f e r e n t
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s t a g e s o f m a t u r i t y p r i o r t o e n s i l i n g a n d t h e i r s u b s e q u e n t g r o w t h d u r i n g

s i l a g e f e r m e n t a t i o n i n t r o p i c a l c l i m a t e s i n u n k n o w n . I n a d d i t i o n , t h e e f f e c t s

o f s i l a g e a d d i t i v e s o n t h e e n s i l i n g c h a r a c t e r i s t i c s a n d a e r o b i c s t a b i l i t y o f

t r o p i c a l f o r a g e e n s i l e d a t d i f f e r e n t s t a g e s o f m a t u r i t y i s n o t w e l l

d o c u m e n t e d . T h e o b j e c t i v e o f t h i s e x p e r i m e n t w a s t o d e t e r m i n e t h e e f f e c t

o f a h o m o f e r m e n t a t i v e l a c t i c a c i d b a c t e r i a l i n o c u l a n t a n d a c o m m e r c i a l

e n z y m e p r e p a r a t i o n o n t h e e n s i l i n g c h a r a c t e r i s t i c s a n d a e r o b i c s t a b i l i t y o f

f o r a g e s o r g h u m e n s i l e d a t t w o s t a g e s o f m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t .

E x p e r i m e n t a l P r o c e d u r e

F o r a g e H a r v e s t i n g a n d E n s i l i n g

F o r a g e s o r g h u m ( H i E n e r g y H y b r i d , A g r i - p r o S e e d , H e r e f o r d , T X ) w a s

h a r v e s t e d a t 9 0 ( 2 3 . 7 5 % D M ) a n d 1 1 0 ( 3 2 . 7 3 % D M ) d o f g r o w t h a t t h e

L a j a s A g r i c u l t u r e E x p e r i m e n t S t a t i o n , U n i v e r s i t y o f P u e r t o R i c o ( 6 7 ° 0 0 '

w e s t l o n g i t u d e , 1 8 ° 0 0 ' n o r t h l a t i t u d e ) , l o c a t e d a t t h e s o u t h w e s t e n d o f t h e

i s l a n d 2 7 m a b o v e t h e s e a . H a r v e s t e d f o r a g e s o r g h u m a t b o t h s t a g e s o f

m a t u r i t y w a s c h o p p e d m e c h a n i c a l l y i n t o 2 . 5 c m p i e c e s w i t h a f o r a g e

h a r v e s t e r . C h o p p e d f o r a g e w a s a n a l y z e d f o r D M ( 5 5 ° C f o r 7 2 h ) , a s h

( 5 5 0 ° C f o r 1 2 h ) , t o t a l - N ( A O A C , 1 9 9 0 ) , b u f f e r i n g c a p a c i t y ( P l a y n e a n d

M c D o n a l d , 1 9 6 6 ) , o r g a n i c a c i d c o n t e n t , w a t e r s o l u b l e a n d s t r u c t u r a l

c a r b o h y d r a t e s ( V a n S o e s t e t a l . , 1 9 9 1 , M e t h o d A ) , a n d e p i p h y t i c m i c r o b i a l

p o p u l a t i o n s . V e g e t a t i v e m a t e r i a l p r i o r t o e n s i l i n g a t e a c h s t a g e o f m a t u r i t y
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w a s t r e a t e d w i t h o n e o f f o u r t r e a t m e n t s : n o a d d i t i v e ( c o n t r o l ) , e n z y m e s

( V i s c o z y m e m L , N o v o N o r d i s k B i o i n d u s t r i a l s , I n c . F a r h m a m , S u r v e y , U K ) .

l a c t i c a c i d b a c t e r i a l i n o c u l a n t ( E c o s l e M , Z e n e c a B i o p r o d u c t s , F a r n h a m ,

S u r v e y , U K ) , a n d e n z y m e s p l u s i n o c u l a n t . T h e e n z y m e a d d i t i v e c o n s i s t e d o f

a m u l t i - e n z y m e p r e p a r a t i o n c o n t a i n i n g a r a b i n a s e , c e l l u l a s e , B — g l u c a n a s e ,

h e m i c e l l u l a s e a n d x y l a n a s e a n d w a s a p p l i e d a t . 1 % o f f r e s h m a t e r i a l . T h e

m i c r o b i a l i n o c u l a n t c o n s i s t e d o f L a c t o b a c i l l u s p l a n t a r u m a n d w a s a p p l i e d a t

1 0 “ c f u / g o f f r e s h m a t e r i a l . T r e a t m e n t s w e r e a p p l i e d t o w e i g h e d p o r t i o n s

( 1 . 6 k g ) o f f o r a g e , m a n u a l l y m i x e d , a n d p a c k e d i n t o l a b o r a t o r y s i l o s f i t t e d

w i t h r e l e a s e v a l v e s t o a l l o w g a s e s c a p e . L a b o r a t o r y s i l o s w e r e m a i n t a i n e d

a t r o o m t e m p e r a t u r e ( 2 7 - 3 0 ° C ) u n t i l o p e n e d . T h e c o n t r o l t r e a t m e n t

r e c e i v e d a s i m i l a r a m o u n t o f w a t e r a s f o r a g e t r e a t e d w i t h t h e a d d i t i v e s .

S a m p l e c o l l e c t i o n a n d a n a l y s i s

T r i p l i c a t e s i l o s f o r e a c h t r e a t m e n t a t e a c h s t a g e o f m a t u r i t y w e r e a n a l y z e d

f o r p l a n t o r g a n i c a c i d c o n t e n t , p H , m i c r o b i a l s u c c e s s i o n , s i l a g e f e r m e n t a t i o n

e n d - p r o d u c t s , a n d w a t e r s o l u b l e c a r b o h y d r a t e s a f t e r 0 , 1 , 3 , 7 , 2 1 , a n d 1 0 0

d p o s t - e n s i l i n g . F i f t y g o f f o r a g e f r o m e a c h s i l o w e r e p l a c e d i n t o 4 5 0 m l o f

d i s t i l l e d w a t e r a n d h o m o g e n i z e d f o r 5 m i n u t e s w i t h a S t o m a c h e r a p p a r a t u s

( T e k m a n 3 5 0 0 , C i n c i n n a t i , O H ) . H o m o g e n a t e s w e r e s t r a i n e d t h r o u g h 8

l a y e r s o f c h e e s e c l o t h a n d a n a l y z e d f o r p H w i t h a p H m e t e r f i t t e d w i t h a

c o m b i n a t i o n e l e c t r o d e ( F i s h e r S c i e n t i f i c , P i t t s b u r g h , P A ) . F o r m i c r o b i a l
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s u c c e s s i o n d e t e r m i n a t i o n s , t e n f o l d d i l u t i o n s o f t h e c l a r i f i e d h o m o g e n a t e

w e r e p r e p a r e d f o r e a c h s a m p l e i n s t e r i l e p e p t o n e s o l u t i o n ( . 1 % ) a n d

e n u m e r a t e d f o r f o u r d i s t i n c t g r o u p s o f m i c r o o r g a n i s m s . P l a t e s f o r a l l g r o u p s

o f m i c r o b e s w e r e p o u r e d w i t h s e l e c t i v e m e d i a a n d e n u m e r a t e d a f t e r s p e c i f i c

i n c u b a t i o n p e r i o d s . M i c r o b i a l g r o u p s i n c l u d e d : l a c t i c a c i d b a c t e r i a ( R o g o s a

S L a g a r , D i f c o L a b o r a t o r i e s , D e t r o i t , M I ) e n u m e r a t e d a f t e r 2 d o f i n c u b a t i o n ,

E n t e r o b a c t e r i a c e a e ( V i o l e t r e d a g a r , D i f c o , L a b o r a t o r i e s , D e t r o i t , M I ,

m o d i f i e d w i t h 5 % g l u c o s e ) e n u m e r a t e d a f t e r 1 d o f i n c u b a t i o n , y e a s t s a n d

m o l d s ( R o s e b e n g a l a g a r s u p p l e m e n t e d w i t h c h l o r a m p h e n i c o l , D i f c o

L a b o r a t o r i e s , D e t r o i t , M I ) e n u m e r a t e d a f t e r 7 d , a n d l a c t a t e a s s i m i l a t i n g

y e a s t ( Y e a s t n i t r o g e n b a s e s u p p l e m e n t e d w i t h . 0 1 % l a c t i c a c i d a n d 1 . 5 %

a g a r ; D i f c o L a b o r a t o r i e s , D e t r o i t , M I ) e n u m e r a t e d a f t e r 3 d o f i n c u b a t i o n .

P l a n t o r g a n i c a c i d s ( c i t r i c , m a l i c , o x a l o a c e t i c , a n d s u c c i n i c a c i d s ) , a n d s i l a g e

f e r m e n t a t i o n e n d - p r o d u c t s ( l a c t i c , a c e t i c , p r o p i o n i c a n d b u t y r i c a c i d s , a n d

e t h a n o l ) w e r e d e t e r m i n e d b y i o n e x c h a n g e - e x c l u s i o n h i g h p e r f o r m a n c e l i q u i d

c h r o m a t o g r a p h y ( B I O R A D a m i n e x H P X - 8 7 H ) f o l l o w i n g t h e g e n e r a l p r o c e d u r e

o f C a n a l e e t a l . , ( 1 9 8 4 ) . M o b i l e p h a s e c o n s i s t e d o f . 0 0 5 N H 2 8 0 4 a t a f l o w

r a t e o f . 9 m l / m i n . C o l u m n w a s m a i n t a i n e d a t 6 5 ° C b y a n e x t e r n a l c o l u m n

h e a t e r ( W a t e r s M i l l i p o r e ) . T h r e e m l o f h o m o g e n a t e f r o m e a c h t r e a t m e n t ,

m a t u r i t y , a n d e n s i l i n g p e r i o d w e r e f i l t e r e d t h r o u g h 2 p m i o n c h r o m a t o g r a p h y

s y r i n g e s f i l t e r s ( G e l m a n A c r o d i s k , 2 5 m m , A n n A r b o r , M I ) i n t o 4 m l H P L C

s a m p l e v i a l s ( N a t i o n a l S c i e n t i f i c , A t l a n t a , G A ) . F i l t e r e d s a m p l e s w e r e s t o r e d
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a t - 2 0 “ C u n t i l a n a l y s i s . F i f t e e n p l o f t h e f i l t e r a t e w e r e i n j e c t e d b y a n

a u t o i n j e c t o r ( W a t e r W I S P 7 1 2 ) a n d a n a l y t e s w a s d e t e c t e d b y r e f r a c t i v e

i n d e x ( W a t e r s 4 1 0 r e f r a c t i v e i n d e x d e t e c t o r ) . P e a k h e i g h t s w e r e q u a n t i f i e d

b y a c o m m e r c i a l H P L C s o f t w a r e p r o g r a m ( T u r b o c h e m 3 , P E N e l s o n ) a n d

c o m p a r e d t o c o m m e r c i a l s t a n d a r d s . W a t e r s o l u b l e c a r b o h y d r a t e s w e r e a l s o

d e t e r m i n e d b y i o n e x c h a n g e c h r o m a t o g r a p h y ( B i o r a d a m i n e x H P X - 8 7 P ) ,

e x c e p t t h a t 2 0 p l o f c l a r i f i e d e x t r a c t w e r e i n j e c t e d . M i l l i p o r e w a t e r a t a f l o w

r a t e o f . 6 m l / m i n w a s u s e d a s t h e m o b i l e p h a s e , a n d c o l u m n t e m p e r a t u r e

w a s m a i n t a i n e d a t 8 5 ° C . S t r u c t u r a l c a r b o h y d r a t e s ; N D F , A D F ,

h e m i c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n N D F a n d A D F ) , a n d

c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n ( A D F a n d l i g n i n ) , w e r e

d e t e r m i n e d a f t e r 0 a n d 1 0 0 d p o s t - e n s i l i n g ( G o e r i n g a n d V a n S o e s t , 1 9 7 0 ;

V a n S o e s t e t a l . , 1 9 9 1 M e t h o d A ) .

A e r o b i c S t a b i l i t y

D u p l i c a t e s i l o s f r o m e a c h t r e a t m e n t a t e a c h s t a g e o f m a t u r i t y w e r e o p e n e d

a f t e r 1 0 0 d o f e n s i l i n g . A f t e r e m p t y i n g , 4 0 0 g f r o m e a c h s i l o w e r e p l a c e d

i n t o s t y r o f o a m c o n t a i n e r s l i n e d w i t h p l a s t i c , a n d e x p o s e d t o a i r f o r 7 d .

A f t e r 0 , 3 , a n d 7 d o f a e r o b i c e x p o s u r e ; p H , f e r m e n t a t i o n e n d - p r o d u c t s , a n d

W S C c o n t e n t w e r e d e t e r m i n e d a s p r e v i o u s l y d e s c r i b e d . T e m p e r a t u r e w a s

m o n i t o r e d t w i c e d a i l y w i t h t h e r m o m e t e r s e m b e d d e d i n t h e s u r f a c e o f t h e

e x p o s e d s i l a g e .
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R e s u l t s f r o m t h e e n s i l i n g p r o c e s s ; p H , m i c r o b i a l s u c c e s s i o n , f e r m e n t a t i o n -

e n d p r o d u c t s , a n d w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s ; w e r e a n a l y z e d a s a

c o m p l e t e l y r a n d o m i z e d d e s i g n w i t h a 2 ( s t a g e o f m a t u r i t y ) b y 4 ( s i l a g e

a d d i t i v e s ) b y 6 ( d a y o f e n s i l i n g ) f a c t o r i a l a r r a n g e m e n t o f t r e a t m e n t s u s i n g

t h e G e n e r a l L i n e a r M o d e l s u b r o u t i n e o f S A S ( 1 9 9 0 ) w i t h t h e f o l l o w i n g

m o d e l :

Y i j k l

W h e r e :

Y i j l t l

A * C m

w e j k

p + A i + 1 3 3 + ( A * B ) , j + C , + ( A * C ) , . , + ( B * C ) i k +

( A * B * C h k + - E W

I n d i v i d u a l r e s p o n s e v a r i a b l e m e a s u r e d ( e . g . p H ,

f e r m e n t a t i o n e n d - p r o d u c t )

O v e r a l l m e a n

E f f e c t o f s t a g e o f m a t u r i t y

E f f e c t o f s i l a g e a d d i t i v e

I n t e r a c t i o n o f s t a g e o f m a t u r i t y b y s i l a g e a d d i t i v e

E f f e c t o f d a y o f e n s i l i n g

I n t e r a c t i o n o f s t a g e o f m a t u r i t y b y d a y o f e n s i l i n g

I n t e r a c t i o n o f s i l a g e a d d i t i v e b y d a y o f e n s i l i n g

I n t e r a c t i o n o f s t a g e o f m a t u r i t y b y s i l a g e a d d i t i v e

b y d a y o f e n s i l i n g
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E m , I = r e s i d u a l e r r o r

B o n f e r r o n i - t t e s t s w e r e u s e d f o r m e a n s e p a r a t i o n . T h e m o d e l f o r s t r u c t u r a l

c a r b o h y d r a t e c o n t e n t w a s s i m i l a r e x c e p t t h a t t w o d a y s o f e n s i l i n g ( 0 a n d

1 0 0 d ) w e r e u t i l i z e d . A e r o b i c s t a b i l i t y d a t a w a s a n a l y z e d a s a c o m p l e t e l y

r a n d o m i z e d d e s i g n w i t h a 2 ( s t a g e o f m a t u r i t y ) b y 4 ( s i l a g e a d d i t i v e s ) b y 3

( l e n g t h o f a e r o b i c e x p o s u r e ) f a c t o r i a l a r r a n g e m e n t o f t r e a t m e n t s u s i n g t h e

G e n e r a l L i n e a r M o d e l S u b r o u t i n e o f S A S ( 1 9 9 0 ) . T h e m o d e l f o r a e r o b i c

s t a b i l i t y w a s s i m i l a r t o t h e m o d e l f o r f e r m e n t a t i o n c h a r a c t e r i s t i c s e x c e p t

t h a t d a y o f e n s i l i n g w a s s u b s t i t u t e d b y t h e d a y s o f a e r o b i c e x p o s u r e ( e . g .

t e m p e r a t u r e , 8 d ; p H , 3 d ) .

R e s u l t s a n d D i s c u s s i o n

F o r a g e C o m p o s i t i o n

I n i t i a l D M , t o t a l - N c o n t e n t , N D F , a n d h e m i c e l l u l o s e w e r e h i g h e r i n f o r a g e

s o r g h u m h a r v e s t e d a t 1 1 0 d o f g r o w t h t h a n i n s o r g h u m h a r v e s t e d a t 9 0 d ,

b u t p H , a n d b u f f e r i n g c a p a c i t y w e r e l o w e r ( T a b l e 4 1 ) , O r g a n i c m a t t e r ,

c e l l u l o s e , A D F a n d l i g n i n c o n t e n t s w e r e s i m i l a r r e g a r d l e s s o f s t a g e o f

m a t u r i t y . I n i t i a l g l u c o s e c o n t e n t w a s h i g h e r i n f o r a g e h a r v e s t e d a t 1 1 0 d ,

b u t g a l a c t o s e a n d p e n t o s e c o n t e n t w e r e l o w e r . F r u c t o s e w a s s i m i l a r

r e g a r d l e s s o f s t a g e o f m a t u r i t y . M a l i c a n d s u c c i n i c a c i d s w e r e t h e m a j o r

o r g a n i c a c i d s p r e s e n t i n f o r a g e s o r g h u m p r i o r t o e n s i l i n g , a n d w e r e f o u n d a t

s i m i l a r c o n c e n t r a t i o n s f o r b o t h s t a g e s o f m a t u r i t y . C i t r i c a c i d c o n t e n t w a s
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T a b l e 4 - 1 . C h a r a c t e r i s t i c s o f f o r a g e s o r g h u m h a r v e s t e d a t t w o s t a g e s o f

m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t

 

M a t u r i t y ( d a y s )
 

 

I t e m 9 0 S D 1 1 0 S D '

C I . I C . .

D M , % 2 3 . 7 5 0 . 5 4 3 2 . 7 3 1 . 4 1

O M b 9 3 . 0 8 1 . 0 2 9 4 . 0 5 0 . 8 7

N D F “ 6 6 . 5 0 2 . 5 3 6 8 . 0 2 2 . 2 0

A D F b 3 9 . 9 9 2 . 4 2 3 9 . 1 2 2 . 4 1
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l o w e r i n t h e m o r e i m m a t u r e f o r a g e , b u t o x a l o a c e t i c a c i d w a s h i g h e r . A l l

f o u r e p i p h y t i c m i c r o o r g a n i s m s e n u m e r a t e d i n c h o p p e d f o r a g e p r i o r t o

e n s i l i n g w e r e h i g h e r i n s o r g h u m h a r v e s t e d a t 1 1 0 d a s c o m p a r e d t o 9 0 d o f

g r o w t h . A s e x p e c t e d , f o r a g e s o r g h u m h a r v e s t e d a t d i f f e r e n t s t a g e s o f

m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t d i f f e r i n t h e i r i n i t i a l c h e m i c a l c o m p o s i t i o n

a n d e p i p h y t i c m i c r o f l o r a . T h e s e c h a n g e s i n c h e m i c a l c o m p o s i t i o n a n d

e p i p h y t i c m i c r o o r g a n i s m s i n t h e p l a n t m a t e r i a l d u e t o s t a g e o f m a t u r i t y h a v e

b e e n e x t e n s i v e l y r e v i e w e d ( M c D o n a l d e t a l . 1 9 9 1 ; V a n S o e s t , 1 9 9 4 ) .

E n s i l i n g C h a r a c t e r i s t i c s

S i g n i f i c a n t i n t e r a c t i o n s b e t w e e n m a t u r i t y a n d d a y o f e n s i l i n g w e r e e v i d e n t

f o r m a l i c , o x a l o a c e t i c a n d s u c c i n i c a c i d s ( T a b l e 4 - 2 ) . O v e r t h e e n t i r e

e n s i l i n g p e r i o d , c i t r i c a c i d c o n t e n t w a s l o w e r ( P < 0 . 0 1 ) i n f o r a g e s o r g h u m

e n s i l e d a t 9 0 d o f m a t u r i t y t h a n i n s o r g h u m e n s i l e d a t 1 1 0 d . F o r b o t h

s t a g e s o f m a t u r i t y , c i t r i c a c i d c o n t e n t d e c r e a s e d ( P < 0 . 0 1 ) a s l e n g t h o f

e n s i l i n g i n c r e a s e d . F e r m e n t a t i o n o f m a l i c a c i d o c c u r r e d o v e r t i m e i n b o t h

s t a g e s o f m a t u r i t y , b u t a f a s t e r d e c r e a s e w a s o b s e r v e d i n f o r a g e e n s i l e d a t

9 0 d t h a n a t 1 1 0 d . O x a l o a c e t i c a c i d d e c r e a s e d ( P < 0 . 0 1 ) o v e r t i m e i n

s o r g h u m e n s i l e d a t 9 0 d , b u t r e m a i n e d c o n s t a n t i n s o r g h u m e n s i l e d a t 1 1 0

d . A d d i t i o n a l l y , o x a l o a c e t i c a c i d l e v e l s w e r e g r e a t e r i n t h e 9 0 d m a t u r i t y

f o r a g e a s c o m p a r e d t o t h e 1 1 0 d . F o r b o t h s t a g e s o f m a t u r i t y , s u c c i n i c a c i d

c o n t e n t d e c r e a s e d ( P < 0 . 0 5 ) a s l e n g t h o f e n s i l i n g i n c r e a s e d . I n t h i s
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e x p e r i m e n t , a l l p l a n t o r g a n i c a c i d s o f f o r a g e s o r g h u m s i l a g e w e r e d e g r a d e d ,

r e g a r d l e s s o f s t a g e o f m a t u r i t y .

O v e r t h e e n s i l i n g p e r i o d , a s i m i l a r t r e n d i n p H w a s o b s e r v e d f o r b o t h s t a g e s

o f m a t u r i t y ( T a b l e 4 - 3 ) . A c i d i t y i n c r e a s e d ( P < 0 . 0 1 ) a s l e n g t h o f e n s i l i n g

i n c r e a s e d i n f o r a g e e n s i l e d a t 9 0 o r 1 1 0 d , b u t a g r e a t e r d e c r e a s e i n p H

v a l u e s f r o m d 3 t o 2 1 w e r e o b s e r v e d i n s o r g h u m e n s i l e d a t 1 1 0 d o f

m a t u r i t y t h a n a t 9 0 d . S i g n i f i c a n t s t a g e o f m a t u r i t y b y d a y o f e n s i l i n g

i n t e r a c t i o n s f o r a l l m i c r o b i a l g r o u p s e n u m e r a t e d w e r e o b s e r v e d . F o r b o t h

s t a g e s o f m a t u r i t y , l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s r e a c h e d i t s m a x i m u m

c o u n t s a f t e r 3 d p o s t - e n s i l i n g , t h e n d e c r e a s e d a s l e n g t h o f f e r m e n t a t i o n

i n c r e a s e d . A g r e a t e r i n c r e a s e i n l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s a f t e r 3 , 7 ,

a n d 2 1 d p o s t - e n s i l i n g w e r e o b s e r v e d i n f o r a g e e n s i l e d a t 1 1 0 d .

E n t e r o b a c t e r i a c e a e p o p u l a t i o n i n c r e a s e d d u r i n g t h e f i r s t 2 4 h a n d t h e n

d e c r e a s e d ( P < 0 . 0 1 ) t h r o u g h o u t t h e r e m i n d e r o f t h e e n s i l i n g p e r i o d . Y e a s t

a n d m o l d p o p u l a t i o n s i n c r e a s e d ( P < 0 . 0 1 ) a t a e x p o n e n t i a l r a t e 1 a n d 3 d

p o s t - e n s i l i n g i n f o r a g e s o r g h u m e n s i l e d a t 9 0 a n d 1 1 0 d , r e s p e c t i v e l y , t h e n

d e c r e a s e d f o r t h e r e m a i n d e r o f t h e e n s i l i n g p e r i o d . F o r b o t h s t a g e s o f

m a t u r i t y , g r o w t h c u r v e o f l a c t a t e a s s i m i l a t i n g y e a s t f o l l o w e d t h e s a m e t r e n d

a s e x h i b i t b y y e a s t a n d m o l d p o p u l a t i o n s . H o w e v e r , g r e a t e r y e a s t , m o l d ,

a n d l a c t a t e a s s i m i l a t i n g y e a s t p o p u l a t i o n s w e r e o b s e r v e d i n s o r g h u m e n s i l e d

a t 1 1 0 d o f m a t u r i t y .

A d i f f e r e n t t r e n d i n a c e t i c a c i d c o n t e n t o v e r t i m e w a s o b s e r v e d b e t w e e n
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s t a g e s o f m a t u r i t y ( T a b l e 4 - 4 ) . A c e t i c a c i d l e v e l s r e a c h e d m a x i m u m v a l u e s

3 d p o s t - e n s i l i n g , a n d t h e n r e m a i n e d c o n s t a n t o r d e c r e a s e d i n t h e 9 0 o r 1 1 0

d s i l a g e , r e s p e c t i v e l y . A c e t i c a c i d c o n t e n t w a s g r e a t e r i n t h e 9 0 d s i l a g e a s

c o m p a r e d t o t h e 1 1 0 d s i l a g e . L a c t i c a c i d w a s t h e m a j o r f e r m e n t a t i o n e n d -

p r o d u c t a s s o c i a t e d w i t h t h e e n s i l i n g o f f o r a g e s o r g h u m . F o r b o t h s t a g e s o f

m a t u r i t y , l a c t i c a c i d r e a c h e d i t s m a x i m u m v a l u e a f t e r 3 d p o s t - e n s i l i n g , t h e n

d e c r e a s e d t h e r e a f t e r . L a c t i c a c i d l e v e l s m e a s u r e d b e t w e e n d 1 - 2 1 w e r e

g r e a t e r f o r t h e 9 0 d m a t u r i t y f o r a g e a s c o m p a r e d t o 1 1 0 d s i l a g e . I n t h i s

s t u d y t h e h i g h e s t l a c t i c a c i d l e v e l s w e r e n o t a s s o c i a t e d w i t h t h e g r e a t e s t

p o p u l a t i o n o f L A B . S m a l l l e v e l s o f b u t y r i c a c i d w e r e o b s e r v e d a f t e r 1 d

p o s t - e n s i l i n g a n d r e m a i n e d r e l a t i v e l y c o n s t a n t t h e r e a f t e r . P r o p i o n i c a c i d

l e v e l s w e r e s m a l l a n d d e t e c t e d o n l y 2 1 d p o s t - e n s i l i n g . S i m i l a r t o r e s u l t s

o b t a i n e d i n C h a p t e r 2 , c o n c e n t r a t i o n s o f b u t y r i c a n d p r o p i o n i c a c i d s w e r e

n o t o f m a j o r s i g n i f i c a n c e i n t h e f e r m e n t a t i o n p r o c e s s . F o r b o t h s t a g e s o f

m a t u r i t y , e t h a n o l c o n t e n t i n c r e a s e d ( P < 0 . 0 1 ) t h r o u g h 7 d p o s t - e n s i l i n g ,

t h e n d e c r e a s e d s l i g h t l y . T h e g r e a t e s t e t h a n o l c o n t e n t w a s o b s e r v e d o n d - 7

i n t h e 1 1 0 d m a t u r i t y s i l a g e .

G l u c o s e a n d f r u c t o s e w e r e t h e m a j o r w a t e r s o l u b l e c a r b o h y d r a t e s p r e s e n t i n

t h e f r e s h f o r a g e a t b o t h m a t u r i t i e s ( T a b l e 4 - 5 ) . B o t h o f t h e s e s u g a r s w e r e

m e t a b o l i z e d r a p i d l y d u r i n g t h e e n s i l i n g p r o c e s s . T h e m a j o r i t y o f t h e g l u c o s e

( P < 0 . 0 1 ) a n d f r u c t o s e ( P < 0 . 0 5 ) w a s m e t a b o l i z e d d u r i n g t h e f i r s t 2 4 h .

G l u c o s e l e v e l s c o n t i n u e d t o d e c l i n e i n t h e i m m a t u r e f o r a g e w h e r e a s t h e
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l e v e l s w e r e u n c h a n g e d a f t e r 3 d i n t h e 1 1 0 d m a t u r i t y f o r a g e . W i t h

f r u c t o s e , t h e l e v e l s d e c l i n e d t h r o u g h o u t t h e f e r m e n t a t i o n p e r i o d r e g a r d l e s s

o f m a t u r i t y . G a l a c t o s e l e v e l s i n t h e 9 0 d s i l a g e w e r e s i m i l a r t h r o u g o u t t h e

f e r m e n t a t i o n p e r i o d , w h e r e a s l e v e l s i n c r e a s e d o v e r t i m e i n t h e m a t u r e

f o r a g e . A s a r e s u l t o f t h e s e t r e n d s , t h e f i n a l c o n c e n t r a t i o n o f g a l a c t o s e w a s

h i g h e r i n t h e m a t u r e s i l a g e . I t a l s o a p p e a r s t h a t g a l a c t o s e w a s n o t

m e t a b o l i z e d b y t h e m i c r o b i a l e c o s y s t e m . X y l o s e c o n t e n t d e c r e a s e d

( P < 0 . 0 1 ) o v e r t i m e i n t h e 9 0 d s i l a g e , b u t i n c r e a s e d s l i g h t l y i n t h e 1 1 0 d

m a t e r i a l . T h i s w o u l d s u g g e s t s o m e h e m i c e l l u l o s e d e g r a d a t i o n w a s o c c u r r i n g

i n t h e s i l a g e p r e p a r e d f r o m t h e 9 0 d m a t u r i t y f o r a g e s o r g h u m . A r a b i n o s e

l e v e l s t e n d e d t o i n c r e a s e ( P < 0 . 0 1 ) d u r i n g t h e f e r m e n t a t i o n p e r i o d w i t h b o t h

d e g r e e s o f m a t u r i t y , h o w e v e r , t h e l e v e l s w e r e s m a l l . N e u t r a l d e t e r g e n t

f i b e r , h e m i c e l l u l o s e a n d c e l l u l o s e l e v e l s w e r e g r e a t e r ( P < 0 . 0 1 ) i n s i l a g e

m a d e f r o m t h e m o r e m a t u r e f o r a g e a s c o m p a r e d t o t h e 9 0 d f o r a g e ( T a b l e

4 - 6 ) . T h e N D F c o n t e n t d e c r e a s e d ( P < 0 . 0 1 ) d u r i n g t h e e n s i l i n g p r o c e s s w i t h

b o t h m a t u r i t i e s . T h i s l o s s i n N D F c o n t e n t w a s t h e r e s u l t o f h e m i c e l l u l o s e

h y d r o l y s i s w h i c h c o u l d r e s u l t f r o m m i c r o b i a l a c t i v i t y o r t h e a c i d c o n d i t i o n s .

H e m i c e l l u l o s e c o n t e n t w a s a l s o l o w e r ( P < 0 . 0 1 ) i n t h e 9 0 d f r e s h f o r a g e

t h a n 1 1 0 d . A c i d d e t e r g e n t f i b e r l e v e l s w e r e s i m i l a r a c r o s s m a t u r i t i e s a n d

l e n g t h o f e n s i l i n g .

R e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e t h a t e n s i l i n g c h a r a c t e r i s t i c s o f f o r a g e

s o r g h u m e n s i l e d i n a t r o p i c a l e n v i r o n m e n t v a r i e d w i t h s t a g e o f m a t u r i t y .
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B a s e d o n c h a n g e s i n f e r m e n t a t i o n e n d - p r o d u c t s t h r o u g h o u t t h e e n s i l i n g

p e r i o d , i t a p p e a r s t h a t t h e m i c r o b i a l e c o l o g y a n d s u b s t r a t e u t i l i z a t i o n d i f f e r

w h e n f o r a g e s o r g h u m w a s e n s i l e d a t d i f f e r e n t s t a g e s o f m a t u r i t y . T h e

s m a l l e r e n t e r o b a c t e r i a c e a e p o p u l a t i o n a n d l o w e r a c e t i c a c i d c o n t e n t f o u n d i n

t h e 1 1 0 d s i l a g e a t e a r l y s t a g e s o f t h e f e r m e n t a t i o n i s l i k e l y a r e s u l t o f t h e

l o w e r p H o b s e r v e d . A d d i t i o n a l l y , f o r a g e s o r g h u m e n s i l e d a t 9 0 d h a d

g r e a t e r o x a l o a c e t i c a c i d c o n t e n t t h a n f o r a g e e n s i l e d a t 1 1 0 d . O x a l o a c e t i c

a c i d h a s a s t r o n g e r b u f f e r i n g c a p a c i t y a n d h a s b e e n s h o w n t h a t i n f l u e n c e

t h e p H o f s i l a g e s ( P l a y n e a n d M c D o n a l d , 1 9 6 6 ) . T h e g r e a t e r i n c r e a s e i n

l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s i n t h e 1 1 0 d s i l a g e d i d n o t r e s u l t i n h i g h e r

l a c t i c a c i d c o n t e n t , w h i c h m a y i n d i c a t e t h a t a m o r e a c t i v e l a c t i c a c i d

b a c t e r i a l p o p u l a t i o n m a y b e p r e s e n t i n f o r a g e e n s i l e d a t 9 0 d o r s u b s t r a t e

w a s l i m i t i n g . Y e a s t a n d m o l d p o p u l a t i o n s s e e m t o p l a y a p r e d o m i n a n t r o l e

i n t h e f e r m e n t a t i o n p r o c e s s o f f o r a g e s o r g h u m e n s i l e d a t 1 1 0 d , a s

e v i d e n c e d b y t h e h i g h e r e t h a n o l c o n t e n t d u r i n g t h e i n i t i a l o n e t h i r d o f t h e

f e r m e n t a t i o n p r o c e s s .

I n f o r a g e s o r g h u m e n s i l e d a t 9 0 d , t h e d e c r e a s e i n l a c t i c a c i d , a n d i n c r e a s e

i n a c e t i c a c i d p r o d u c t i o n a t l a t e r s t a g e s o f t h e f e r m e n t a t i o n p r o c e s s m a y

i n d i c a t e a s h i f t i n l a c t i c a c i d b a c t e r i a f r o m h o m o f e r m e n t a t i v e t o

h e t e r o f e r m e n t a t i v e . S u b s t r a t e a v a i l a b i l i t y a n d u t i l i z a t i o n w a s v a r i a b l e i n

f o r a g e e n s i l e d a t 9 0 d a s e v i d e n c e d b y c h a n g e s i n w a t e r s o l u b l e ( e . g .

x y l o s e , a r a b i n o s e ) a n d s t r u c t u r a l c a r b o h y d r a t e ( e . g . h e m i c e l l u l o s e ) c o n t e n t s .
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I n f o r a g e s o r g h u m e n s i l e d a t 1 1 0 d , i t a p p e a r s t h a t a l i m i t e d m i c r o b i a l

a c t i v i t y o c c u r s a f t e r t h e f i r s t 2 1 d p o s t - e n s i l i n g a s e v i d e n c e d b y c h a n g e s i n

f e r m e n t a t i o n e n d - p r o d u c t s , w a t e r s o l u b l e a n d s t r u c t u r a l c a r b o h y d r a t e s .

H e m i c e l l u l o s e h y d r o l y s i s w a s o b s e r v e d i n s o r g h u m e n s i l e d a t b o t h s t a g e s o f

m a t u r i t y . H o w e v e r , t h i s d e c r e a s e i n h e m i c e l l u l o s e c o n t e n t d i d n o t r e s u l t i n

h i g h e r x y l o s e c o n t e n t i n f o r a g e s o r g h u m e n s i l e d a t 9 0 d ; w h i c h m a y i n d i c a t e

a g r e a t e r r a t e o f x y l o s e u t i l i z a t i o n t h a n x y l o s e d e g r a d a t i o n . I n f o r a g e

s o r g h u m e n s i l e d a t 1 1 0 d , t h e d e c r e a s e d h e m i c e l l u l o s e a f t e r 1 0 0 ( I p o s t -

e n s i l i n g m a y c o r r e s p o n d t o t h e i n c r e a s e i n g a l a c t o s e a n d p e n t o s e c o n t e n t .

T h e s e c h a n g e s i n s t r u c t u r a l c a r b o h y d r a t e s a n d w a t e r s o l u b l e s u g a r s i n t h e

m o r e m a t u r e s i l a g e m a y i n d i c a t e a g r e a t e r h e m i c e l l u l o s e h y d r o l y s i s t h a n

u t i l i z a t i o n , a n d s u p p o r t t h e o b s e r v a t i o n o f a l i m i t e d m i c r o b i a l a c t i v i t y i n t h e

m o r e m a t u r e s i l a g e a f t e r t h e i n i t i a l t h i r d o f t h e f e r m e n t a t i o n p e r i o d . E v e n

t h o u g h f e r m e n t a t i o n p a t t e r n s s e e m t o d i f f e r o v e r t i m e i n f o r a g e s o r g h u m

e n s i l e d a t 9 0 a n d 1 1 0 d , f i n a l p H , a n d f e r m e n t a t i o n e n d - p r o d u c t s ( e x c e p t

a c e t i c a c i d ) w e r e s i m i l a r . H o w e v e r , t h e r e s i d u a l W S C w e r e h i g h e r i n t h e

s i l a g e f r o m t h e m o r e m a t u r e f o r a g e . T h e s e r e s u l t s s u p p o r t t h e o b s e r v a t i o n s

o f T j a n d r a a t m a d j a e t a l . ( 1 9 9 4 ) w h o f o u n d t h a t f i n a l p H a n d r e s i d u a l W S C

i n c r e a s e d w i t h i n c r e a s i n g m a t u r i t y i n f o r a g e s e n s i l e d i n t r o p i c a l

e n v i r o n m e n t s . P a n d i t h a r a t n e e t a l . ( 1 9 8 8 ) , a l s o r e p o r t e d d i f f e r e n t

f e r m e n t a t i o n p a t t e r n s i n g u i n e a g r a s s e n s i l e d i n a t r o p i c a l e n v i r o n m e n t a f t e r

t w o r e g r o w t h p e r i o d s .
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S i l a g e a d d i t i v e s d i d n o t i n f l u e n c e t h e o r g a n i c a c i d h y d r o l y s i s i n f o r a g e

s o r g h u m r e g a r d l e s s o f s t a g e o f m a t u r i t y ( D a t a n o t s h o w e d ) . F o r a g e

s o r g h u m e n s i l e d a t 9 0 o r 1 1 0 d a n d t r e a t e d w i t h m i c r o b i a l i n o c u l a n t a l o n e

o r i n c o m b i n a t i o n w i t h e n z y m e s h a d l o w e r p H ( P < 0 . 0 1 ) t h a n c o n t r o l s i l a g e

o r s i l a g e t r e a t e d o n l y w i t h t h e e n z y m e m i x t u r e ( T a b l e 4 - 7 ) . T h e m i c r o b i a l

i n o c u l a n t t r e a t m e n t s h a d g r e a t e r ( P < 0 . 0 5 ) l a c t i c a c i d b a c t e r i a l p o p u l a t i o n

t h a n n o n - i n o c u l a t e d s i l a g e s r e g a r d l e s s o f m a t u r i t y s t a g e o f t h e f o r a g e .

S i l a g e a d d i t i v e s d i d n o t i n f l u e n c e o t h e r p o p u l a t i o n s o f m i c r o b i a l g r o u p s a n d

d i d n o t a l t e r t h e l e v e l s o f a c e t i c , p r o p i o n i c , b u t y r i c a c i d s o r e t h a n o l ( T a b l e 4 -

8 ) . L a c t i c a c i d l e v e l s w e r e s i g n i f i c a n t l y g r e a t e r ( P < 0 . 0 1 ) f o r s i l a g e s t r e a t e d

w i t h t h e m i c r o b i a l i n o c u l a n t . P r e v i o u s r e s u l t s ( C h a p t e r 2 ) i n d i c a t e d t h a t t h e

m i c r o b i a l i n o c u l a n t d e c r e a s e d g l u c o s e , b u t i n c r e a s e d f r u c t o s e c o n t e n t i n

f o r a g e s o r g h u m e n s i l e d a f t e r 9 0 d . I n t h i s e x p e r i m e n t , s m a l l i n c r e a s e s i n

g a l a c t o s e a n d a r a b i n o s e c o n t e n t s i n f o r a g e s o r g h u m t r e a t e d t h e e n z y m e

w a s o b s e r v e d ( T a b l e 4 - 9 ; P < 0 . 0 1 ) . T h e o t h e r s u g a r s w e r e a s i m i l a r l e v e l s

f o r t h e f o u r t r e a t m e n t s . E v e n t h o u g h W S C c o n t e n t s w e r e n o t s i g n i f i c a n t l y

i n f l u e n c e d b y s i l a g e a d d i t i v e s , a n u m e r i c a l t r e n d f o r l o w e r g l u c o s e a n d

g r e a t e r f r u c t o s e c o n t e n t d u e t o i n o c u l a t i o n w a s o b s e r v e d , w h i c h s u p p o r t

t h e r e s u l t s f r o m C h a p t e r 2 . S t r u c t u r a l c a r b o h y d r a t e c o n t e n t s w e r e s i m i l a r

f o r a l l t r e a t m e n t s ( T a b l e 4 - 1 0 ) . R e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e d t h a t

t h e b e n e f i c i a l c h a n g e s d u e t o i n o c u l a t i o n ( p H , l a c t i c a c i d b a c t e r i a l

p o p u l a t i o n , a n d f e r m e n t a t i o n e n d - p r o d u c t s ) w e r e g r e a t e r i n f o r a g e s o r g h u m
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1 7 8

e n s i l e d a t 9 0 d o f m a t u r i t y t h a n i n f o r a g e e n s i l e d a t 1 1 0 d . S i m i l a r t o

r e s u l t s f r o m C h a p t e r 2 , t h e e n z y m e m i x t u r e d i d n o t i m p r o v e t h e e n s i l i n g

c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m r e g a r d l e s s o f s t a g e o f m a t u r i t y .

A e r o b i c S t a b i l i t y

A c i d i t y o f f o r a g e s o r g h u m s i l a g e d e c r e a s e d ( P < 0 . 0 1 ) a s l e n g t h o f e x p o s u r e

i n c r e a s e d w i t h b o t h m a t u r i t i e s l T a b l e 4 - 1 1 ) . A m u c h l a r g e r i n c r e a s e

( P < 0 . 0 5 ) i n p H o c c u r r e d i n t h e 1 1 0 d m a t u r i t y f o r a g e t h a n t h e m o r e

i m m a t u r e f o r a g e . M a x i m u m t e m p e r a t u r e d u r i n g a i r e x p o s u r e w a s a t t a i n e d

w i t h i n 1 d a n d 2 d f o r t h e 9 0 a n d 1 1 0 d m a t u r i t y s i l a g e s , r e s p e c t i v e l y . F o r

b o t h s t a g e s o f m a t u r i t y , a c e t i c a c i d w a s l o w e r ( P < 0 . 0 1 ) a f t e r 3 d o f a e r o b i c

e x p o s u r e t h a n d 0 , b u t u n c h a n g e d t h e r e a f t e r ( T a b l e 4 — 1 2 ) . L a c t i c a c i d

l e v e l s w e r e d e c r e a s e d ( P < 0 . 0 1 ) b y 7 5 a n d 6 3 % d u r i n g t h e e x p o s u r e p e r i o d

f o r t h e 9 0 a n d 1 1 0 d m a t u r i t y f o r a g e s . C l e a r l y , t h e l a c t i c a c i d w a s

m e t a b o l i z e d b y t h e s p o i l a g e o r g a n i s m s . E t h a n o l c o n t e n t w a s h i g h e r

( P < 0 . 0 1 ) a f t e r 3 d o f a e r o b i c e x p o s u r e t h a n ( I 0 i n t h e 9 0 d f o r a g e . A n

o p p o s i t e t r e n d w a s o b s e r v e d i n t h e 1 1 0 d m a t u r i t y f o r a g e . E t h a n o l c o n t e n t

w a s l o w e r ( P < 0 . 0 5 ) a f t e r 3 a n d 7 d

o f a i r e x p o s u r e a s c o m p a r e d t o d 0 . I n t h e i m m a t u r e f o r a g e , e t h a n o l w a s

p r o d u c e d d u r i n g t h e e x p o s u r e p e r i o d w h e r e a s i t d i s a p p e a r e d w i t h t h e m o r e

m a t u r e f o r a g e . A n e t d i s a p p e a r a n c e o f g l u c o s e d u r i n g t h e e x p o s u r e p e r i o d

w a s n o t o b s e r v e d i n t h i s s t u d y ( T a b l e 4 - 1 3 ) . H o w e v e r , t h e r e s i d u a l g l u c o s e
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1 8 2

l e v e l s f r o m d 0 w e r e g r e a t e r f o r t h e m a t u r e f o r a g e ( 1 1 0 d ) a s c o m p a r e d t o

t h e l e s s m a t u r e ( 9 0 d ) . F r u c t o s e ( P < 0 . 0 1 ) , x y l o s e ( P < 0 . 0 1 ) , a n d

a r a b i n o s e ( P < 0 . 0 6 ) c o n t e n t d e c r e a s e d o v e r t h e p e r i o d o f a e r o b i c e x p o s u r e

w i t h b o t h f o r a g e m a t u r i t i e s . G a l a c t o s e l e v e l s d e c r e a s e d ( P < 0 . 0 1 ) d u r i n g

t h e e x p o s u r e p e r i o d w i t h t h e m a t u r e f o r a g e w i t h l i t t l e c h a n g e i n t h e

i m m a t u r e f o r a g e . R e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e t h a t f o r b o t h s t a g e s

o f m a t u r i t y , t h e m a j o r i t y o f t h e d e t e r i o r a t i o n o c c u r r e d w i t h i n t h e f i r s t 3 d o f

a e r o b i c e x p o s u r e . H o w e v e r , b a s e d o n d i f f e r e n c e s i n u t i l i z a t i o n o f

f e r m e n t a t i o n e n d - p r o d u c t s a n d r e s i d u a l w a t e r s o l u b l e c a r b o h y d r a t e s o f t h e

s i l a g e s d u r i n g e x p o s u r e t o a i r , i t a p p e a r s t h a t t h e m i c r o b i a l e c o l o g y

a s s o c i a t e d w i t h t h e d e t e r i o r a t i o n ( e . g . y e a s t s a n d m o l d s ; s u g a r u t i l i z i n g o r

l a c t a t e a s s i m i l a t i n g y e a s t s ) w a s d i f f e r e n t b e t w e e n s t a g e s o f m a t u r i t y .

A l l t r e a t m e n t s a d d e d t o t h e i m m a t u r e f o r a g e s o r g h u m a n d e n s i l e d h a d

s i m i l a r p H v a l u e s u p o n e x p o s u r e t o a i r ( T a b l e 4 - 1 4 ) . H o w e v e r , w i t h f o r a g e

s o r g h u m e n s i l e d a t 1 1 0 d , s i l a g e t r e a t e d w i t h b a c t e r i a l i n o c u l a n t a l o n e o r i n

c o m b i n a t i o n w i t h e n z y m e s h a d h i g h e r ( P < 0 . 0 1 ) p H t h a n s o r g h u m e n s i l e d

w i t h o u t a n i n o c u l a n t . T e m p e r a t u r e t e n d e d t o b e g r e a t e r ( P < 0 . 0 1 ) f o r t h e

i m m a t u r e f o r a g e a s c o m p a r e d t o t h e m a t u r e f o r a g e , a n d t h e i n o c u l a t e d

s i l a g e s a l s o h a d g r e a t e r ( P < 0 . 0 1 ) t e m p e r a t u r e s .

A s i g n i f i c a n t i n t e r a c t i o n b e t w e e n s i l a g e a d d i t i v e a n d s t a g e o f m a t u r i t y f o r

a c e t i c a n d l a c t i c a c i d s w a s n o t o b s e r v e d ( T a b l e 4 - 1 5 ) . E t h a n o l c o n t e n t w a s

h i g h e r ( P < 0 . 0 5 ) i n f o r a g e e n s i l e d a t 9 0 d o f g r o w t h a n d c o n t a i n i n g t h e
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e n z y m e m i x t u r e t h a n i n c o n t r o l s i l a g e o r s i l a g e t r e a t e d w i t h m i c r o b i a l

i n o c u l a n t o n l y . I n f o r a g e s o r g h u m e n s i l e d a t 1 1 0 d o f g r o w t h , i n o c u l a t e d

s i l a g e s h a d l o w e r ( P < 0 . 0 5 ) e t h a n o l c o n t e n t t h a n n o n - i n o c u l a t e d s i l a g e s . A

s i g n i f i c a n t i n t e r a c t i o n b e t w e e n s i l a g e a d d i t i v e a n d s t a g e o f m a t u r i t y w a s

o b s e r v e d ( P < 0 . 0 1 ) f o r f r u c t o s e , x y l o s e , a n d a r a b i n o s e ( T a b l e 4 - 1 6 ) . M o s t

o f t h e c h a n g e s i n t h e s e s u g a r s o c c u r r e d i n t h e m o r e m a t u r e f o r a g e s .

F r u c t o s e l e v e l s w e r e l o w e s t i n t h e i n o c u l a t e d t r e a t m e n t s , w i t h e n z y m e o n l y

t r e a t m e n t b e i n g i n t e r m e d i a t e . G l u c o s e a n d g a l a c t o s e w e r e l o w e s t ( P < 0 . 0 1 )

f o r t h e i n o c u l a t e d a s c o m p a r e d t o t h e c o n t r o l t r e a t m e n t s . T h e e n z y m e

t r e a t m e n t s i n c r e a s e d t h e l e v e l s o f x y l o s e a n d a r a b i n o s e i n t h e m a t u r e f o r a g e

d u r i n g e x p o s u r e p e r i o d w i t h s m a l l e r e f f e c t s i n t h e i m m a t u r e f o r a g e s .

R e s u l t s f r o m t h i s e x p e r i m e n t f u r t h e r s u p p o r t t h e p r e v i o u s c o n c l u s i o n f r o m

C h a p t e r 2 , t h a t s i l a g e a d d i t i v e s d o n o t i m p r o v e t h e a e r o b i c s t a b i l i t y o f

f o r a g e s o r g h u m e n s i l e d i n a t r o p i c a l e n v i r o n m e n t . R a t h e r , f o r b o t h s t a g e s

o f m a t u r i t y , a d d i t i o n o f m i c r o b i a l i n o c u l a n t a l o n e o r i n c o m b i n a t i o n w i t h

e n z y m e s a p p e a r s t o i n c r e a s e d t h e r a t e o f d e t e r i o r a t i o n .

I m p l i c a t i o n s

U t i l i z a t i o n o f s i l a g e a d d i t i v e s i n t h e f o r m o f a m i c r o b i a l i n o c u l a n t s h o w e d

l i t t l e i m p r o v e m e n t o n t h e f e r m e n t a t i o n c h a r a c t e r i s t i c s , a n d d i d n o t p r e v e n t

t h e a e r o b i c d e t e r i o r a t i o n o f f o r a g e s o r g h u m e n s i l e d a f t e r 9 0 o r 1 1 0 d o f

g r o w t h i n a t r o p i c a l e n v i r o n m e n t . I n f a c t t h e b a c t e r i a l i n o c u l a n t u t i l i z e d i n
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t h i s e x p e r i m e n t i n c r e a s e d t h e r a t e o f d e t e r i o r a t i o n ( e . g . t e m p e r a t u r e ,

u n d e s i r a b l e m i c r o o r g a n i s m s , s u b s t r a t e a v a i l a b i l i t y ) . T h e r e f o r e , e v a l u a t i o n o f

s e l e c t e d b a c t e r i a l s t r a i n s m o r e s u i t a b l e f o r t r o p i c a l f o r a g e s s h o u l d b e

c o n d u c t e d t o i m p r o v e t h e q u a l i t y o f e n s i l e d f e e d s t u f f s i n t r o p i c a l a r e a s .
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A b n e r A n t o n i o R o d r i g u e z - C a r i a s

V O L U M E I I

A D I S S E R T A T I O N

S u b m i t t e d t o

M i c h i g a n S t a t e U n i v e r s i t y

i n p a r t i a l f u l f i l l m e n t o f t h e r e q u i r e m e n t s

f o r t h e d e g r e e o f

D O C T O R O F P H I L O S O P H Y

D e p a r t m e n t o f A n i m a l S c i e n c e
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F E R M E N T A T I O N C H A R A C T E R I S T I C S O F J O H N S O N G R A S S E N S I L E D A T

T W O R E G R O W T H P E R I O D S W I T H S I L A G E A D D I T I V E S

A b s t r a c t

A n e x p e r i m e n t w a s c o n d u c t e d t o e v a l u a t e t h e e f f e c t s o f s i l a g e a d d i t i v e s

( m i c r o b i a l i n o c u l a n t p l u s e n z y m e s ) o n t h e f e r m e n t a t i o n c h a r a c t e r i s t i c s o f

J o h n s o n g r a s s ( S o r g h u m h a / a p e n s e ) e n s i l e d a f t e r t w o r e g r o w t h p e r i o d s .

J o h n s o n g r a s s w a s h a r v e s t e d a t 4 5 ( 2 2 . 6 4 D M % ) a n d 1 1 0 d o f r e g r o w t h

( 4 3 . 8 4 D M % ) a t t h e L a j a s A g r i c u l t u r e E x p e r i m e n t S t a t i o n , U n i v e r s i t y o f

P u e r t o R i c o . F o r a g e a t e a c h v e g e t a t i v e s t a g e w a s p l a c e d i n t o P V C

l a b o r a t o r y s i l o s a n d a s s i g n e d t o t w o t r e a t m e n t s : n o a d d i t i v e ( c o n t r o l ) a n d

e n z y m e s p l u s i n o c u l a n t . E n z y m e w a s a p p l i e d a t . 1 % o f f r e s h m a t e r i a l a n d

t h e m i c r o b i a l i n o c u l a n t a t 1 0 ° c f u / g o f f r e s h m a t e r i a l . T h r e e s i l o s p e r

t r e a t m e n t a t e a c h r e g r o w t h p e r i o d w e r e o p e n e d a f t e r 7 e n s i l i n g p e r i o d s

( O , 1 , 3 , 7 , 1 4 , 2 1 a n d 1 0 0 d ) a n d a n a l y z e d f o r p H , l a c t i c a c i d - p r o d u c i n g

b a c t e r i a l p o p u l a t i o n s ( L A B ) , f e r m e n t a t i o n e n d - p r o d u c t s ( a c e t i c , l a c t i c , a n d

b u t y r i c a c i d s , e n d e t h a n o l ) , a n d w a t e r s o l u b l e c a r b o h y d r a t e s ( g l u c o s e ,

1 8 8
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f r u c t o s e , x y l o s e , a n d a r a b i n o s e ) . S t r u c t u r a l c a r b o h y d r a t e c o n t e n t w a s

d e t e r m i n e d a t d O a n d 1 0 0 p o s t - e n s i l i n g . F e r m e n t a t i o n c h a r a c t e r i s t i c s i n

J o h n s o n g r a s s s i l a g e v a r i e d d u e t o r e g r o w t h p e r i o d . F o r b o t h s t a g e s o f

r e g r o w t h , J o h n s o n g r a s s t r e a t e d w i t h m i c r o b i a l i n o c u l a n t p l u s e n z y m e s h a d

l o w e r p H a n d h i g h e r l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s a n d l a c t i c a c i d c o n t e n t s

t h a n c o n t r o l s i l a g e s . S i l a g e a d d i t i v e s a l s o d e c r e a s e d b u t y r i c a c i d c o n t e n t i n

J o h n s o n g r a s s e n s i l e d a t 4 5 d , a n d e t h a n o l c o n t e n t i n t h e m o r e m a t u r e

f o r a g e .

I n t r o d u c t i o n

I n t r o p i c a l e n v i r o n m e n t s , t h e i n t r o d u c t i o n o f s i l a g e a s a m a j o r f e e d

c o m p o n e n t i n t o r u m i n a n t d i e t s t o a v o i d t h e f l u c t u a t i o n i n f o r a g e q u a n t i t y

a n d q u a l i t y d u r i n g t h e d r y s e a s o n r e p r e s e n t s a n u r g e n t n e e d . J o h n s o n

g r a s s ( S o r g h u m h a l a p e n s e ) i s a p e r e n n i a l p l a n t t h a t g r o w s w i l d i n s o u t h w e s t

P u e r t o R i c o . B e c a u s e o f i t s a g g r e s s i v e n e s s , a b u n d a n c e , a n d h i g h y i e l d ,

p r o d u c t i o n o f s i l a g e c o u l d r e p r e s e n t a t o o l t o i m p r o v e i t s u t i l i z a t i o n .

H o w e v e r , i n t r o p i c a l c l i m a t e s , f o r a g e s a r e g e n e r a l l y l o w i n w a t e r s o l u b l e

c a r b o h y d r a t e s a n d a t e n s i l i n g , r e s u l t i n f e r m e n t a t i o n s t h a t f a i l t o a c h i e v e

a c c e p t a b l e p o p u l a t i o n s o f l a c t i c a c i d p r o d u c i n g b a c t e r i a ( M c D o n a l d , 1 9 9 1 ) .

R e s u l t s f r o m C h a p t e r s 2 a n d 4 i n d i c a t e d t h a t a d d i t i o n o f a m i c r o b i a l

i n o c u l a n t a l o n e o r i n c o m b i n a t i o n w i t h e n z y m e s i m p r o v e d t h e f e r m e n t a t i o n

c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m s i l a g e e n s i l e d a t 9 0 o r 1 1 0 d o f g r o w t h .
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T h e r e i s l i m i t e d i n f o r m a t i o n r e g a r d i n g t h e e f f e c t s o f s i l a g e a d d i t i v e s o n t h e

e n s i l i n g c h a r a c t e r i s t i c s o f J o h n s o n g r a s s h a r v e s t e d i n a t r o p i c a l

e n v i r o n m e n t . T h e o b j e c t i v e o f t h i s e x p e r i m e n t w a s t o e v a l u a t e t h e e f f e c t s

o f a n e n z y m e m i x t u r e a n d b a c t e r i a l i n o c u l a n t o n t h e f e r m e n t a t i o n

c h a r a c t e r i s t i c s o f J o h n s o n g r a s s e n s i l e d a t t w o r e g r o w t h p e r i o d s i n t h e

t r o p i c a l e n v i r o n m e n t o f P u e r t o R i c o .

E x p e r i m e n t a l P r o c e d u r e

T h e s t u d y w a s c o n d u c t e d a t t h e L a j a s A g r i c u l t u r e E x p e r i m e n t S t a t i o n ,

U n i v e r s i t y o f P u e r t o R i c o . J o h n s o n g r a s s ( S o r g h U m h a l a p e n s e l w a s

h a r v e s t e d m a n u a l l y a t 4 5 ( 2 2 . 6 4 D M % ) a n d 1 1 0 d ( 4 3 . 8 4 D M % ) o f

r e g r o w t h a n d c h o p p e d i n t o 2 . 5 c m p i e c e s . C h o p p e d f o r a g e f r o m e a c h

v e g e t a t i v e s t a g e w a s a s s i g n e d t o t w o t r e a t m e n t s ; n o a d d i t i v e ( C o n t r o l ) a n d

e n z y m e s ( V i s c o z y m e m L , N o v o N o r d i s k B i o i n d u s t r i a l s , I n c . F a r n h a m , S u r v e y ,

U K ) p l u s m i c r o b i a l i n o c u l a n t ( E c o s y l m ' Z e n e c a B i o p r o d u c t s , F a r n h a m ,

S u r v e y , U K ) , a n d p a c k e d i n t o P V C s i l o s . L a b o r a t o r y s i l o s w e r e f i t t e d w i t h

r e l e a s e v a l v e s f o r p r o v i d e g a s e s c a p e a n d m a i n t a i n e d a t r o o m t e m p e r a t u r e .

T h e e n z y m e a d d i t i v e c o n s i s t e d o f a n e n z y m e m i x t u r e c o n t a i n i n g a r a b i n a s e ,

c e l l u l a s e , B - g l u c a n a s e , h e m i c e l l u l a s e a n d x y l a n a s e a n d w a s a p p l i e d a t 0 . 1 %

o f f r e s h m a t e r i a l . T h e m i c r o b i a l i n o c u l a n t c o n s i s t e d o f L a c t o b a c i / I u s

p l a n t a r u m a n d w a s a p p l i e d t o t h e f o r a g e a t a r a t e o f 1 0 ° c f u / g o f f r e s h

m a t e r i a l . T r i p l i c a t e s a m p l e s o f e a c h t r e a t m e n t a t e a c h v e g e t a t i v e s t a t e w e r e
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o p e n e d a t 0 , 1 , 3 , 7 , 1 4 , 2 1 , a n d 1 0 0 d p o s t - e n s i l i n g . A f t e r s i l o s w e r e o p e n e d ,

f i f t y g o f f o r a g e w e r e p l a c e d i n t o 4 5 0 m l o f d i s t i l l e d w a t e r a n d h o m o g e n i z e d

f o r 5 m i n u t e s i n a S t o m a c h e r a p p a r a t u s ( T e k m a r 3 5 0 0 , T e k m a r , C i n c i n n a t i ,

O H ) . H o m o g e n a t e s w e r e s t r a i n e d t h r o u g h 8 l a y e r s o f c h e e s e c l o t h a n d

a n a l y z e d f o r p H w i t h a p H m e t e r f i t t e d w i t h a c o m b i n a t i o n e l e c t r o d e ( F i s h e r

S c i e n t i f i c , P i t t s b u r g h , P A ) . F o r L A B e n u m e r a t i o n , t e n - f o l d s e r i a l d i l u t i o n s

w e r e p r e p a r e d f o r e a c h s a m p l e a t e a c h e n s i l i n g d a y i n s t e r i l e p e p t o n e

s o l u t i o n ( 0 . 0 1 % ) . P l a t e s w e r e p o u r e d w i t h a R o g o s a S L a g a r ( D i f c o

L a b o r a t o r i e s , D e t r o i t , M I ) , i n c u b a t e d f o r 4 8 h a t 4 0 ° C a n d m a n u a l l y

e n u m e r a t e d w i t h a d i g i t a l c o l o n y c o u n t e r . F e r m e n t a t i o n e n d - p r o d u c t s w e r e

d e t e r m i n e d b y i o n e x c h a n g e - e x c l u s i o n H P L C ( B I O R A D a m i n e x H P X - 8 7 H )

f o l l o w i n g t h e g e n e r a l p r o c e d u r e s o f C a n a l e e t a l . ( 1 9 8 4 ) . M o b i l e p h a s e

c o n s i s t e d o f . 0 0 5 N H 2 8 0 4 a t a f l o w r a t e o f . 9 m l / m i n . C o l u m n t e m p e r a t u r e

w a s m a i n t a i n e d a t 6 5 ° C b y a n e x t e r n a l c o l u m n h e a t e r ( W a t e r s M i l l i p o r e ) .

T h r e e m l o f h o m o g e n a t e f r o m e a c h t r e a t m e n t w e r e f i l t e r e d t h r o u g h . 2 p m

i o n c h r o m a t o g r a p h y s y r i n g e f i l t e r s ( G e l m a n A c r o d i s k , 2 5 m m , A n n A r b o r ,

M I ) i n t o 3 m l H P L C s a m p l e v i a l s ( N a t i o n a l S c i e n t i f i c , A t l a n t a , G A ) . F i l t e r e d

s a m p l e s w e r e s t o r e d a t - 2 0 ° C u n t i l a n a l y s i s . F i f t e e n [ l l o f t h e f i l t e r e d

s a m p l e s w e r e i n j e c t e d b y a n a u t o i n j e c t o r ( W a t e r W I S P 7 1 2 ) a n d a n a l y t e s

w e r e d e t e c t e d b y r e f r a c t i v e i n d e x ( W a t e r s 4 1 0 r e f r a c t i v e i n d e x d e t e c t o r ) .

P e a k h e i g h t s w e r e q u a n t i f i e d b y a c o m m e r c i a l H P L C s o f t w a r e p a c k a g e

( T u r b o c h r o m 3 , P E N e l s o n ) a n d c o m p a r e d t o s t a n d a r d s f o r t h e s e l e c t e d
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a n a l y t e s ( S u p e l c o ) .

W a t e r s o l u b l e c a r b o h y d r a t e s ( g l u c o s e , f r u c t o s e , x y l o s e , a n d a r a b i n o s e ) w e r e

a l s o d e t e r m i n e d b y i o n e x c h a n g e - e x c l u s i o n H P L C ( B i o r a d a m i n e x H P X - 8 7 P )

e x c e p t t h a t 2 0 p l o f t h e f i l t e r e d s a m p l e w e r e i n j e c t e d . M i l l i p o r e w a t e r w a s

u s e d f o r t h e m o b i l e p h a s e a t a f l o w r a t e o f . 6 m l / m i n a n d t h e c o l u m n

t e m p e r a t u r e w a s m a i n t a i n e d a t 8 5 ° C . S t r u c t u r a l c a r b o h y d r a t e s ; N D F , A D F ,

h e m i c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n N D F a n d A D F ) , a n d

c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n A D F a n d l i g n i n ) , w e r e

d e t e r m i n e d a t 0 a n d 1 0 0 d p o s t - e n s i l i n g ( G o e r i n g a n d V a n S o e s t , 1 9 7 0 ; V a n

S o e s t e t a l . , 1 9 9 1 M e t h o d A ) . S t a t i s t i c a l a n a l y s i s w a s p e r f o r m e d a s a

c o m p l e t e l y r a n d o m i z e d d e s i g n w i t h 2 ( r e g r o w t h p e r i o d s ) b y 2 ( s i l a g e

a d d i t i v e s ) b y 6 ( e n s i l i n g p e r i o d s ) f a c t o r i a l a r r a n g e m e n t o f t r e a t m e n t s ( S t e e l

a n d T o r r i e , 1 9 7 8 ) u s i n g t h e G e n e r a l L i n e a r M o d e l P r o c e d u r e o f S A S ( 1 9 9 0 ) .

T h e m o d e l s f o r p H , l a c t i c a c i d - p r o d u c i n g b a c t e r i a l p o p u l a t i o n s , f e r m e n t a t i o n

e n d - p r o d u c t s , a n d w a t e r s o l u b l e c a r b o h y d r a t e s w e r e a s f o l l o w s :

Y i j k l = u + A , 8 , . ( A * B ) , i + C k + ( A * C ) , . , + ( B * C ) , . , +

( A * B * C ) , j . , + E W

W h e r e :

Y i j k l = I n d i v i d u a l r e s p o n s e v a r i a b l e m e a s u r e d ( e . g . p H ,

f e r m e n t a t i o n e n d - p r o d u c t s )

, u = O v e r a l l m e a n
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A i = E f f e c t o f r e g r o w t h p e r i o d

B i = E f f e c t o f s i l a g e a d d i t i v e

A ‘ I B i i = I n t e r a c t i o n o f r e g r o w t h p e r i o d b y s i l a g e a d d i t i v e

C , = E f f e c t o f d a y o f e n s i l i n g

A * C i k = I n t e r a c t i o n o f r e g r o w t h p e r i o d b y d a y o f e n s i l i n g

B * C j k = I n t e r a c t i o n o f s i l a g e a d d i t i v e b y d a y o f e n s i l i n g

A * B * C i j k = I n t e r a c t i o n o f r e g r o w t h p e r i o d b y s i l a g e a d d i t i v e b y

d a y o f e n s i l i n g

E m a = r a n d o m r e s i d u a l e r r o r

B o n f e r r o n i - t t e s t w a s u s e d f o r m e a n s e p a r a t i o n ( S A S , 1 9 9 0 ) . T h e m o d e l f o r

s t r u c t u r a l c a r b o h y d r a t e c o n t e n t s w a s s i m i l a r e x c e p t t h a t o n l y 2 ( 0 a n d 1 0 0

d ) e n s i l i n g p e r i o d s w e r e u t i l i z e d .

R e s u l t s a n d D i s c u s s i o n

T h e p H o f f o r a g e s o r g h u m e n s i l e d a t 4 5 d o f r e g r o w t h w a s r e d u c e d

( P < 0 . 0 1 ) a f t e r d 1 p o s t - e n s i l i n g a n d r e m a i n e d c o n s t a n t t h e r e a f t e r ( T a b l e 5 -

1 ) . H o w e v e r , i n J o h n s o n g r a s s e n s i l e d a t 1 1 0 d o f r e g r o w t h , p H d e c r e a s e d

m o r e s l o w l y ( P < 0 . 0 1 ) a n d a f t e r t h e f i r s t 2 1 d p o s t - e n s i l i n g i n c r e a s e d t o

4 . 9 4 b y d - 1 0 0 . T h i s w o u l d s u g g e s t t h a t a l e s s e f f i c i e n t f e r m e n t a t i o n

o c c u r r e d i n t h e m a t u r e f o r a g e . A d d i t i o n a l l y , t h e f i n a l p H w a s l o w e r i n s i l a g e

m a d e f r o m t h e i m m a t u r e a s c o m p a r e d t o m a t u r e f o r a g e . F o r b o t h r e g r o w t h
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1 9 5

p e r i o d s , l a c t i c a c i d b a c t e r i a l p o p u l a t i o n r e a c h e d i t s m a x i m u m c o u n t s w i t h i n

1 d p o s t - e n s i l i n g , t h e n d e c r e a s e d t h r o u g h o u t t h e e n s i l i n g p e r i o d . G r e a t e r

( P < 0 . 0 1 ) l a c t i c a c i d b a c t e r i a l p o p u l a t i o n n u m b e r s w e r e f o u n d i n t h e m o r e

i m m a t u r e s i l a g e ; w h i c h c o r r e s p o n d t o t h e h i g h e r a c i d i t y o b s e r v e d

t h r o u g h o u t t h e f e r m e n t a t i o n p r o c e s s .

A c e t i c a c i d l e v e l s i n c r e a s e d ( P < 0 . 0 1 ) t h o u g h o u t t h e f e r m e n t a t i o n p e r i o d i n

t h e i m m a t u r e f o r a g e w h e r e a s l e v e l s w e r e e s s e n t i a l l y t h e s a m e o v e r t h e

f e r m e n t a t i o n p e r i o d i n t h e m a t u r e f o r a g e ( T a b l e 5 - 2 ) . L a c t i c a c i d c o n t e n t

r e a c h e d a m a x i m u m ( P < 0 . 0 1 ) v a l u e b y d - 3 w i t h f o r a g e f r o m b o t h r e g r o w t h

p e r i o d s . H o w e v e r , t h e e x t e n t a n d r a t e o f d e c l i n e t i l l o p e n i n g w a s g r e a t e r i n

t h e s i l a g e f r o m t h e i m m a t u r e f o r a g e . L a c t i c a c i d l e v e l s w e r e v e r y l o w i n a l l

s i l a g e s i n t h i s s t u d y . F o r b o t h r e g r o w t h p e r i o d s , b u t y r i c a c i d w a s d e t e c t e d

t h r o u g h o u t t h e f e r m e n t a t i o n p e r i o d . I n J o h n s o n g r a s s e n s i l e d a t 1 1 0 d ,

c o n c e n t r a t i o n s o f b u t y r i c a c i d w e r e b e l o w t h e m i n i m u m v a l u e ( . 1 % D M ) t o

i n f l u e n c e t h e f e r m e n t a t i o n p r o c e s s ( M c D o n a l d e t a l . , 1 9 9 1 ) , b u t i n t h e m o r e

i m m a t u r e s i l a g e , b u t y r i c a c i d r e a c h e d l e v e l s h i g h e r t h a n . 1 % D M a f t e r 7 ,

1 4 , a n d 2 1 d o f f e r m e n t a t i o n . T h e g r e a t e r b u t y r i c a c i d l e v e l s f o u n d i n

J o h n s o n g r a s s e n s i l e d a f t e r 4 5 d o f r e g r o w t h , m a y r e s u l t f r o m t h e h i g h

w a t e r c o n t e n t o f t h e f o r a g e p r i o r t o e n s i l i n g ; w h i c h m a y h a v e p r o m o t e d t h e

g r o w t h o f m i c r o o r g a n i s m s a s s o c i a t e d w i t h b u t y r i c a c i d p r o d u c t i o n ( e . g .

c l o s t r i d i a , y e a s t s a n d m o l d s ) . P r o p i o n i c a c i d w a s n o t d e t e c t e d t h r o u g h o u t

t h e f e r m e n t a t i o n p e r i o d i n e i t h e r r e g r o w t h p e r i o d ( D a t a n o t s h o w n ) .
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1 9 7

E t h a n o l c o n t e n t i n c r e a s e d ( P < 0 . 0 5 ) a f t e r 2 1 d p o s t - e n s i l i n g i n J o h n s o n

g r a s s e n s i l e d a t 4 5 a n d a f t e r 3 d i n t h e 1 1 0 d s i l a g e , t h e n f o r b o t h r e g r o w t h

p e r i o d s , e t h a n o l d e c r e a s e d u n t i l t h e e n d o f t h e f e r m e n t a t i o n p e r i o d .

I n J o h n s o n g r a s s e n s i l e d a t 4 5 d o f r e g r o w t h , g l u c o s e c o n t e n t d e c l i n e d

r a p i d l y ( T a b l e 5 - 3 ) , w h i c h c o r r e s p o n d s w i t h c h a n g e s o b s e r v e d i n a c i d i t y a n d

l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s . A f t e r 1 d p o s t - e n s i l i n g , g l u c o s e c o n t e n t

c o n t i n u e d t o d e c r e a s e b u t a t a s l o w e r r a t e . I n t h e 1 1 0 d r e g r o w t h s i l a g e ,

g l u c o s e l e v e l s w e r e l o w e r a n d d e c l i n e d t i l l d - 1 0 0 . F r u c t o s e c o n t e n t w a s

v a r i a b l e a n d n o c o n s i s t e n t t r e n d s e m e r g e d e v e n t h o u g h a s i g n i f i c a n t

i n t e r a c t i o n w a s d e t e c t e d . X y l o s e d e c r e a s e d ( P < 0 . 0 1 ) t h r o u g h o u t t h e

e n s i l i n g p e r i o d w i t h t h e i m m a t u r e f o r a g e , b u t d i d n o t c h a n g e w i t h t h e m o r e

m a t u r e f o r a g e . A r a b i n o s e r e m a i n e d s i m i l a r t h r o u g h o u t t h e f e r m e n t a t i o n .

C o n c e n t r a t i o n s o f W S C e v a l u a t e d i n t h i s e x p e r i m e n t w e r e l o w e r i n t h e m o r e

m a t u r e s i l a g e t h a n i n t h e l e s s m a t u r e f o r a g e ; w h i c h c o r r e s p o n d e d t o t h e

h i g h e r l a c t i c a c i d b a c t e r i a l p o p u l a t i o n a n d l a c t i c a c i d c o n t e n t o b s e r v e d i n

J o h n s o n g r a s s e n s i l e d a f t e r 4 5 0 1 o f r e g r o w t h .

H e m i c e l l u l o s e c o n t e n t d e c r e a s e d ( P < 0 . 0 1 ) o v e r t i m e f o r s i l a g e s f r o m b o t h

r e g r o w t h p e r i o d s ( T a b l e 5 - 4 ) . C e l l u l o s e , N D F , a n d A D F c o n t e n t s w e r e

g r e a t e r i n t h e m o r e m a t u r e f o r a g e .

T h e s i l a g e s i n t h i s e x p e r i m e n t d i d n o t r e a c h a p H o f 4 . 2 , o r a l a c t i c a c i d

c o n c e n t r a t i o n g r e a t e r t h a n 1 . 5 % D M ; w h i c h a r e t h e r e c o m m e n d e d l e v e l s f o r

a s t a b l e s i l a g e ( M c C u l l o u g h , 1 9 7 8 ) . T h e l o w c o n c e n t r a t i o n s o f W S C f o u n d
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2 0 0

i n J o h n s o n g r a s s a t 4 5 o r 1 1 0 d o f r e g r o w t h m a y b e t h e m a j o r l i m i t i n g

f a c t o r t o t h e u s e o f e n s i l i n g t o i m p r o v e t h e u t i l i z a t i o n o f J o h n s o n g r a s s .

H o w e v e r , o t h e r f a c t o r s s u c h a s t h e p r e s e n c e o f u n d e s i r a b l e m i c r o o r g a n i s m s

( e . g . e n t e r o b a c t e r i a c e a e , y e a s t s a n d m o l d s ) n o t e n u m e r a t e d i n t h i s

e x p e r i m e n t m a y a l s o h a v e i n f l u e n c e d t h e f e r m e n t a t i o n p r o c e s s .

F o r b o t h r e g r o w t h p e r i o d s , J o h n s o n g r a s s t r e a t e d w i t h t h e m i c r o b i a l

i n o c u l a n t p l u s e n z y m e s h a d l o w e r ( P < 0 . 0 1 ) p H a n d h i g h e r ( P < 0 . 0 1 ) l a c t i c

a c i d b a c t e r i a l p o p u l a t i o n s t h a n c o n t r o l s i l a g e s ( T a b l e 5 - 5 ) . A c e t i c a c i d

l e v e l s w e r e s i m i l a r f o r t h e t r e a t e d a n d u n t r e a t e d s i l a g e s ( T a b l e 5 - 6 ) .

H o w e v e r , s i l a g e s f r o m t h e s h o r t e r r e g r o w t h p e r i o d h a d m o r e a c e t i c a c i d

t h a n t h e 1 1 0 d r e g r o w t h . L a c t i c a c i d l e v e l s w e r e i n c r e a s e d ( P < 0 . 0 1 ) b y

t h e u s e o f t h e i n o c u l a n t a n d e n z y m e m i x t u r e . T h e c o n t r o l s i l a g e f r o m t h e

1 1 0 d r e g r o w t h p e r i o d t e n d e d t o h a v e m o r e l a c t i c a c i d t h a n t h e 4 5 d

r e g r o w t h f o r a g e . U t i l i z a t i o n o f t h e m i c r o b i a l i n o c u l a n t p l u s t h e e n z y m e

m i x t u r e d e c r e a s e d ( P < 0 . 0 1 ) b u t y r i c a c i d c o n t e n t i n J o h n s o n g r a s s e n s i l e d

a t 4 5 d a n d e t h a n o l i n J o h n s o n g r a s s e n s i l e d a t 1 1 0 d o f r e g r o w t h . N o

e f f e c t o f s i l a g e a d d i t i v e b y r e g r o w t h p e r i o d i n t e r a c t i o n o n c a r b o h y d r a t e

c o n t e n t s w a s o b s e r v e d ( T a b l e 5 - 7 ) . F o r b o t h r e g r o w t h p e r i o d s ,

h e m i c e l l u l o s e w a s l o w e r ( P < 0 . 0 5 ) i n s i l a g e s c o n t a i n i n g t h e i n o c u l a n t p l u s

t h e e n z y m e , b u t n o e f f e c t s o n N D F , A D F , a n d c e l l u l o s e w e r e o b s e r v e d .

T h e s e r e s u l t s i n d i c a t e t h a t a d d i t i o n o f m i c r o b i a l i n o c u l a n t p l u s e n z y m e t o

J o h n s o n g r a s s e n s i l e d a t 4 5 o r 1 1 0 d o f r e g r o w t h s h o w e d a s m a l l
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i m p r o v e m e n t i n t h e f e r m e n t a t i o n c h a r a c t e r i s t i c s , a s e v i d e n c e d b y l o w e r p H ,

h i g h e r l a c t i c a c i d b a c t e r i a l p o p u l a t i o n s a n d l a c t i c a c i d c o n t e n t . T h e s i l a g e

a d d i t i v e a l s o d e c r e a s e d t h e b u t y r i c a c i d c o n t e n t i n t h e l e s s m a t u r e f o r a g e

a n d e t h a n o l i n J o h n s o n g r a s s e n s i l e d a f t e r 1 1 0 d o f r e g r o w t h . H o w e v e r ,

q u a l i t y o f t h e r e s u l t i n g s i l a g e d i d n o t r e a c h t h e c r i t e r i a t o b e c o n s i d e r e d a s a

g o o d q u a l i t y s i l a g e . R e s e a r c h t o e v a l u a t e o t h e r s o u r c e s o f a d d i t i v e s a n d

a p p r o p i a t e a p p l i c a t i o n r a t e s f o r t h e i n o c u l a n t o r t h e e n z y m e n e e d t o b e

c o n d u c t e d f o r t r o p i c a l f o r a g e s .

I m p l i c a t i o n s

T r e a t m e n t o f J o h n s o n g r a s s w i t h s i l a g e a d d i t i v e s ( m i c r o b i a l i n o c u l a n t p l u s

e n z y m e s ) i m p r o v e d t h e e n s i l i n g c h a r a c t e r i s t i c s , r e g a r d l e s s o f s t a g e o f

r e g r o w t h . H o w e v e r , m o r e r e s e a r c h n e e d s t o b e c o n d u c t e d t o e v a l u a t e t h e

p o t e n t i a l o f J o h n s o n g r a s s a s a f o r a g e s o u r c e i n t r o p i c a l c l i m a t e s .
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C E L L - W A L L D I S A P P E A R A N C E I N F O R A G E S O R G H U M A N D J O H N S O N

G R A S S A F T E R T R E A T M E N T W I T H A C O M M E R C I A L M U L T I - E N Z Y M E

P R E P A R A T I O N

A b s t r a c t

T h e e f f e c t s o f a c o m m e r c i a l e n z y m e p r e p a r a t i o n o n c e l l w a l l d i s a p p e a r a n c e

f r o m t w o t r o p i c a l f o r a g e s w e r e d e t e r m i n e d . J o h n s o n g r a s s ( S o r g h u m

h a l a p e n s e ) a t 4 5 ( 2 2 . 6 4 D M % ) a n d 1 1 0 ( 4 3 . 8 4 D M % ) d o f r e g r o w t h , a n d

f o r a g e s o r g h u m ( H i g h e n e r g y h y b r i d , A g r i p r o - s e e d , H e r e f o r d , T X ; 2 6 . 0 4

D M % ) a t 9 0 d o f g r o w t h w e r e h a r v e s t e d a n d t r i p l i c a t e s a m p l e s w e r e

i n c u b a t e d i n s o d i u m a c e t a t e b u f f e r ( p H = 4 . 5 ) a t 4 0 ° C f o r 7 d w i t h a

c o m m e r c i a l m u l t i - e n z y m e p r e p a r a t i o n c o n t a i n i n g a r a b i n a s e , c e l l u l a s e , l 3 -

g l u c a n a s e , h e m i c e l l u l a s e a n d x y l a n a s e . T h e e n z y m e w a s a p p l i e d a t 0 , 1 , 4 ,

a n d 8 X t h e a p p l i c a t i o n r a t e r e c o m m e n d e d b y t h e m a n u f a c t u r e r .

R e c o m m e n d e d a p p l i c a t i o n r a t e o f t h e e n z y m e w a s . 1 % o f f r e s h m a t e r i a l .

C e l l - w a l l d i s a p p e a r a n c e w a s c a l c u l a t e d b y 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 i t i a l

( d 0 ) a n d f i n a l ( d 7 ) N D F , A D F , h e m i c e l l u l o s e , a n d c e l l u l o s e c o n t e n t f r o m

2 0 5
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e a c h s a m p l e . N e u t r a l d e t e r g e n t f i b e r d i s a p p e a r a n c e w a s h i g h e r ( P < 0 . 0 5 )

f o r J o h n s o n g r a s s h a r v e s t e d a t 4 5 d t h a n f o r J o h n s o n g r a s s h a r v e s t e d a t

1 1 0 d o r f o r f o r a g e s o r g h u m . F o r b o t h f o r a g e s e v a l u a t e d , a p p l i c a t i o n o f t h e

e n z y m e m i x t u r e a t 8 X t h e r e c o m m e n d e d r a t e i n c r e a s e d N D F , h e m i c e l l u l o s e

a n d c e l l u l o s e d i s a p p e a r a n c e i n c o m p a r i s o n t o t h e 0 , 1 o r 4 X l e v e l s . R e s u l t s

f r o m t h i s e x p e r i m e n t i n d i c a t e d t h a t c e l l - w a l l f r a c t i o n d i s a p p e a r a n c e d i f f e r s

a m o n g f o r a g e e v a l u a t e d w h e n t r e a t e d w i t h a c o m m e r c i a l e n z y m e

p r e p a r a t i o n . R a t e s o f a p p l i c a t i o n g r e a t e r t h a n r e c o m m e n d e d a p p e a r e d t o

i m p r o v e d c e l l - w a l l d i s a p p e a r a n c e f r o m J o h n s o n g r a s s a n d f o r a g e s o r g h u m .

I n t r o d u c t i o n

B e c a u s e o f s e a s o n a l r a i n f a l l , p r o d u c t i o n o f h i g h q u a l i t y c o n s e r v e d f o r a g e f o r

u s e a s a f e e d s t u f f d u r i n g d r y p e r i o d s i s a c r i t i c a l n e e d i n t r o p i c a l c l i m a t e s .

P r e s e r v a t i o n o f f o r a g e b y e n s i l i n g r e q u i r e s a d e q u a t e a m o u n t s o f w a t e r

s o l u b l e c a r b o h y d r a t e s ( W S C ) t o e n s u r e a f e r m e n t a t i o n d o m i n a t e d b y l a c t i c

a c i d p r o d u c i n g b a c t e r i a ( L A B ) . H o w e v e r , t r o p i c a l g r a s s e s a r e g e n e r a l l y l o w

i n W S C ( V a n S o e s t , 1 9 9 4 ) t h e r e b y , l i m i t i n g t h e f e r m e n t a t i o n p r o c e s s . I n

t e m p e r a t e c l i m a t e s , u t i l i z a t i o n o f c o m m e r c i a l e n z y m e p r e p a r a t i o n s t o

a c c e l e r a t e t h e f e r m e n t a t i o n b y p r o v i d i n g h i g h e r a m o u n t s o f W S C p r o d u c e d

f r o m t h e h y d r o l y s i s o f s t a r c h , c e l l u l o s e a n d h e m i c e l l u l o s e t o o l i g o s a c h a r i d e s

a n d s i m p l e s u g a r s h a s b e e n s t u d i e d w i t h v a r i a b l e r e s u l t s ( J a s t e r a n d M o o r e ,

1 9 8 8 ; V a n V u u r e n e t a l . , 1 9 8 9 ; C h e n e t a l . , 1 9 9 4 ) . R e p o r t s h a v e s h o w n
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t h a t t h e e f f i c a c y o f a n e n z y m e p r e p a r a t i o n c a n b e i n f l u e n c e d b y f o r a g e

s p e c i e s , e n v i r o n m e n t a l c o n d i t i o n s a n d a p p l i c a t i o n r a t e s ( H e n d e r s o n e t a l . ,

1 9 8 2 ; S p o e l t r a a n d V a n W i k s e l a a r , 1 9 9 2 ) . T h e r e i s l i m i t e d i n f o r m a t i o n

r e g a r d i n g t h e u t i l i z a t i o n o f e n z y m e p r e p a r a t i o n s t o i m p r o v e s i l a g e

f e r m e n t a t i o n i n t r o p i c a l c l i m a t e s . W e p r e v i o u s l y s h o w e d ( R o d r i g u e z e t a l . ,

1 9 9 4 ) t h a t a m u l t i - e n z y m e p r e p a r a t i o n a p p l i e d a t t h e r e c o m m e n d e d r a t e d i d

n o t i m p r o v e t h e e n s i l i n g c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m . T h e o b j e c t i v e o f

t h i s s t u d y w a s t o d e t e r m i n e t h e e f f e c t s o f t h i s m u l t i - e n z y m e p r e p a r a t i o n

a p p l i e d a t d i f f e r e n t r a t e s o n t h e i n v i t r o c e l l - w a l l d i s a p p e a r a n c e f r o m

J o h n s o n g r a s s a n d f o r a g e s o r g h u m g r o w n i n P u e r t o R i c o .

E x p e r i m e n t a l P r o c e d u r e

J o h n s o n g r a s s ( S o r g h u m h a l a p e n s e ) a t 4 5 ( 2 2 . 6 4 D M % ) a n d 1 1 0 ( 4 3 . 8 4

D M % ) d o f r e g r o w t h a n d f o r a g e s o r g h u m ( H i E n e r g y H y b r i d , A g r i p r o s e e d ,

H e r e f o r d , T X ) a t 9 0 d o f g r o w t h w e r e h a r v e s t e d b y h a n d a t t h e L a j a s

A g r i c u l t u r e E x p e r i m e n t a l S t a t i o n , U n i v e r s i t y o f P u e r t o R i c o . S a m p l e s f r o m

e a c h f o r a g e w e r e o v e n - d r i e d a t 6 0 ° C f o r 7 2 h , g r o u n d i n a U d y m i l l ( A r t h u r

T h o m a s C 0 . P h i l a d e l p h i a ; 1 m m s c r e e n ) , a n d s t o r e d a t r o o m t e m p e r a t u r e

( 2 7 - 3 0 ° C ) u n t i l a n a l y s i s . F o r c e l l - w a l l d i s a p p e a r a n c e d e t e r m i n a t i o n ,

t r i p l i c a t e s a m p l e s f r o m e a c h f o r a g e ( . 5 g ) w e r e t r e a t e d w i t h f o u r l e v e l s o f a

l i q u i d , m u l t i - e n z y m e p r e p a r a t i o n ( V i s c o z y m e T M 1 2 0 L , N o v o N o r d i s k

B i o i n d u s t r i a l s , D a n b u r y , C T ) c o n t a i n i n g a r a b i n a s e , c e l l u l a s e , B - g l u c a n a s e ,
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h e m i c e l l u l a s e a n d x y l a n a s e ( T a b l e 6 - 1 ) . T h e e n z y m e p r e p a r a t i o n w a s

a p p l i e d o n a d r y w e i g h t b a s i s a t 0 , 1 , 4 a n d 8 X t h e r a t e s u g g e s t e d b y t h e

m a n u f a c t u r e r ( . 1 % o f f r e s h m a t e r i a l ) . F o r a g e s a m p l e s w e r e i n c u b a t e d a t

4 0 ° C f o r 7 d i n 7 5 m l t e s t t u b e s c o n t a i n i n g t h e r e s p e c t i v e e n z y m e

a p p l i c a t i o n r a t e a n d s u f f i c i e n t s o d i u m a c e t a t e b u f f e r ( . 1 M ; p H = 4 . 5 ) t o

p r o v i d e a t o t a l v o l u m e o f 5 0 m l . P l a n t c e l l - w a l l f r a c t i o n s ; N D F , A D F ,

h e m i c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n N D F a n d A D F ) , a n d

c e l l u l o s e ( c a l c u l a t e d a s t h e d i f f e r e n c e b e t w e e n A D F a n d l i g n i n ) w e r e

d e t e r m i n e d a t t h e b e g i n n i n g a n d e n d o f t h e i n c u b a t i o n p e r i o d ( G o e r i n g a n d

V a n s o e s t , 1 9 7 0 ; V a n S o e s t e t a l . , 1 9 9 1 , m e t h o d A ) . D i s a p p e a r a n c e s o f

p l a n t c e l l - w a l l f r a c t i o n s w e r e c a l c u l a t e d a s t h e d i f f e r e n c e s b e t w e e n t h e

i n i t i a l a n d f i n a l p r o p o r t i o n s o f e a c h f r a c t i o n i n t h e f o r a g e r e s i d u e .

S t a t i s t i c a l a n a l y s e s w e r e p e r f o r m e d a s a c o m p l e t e l y r a n d o m i z e d d e s i g n b y

a n a l y s i s o f v a r i a n c e ( S t e e l a n d T o r r i e , 1 9 8 0 ) u t i l i z i n g t h e G e n e r a l L i n e a r

M o d e l P r o c e d u r e o f S A S ( 1 9 9 0 ) u s i n g t h e f o l l o w i n g m o d e l :

Y i j k = u + A i + B j + ( A ‘ I B ) i j + E i j k

W h e r e :

Y = P l a n t c e l l - w a l l f r a c t i o n d i s a p p e a r a n c e ( i . e N D F , A D F )

u = O v e r a l l m e a n

A = E f f e c t o f f o r a g e s p e c i e s

B = E f f e c t o f e n z y m e a p p l i c a t i o n r a t e

A * B = I n t e r a c t i o n o f f o r a g e s p e c i e s b y e n z y m e a p p l i c a t i o n r a t e
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T a b l e 6 - 1 . D e s c r i p t i o n o f t h e c o m m e r c i a l m u l t i - e n z y m e p r e p a r a t i o n

e v a l u a t e d
—

T r a d e N a m e V i s c o z y m e T M 1 2 0 L

S u p p l i e r N o v o N o r d i s k B i o - l n d u s t r i a l s

D a n b u r y , C T

S o u r c e A s p e r g i l l u s n i g e r

A c t i v e E n z y m e s a r a b i n a s e

c e l l u l a s e

B — g l u c a n a s e

h e m i c e l l u l a s e

x y l a n a s e

D e c l a r e d A c t i v i t y 1 2 0 F B G / m l 1

R e c o m m e n d e d A p p l i c a t i o n R a t e . 1 % o f f r e s h m a t e r i a l

O p t i m u m p H c o n d i t i o n s 3 . 3 - 5 . 5

O p t i m u m t e m p e r a t u r e c o n d i t i o n s 4 0 - 5 0 ° C

9 p r o t e i n / 1 0 0 m l e n z y m e 8
 

1 F B G = F u n g a l b e t a - g l u c a n a s e ; w h e r e 1 F 8 6 i s t h e a m o u n t o f e n z y m e w h i c h u n d e r s t a n d a r d c o n d i t i o n s l i b e r a t e s
g l u c o s e o r o t h e r r e d u c i n g c a r b o h y d r a t e w i t h a r e d u c i n g p o w e r c o r r e s p o n d i n g t o 1 u m o l g l u c o s e p e r m i n u t e .
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E = R a n d o m r e s i d u a l e r r o r

M e a n s e p a r a t i o n w a s p e r f o r m e d b y a B o n f e r r o n i - t t e s t .

R e s u l t s a n d D i s c u s s i o n

I n i t i a l s t r u c t u r a l c a r b o h y d r a t e c o n t e n t s o f t h e f o r a g e s e v a l u a t e d ( T a b l e 6 - 2 )

a r e s i m i l a r t o v a l u e s p r e v i o u s l y r e p o r t e d f o r t r o p i c a l g r a s s e s ( M i n s o n a n d

M c L e o d , 1 9 7 0 ; V i c e n t e - C h a n d l e r e t a l . , 1 9 8 3 ) . A s e x p e c t e d , J o h n s o n g r a s s

h a r v e s t e d a t 1 1 0 d o f r e g r o w t h h a d h i g h e r c e l l - w a l l m a t e r i a l t h a n J o h n s o n

g r a s s h a r v e s t e d a t 4 5 d . F o r a g e s o r g h u m h a d a l o w e r c e l l - w a l l c o n t e n t t h a n

J o h n s o n g r a s s , b u t h i g h e r l i g n i n c o n t e n t . N e u t r a l d e t e r g e n t f i b e r

d i s a p p e a r a n c e w a s h i g h e r ( P < . 0 0 1 ) i n J o h n s o n g r a s s h a r v e s t e d a t 4 5 d o f

r e g r o w t h t h a n i n J o h n s o n g r a s s h a r v e s t e d a t 1 1 0 d o f r e g r o w t h , o r f o r a g e

s o r g h u m h a r v e s t e d a t 9 0 d o f g r o w t h ( F i g u r e 6 - 1 ) .

F o r b o t h f o r a g e s p e c i e s e v a l u a t e d , a d d i n g t h e e n z y m e p r e p a r a t i o n a t 4 X

t h e r e c o m m e n d e d r a t e i n c r e a s e d N D F d i s a p p e a r a n c e a s c o m p a r e d t o

u n t r e a t e d f o r a g e , b u t N D F d i s a p p e a r a n c e w a s s i m i l a r t o t h e u n t r e a t e d f o r

t h e r e c o m m e n d e d a p p l i c a t i o n r a t e ( F i g u r e 6 - 2 ) . I n c r e a s i n g t h e e n z y m e

p r e p a r a t i o n t o 8 X t h e r e c o m m e n d e d a p p l i c a t i o n r a t e p r o v i d e d g r e a t e r ( P <

0 . 0 1 ) N D F d i s a p p e a r a n c e t h a n 0 , 1 a n d 4 X t h e s u g g e s t e d a p p l i c a t i o n r a t e .

T h i s r e s u l t d i f f e r s f r o m p r e v i o u s l y r e p o r t e d e x p e r i m e n t s e v a l u a t i n g f o r a g e

s o r g h u m i n t e m p e r a t e c l i m a t e s ( R o d r i g u e z e t a l . , 1 9 9 5 ) , w h e r e i n c r e a s e d

a p p l i c a t i o n r a t e s o f t h e s a m e e n z y m e d i d n o t i m p r o v e N D F d i s a p p e a r a n c e
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f r o m f o r a g e s o r g h u m h a r v e s t e d a t 9 0 d o f g r o w t h . I n t h e l a t t e r s t u d y , N D F

d i s a p p e a r a n c e w a s s i m i l a r f o r a p p l i c a t i o n r a t e s u p t o 8 t i m e s t h e

m a n u f a c t u r e r r e c o m m e n d a t i o n . I t w o u l d a p p e a r t h a t t h e s u g g e s t e d

a p p l i c a t i o n r a t e f o r t h i s e n z y m e p r e p a r a t i o n m a y b e i n a p p r o p r i a t e f o r f o r a g e s

h a r v e s t e d i n t r o p i c a l c l i m a t e s .

A c i d d e t e r g e n t f i b e r d i s a p p e a r a n c e f r o m J o h n s o n g r a s s h a r v e s t e d a t 4 5 d o f

r e g r o w t h a n d t r e a t e d w i t h t h e e n z y m e p r e p a r a t i o n a t 1 a n d 4 X t h e

s u g g e s t e d r a t e w a s h i g h e r ( P < 0 . 0 1 ) t h a n u n t r e a t e d s a m p l e s , b u t l o w e r

t h a n 8 X t h e r e c o m m e n d e d a p p l i c a t i o n r a t e ( F i g u r e 6 - 3 ) . N o n e o f t h e

e n z y m e a p p l i c a t i o n r a t e s i m p r o v e d A D F d i s a p p e a r a n c e f r o m J o h n s o n g r a s s

h a r v e s t e d a t 1 1 0 d o f r e g r o w t h a s c o m p a r e d t o t h e u n t r e a t e d f o r a g e . I n

f o r a g e s o r g h u m , A D F d i s a p p e a r a n c e i n c r e a s e d a s a p p l i c a t i o n r a t e o f t h e

e n z y m e p r e p a r a t i o n i n c r e a s e d . T h e l o w e r r e s p o n s e t o t h e e n z y m e

p r e p a r a t i o n o b s e r v e d i n t h e l i g n o - c e l l u l o l y t i c f r a c t i o n o f J o h n s o n g r a s s

h a r v e s t e d a t 1 1 0 d o f r e g r o w t h m a y b e e x p l a i n e d b y a g r e a t e r t h i c k n e s s o f

t h e c e l l - w a l l a s c o m p a r e d t o m o r e i m m a t u r e f o r a g e s ( V a n S o e s t , 1 9 9 4 ) . A s

p l a n t s m a t u r e , c h a n g e s o c c u r i n t h e d e g r e e o f p o l y m e r i z a t i o n w i t h i n a n d

b e t w e e n g l u c o s e p o l y m e r s w i t h i n t h e c e l l - w a l l , c r y t a l l i n i t y o f t h e c e l l u l o s e

f r a c t i o n i s i n c r e a s e d , a n d p h y s i c a l i n c r u s t a t i o n o f c e l l u l o s e w i t h l i g n i n i s

g r e a t e r . T h e s e f a c t o r s c o l l e c t i v e l y r e n d e r t h e p l a n t m a t e r i a l l e s s s u s c e p t i b l e

t o e n z y m e d e g r a d a t i o n .

H e m i c e l l u l o s e d i s a p p e a r a n c e i n J o h n s o n g r a s s h a r v e s t e d a t 4 5 d o f



2 1 4

 

 

 

 

 

 
 

 

 

 

 

8

S E M - . 6 2 6

g 6

i .
g :
D 2

J o h n s o n 4 5 d J o h n s o n 1 1 0 d

I O I 1 I 4 : 3 8
t . 2 . J A E n z y r n a M u t a t i o n R a h

F i g u r e 6 - 3 . I n t e r a c t i o n b e t w e e n e n z y m e a p p l i c a t i o n r a t e a n d f o r a g e
s p e c i e s o n A D F d i s a p p e a r a n c e f r o m J o h n s o n g r a s s a n d
f o r a g e s o r g h u m

1 2

D i
s a
p p
e a
r -
n o
s
( 9
6 )

 

S E M = . 4 7 9

  
J o h n s o n 4 5 d J o h n s o n 1 1 0 d S o r g h u m 9 0 d

. 0 . 1 I 4 E I B
E n z y m a l e p l c a t b n fl a b

F i g u r e 6 - 4 . I n t e r a c t i o n b e t w e e n e n z y m e a p p l i c a t i o n r a t e a n d f o r a g e
s p e c i e s o n h e m i c e l l u l a s e d l e a p p e a r a n c e f r o m J o h n s o n
g r a s s a n d f o r a g e s o r g h u m

 

 

 



2 1 5

r e g r o w t h w a s o n l y i m p r o v e d w h e n e n z y m e a p p l i c a t i o n r a t e w a s 8 X t h e

r e c o m m e n d e d r a t e ( F i g u r e 6 - 4 ) . I n J o h n s o n g r a s s h a r v e s t e d a t 1 1 0 d o f

r e g r o w t h , h e m i c e l l u l o s e d i s a p p e a r a n c e i n c r e a s e d a s e n z y m e a p p l i c a t i o n r a t e

w a s i n c r e a s e d . A p p l i c a t i o n r a t e s o f 1 a n d 4 X t h e r e c o m m e n d e d r a t e i n

s o r g h u m f o r a g e y i e l d e d g r e a t e r h e m i c e l l u l o s e d i s a p p e a r a n c e t h a n u n t r e a t e d

f o r a g e , b u t l o w e r t h a n 8 X t h e s u g g e s t e d r a t e . I n t h i s s t u d y , f o r b o t h

f o r a g e s p e c i e s e v a l u a t e d , h e m i c e l l u l a s e d i s a p p e a r a n c e w a s o b s e r v e d i n t h e

c o n t r o l s a m p l e s , w h i c h m a y h a v e r e s u l t e d f r o m m i c r o b i a l a c t i v i t y o r

s o l u b i l i t y o f t h e h e m i c e l l u l o s e . I t a p p e a r s t h a t s o l u b i l i t y o f h e m i c e l l u l o s e i s

g r e a t e r i n m o r e i m m a t u r e f o r a g e s , b u t i t i s l e s s s u s c e p t i b l e t o e n z y m e

a t t a c k . T h i s c o n c e p t i s s u p p o r t e d b y t h e o b s e r v a t i o n o f i n c r e a s e d

h e m i c e l l u l o s e d i s a p p e a r a n c e a s e n z y m e l e v e l i n c r e a s e d .

C e l l u l o s e d i s a p p e a r a n c e f r o m J o h n s o n g r a s s h a r v e s t e d a t 4 5 d o f r e g r o w t h ,

a n d f o r a g e s o r g h u m f o l l o w e d a s i m i l a r p a t t e r n t o A D F d i s a p p e a r a n c e w h e n

t r e a t e d w i t h t h e m u l t i - e n z y m e p r e p a r a t i o n ( F i g u r e 6 - 5 ) . W i t h b o t h f o r a g e s ,

h i g h e r c e l l u l o s e d i s a p p e a r a n c e v a l u e s w e r e o b t a i n e d w h e n t h e e n z y m e

p r e p a r a t i o n w a s a p p l i e d 8 X t h e r e c o m m e n d e d r a t e . W i t h J o h n s o n g r a s s

h a r v e s t e d a t 1 1 0 d , c e l l u l o s e d i s a p p e a r a n c e w a s a l s o i m p r o v e d w h e n t h e

e n z y m e c o m p l e x w a s a p p l i e d 8 X t h e r e c o m m e n d e d r a t e a s c o m p a r e d t o 0 ,

1 , a n d 4 X t r e a t m e n t s , b u t a t a l o w e r o r d e r o f m a g n i t u d e t h a n o b s e r v e d

w i t h t h e i m m a t u r e f o r a g e .

T h e r e s u l t s f r o m t h i s e x p e r i m e n t s u p p o r t t h e p r e m i s e t h a t f o r a g e s h a r v e s t e d
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a t a n e a r l y s t a g e o f m a t u r i t y a r e m o r e s u s c e p t i b l e t o e n z y m e d e g r a d a t i o n

t h a n f o r a g e h a r v e s t e d a t l a t e r s t a g e o f g r o w t h . T h i s v a r i a b i l i t y i n r e s p o n s e

t o t h e e n z y m e p r e p a r a t i o n a m o n g f o r a g e s p e c i e s e v a l u a t e d m a y b e d u e t o

d i f f e r e n c e s i n c o n c e n t r a t i o n o f i n d i v i d u a l c a r b o h y d r a t e s , c o v a l e n t b o n d i n g o f

p h e n o l i c a c i d s t o c e l l - w a l l , o r c r y s t a l l i n e s t r u c t u r e o f t h e c e l l u l o s e i n t h e

p l a n t c e l l w a l l . I n s i m i l a r e x p e r i m e n t s c o n d u c t e d i n t e m p e r a t e e n v i r o n m e n t s ,

S h e p e r d a n d K u n g , J r . ( 1 9 9 4 ) s h o w e d t h a n a n e n z y m e a d d i t i v e w a s m o r e

e f f e c t i v e i n a l t e r i n g t h e f i b e r c o n t e n t o f c o r n a t m i l k s t a g e t h a n b l a c k l a y e r

s t a g e o f m a t u r i t y .

T h e e n z y m e p r e p a r a t i o n e v a l u a t e d i n t h i s e x p e r i m e n t c o n s i s t e d o f a m u l t i -

e n z y m e p r e p a r a t i o n c o n t a i n i n g f i v e d i f f e r e n t e n z y m s . I n d i v i d u a l

c o n c e n t r a t i o n o f e a c h e n z y m e w e r e n o t p r o v i d e d , a n d d i s a p p e a r a n c e o f

s i m p l e s u g a r s ( a r a b i n o s e , x y l o s e ) , o r s p e c i f i c s u g a r s i n t h e h e m i c e l l u l o s e

( x y l a n ) f r a c t i o n w e r e n o t m e a s u r e d . H o w e v e r , i t s a p p e a r s t h a t a n e n z y m e

p r e p a r a t i o n c o n t a i n i n g c e l l u l a s e a n d h e m i c e l l u l a s e i s n e e d e d i n y o u n g e r

f o r a g e s , w h e r e a s o n l y a h e m i c e l l u l a s e i s n e e d e d i n m o r e m a t u r e f o r a g e s .

S i m i l a r r e s u l t s w e r e o b s e r v e d w i t h f o r a g e s g r o w n u n d e r t e m p e r a t e

c o n d i t i o n s ( H o f f m a n e t a l . , 1 9 9 5 ) ; w h e r e a c o m m e r c i a l e n z y m e p r e p a r a t i o n

r e d u c e d c e l l w a l l c o n t e n t i n a l f a l f a h a r v e s t e d a t l a t e - b l o o m b y r e d u c i n g t h e

h e m i c e l l u l o s e a n d p e c t i n f r a c t i o n s , b u t h a d a l i t t l e e f f e c t o n t h e A D F a n d

c e l l u l o s e f r a c t i o n s .
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I m p l i c a t i o n s

C e l l w a l l d i s a p p e a r a n c e d i f f e r e d a m o n g f o r a g e t y p e i n t h i s e x p e r i m e n t w h e n

t r e a t e d w i t h a c o m m e r c i a l m u l t i - e n z y m e p r e p a r a t i o n . I t a p p e a r s a p p l i c a t i o n

r a t e s g r e a t e r t h a n r e c o m m e n d e d b y t h e m a n u f a c t u r e r a r e n e e d e d t o e n s u r e

a n i m p r o v e m e n t i n c e l l - w a l l d i s a p p e a r a n c e f r o m J o h n s o n g r a s s a n d f o r a g e

s o r g h u m h a r v e s t e d i n a t r o p i c a l c l i m a t e .
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N E U T R A L D E T E R G E N T F I B E R D I S A P P E A R A N C E F R O M F O R A G E S O R G H U M

T R E A T E D W I T H C O M M E R C I A L E N Z Y M E M I X T U R E S

A b s t r a c t

F i v e e x p e r i m e n t s w e r e c o n d u c t e d t o d e t e r m i n e t h e e f f e c t s o f c o m m e r c i a l

e n z y m e m i x t u r e s o n N D F d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m . A t 9 0 d o f

g r o w t h , f o r a g e s o r g h u m ( 1 9 . 0 6 % D M ) w a s h a r v e s t e d , s t o r e d f r o z e n ( -

2 0 ° C ) o r o v e n - d r i e d ( 6 0 ° C ) , a n d t r e a t e d w i t h 5 e n z y m e p r e p a r a t i o n s .

l n c u b a t i o n s i n a l l e x p e r i m e n t s w e r e d o n e i n s o d i u m a c e t a t e b u f f e r ( p H =

4 . 5 ) f o r 7 d a t 4 0 ° C . I n e x p e r i m e n t 1 , f r o z e n - t h a w e d a n d d r i e d f o r a g e s

w e r e i n c u b a t e d w i t h a m u l t i - e n z y m e m i x t u r e ( E 1 ) c o n t a i n i n g a r a b i n a s e ,

c e l l u l a s e , B — g l u c a n a s e , h e m i c e l l u l a s e a n d x y l a n a s e . E n z y m e m i x t u r e w a s

a p p l i e d a t 0 , . 5 , 1 a n d 4 t i m e s t h e r a t e s u g g e s t e d b y t h e m a n u f a c t u r e r .

D i s a p p e a r a n c e o f N D F i n d r i e d s o r g h u m d e c r e a s e d w h e n a p p l i c a t i o n o f E 1

w a s l o w e r t h a n t h e r e c o m m e n d e d r a t e , b u t N D F d i s a p p e a r a n c e d i d n o t

i n c r e a s e w h e n E 1 w a s a p p l i e d 4 t i m e s t h e s u g g e s t e d r a t e . I n f r o z e n - t h a w e d

s o r g h u m , d i s a p p e a r a n c e o f N D F w a s s i m i l a r f o r a l l a p p l i c a t i o n r a t e s o f E 1 .

2 1 9
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I n e x p e r i m e n t 2 , d r i e d f o r a g e s o r g h u m w a s i n c u b a t e d a t 3 p H l e v e l s ( 3 . 5 ,

4 . 5 , a n d 5 . 5 ) w i t h E 1 a p p l i e d a t 0 , 1 , 2 , 4 a n d 8 t i m e s t h e r a t e s u g g e s t e d

b y t h e m a n u f a c t u r e r . A c t i v i t y o f E 1 w a s l o w e r a t p H 3 . 5 t h a n a t p H 4 . 5

a n d 5 . 5 w h e n a p p l i e d a t t h e r a t e r e c o m m e n d e d , b u t w a s s i m i l a r a c r o s s p H

v a l u e s a t t h e h i g h e r a p p l i c a t i o n r a t e s . A t p H v a l u e s t y p i c a l l y s e e n e a r l y i n

t h e f e r m e n t a t i o n p r o c e s s , a n i n c r e a s e d a p p l i c a t i o n r a t e o f E 1 a b o v e t h e

r e c o m m e n d e d l e v e l d i d n o t i m p r o v e N D F d i s a p p e a r a n c e f r o m f o r a g e

s o r g h u m . I n e x p e r i m e n t 3 , d r i e d f o r a g e s o r g h u m w a s i n c u b a t e d w i t h a

c o m b i n a t i o n s o f c e l l u l a s e ( E 2 ) a n d a m i x t u r e o f x y l a n a s e , c e l l u l a s e a n d I 3 -

g l u c a n a s e ( E 3 ) e n z y m e s a p p l i e d a t E 2 : E 3 r a t i o s o f 2 : 1 , 4 : 1 a n d 6 : 1 ( w t / w t ) .

E a c h r a t i o w a s a p p l i e d a t 2 , 5 , a n d 1 0 g / t o n o f D M . N e u t r a l d e t e r g e n t f i b e r

d i s a p p e a r a n c e w a s s i m i l a r f o r a l l e n z y m e m i x t u r e s o r a p p l i c a t i o n r a t e s f o r

E 2 : E 3 . I n e x p e r i m e n t 4 , x y l a n a s e ( E 4 ) w a s a p p l i e d t o d r i e d f o r a g e a t . 0 8

a n d . 1 6 m l / k g a n d i n e x p e r i m e n t 5 , a n e n z y m e m i x t u r e c o n t a i n i n g c e l l u l a s e

a n d h e m i c e l l u l a s e ( E 5 ) w a s a p p l i e d t o d r i e d s o r g h u m a t . 2 5 a n d . 5 0 m l \ k g o f

f r e s h f o r a g e . T h e d i f f e r e n t a p p l i c a t i o n r a t e s o f E 4 a n d E 5 y i e l d e d s i m i l a r

N D F d i s a p p e a r a n c e . C o m p a r i s o n o f e n z y m e p r e p a r a t i o n s a c r o s s

e x p e r i m e n t s s h o w e d t h a t f o r a g e s o r g h u m t r e a t e d w i t h E 5 h a d g r e a t e r N D F

d i s a p p e a r a n c e t h a n t h e o t h e r e n z y m e m i x t u r e s e v a l u a t e d . C o m m e r c i a l

e n z y m e m i x t u r e s d e g r a d e d s o m e N D F o f f o r a g e s o r g h u m , b u t a p p l i c a t i o n

r a t e s g r e a t e r t h a n r e c o m m e n d e d d i d n o t i m p r o v e d i s a p p e a r a n c e v a l u e s .

A c t i v i t i e s o f e n z y m e p r e p a r a t i o n s w e r e a f f e c t e d b y p H . C o m m e r c i a l e n z y m e
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m i x t u r e s d i f f e r i n t h e i r a b i l i t y t o d e g r a d e t h e N D F f r a c t i o n o f f o r a g e

s o r g h u m .

I n t r o d u c t i o n

U t i l i z a t i o n o f e n z y m e p r e p a r a t i o n s t o i m p r o v e s i l a g e f e r m e n t a t i o n h a s b e e n

t h e s u b j e c t o f s e v e r a l s t u d i e s ( J a s t e r a n d M o o r e , 1 9 8 8 ; V a n V u u r e n e t a l . ,

1 9 8 9 ; C h e n e t a l . , 1 9 9 4 ; S h e p e r d e t a l . , 1 9 9 5 ; ) . E n z y m e s a r e p r e s u m e d t o

a c c e l e r a t e f e r m e n t a t i o n b y p r o v i d i n g m i c r o o r g a n i s m s w i t h h i g h e r

c o n c e n t r a t i o n s o f w a t e r s o l u b l e c a r b o h y d r a t e s ( W S C ) r e s u l t i n g f r o m t h e

h y d r o l y s i s o f s t a r c h , c e l l u l o s e a n d h e m i c e l l u l a s e t o o l i g o s a c c h a r i d e s a n d

s i m p l e s u g a r s .

R e p o r t s o n t h e e f f i c a c y o f e n z y m e p r e p a r a t i o n s t o i m p r o v e d s i l a g e

f e r m e n t a t i o n h a v e b e e n v a r i a b l e . E n z y m e a p p l i c a t i o n d i d n o t c o n s i s t e n t l y

i n c r e a s e t h e W S C i n w i l t e d a l f a l f a ( K u n g J r . e t a l . , 1 9 9 1 ) , b u t i n c o a s t a l

b e r m u d a g r a s s t r e a t e d w i t h c e l l u l a s e , s i l a g e c h a r a c t e r i s t i c s a n d f i b e r

d i g e s t i b i l i t y w e r e i m p r o v e d ( M c F a n , 1 9 8 6 ) . T h e e f f i c a c y o f e n z y m e

p r e p a r a t i o n s t o i m p r o v e f e r m e n t a t i o n c o u l d b e a f f e c t e d b y f o r a g e s p e c i e ,

e n v i r o n m e n t a l c o n d i t i o n s a n d a p p l i c a t i o n r a t e s o f t h e e n z y m e s . I n o n e

s t u d y , m a r k e d c e l l u l o s e h y d r o l y s i s o c c u r r e d w h e n . 4 % c e l l u l a s e w a s a d d e d

t o g r a s s a n d l e g u m e s i l a g e ( H e n d e r s o n e t a l . , 1 9 8 2 ) . D e g r a d a t i o n o f p l a n t

c e l l w a l l s f r o m w h o l e c r o p m a i z e s i g n i f i c a n t l y i n c r e a s e d w h e n a m u l t i -

e n z y m e m i x t u r e c o n t a i n i n g c e l l u l o l y t i c , h e m i c e l l u l o l y t i c , a n d a m y l o l y t i c
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a c t i v i t y w a s a p p l i e d a t h i g h e r r a t e s t h a n r e c o m m e n d e d ( S p o e l t r a a n d v a n

W i k s e l a a r , 1 9 9 2 ) . R e s u l t s f r o m C h a p t e r 2 i n d i c a t e d t h a t a m u l t i — e n z y m e

m i x t u r e a p p l i e d a t . 1 % o f f r e s h m a t e r i a l h o w e v e r d i d n o t i m p r o v e d t h e

f e r m e n t a t i o n c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m e n s i l e d i n a t e m p e r a t e

e n v i r o n m e n t . T h e o b j e c t i v e s o f t h e f o l l o w i n g s e r i e s o f e x p e r i m e n t s w e r e t o

d e t e r m i n e t h e e f f e c t s o f c o m m e r c i a l e n z y m e p r e p a r a t i o n s a p p l i e d a t

d i f f e r e n t r a t e s o n N D F d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m .

E x p e r i m e n t a l P r o c e d u r e

F o r a g e s o r g h u m ( H I E n e r g y l l , A g r i p r o S e e d , H e r e f o r d , T X ) w a s h a r v e s t e d a t

9 0 d o f g r o w t h ( 1 9 . 0 6 % D M ) a t M i c h i g a n S t a t e U n i v e r s i t y , E a s t L a n s i n g .

F o r a g e w a s c h o p p e d m e c h a n i c a l l y w i t h a f o r a g e h a r v e s t e r ( 2 . 5 c m ) a n d

e i t h e r s t o r e d f r o z e n ( - 2 0 ° C ) o r o v e n d r i e d ( 6 0 ° C ) f o r 7 2 h . T h e d r i e d

s a m p l e w a s g r o u n d i n a U d y m i l l ( A r t h u r H . T h o m a s C o . , P h i l a d e l p h i a ; 1 m m

s c r e e n ) a n d s t o r e d a t r o o m t e m p e r a t u r e u n t i l a n a l y z e d . F o r a g e s a m p l e s

w e r e t r e a t e d w i t h f i v e c o m m e r c i a l e n z y m e p r e p a r a t i o n s ( T a b l e 7 - 1 ) . I n

e x p e r i m e n t ( E x p ) 1 , t r i p l i c a t e s a m p l e s o f d r y ( . 5 g ) a n d t h a w e d ( 2 . 5 g )

f o r a g e s o r g h u m , w e r e t r e a t e d w i t h f o u r l e v e l s o f a l i q u i d , m u l t i - e n z y m e

p r e p a r a t i o n ( E 1 ) c o n t a i n i n g a r a b i n a s e , c e l l u l a s e , B - g l u c a n a s e , h e m i c e l l u l a s e

a n d x y l a n a s e . T h e m u l t i - e n z y m e p r e p a r a t i o n w a s a p p l i e d a t 0 , . 5 , 1 a n d 4

( m l \ k g ) t i m e s t h e r a t e s u g g e s t e d b y t h e m a n u f a c t u r e r . I n c u b a t i o n s w e r e

p e r f o r m e d i n 7 5 m l t e s t t u b e s c o n t a i n i n g t h e f o r a g e s a m p l e s , r e s p e c t i v e



T
a
b
l
e
7-
1.

D
e
s
c
r
i
p
t
i
o
n
of
c
o
m
m
e
r
c
i
a
l
e
n
z
y
m
e
m
i
x
t
u
r
e
s
e
v
a
l
u
a
t
e
d

E
n
z
y
m
e
P
r
e
p
a
r
a
t
i
o
n

Su
pp
li
er

S
o
u
r
c
e

A
c
t
i
v
e
e
n
z
y
m
e
s

D
e
c
l
a
r
e
d
Ac
ti
vi
ty
 

E
1
-
V
i
s
c
o
e
n
z
y
m
e
1
2
0
L

E
2
-
Bi
oc
el
lu
la
se
A

E
3
-
B
i
o
x
y
l
a
n
a
s
e
A

E
4
-
E
c
o
g
r
a
m

E
5
-
Ce
ll
ul
os
e
G

N
o
v
o
N
o
r
d
i
s
k
B i
o i
n d
u s
t r
i a
l s

D
a
n
b
u
r
y
,
C
T

Q
u
e
s
t
In
te
rn
at
io
na
l
In
c.

S
a
r
a
s
o
t
a
,
F
L

Q
u
e
s
t
In
te
rn
at
io
na
l
In
c.

S
a
r
a
s
o
t
a
,
F
L

Z
e
n
e
c
a
B
i
o
-
P
r
o
d
u
c
t
s

C
l
e
v
e
l
a
n
d
,
E
n
g
l
a
n
d

Z
e
n
e
c
a
B
i
o
-
P
r
o
d
u
c
t
s

C
l
e
v
e
l
a
n
d
,
E
n
g
l
a
n
d

A
s
p
e
r
g
i
l
l
u
s
s
p
p
.

A
s
p
e
r
g
i
l
l
u
s
n
i
g
e
r

T
r
i
c
h
o
d
e
r
m
a
r
e
e
s
i
e

N
e
o
c
a
/
I
i
s
m
a
s
ti
x

T
r
i
c
h
o
d
e
r
m
a
r
e
e
s
i
e

a
r
a
b
i
n
a
s
e

c e
l l
u l
a s
e

B
-
g
l
u
c
a
n
a
s
e

h
e
m
i
c
e
l
l
u
l
a
s
e

x
y
l
a
n
a
s
e

ce
ll
ul
as
e

x
y
l
a
n
a
s
e

ce
ll
ul
as
e

(3
-
g
l
u
c
a
n
a
s
e

x
y
l
a
n
a
s
e

c
e
l
l
u
l
a
s
e

h
e
m
i
c
e
l
l
u
l
a
s
e

1
2
0
F
B
G
/
m
l
'

3
0
0
0
-
4
0
0
0
C
M
C
u
/
g
m
"

3
0
0
0
-
8
0
0
0
0
u
/
g
m
°

6
2
,
0
0
0
IU
/m
ld

1
4
5
C
M
C
u
/
g
m
'

'
F
B
G
=
Fu
ng
al
be
ta
-g
lu
ca
na
se
;
w
h
e
r
e
1
F
8
6
is
th
e
a
m
o
u
n
t
of
e
n
z
y
m
e
w
h
i
c
h
u
n
d
e
r
st
an
da
rd
co
nd
it
io
ns
li
be
ra
te
s
g
l
u
c
o
s
e
or
ot
he
r
re
du
ci
ng
c
a
r
b
o
h
y
d
r
a
t
e
s
wi
th
a

re
du
ct
io
n
p
o
w
e
r
c
o
r
r
e
s
p
o
n
d
i
n
g
to

1
u
m
o
l
g
l
u
c
o
s
e
pe
r
m
i
n
u
t
e

"
C
M
C
=
Ca
rb
ox
ym
et
hy
lc
el
lu
lo
se
;
w
h
e
r
e
1
un
it
is
th
e
a
m
o
u
n
t
of
e
n
z
y
m
e
th
at
wi
ll
p
r
o
d
u
c
e
1
m
g
of
re
du
ci
ng
s
u
g
a
r
(e
xp
re
ss
ed
a
s
g
l
u
c
o
s
e
pe
r
h
o
u
r
at
3
7
°
C
a
n
d
p
H
4.
6)

‘
O
n
e
un
it
is
th
e
a
m
o
u
n
t
of
e
n
z
y
m
e
w
h
i
c
h
wi
ll
p
r
o
d
u
c
e
1
m
i
c
r
o
m
o
l
e
of
re
du
ci
ng
s
u
g
a
r
(a
s
xy
lo
se
)
pe
r
m
i
n
u
t
e
u
n
d
e
r
st
an
da
rd
co
nd
it
io
ns

"
In
te
rn
at
io
na
l
Un
it
s

'
C
M
C
=
Ca
rb
ox
ym
et
hy
lc
el
lu
lo
se
;
w
h
e
r
e
1
un
it
re
le
as
es

1
m
i
c
r
o
-
m
o
l
e
of
gl
uc
os
e
f
r
o
m
C
M
C
in

1
m
i
n
at
p
H
4
.
6
a
n
d
4
0
°
C

2 2 3



2 2 4

e n z y m e p r e p a r a t i o n s a n d s u f f i c i e n t s o d i u m a c e t a t e b u f f e r ( . 1 M ; p H = 4 . 5 )

t o p r o v i d e a t o t a l v o l u m e o f 5 0 m l . E n z y m e a p p l i c a t i o n r a t e s w e r e 0 , 1 . 2 5 ,

2 . 5 0 , a n d 1 0 p l p e r t u b e f o r t h e 0 , . 5 , 1 a n d 4 t i m e s t r e a t m e n t s ,

r e s p e c t i v e l y . S a m p l e s w e r e i n c u b a t e d a t 4 0 ° C f o r 7 d . I n E x p 2 , d r i e d

f o r a g e s o r g h u m ( . 5 g ) w a s i n c u b a t e d i n t r i p l i c a t e w i t h E 1 a t t h r e e p H l e v e l s

( 3 . 5 , 4 . 5 , a n d 5 . 5 ) . I n c u b a t i o n s w e r e p e r f o r m e d a t 4 0 ° C f o r 7 d i n 7 5 m l

t e s t t u b e s c o n t a i n i n g 0 , 2 . 5 , 5 , 1 0 , a n d 2 0 p l o f e n z y m e p r e p a r a t i o n a n d

s o d i u m a c e t a t e b u f f e r ( . 1 M ) t o p r o v i d e a t o t a l v o l u m e o f 5 0 m l . E n z y m e

w a s a p p l i e d a t 0 , 1 , 2 , 4 , a n d 8 t i m e s t h e r a t e s u g g e s t e d b y t h e

m a n u f a c t u r e r . I n E x p 3 , t h e e f f e c t s o f b l e n d s o f a c o n c e n t r a t e d c e l l u l a s e

( E 2 ) a n d a n e n z y m e p r e p a r a t i o n c o n t a i n i n g x y l a n a s e , c e l l u l a s e a n d ( 3 -

g l u c a n a s e ( E 3 ) o n N D F d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m w e r e e v a l u a t e d .

E n z y m e p r e p a r a t i o n s w e r e b l e n d e d ( w t / w t ) t o E 2 : E 3 r a t i o s o f 2 : 1 , 4 : 1

( r e c o m m e n d e d b l e n d ) , a n d 6 : 1 . E a c h e n z y m e E 2 : E 3 r a t i o w a s d i l u t e d w i t h

d i s t i l l e d w a t e r ( 1 : 1 0 0 0 ) , a n d a p p l i e d t o d r y f o r a g e a t r a t e s o f 2 , 5 , a n d 1 0 g

o f d r y e n z y m e p r e p a r a t i o n p e r t o n o f d r y m a t t e r . T h e E 2 : E 3 m i x t u r e s w e r e

a d d e d t o t e s t t u b e s t h a t w e r e p r e p a r e d a s p r e v i o u s l y d e s c r i b e d , a t r a t e s o f

5 . 5 , 1 3 . 7 a n d 2 7 . 5 p l p e r t e s t t u b e f o r t h e 2 , 5 , a n d 1 0 g / t o n o f D M

t r e a t m e n t s , r e s p e c t i v e l y . D r y f o r a g e s o r g h u m ( . 5 g ) w a s a d d e d t o e a c h

t u b e b e f o r e t h e e n z y m e w a s a d d e d . S o d i u m a c e t a t e b u f f e r ( . 1 M ; p H =

4 . 5 ) w a s a d d e d t o p r o v i d e a f i n a l v o l u m e o f 5 0 m l . I n c u b a t i o n s w e r e d o n e

a t 4 0 ° C f o r 7 d . I n E x p 4 , a c o m m e r c i a l l i q u i d p r e p a r a t i o n o f x y l a n a s e ( E 4 ) ,
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a n d i n E x p 5 , a c o m m e r c i a l l i q u i d p r e p a r a t i o n c o n t a i n i n g c e l l u l a s e a n d

h e m i c e l l u l a s e ( E 5 ) w e r e a p p l i e d i n t r i p l i c a t e t o d r y f o r a g e s o r g h u m a t t w o

d i f f e r e n t c o n c e n t r a t i o n s . T w o e n z y m e c o n c e n t r a t i o n s w e r e o b t a i n e d f o r

e a c h e n z y m e b y m i x i n g 4 a n d 8 p l o f E 4 , a n d 1 2 . 5 a n d 2 5 p l o f E 5 w i t h a

s o d i u m a c e t a t e b u f f e r ( . 1 M ; p H = 4 . 5 ) t o a f i n a l v o l u m e o f 1 L . F i f t y m l

f r o m e a c h e n z y m e s o l u t i o n w a s p l a c e d i n t r i p l i c a t e i n 7 5 m l t e s t t u b e s

c o n t a i n i n g . 5 g o f d r i e d s o r g h u m . T u b e s w e r e i n c u b a t e d a t 4 0 ° C f o r 7 ( I .

T h e s e s o l u t i o n s w e r e e q u i v a l e n t t o . 0 8 a n d . 1 6 m l / k g f o r E 4 a n d . 2 5 a n d

. 5 0 m l / k g f o r E 5 . T h e r e c o m m e n d e d a p p l i c a t i o n r a t e s f o r E 4 a n d E 5 a r e . 0 8

a n d . 2 5 m l / k g o f f r e s h f o r a g e , r e s p e c t i v e l y . I n t h e f i v e e x p e r i m e n t s , N D F

( V a n S o e s t e t a l . , 1 9 9 1 , M e t h o d A ) w a s d e t e r m i n e d a t d 0 a n d a f t e r 7 d o f

i n c u b a t i o n . D i s a p p e a r a n c e o f N D F w a s c a l c u l a t e d b y d i f f e r e n c e b e t w e e n

t h e i n i t i a l a n d f i n a l w e i g h t o f N D F i n e a c h t u b e . S t a t i s t i c a l a n a l y s e s w e r e

p e r f o r m e d u s i n g t h e G e n e r a l L i n e a r M o d e l s P r o c e d u r e o f S A S ( 1 9 9 0 ) . T h e

m o d e l f o r e a c h e x p e r i m e n t i n c l u d e d : e n z y m e a p p l i c a t i o n r a t e w i t h i n f o r a g e

p r e p a r a t i o n ( d r y o r f r o z e n - t h a w e d ) , E x p 1 ; p H , e n z y m e a p p l i c a t i o n r a t e , a n d

t h e i r i n t e r a c t i o n E x p 2 ; a n d e n z y m e r a t i o , a p p l i c a t i o n r a t e , a n d t h e i r

i n t e r a c t i o n E x p 3 . I n E x p 4 a n d E x p 5 , a p p l i c a t i o n l e v e l w a s u t i l i z e d a s a

c l a s s v a r i a b l e w i t h i n e a c h e n z y m e p r e p a r a t i o n . M e a n s e p a r a t i o n w i t h i n

e x p e r i m e n t w a s p e r f o r m e d b y a B o n f e r r o n i t - t e s t . C o m p a r i s o n o f e n z y m e

m i x t u r e s a c r o s s e x p e r i m e n t s w a s c a l c u l a t e d u s i n g t h e f o l l o w i n g m o d e l :

Y " = u + A I + E i i ,u



2 2 6

W h e r e

p = O v e r a l l m e a n

A = C o m m e r c i a l e n z y m e ( c a l c u l a t e d a s t h e d i f f e r e n c e

b e t w e e n a c t i v i t y o f e a c h e n z y m e u s i n g t h e r e c o m m e n d e d

a p p l i c a t i o n r a t e a n d t h e c o n t r o l g r o u p f o r e a c h

e x p e r i m e n t )

E = R a n d o m r e s i d u a l e r r o r

R E S U L T S A N D D I S C U S S I O N

N e u t r a l d e t e r g e n t f i b e r d i s a p p e a r a n c e f r o m d r i e d f o r a g e s o r g h u m d e c r e a s e d

( P < . 0 5 ) w h e n t h e a p p l i c a t i o n o f E 1 w a s l o w e r t h a n t h e r e c o m m e n d e d

r a t e , h o w e v e r a p p l i c a t i o n r a t e s 4 t i m e s t h e r e c o m m e n d e d l e v e l d i d n o t

i n c r e a s e N D F d i s a p p e a r a n c e ( T a b l e 7 - 2 ) . I n f r o z e n - t h a w e d s o r g h u m N D F ,

d i s a p p e a r a n c e w a s s i m i l a r f o r a l l a p p l i c a t i o n r a t e s o f E 1 . I n s i m i l a r

e x p e r i m e n t s , H u n t a t a l . ( 1 9 9 5 ) o b s e r v e d a d e c r e a s e i n D M a n d N D F

c o n t e n t o f f r e s h , d r i e d , m i d - b l o o m a l f a l f a , a n d l a t e - m i l k t a l l f e s c u e i n c u b a t e d

f o r 4 8 h w i t h t w o f i b r o l y t i c - e n z y m e p r e p a r a t i o n s a p p l i e d a t d i f f e r e n t r a t e s .

I n t h i s s t u d y , a s m a l l d i s a p p e a r a n c e o f N D F f r o m d r i e d a n d f r o z e n - t h a w e d

s o r g h u m w a s o b s e r v e d i n t h e c o n t r o l s a m p l e s a n d m a y h a v e r e s u l t e d f r o m

m i c r o b i a l a c t i v i t y o r s o l u b i l i z a t i o n o f t h e h e m i c e l l u l o s e f r a c t i o n o f t h e c e l l

w a l l . T h e l a c k o f r e s p o n s e t o t h e e n z y m e p r e p a r a t i o n o b s e r v e d i n f r o z e n -

t h a w e d f o r a g e s o r g h u m c o u l d b e e x p l a i n e d b y a n i n c r e a s e i n N D F
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c o n t e n t o f f r e s h f o r a g e d u e t o f r e e z i n g a n d t h a w i n g s e q u e n c e . I n p r e v i o u s

e x p e r i m e n t s ( N e l s o n a n d B o z i c h , 1 9 9 5 ) , a l a r g e i n c r e a s e i n N D F c o n t e n t

w a s o b s e r v e d i n f r e s h a l f a l f a a f t e r s t o r a g e a t ~ 2 0 ° C . O ' N e i l a n d A l l e n

( 1 9 9 2 ) r e p o r t e d a n i n c r e a s e i n N D F c o n t e n t a f t e r a f r e e z e - t h a w e x p o s u r e ,

w h i c h w a s s u g g e s t e d a s b e i n g d u e t o b o t h t h e c o n c e n t r a t i o n o f f i b e r

c o m p o n e n t s t h r o u g h m i c r o b i a l r e s p i r a t i o n o f w a t e r s o l u b l e c a r b o h y d r a t e s

a n d t o a n i n c r e a s e i n t h e a m o u n t o f N D F . K o h n a n d A l l e n ( 1 9 9 2 ) a t t r i b u t e d

t h e i n c r e a s e d N D F a f t e r a f r e e z e - t h a w s e q u e n c e i n f r e s h b r o m e g r a s s a n d

a l f a l f a t o i n c r e a s e d a c i d d e t e r g e n t i n s o l u b l e p r o t e i n , h e m i c e l l u l o s e a n d l i g n i n .

I n E x p 2 , N D F d i s a p p e a r a n c e w a s l e s s ( P < . 0 5 ) a t p H 3 . 5 t h a n a t e i t h e r p H

4 . 5 o r 5 . 5 w h e n t h e e n z y m e w a s a p p l i e d a t 0 o r t h e r e c o m m e n d e d

a p p l i c a t i o n r a t e ( T a b l e 7 - 3 ) . H o w e v e r , a t g r e a t e r e n z y m e a p p l i c a t i o n r a t e s

t h e e f f e c t o f p H d i s a p p e a r e d . T h i s w o u l d s u g g e s t t h a t t h e e f f e c t s o f l o w p H

o n e n z y m e a c t i v i t y c a n b e o v e r c o m e b y i n c r e a s i n g t h e e n z y m e

c o n c e n t r a t i o n . 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 S h e p e r d a n d K u n g J r .

( 1 9 9 4 ) w h o r e p o r t e d t h a t a c t i v i t y o f a e n z y m e c o m p l e x c o n t a i n i n g c e l l u l a s e

a n d h e m i c e l l u l a s e a p p l i e d a t t h e r e c o m m e n d e d r a t e w a s r e d u c e d b y 5 0 %

w h e n p H w a s d e c r e a s e d f r o m 4 . 5 t o 3 . 5 .

I n e x p e r i m e n t 3 , m o d i f y i n g t h e r a t i o o f E 2 : E 3 d i d n o t a f f e c t N D F

d i s a p p e a r a n c e o f f o r a g e s o r g h u m ( T a b l e 7 - 4 ) . F o r a g e s o r g h u m r e c e i v i n g

a n y r a t e o f E 2 : E 3 h a d g r e a t e r ( P < . 0 1 ) N D F d i s a p p e a r a n c e t h a n w h e n n o

E 2 : E 3 w a s a d d e d .
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N o d i f f e r e n c e s i n N D F d i s a p p e a r a n c e b e t w e e n t h e c o n t r o l s a m p l e s a n d t h e

s o r g h u m t r e a t e d w i t h E 4 w e r e o b s e r v e d ( T a b l e 7 - 5 ) . N e u t r a l d e t e r g e n t f i b e r

d i s a p p e a r a n c e i n f o r a g e s o r g h u m w a s s u b s t a n t i a l l y h i g h e r ( P < . 0 5 ) w h e n

t r e a t e d w i t h E 5 a s c o m p a r e d t o f o r a g e w i t h o u t e n z y m e a p p l i c a t i o n .

H o w e v e r , a n a p p l i c a t i o n l e v e l o f E 5 g r e a t e r t h a n r e c o m m e n d e d b y t h e

m a n u f a c t u r e r d i d n o t i n c r e a s e N D F d i s a p p e a r a n c e o f f o r a g e s o r g h u m .

I n t h i s s t u d y , w h e n a l l c o m m e r c i a l e n z y m e s w e r e a p p l i e d a t r e c o m m e n d e d

r a t e s a n d i n c u b a t e d f o r 7 d , t h e N D F f r a c t i o n f r o m f o r a g e s o r g h u m w a s

d e g r a d e d , b u t i n c r e a s i n g t h e r e c o m m e n d e d a p p l i c a t i o n r a t e b y 2 , 4 o r 8

t i m e s d i d n o t i m p r o v e N D F d i s a p p e a r a n c e . T h e s e r e s u l t s i n d i c a t e t h a t u n d e r

i n v i t r o c o n d i t i o n s , u s i n g e n z y m e p r e p a r a t i o n s a t r a t e s t h a t a r e

r e c o m m e n d e d b y t h e m a n u f a c t u r e r , a n d u s i n g i n c u b a t i o n p e r i o d s

r e p r e s e n t a t i v e o f t h e l e n g t h o f a t y p i c a l a e r o b i c p h a s e d u r i n g t h e e n s i l i n g

p r o c e s s d i d n o t i n c r e a s e d N D F d i s a p p e a r a n c e i n f o r a g e s o r g h u m . P r e v i o u s

e x p e r i m e n t s h a v e a l s o s h o w n t h a t 5 0 d o f i n c u b a t i o n a n d 5 0 0 t i m e s t h e

r e c o m m e n d e d r a t e f r o m a c e l l u l a s e d e r i v e d f r o m T r i c h o d e r m a r e e s i e w a s

n e e d e d t o s o l u b i l i z e a l f a l f a N D F a n d c e l l u l o s e ( K u n g J r . e t a l . , 1 9 9 1 ) .

H o p k i n g a n d B a s s ( 1 9 8 7 ) d e m o n s t r a t e d t h a t h y d r o l y s i s o f c e l l w a l l i n v i t r o

r e q u i r e d a m o u n t s o f c e l l w a l l d e g r a d i n g e n z y m e s t h a t a r e t o e x p e n s i v e f o r

c o m m e r c i a l a p p l i c a t i o n . P i t t ( 1 9 9 1 ) a l s o r e p o r t e d t h a t a p p l i c a t i o n r a t e s

h i g h e r t h a n r e c o m m e n d e d , a n d l o n g s t o r a g e t i m e s w o u l d b e n e e d e d t o

i n c r e a s e e n z y m e a c t i v i t y i n s i l a g e .
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F o r a g e s o r g h u m t r e a t e d w i t h E 5 h a d g r e a t e r ( P < . 0 5 ) N D F d i s a p p e a r a n c e

t h a n f o r a g e s o r g h u m t r e a t e d w i t h o t h e r e n z y m e p r e p a r a t i o n s ( T a b l e 7 - 6 )

w h e n c o m p a r e d a t r a t e s r e c o m m e n d e d b y t h e m a n u f a c t u r e r . C e l l w a l l

m a t e r i a l f r o m f o r a g e s o r g h u m a p p e a r s t o b e m o r e s u s c e p t i b l e t o d e g r a d a t i o n

w h e n t r e a t e d w i t h a n e n z y m e p r e p a r a t i o n c o n t a i n i n g c e l l u l a s e a n d

h e m i c e l l u l a s e ( E 5 ) t h a n w h e n a r a b i n a s e , B - g l u c a n a s e o r x y l a n a s e w e r e

p r e s e n t i n t h e p r e p a r a t i o n . I t a l s o a p p e a r s t h a t e n z y m e p r e p a r a t i o n s

c o n t a i n i n g h e m i c e l l u l a s e ( E 1 a n d E 5 ) h a v e a g r e a t e r a c t i v i t y o n t h e N D F

f r a c t i o n o f f o r a g e s o r g h u m t h a n e n z y m e p r e p a r a t i o n s w i t h o u t h e m i c e l l u l a s e ,

a n d t h e u s e o f e n z y m e p r e p a r a t i o n s c o n t a i n i n g x y l a n a s e ( E 2 / E 3 a n d E 4 ) h a d

m a r g i n a l e f f e c t s o n N D F d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m .

R e p o r t s o f d e c l a r e d a c t i v i t y , p e r c e n t a g e s o f i n d i v i d u a l e n z y m e s , s o u r c e , a n d

r e c o m m e n d e d a p p l i c a t i o n r a t e s o f t h e e n z y m e p r e p a r a t i o n s u t i l i z e d i n t h i s

s t u d y d i f f e r a m o n g m a n u f a c t u r e r s . A l s o , g r a m s o f p r o t e i n p e r m l o f e n z y m e

p r e p a r a t i o n a n d s u g g e s t e d a p p l i c a t i o n l e v e l b a s e d o n g o f e n z y m e

p r e p a r a t i o n p e r t o n o f f o r a g e d i f f e r e d ( T a b l e 7 - 7 ) . P r e v i o u s s t u d i e s ( S h e p e r d

e t a l . , 1 9 9 5 ) h a v e s h o w n t h a t e n z y m e p r e p a r a t i o n s c o n t a i n i n g d i f f e r e n t

c e l l u l a s e a n d a m y l a s e a c t i v i t i e s d i f f e r i n t h e i r a b i l i t y t o d e g r a d e c e l l w a l l

c o m p o n e n t s i n a l f a l f a s i l a g e . D i f f e r e n t f e r m e n t a t i o n p a t t e r n s w e r e o b s e r v e d

i n a t i m o t h y , m e a d o w f e s c u e a n d r e d c l o v e r s i l a g e w h e n t w o e n z y m e s

p r e p a r a r a t i o n s w e r e a p p l i e d a t t h e s a m e c e l l u l a s e a c t i v i t y , b u t d e r i v e d f r o m

d i f f e r e n t m i c r o o r g a n i s m s ( S e l m e r - O l s e n , 1 9 9 4 ) . B e r t i n a n d c o - w o r k e r s .
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( 1 9 8 5 ) f o u n d t h a t e n z y m e s d e r i v e d f r o m A s p e r g i l l u s n i g e r h a d m o r e

h e m i c e l l u l o l y t i c a c t i v i t y t h a n T r i c h o d e r m a v i r i d e e n z y m e s , b u t H e n d e r s o n

a n d M c D o n a l d ( 1 9 7 7 ) r e p o r t e d t h a t e n z y m e s d e r i v e d f r o m T r i c h o d e r m a

v i r i d e w e r e m o r e a c t i v e t h a n e n z y m e s d e r i v e d f r o m A s p e r g i I / u s n i g e r .

T h e r e f o r e , a m o r e a p p r o p i a t e c o m p a r i s o n o f e n z y m e m i x t u r e s s h o u l d b e

b a s e d o n e q u i v a l e n t c o n c e n t r a t i o n s o f e n z y m e a c t i v i t y , e q u i v a l e n t a m o u n t s

o f p r o t e i n ( g / t o n o f f o r a g e ) , a n d e n z y m e s f r o m c o m m o n s o u r c e s .

I m p l i c a t i o n s

E n z y m e p r e p a r a t i o n s a p p l i e d a t r e c o m m e n d e d r a t e s d e g r a d e d t h e N D F

p o r t i o n i n f o r a g e s o r g h u m , b u t a p p l i c a t i o n r a t e s g r e a t e r t h a n r e c o m m e n d e d

d i d n o t i m p r o v e N D F d i s a p p e a r a n c e . A c t i v i t y o f e n z y m e p r e p a r a t i o n s c o u l d

b e a f f e c t e d b y p H . C o m m e r c i a l e n z y m e p r e p a r a t i o n s d i f f e r i n t h e i r a b i l i t y t o

d e g r a d e t h e N D F f r a c t i o n o f f o r a g e s o r g h u m .
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F E R M E N T A T I O N C H A R A C T E R I S T I C S O F F O R A G E S O R G H U M E N S I L E D

W I T H C O M M E R C I A L E N Z Y M E M I X T U R E S

A b s t r a c t

T h e e f f e c t s o f e n z y m e p r e p a r a t i o n s o n t h e f e r m e n t a t i o n c h a r a c t e r i s t i c s o f

f o r a g e s o r g h u m e n s i l e d i n a t e m p e r a t e e n v i r o n m e n t w e r e e v a l u a t e d .

F o r a g e s o r g h u m w a s h a r v e s t e d a t 9 0 d o f g r o w t h a t M i c h i g a n S t a t e

U n i v e r s i t y , E a s t L a n s i n g a n d c h o p p e d i n t o 2 . 5 c m p i e c e s . C h o p p e d f o r a g e

p r i o r t o e n s i l i n g w a s t r e a t e d w i t h e n z y m e p r e p a r a t i o n s a p p l i e d a t 1 o r 2 X

t h e m a n u f a c t u r e r s r e c o m m e n d e d r a t e . E x p e r i m e n t a l t r e a t m e n t s i n c l u d e d ;

n o e n z y m e ( c o n t r o l ) , V i s c o z y m e ( . 1 % f r e s h m a t e r i a l ) , E c o g r a m ( . 0 8 a n d

. 1 6 m l / k g o f f r e s h m a t e r i a l ) , a n d C e l l u l o s e G ( . 2 5 a n d . 5 0 m l / k g o f f r e s h

m a t e r i a l ) . T h r e e s i l o s p e r t r e a t m e n t w e r e o p e n e d a f t e r 3 e n s i l i n g p e r i o d s ( 0 ,

4 0 a n d 1 0 0 d ) , a n d a n a l y z e d f o r p H , f e r m e n t a t i o n e n d - p r o d u c t s , a n d w a t e r

s o l u b l e a n d s t r u c t u r a l c a r b o h y d r a t e c o n t e n t s . T h e p H o f f o r a g e s o r g h u m

s i l a g e w a s s i m i l a r r e g a r d l e s s o f e n z y m e t r e a t m e n t . A c e t i c a c i d a n d e t h a n o l

c o n t e n t s d i f f e r e d a m o n g t r e a t m e n t s a n d a c r o s s t i m e , b u t a c o n s i s t e n t t r e n d

2 3 7
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d u e t o e n z y m e a d d i t i v e w a s n o t o b s e r v e d . G l u c o s e c o n t e n t w a s h i g h e r i n

f o r a g e s o r g h u m e n s i l e d w i t h 1 o r 2 X t h e a p p l i c a t i o n r a t e o f c e l l u l a s e G a s

c o m p a r e d t o c o n t r o l s i l a g e s , b u t x y l o s e w a s l o w e r . S t r u c t u r a l c a r b o h y d r a t e

c o n t e n t w a s s i m i l a r r e g a r d l e s s o f e n z y m e t r e a t m e n t .

I n t r o d u c t i o n

V a r i a b l e r e s p o n s e s t o e n z y m e a d d i t i o n t o e n h a n c e t h e f e r m e n t a t i o n o f p l a n t

m a t e r i a l h a v e b e e n s h o w n ( K u n g J r . e t a l . , 1 9 9 1 ; S h e p e r d e t a l . , 1 9 9 5 ) .

E n z y m e p r e p a r a t i o n s d i f f e r i n d e c l a r e d a c t i v i t y , p e r c e n t a g e s o f i n d i v i d u a l

e n z y m e s , s o u r c e , a n d r e c o m m e n d e d a p p l i c a t i o n r a t e s . R e s u l t s f r o m C h a p t e r

2 i n d i c a t e d t h a t a e n z y m e p r e p a r a t i o n c o n t a i n i n g 5 d i f f e r e n t e n z y m e s a n d

a p p l i e d a t t h e r e c o m m e n d e d r a t e ( . 1 % o f f r e s h m a t e r i a l ) d i d n o t i m p r o v e t h e

f e r m e n t a t i o n c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m . P r e v i o u s e x p e r i m e n t s

( C h a p t e r 7 ) a l s o s h o w e d t h a t u n d e r c o n t r o l l e d c o n d i t i o n s ( e . g . p H ,

t e m p e r a t u r e ) , a p p l i c a t i o n r a t e s g r e a t e r t h a n r e c o m m e n d e d d i d n o t i m p r o v e d

N D F d i s a p p e a r a n c e i n f o r a g e s o r g h u m , a n d t h a t c o m m e r c i a l e n z y m e

p r e p a r a t i o n s d i f f e r i n t h e i r a b i l i t y t o d e g r a d e t h e N D F f r a c t i o n o f f o r a g e

s o r g h u m . W e d e m o n s t r a t e d t h a t a n e n z y m e m i x t u r e c o n t a i n i n g

h e m i c e l l u l a s e a n d c e l l u l a s e i n c r e a s e d t h e N D F d i s a p p e a r a n c e i n f o r a g e

s o r g h u m i n c o m p a r i s o n w i t h a p r e p a r a t i o n c o n t a i n i n g 5 d i f f e r e n t e n z y m e s o r

a p r e p a r a t i o n c o n t a i n i n g o n l y x y l a n a s e . T h e o b j e c t i v e o f t h i s e x p e r i m e n t

w a s t o e v a l u a t e t h e e f f e c t o f t h r e e c o m m e r c i a l e n z y m e p r e p a r a t i o n s o n t h e
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f e r m e n t a t i o n c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m .

E x p e r i m e n t a l P r o c e d u r e

F o r a g e s o r g h u m ( H i E n e r g y H y b r i d , A g r i - p r o S e e d , H e r e f o r d , T X ) w a s

h a r v e s t e d a t 9 0 o f g r o w t h ( 2 0 . 0 4 % D M ) a t M i c h i g a n S t a t e U n i v e r s i t y , E a s t

L a n s i n g . H a r v e s t e d f o r a g e s o r g h u m w a s c h o p p e d m e c h a n i c a l l y i n t o 2 . 5 c m

p i e c e s w i t h a f o r a g e h a r v e s t e r . C h o p p e d f o r a g e , p r i o r t o e n s i l i n g , w a s

t r e a t e d w i t h 3 c o m m e r c i a l e n z y m e p r e p a r a t i o n s a s s i g n e d t o o n e o f s i x

t r e a t m e n t s ( T a b l e 8 - 1 ) . T r e a t m e n t s w e r e a p p l i e d t o w e i g h e d p o r t i o n s ( 1 . 6

k g ) o f f o r a g e , m a n u a l l y m i x e d , a n d p a c k e d i n t o l a b o r a t o r y s i l o s f i t t e d w i t h

r e l e a s e v a l v e s f o r p r o v i d e g a s e s c a p e . L a b o r a t o r y s i l o s w e r e m a i n t a i n e d a t

r o o m t e m p e r a t u r e ( 2 7 - 3 0 ° C ) u n t i l o p e n e d . T r i p l i c a t e s i l o s f r o m e a c h

t r e a t m e n t w e r e a n a l y z e d f o r p H , f e r m e n t a t i o n e n d - p r o d u c t s , a n d w a t e r

s o l u b l e a n d s t r u c t u r a l c a r b o h y d r a t e c o n t e n t s a t 0 , 4 0 a n d 1 0 0 d p o s t -

e n s i l i n g u s i n g t h e m e t h o d o l o g y d i s c u s s e d i n p r e v i o u s C h a p t e r s . D a t a w a s

a n a l y z e d a s a c o m p l e t e l y r a n d o m i z e d d e s i g n w i t h a 6 ( e n z y m e p r e p a r a t i o n s )

b y 3 ( e n s i l i n g p e r i o d s ) f a c t o r i a l a r r a n g e m e n t o f t r e a t m e n t s u s i n g t h e G e n e r a l

L i n e a r M o d e l P r o c e d u r e o f S A S ( 1 9 9 0 ) w i t h t h e f o l l o w i n g m o d e l :

Y i n , = u + A i + B , - + ( A ‘ I B ) i j + E ,

W h e r e :

Y u k = I n d i v i d u a l r e s p o n s e v a r i a b l e m e a s u r e d ( e . i . p H ,

f e r m e n t a t i o n e n d - p r o d u c t )
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u = O v e r a l l m e a n

A , = E f f e c t o f e n z y m e m i x t u r e

B ’ - = E f f e c t o f d a y o f e n s i l i n g

A ‘ I B , j = I n t e r a c t i o n o f e n z y m e m i x t u r e b y d a y o f e n s i l i n g

E , , , , = R e s i d u a l e r r o r

B o n f e r r o n i - t t e s t w a s u s e d f o r m e a n s e p a r a t i o n .

R e s u l t s a n d D i s c u s s i o n

N o s i g n i f i c a n t i n t e r a c t i o n s b e t w e e n e n z y m e t r e a t m e n t b y d a y o f e n s i l i n g f o r

p H o r f e r m e n t a t i o n e n d - p r o d u c t s w e r e o b s e r v e d ( T a b l e 8 - 2 ) . O v e r t h e e n t i r e

e n s i l i n g p e r i o d , p H t e n d e d t o b e h i g h e r ( P < 0 . 0 9 ) i n f o r a g e s o r g h u m t r e a t e d

w i t h V i s c o z y m e i n c o m p a r i s o n t o f o r a g e t r e a t e d w i t h t h e o t h e r e n z y m e

t r e a t m e n t s , b u t w a s s i m i l a r t o c o n t r o l s i l a g e . F o r a g e s o r g h u m t r e a t e d w i t h

E c o g r a m ( T 3 a n d T 4 ) o r C e l l u l a s e G ( T 5 a n d T 6 ) a t 1 o r 2 X t h e s u g g e s t e d

a p p l i c a t i o n r a t e h a d l o w e r ( P < 0 . 0 5 ) a c e t i c a c i d c o n t e n t t h a n c o n t r o l s i l a g e

o r s i l a g e t r e a t e d w i t h V i s c o z y m e ( T 2 ) . H o w e v e r , e t h a n o l c o n t e n t w a s

h i g h e r ( P < 0 . 0 5 ) i n s i l a g e s c o n t a i n i n g V i s c o z y m e a n d t h e 2 X a p p l i c a t i o n

r a t e o f c e l l u l a s e G a s c o m p a r e d t o t h e o t h e r e n z y m e t r e a t m e n t s . F o r a l l

e n z y m e t r e a t m e n t s , l a c t i c a c i d c o n t e n t w a s s i m i l a r o v e r t h e e n t i r e e n s i l i n g

p e n o d .

G l u c o s e c o n t e n t w a s h i g h e r ( P < 0 . 0 5 ) a f t e r 4 0 d p o s t - e n s i l i n g i n s i l a g e s

c o n t a i n i n g 1 o r 2 X t h e r e c o m m e n d e d a p p l i c a t i o n r a t e o f E c o g r a m a n d
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2 4 3

C e l l u l a s e G a s c o m p a r e d t o c o n t r o l s i l a g e o f f o r a g e t r e a t e d w i t h V i s c o z y m e

( T a b l e 8 - 3 ) . A f t e r 1 0 0 d p o s t - e n s i l i n g , s i l a g e s c o n t a i n i n g C e l l u l a s e G h a d

g r e a t e r ( P < 0 . 0 5 ) g l u c o s e c o n t e n t t h a n o t h e r e n z y m e t r e a t m e n t s . I n

c o n t r a s t t o g l u c o s e c o n t e n t , x y l o s e c o n c e n t r a t i o n w a s h i g h e r ( P < 0 . 0 5 )

a f t e r 4 0 a n d 1 0 0 d p o s t - e n s i l i n g i n s i l a g e s w i t h o u t e n z y m e a d d i t i v e o r

f o r a g e t r e a t e d w i t h V i s c o z y m e . O v e r t h e e n t i r e e n s i l i n g p e r i o d ,

c o n c e n t r a t i o n s o f f r u c t o s e , g a l a c t o s e a n d a r a b i n o s e w e r e s i m i l a r r e g a r d l e s s

o f e n z y m e t r e a t m e n t . O v e r t h e e n t i r e e n s i l i n g p e r i o d , e x c e p t f o r a t e n d e n c y

( P < 0 . 0 9 ) i n c o n t r o l s i l a g e t o h a v e g r e a t e r A D F c o n t e n t a s c o m p a r e d t o

s i l a g e c o n t a i n i n g e n z y m e a d d i t i v e s , N D F , h e m i c e l l u l o s e a n d c e l l u l o s e

c o n t e n t w e r e n o t i n f l u e n c e d b y e n z y m e p r e p a r a t i o n ( T b a l e 8 - 4 ) . H o w e v e r ,

f o r a l l c e l l - w a l l f r a c t i o n s , 3 s m a l l n u m e r i c a l d e c r e a s e w a s o b s e r v e d i n s i l a g e s

c o n t a i n i n g e n z y m e m i x t u r e s a s c o m p a r e d t o c o n t r o l s i l a g e .

R e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e d t h a t f o r a g e s o r g h u m t r e a t e d w i t h

E c o g r a m o r C e l l u l a s e G i n c r e a s e d t h e r e s i d u a l g l u c o s e c o n t e n t a f t e r 1 0 0 d

o f f e r m e n t a t i o n . H o w e v e r , n e i t h e r e n z y m e p r e p a r a t i o n i n c r e a s e d t h e a c i d i t y

o r l a c t i c a c i d c o n t e n t o f t h e r e s u l t i n g s i l a g e , a n d a d e c r e a s e i n x y l o s e

c o n t e n t w a s o b s e r v e d . A p p l i c a t i o n o f t h e e n z y m e m i x t u r e s d i d n o t

s i g n i f i c a n t l y d e c r e a s e c e l l - w a l l c o m p o n e n t s o f f o r a g e s o r g h u m s i l a g e . E v e n

t h o u g h t h e h i g h e r r e s i d u a l g l u c o s e c o n t e n t d u e t o e n z y m e a d d i t i o n m a y

i m p r o v e t h e d i g e s t i b i l i t y o f t h e r e s u l t i n g s i l a g e , i t m a y l e a d t o m o r e a e r o b i c

d e t e r i o r a t i o n ( S p o e l t r a a n d v a n W i k s e l a a r , 1 9 9 2 ) . T h e r e f o r e m o r e r e s e a r c h
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i s n e e d e d t o e v a l u a t e t h e e f f e c t s o f d i f f e r e n t e n z y m e m i x t u r e s o n t h e

a e r o b i c s t a b i l i t y a n d n u t r i t i v e v a l u e o f s i l a g e s .

I m p l i c a t i o n s

A d d i t i o n o f e n z y m e p r e p a r a t i o n s d i d n o t c o n s i s t e n t l y a f f e c t p H , f e r m e n t a t i o n

e n d - p r o d u c t s o r s t r u c t u r a l c a r b o h y d r a t e c o n t e n t s o f f o r a g e s o r g h u m s i l a g e .

E n z y m e m i x t u r e s d i f f e r i n t h e i r a b i l i t y t o i n c r e a s e t h e r e s i d u a l s o l u b l e

c a r b o h y d r a t e s i n f o r a g e s o r g h u m s i l a g e . M o r e r e s e a r c h i n n e e d e d ( e . i .

f e e d i n g t r i a l s ) t o j u s t i f y t h e u s e o f e n z y m e p r e p a r a t i o n s a s a s i l a g e a d d i t i v e .



C H A P T E R 9

S U M M A R Y A N D C O N C L U S I O N S

A s e r i e s o f s t u d i e s w e r e c o n d u c t e d t o a d d r e s s t h e h y p o t h e s i s t h a t a d d i t i o n

o f s i l a g e a d d i t i v e s ( m i c r o b i a l i n o c u l a n t a n d e n z y m e s ) i m p r o v e d t h e e n s i l i n g

c h a r a c t e r i s t i c s a n d a e r o b i c s t a b i l i t y o f f o r a g e s e n s i l e d i n t e m p e r a t e a n d

t r o p i c a l e n v i r o n m e n t s . I n e x p e r i m e n t o n e , a t w o y e a r s t u d y w a s c o n d u c t e d

t o e v a l u a t e t h e e f f e c t s o f a l a c t i c a c i d b a c t e r i a l i n o c u l a n t a n d a c o m m e r c i a l

e n z y m e m i x t u r e o n t h e e n s i l i n g c h a r a c t e r i s t i c s a n d a e r o b i c s t a b i l i t y o f f o r a g e

s o r g h u m e n s i l e d a t 9 0 d o f g r o w t h i n t e m p e r a t e a n d t r o p i c a l e n v i r o n m e n t s .

T h e b a c t e r i a l i n o c u l a n t c o n s i s t e d o f a h o m o f e r m e n t a t i v e s t r a i n o f

L a c t o b a c i l l u s p l a n t a r u m a p p l i e d a t 1 0 ° c f u / g o f f r e s h m a t e r i a l . T h e e n z y m e

a d d i t i v e c o n s i s t e d o f a m u l t i - e n z y m e p r e p a r a t i o n c o n t a i n i n g a r a b i n o s e ,

c e l l u l a s e , B - g l u c a n a s e , h e m i c e l l u l a s e , a n d x y l a n a s e a n d w a s a p p l i e d a t . 1 %

o f f r e s h m a t e r i a l . I n b o t h l o c a t i o n s , a d d i t i o n o f t h e m i c r o b i a l i n o c u l a n t a l o n e

o r i n c o m b i n a t i o n w i t h e n z y m e s w a s e f f e c t i v e i n d e c r e a s i n g t h e p H , a n d

i n c r e a s i n g t h e l a c t i c a c i d b a c t e r i a l p o p u l a t i o n a n d l a c t i c a c i d c o n t e n t i n

f o r a g e s o r g h u m s i l a g e a t e a r l y s t a g e s o f t h e f e r m e n t a t i o n p r o c e s s . I n t h e

t e m p e r a t e e n v i r o n m e n t , i n o c u l a t e d s o r g h u m a l s o h a d g r e a t e r f r u c t o s e

2 4 7



2 4 8

c o n t e n t a f t e r 1 0 0 d p o s t - e n s i l i n g a s c o m p a r e d t o s o r g h u m s i l a g e w i t h o u t

t h e m i c r o b i a l c u l t u r e . H o w e v e r , f o r a l l t r e a t m e n t s , f e r m e n t a t i o n

c h a r a c t e r i s t i c s i n f o r a g e s o r g h u m e n s i l e d i n t h e t r o p i c a l e n v i r o n m e n t a f t e r

1 0 0 d p o s t - e n s i l i n g w e r e s i m i l a r . R e s u l t s f r o m E x p e r i m e n t 1 , a l s o i n d i c a t e d

t h a t i n o c u l a t i o n m a y h a v e a n e g a t i v e e f f e c t o n t h e a e r o b i c s t a b i l i t y o f f o r a g e

s o r g h u m e x p o s u r e t o a i r i n t h e t e m p e r a t e e n v i r o n m e n t . I n t h e t r o p i c a l

e n v i r o n m e n t , n o e f f e c t o f t h e m i c r o b i a l i n o c u l a n t o r e n z y m e o n t h e a e r o b i c

s t a b i l i t y o f t h e r e s u l t i n g s i l a g e w a s o b s e r v e d . F i n d i n g s f r o m E x p e r i m e n t 1

a l s o s h o w e d t h a t t h e m a j o r i t y o f t h e a e r o b i c d e t e r i o r a t i o n o c c u r s w i t h i n t h e

f i r s t 3 d o f a e r o b i c e x p o s u r e i n t h e t e m p e r a t e s i l a g e , a n d w i t h i n t h e f i r s t ( I i n

t h e t r o p i c a l s i l a g e . I n b o t h e n v i r o n m e n t s , s i l a g e e x p o s u r e d t o a i r a f t e r

s h o r t e r f e r m e n t a t i o n p e r i o d s ( 4 0 d ) s p o i l e d f a s t e r t h a n s i l a g e e x p o s e d t o a i r

a f t e r 1 0 0 d p o s t - e n s i l i n g , b u t a m o r e p r o n o u n c e d e f f e c t d u e t o l e n g t h o f

f e r m e n t a t i o n w a s o b s e r v e d i n t h e t e m p e r a t e e n v i r o n m e n t . I n E x p e r i m e n t 2 ,

t h e d i f f e r e n c e s i n e f f e c t i v e n e s s o f t h e m i c r o b i a l i n o c u l a n t a n d e n z y m e

m i x t u r e w h e n f o r a g e s o r g h u m w a s e n s i l e d a t 9 0 a n d 1 1 0 d o f g r o w t h i n a

t r o p i c a l e n v i r o n m e n t w a s e v a l u a t e d . A d d i t i o n o f t h e b a c t e r i a l i n o c u l a n t

a l o n e o r i n c o m b i n a t i o n w i t h e n z y m e s i m p r o v e d t h e e n s i l i n g c h a r a c t e r i s t i c s

o f f o r a g e s o r g h u m , b u t a m o r e b e n e f i c i a l r e s p o n s e w a s o b s e r v e d i n s i l a g e

f r o m t h e m o r e i m m a t u r e f o r a g e . H o w e v e r , s i l a g e a d d i t i v e s d i d n o t p r e v e n t

t h e a e r o b i c d e t e r i o r a t i o n o f f o r a g e s o r g h u m s i l a g e , r e g a r d l e s s o f s t a g e o f

m a t u r i t y .
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T h e f e r m e n t a t i o n c h a r a c t e r i s t i c s a n d t h e r e s u l t i n g e f f e c t s o f a s i l a g e a d d i t i v e

i n J o h n s o n g r a s s ( S o r g h u m j a l a p e n s e ) w a s e v a l u a t e d i n E x p e r i m e n t 3 .

J o h n s o n g r a s s w a s e n s i l e d a f t e r 4 5 a n d 1 1 0 d o f r e g r o w t h a n d t r e a t e d w i t h

o r w i t h o u t a c o m b i n a t i o n o f t h e m i c r o b i a l i n o c u l a n t a n d c o m m e r c i a l e n z y m e

m i x t u r e . F o r b o t h r e g r o w t h p e r i o d s , J o h n s o n g r a s s t r e a t e d w i t h b a c t e r i a l

i n o c u l a n t p l u s e n z y m e s h a d l o w e r p H a n d h i g h e r l a c t i c a c i d b a c t e r i a l

p o p u l a t i o n s a n d l a c t i c a c i d c o n t e n t t h a n c o n t r o l s i l a g e . S i l a g e a d d i t i v e s a l s o

d e c r e a s e d b u t y r i c a c i d l e v e l s i n t h e m o r e i m m a t u r e f o r a g e a n d e t h a n o l i n t h e

J o h n s o n g r a s s e n s i l e d a t 1 1 0 d . H o w e v e r , f e r m e n t a t i o n c h a r a c t e r i s t i c s o f

t h e r e s u l t i n g s i l a g e d i d n o t r e a c h t h e r e c o m m e n d e d v a l u e s f o r p r o d u c t i o n o f

a s t a b l e s i l a g e . M o r e r e s e a r c h n e e d s t o b e c o n d u c t e d t o d e t e r m i n e h o w t o

e f f e c t i v e l y e n s i l e J o h n s o n g r a s s . I n E x p e r i m e n t 4 , t h e e f f e c t s o f a

c o m m e r c i a l e n z y m e p r e p a r a t i o n o n c e l l - w a l l d i s a p p e a r a n c e f r o m f o r a g e

s o r g h u m a n d J o h n s o n g r a s s w h e n h a r v e s t e d i n a t r o p i c a l e n v i r o n m e n t w e r e

d e t e r m i n e d . R e s u l t s f r o m t h i s e x p e r i m e n t i n d i c a t e d t h a t d i s a p p e a r a n c e o f

t h e c e l l - w a l l f r a c t i o n s d i f f e r s a m o n g f o r a g e t y p e s e v a l u a t e d , a n d t h a t

a p p l i c a t i o n r a t e s g r e a t e r t h a n r e c o m m e n d e d b y t h e m a n u f a c t u r e r a r e n e e d e d

t o e n s u r e a n i m p r o v e m e n t i n c e l l - w a l l d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m

a n d J o h n s o n g r a s s . T h e e v a l u a t i o n o f c o m m e r c i a l e n z y m e m i x t u r e s o n N D F

d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m h a r v e s t e d i n a t e m p e r a t e e n v i r o n m e n t

w e r e s t u d i e d i n E x p e r i m e n t 5 . F i n d i n g s f r o m t h i s e x p e r i m e n t s h o w e d t h a t ;

c o m m e r c i a l e n z y m e p r e p a r a t i o n s d i f f e r i n t h e i r a b i l i t y t o d e g r a d e t h e N D F
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f r a c t i o n o f f o r a g e s o r g h u m , a c t i v i t y o f t h e e n z y m e s c o u l d b y a f f e c t e d b y p H

a n d s a m p l e p r e p a r a t i o n ( d r i e d o r f r o z e n - t h a w e d ) , a n d t h a t a p p l i c a t i o n r a t e s

o f e n z y m e m i x t u r e s g r e a t e r t h a n r e c o m m e n d e d d i d n o t i m p r o v e N D F

d i s a p p e a r a n c e f r o m f o r a g e s o r g h u m .

R e s u l t s f r o m E x p e r i m e n t 6 d e m o n s t r a t e d t h a t e n z y m e m i x t u r e s d i d n o t

c o n s i s t e n t l y a f f e c t t h e e n s i l i n g c h a r a c t e r i s t i c s o f f o r a g e s o r g h u m .

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 s u g g e s t t h a t m o r e r e s e a r c h i s n e e d e d

t o j u s t i f y t h e u s e o f m i c r o b i a l i n o c u l a n t a n d e n z y m e s a s s i l a g e a d d i t i v e s . I n

t e m p e r a t e e n v i r o n m e n t s , r e s e a r c h m u s t b e c o n c e n t r a t e d o n t h e

i m p l e m e n t a t i o n o f b i o t e c h n o l o g y t o d e v e l o p m i c r o b i a l c u l t u r e s c a p a b l e o f

i m p r o v i n g t h e f e r m e n t a t i o n c h a r a c t e r i s t i c s w h i l e a t t h e s a m e , p r e v e n t i n g

a e r o b i c d e t e r i o r a t i o n . S t u d i e s t o e v a l u a t e n o v e l m i c r o o r g a n i s m s a n d t h e

i n t r o d u c t i o n o f b a c t e r i o c i n s o r s p e c i f i c b a c t e r i o p h a g e s a s s i l a g e a d d i t i v e s

s h o u l d b e c o n s i d e r e d . A d d i t i o n a l a l t e r n a t i v e s i n c l u d e ; t h e d e v e l o p m e n t o f

m a t h e m a t i c a l m o d e l s f o r s p e c i f i c c o n d i t i o n s ( e . g . f o r a g e s p e c i e s , m a t u r i t y )

t o p r e d i c t t h e e f f i c a c y o f u s e o f s i l a g e a d d i t i v e s o n t h e p r e s e r v a t i o n o f

n u t r i e n t s f r o m f r e s h c r o p t h r o u g h s t o r a g e a n d t h e f e e d i n g p h a s e . I n t r o p i c a l

e n v i r o n m e n t s , f u t u r e r e s e a r c h n e e d s t o f o c u s o n t h e s e l e c t i o n a n d i s o l a t i o n

o f s p e c i f i c s t r a i n s o f l a c t i c a c i d b a c t e r i a f r o m t r o p i c a l f o r a g e s . S t r a t e g i e s t o

d e c r e a s e t h e p o p u l a t i o n s o f u n d e s i r a b l e m i c r o o r g a n i s m s a t e n s i l i n g o r d u r i n g

t h e s i l a g e f e r m e n t a t i o n ( e . g . y e a s t s a n d m o l d s ) a l s o n e e d t o t h e d e v e l o p e d .

A n i m a l f e e d i n g t r i a l s s h o u l d a l s o b e c o n d u c t e d t o j u s t i f y t h e u s e o f s i l a g e
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a d d i t i v e s a s a m e c h a n i s m s t o i m p r o v e d t h e q u a l i t y o f c o n s e r v e d f e e d s t u f f s .

E c o n o m i c s t u d i e s t o d e t e r m i n e t h e f e a s i b i l i t y o f u t i l i z i n g s i l a g e a s a m a j o r

f e e d c o m p o n e n t i n r u m i n a n t f e e d i n g s y s t e m s i n t r o p i c a l e n v i r o n m e n t s n e e d

t o b e c o n d u c t e d . A d d i t i o n a l p o s s i b i l i t i e s i n c l u d e ; t h e e v a l u a t i o n o f o t h e r

g r a s s e s ( e . g . P e n n i s e t u m p u r p u r e u m ) o r l e g u m e ( e . g . L e u c a e n a

l e u c o c h e p h a l a ) s p e c i e s u s e d a l o n e o r i n c o m b i n a t i o n a s a p o t e n t i a l f e e d

r e s o u r c e s , s t u d i e s t o d e t e r m i n e t h e p o s s i b l e b i o l o g i c a l a n d e c o n o m i c

b e n e f i t s o f i n d u s t r i a l o r a g r i c u l t u r e b y - p r o d u c t s a s s i l a g e a d d i t i v e s , a n d

i m p l e m e n t a t i o n o f m a n a g e m e n t s t r a t e g i e s ( e . g . f e e d i n g s i l a g e o n l y d u r i n g

s p e c i f i c s e a s o n o f t h e y e a r ) t o e v a l u a t e t h e i n t r o d u c t i o n o f s i l a g e a s a m a j o r

f e e d c o m p o n e n t i n r u m i n a n t p r o d u c t i o n s y s t e m s .
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T a b l e A - 1 . D a t a u s e d f o r a n a l y s i s o f o r g a n i c a c i d c o n t e n t ( 9 / 1 0 0 g D M ) i n f o r a g e s o r g h u m e n s i l e d i n a t e m p e r a t e
e n v i r o n m e n t ( C h a p t e r 2 . )

 

 

Y T D C i t r i c M a l i c O x a l o a c e t i c S u c c i n i c

9 4 1 0 0 . 4 5 3 4 . 5 6 7 1 . 1 9 8 1 . 6 5 7
9 4 1 0 0 . 4 1 2 5 . 2 5 6 1 . 2 0 0 1 . 6 9 8
9 4 1 0 0 . 4 6 8 4 . 4 4 1 1 . 2 1 1 1 . 7 6 6

9 4 1 1 0 . 2 6 2 5 . 2 3 1 0 . 8 2 2 0 . 6 1 4
9 4 1 1 0 . 3 0 7 4 . 5 4 4 0 . 7 0 2 0 . 9 9 6

9 4 1 1 0 . 4 3 1 4 . 4 4 8 0 . 5 3 3 0 . 8 1 6
9 4 1 3 0 . 5 6 1 2 . 4 0 8 0 . 7 9 8 0 . 6 1 1
9 4 1 3 0 . 4 4 2 5 . 1 9 6 0 . 8 6 9 0 . 3 1 2
9 4 1 3 0 . 3 8 3 3 . 1 2 4 0 . 8 4 1 0 . 4 4 6
9 4 1 7 0 . 4 9 4 3 . 0 3 5 0 . 9 5 8 0 . 8 7 2
9 4 1 7 0 . 6 1 3 1 . 7 8 1 0 . 8 9 4 0 . 5 1 7

9 4 1 7 0 . 3 7 2 2 . 2 9 2 0 . 7 7 5 0 . 7 8 5
9 4 1 1 4 0 . 5 1 3 0 . 8 7 2 1 . 0 0 3 0 . 6 5 8

9 4 1 1 4 0 . 3 5 7 0 . 9 1 4 0 . 6 5 8 0 . 8 6 8

9 4 1 1 4 0 . 4 8 3 1 . 5 6 0 0 . 8 6 3 0 . 5 6 4

9 4 1 2 1 0 . 3 6 7 0 . 6 3 0 0 . 7 1 7 0 . 6 8 9
9 4 1 2 1 0 . 5 0 8 0 . 5 9 4 1 . 0 9 2 0 . 6 3 3
9 4 1 2 1 0 . 5 6 9 0 . 6 4 3 1 . 0 5 1 0 . 7 8 4
9 4 1 4 0 0 . 4 3 2 0 . 5 8 4 0 . 7 0 1 0 . 6 2 7
9 4 1 4 0 0 . 5 3 4 0 . 5 1 3 0 . 7 9 5 0 . 8 9 9
9 4 1 4 0 0 . 6 2 9 0 . 3 9 4 0 . 8 2 6 0 . 5 9 6
9 4 1 1 0 0 0 . 2 4 1 0 . 2 0 1 0 . 2 2 9 0 . 0 6 2
9 4 1 1 0 0 0 . 3 9 1 0 . 4 6 7 0 . 7 3 0 0 . 2 1 8

9 4 1 1 0 0 0 . 3 8 7 0 . 4 2 6 0 . 8 3 3 0 . 3 7 4
9 4 2 0 0 . 3 0 6 5 . 0 5 5 1 . 0 7 7 1 . 5 3 4
9 4 2 0 0 . 5 3 6 4 . 8 5 0 1 . 1 1 5 1 . 6 2 2
9 4 2 0 0 . 3 8 3 5 . 0 7 2 1 . 0 9 8 1 . 5 7 8

9 4 2 1 0 . 3 4 8 5 . 2 5 7 0 . 5 2 6 0 . 5 9 2
9 4 2 1 0 . 2 7 2 4 . 6 1 4 0 . 6 5 4 0 . 7 5 2
9 4 2 1 0 . 3 5 0 4 . 6 9 0 0 . 5 2 4 0 . 7 1 7

9 4 2 3 0 . 4 1 0 2 . 9 4 5 0 . 7 4 9 0 . 8 5 4
9 4 2 3 0 . 3 7 0 3 . 5 0 5 0 . 9 8 7 0 . 4 9 6
9 4 2 3 0 . 3 8 0 3 . 6 6 8 0 . 7 9 7 0 . 4 1 9
9 4 2 7 0 . 5 1 3 1 . 9 5 8 0 . 8 8 7 0 . 7 8 5
9 4 2 7 0 . 5 4 1 2 . 0 1 6 0 . 8 1 9 0 . 6 6 2
9 4 2 7 0 . 4 8 3 2 . 4 0 9 0 . 7 7 5 0 . 8 5 4
9 4 2 1 4 0 . 5 4 5 1 . 0 9 0 0 . 8 6 5 0 . 9 8 2
9 4 2 1 4 0 . 4 8 5 0 . 9 1 2 0 . 9 2 6 0 . 8 9 2
9 4 2 1 4 0 . 4 8 3 0 . 9 5 3 0 . 8 5 4 0 . 6 8 2

9 4 2 2 1 0 . 5 6 8 1 . 2 7 6 0 . 7 6 8 0 . 8 2 1
9 4 2 2 1 0 . 4 5 0 1 . 0 7 8 0 . 9 2 9 0 . 6 8 7

9 4 2 2 1 0 . 3 2 6 1 . 1 6 1 1 . 0 7 2 0 . 7 2 1
9 4 2 4 0 0 . 5 4 1 0 . 9 3 4 0 . 7 9 8 0 . 3 7 2
9 4 2 4 0 0 . 6 3 2 0 . 7 9 4 0 . 7 8 5 0 . 2 6 7
9 4 2 4 0 0 . 4 9 1 0 . 5 4 3 0 . 7 5 1 0 . 6 0 9

9 4 2 1 0 0 0 . 2 3 8 0 . 3 6 3 0 . 4 7 7 0 . 7 8 1
9 4 2 1 0 0 0 . 3 9 7 0 . 6 6 8 0 . 6 8 3 0 . 5 8 6
9 4 2 1 0 0 0 . 4 1 0 0 . 4 6 2 0 . 5 7 4 0 . 2 8 2
9 4 3 0 0 . 6 6 1 5 . 4 6 1 1 . 1 0 5 1 . 4 7 8
9 4 3 0 0 . 5 0 5 5 . 0 3 6 1 . 0 0 2 1 . 5 8 0
9 4 3 0 0 . 5 2 4 4 . 1 4 0 1 . 1 3 9 1 . 5 9 1
9 4 3 1 0 . 3 8 4 3 . 7 4 1 0 . 7 8 5 0 . 8 1 9
9 4 3 1 0 . 4 7 6 3 . 2 6 5 0 . 6 8 5 0 . 6 9 9
9 4 3 1 0 . 4 9 8 2 . 1 6 4 0 . 7 7 8 0 . 7 9 2
9 4 3 3 0 . 4 8 1 5 . 0 4 9 0 . 8 4 3 0 . 3 9 2
9 4 3 3 0 . 3 5 3 3 . 1 3 1 0 . 7 2 0 0 . 5 8 9
9 4 3 3 0 . 1 9 0 2 . 9 6 0 0 . 6 5 4 0 . 9 2 5
9 4 3 7 0 . 5 0 8 3 . 1 6 0 0 . 9 7 0 0 . 9 3 2
9 4 3 7 0 . 3 2 2 2 . 9 1 2 0 . 8 1 9 0 . 8 5 4
9 4 3 7 0 . 2 9 4 1 . 4 6 7 0 . 6 5 9 0 . 5 3 0
9 4 3 1 4 0 . 4 2 1 1 . 1 5 8 0 . 9 8 8 0 . 9 4 0

9 4 3 1 4 0 . 3 2 4 2 . 8 4 2 0 . 8 8 3 0 . 6 6 8
9 4 3 1 4 0 . 4 9 6 1 . 2 8 7 0 . 7 9 5 0 . 5 2 8
9 4 3 2 1 0 . 1 9 8 1 . 1 7 2 0 . 7 6 3 0 . 8 8 7
9 4 3 2 1 0 . 4 4 3 2 . 2 4 5 0 . 5 1 4 0 . 7 7
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Y T D C i t r i c M a l i c O x a l o a c e t i c S u c c i n i c

9 4 3 2 1 0 . 2 5 3 1 . 2 5 4 0 . 8 2 1 0 . 6 8 1

9 4 3 4 0 0 . 3 9 1 0 . 4 1 7 0 . 6 1 9 0 . 7 7 2
9 4 3 4 0 0 . 2 1 4 0 . 3 1 8 0 . 7 4 1 0 . 5 3 3

9 4 3 4 0 0 . 3 0 2 0 . 3 1 4 0 . 6 5 2 0 . 4 1 0

9 4 3 1 0 0 0 . 1 5 2 0 . 1 4 2 0 . 5 4 4 0 . 6 0 9

9 4 3 1 0 0 0 . 1 9 4 0 . 5 4 3 0 . 2 9 0 0 . 4 5 9
9 4 3 1 0 0 0 . 2 5 0 0 . 4 7 7 0 . 2 0 8 0 . 2 8 7

9 4 4 0 0 . 9 3 8 4 . 3 7 2 1 . 0 6 4 1 . 5 1 3

9 4 4 0 0 . 6 5 6 5 . 1 1 3 1 . 1 9 4 1 . 4 9 5

9 4 4 0 0 . 5 7 3 3 . 3 4 3 0 . 8 3 1 1 . 5 6 5
9 4 4 1 0 . 4 0 2 4 . 5 7 7 0 . 7 5 7 0 . 7 1 0

9 4 4 1 0 . 2 3 2 2 . 8 0 8 0 . 7 4 5 0 . 4 9 2

9 4 4 1 0 . 4 2 0 4 . 3 8 5 0 . 8 7 5 0 . 6 0 7
9 4 4 3 0 . 3 5 1 4 . 7 3 4 0 . 7 9 0 0 . 5 4 1
9 4 4 3 0 . 3 8 3 4 . 0 0 3 0 . 7 3 2 0 . 6 1 2

9 4 4 3 0 . 5 8 4 3 . 7 1 5 0 . 9 4 4 0 . 4 4 6
9 4 4 7 0 . 2 5 5 4 . 2 5 0 0 . 8 0 2 0 . 3 7 2

9 4 4 7 0 . 3 4 1 3 . 0 6 6 0 . 7 4 8 0 . 5 1 7
9 4 4 7 0 . 3 1 1 3 . 1 3 0 0 . 9 2 7 0 . 4 8 5

9 4 4 1 4 0 . 4 8 8 2 . 0 8 5 0 . 8 7 7 0 . 4 2 3
9 4 4 1 4 0 . 3 3 0 1 . 6 8 2 0 . 9 4 3 0 . 4 9 9

9 4 4 1 4 0 . 3 9 0 1 . 3 8 5 0 . 7 2 0 0 . 5 6 7
9 4 4 2 1 0 . 3 3 5 1 . 5 6 4 0 . 7 2 4 0 . 5 7 3

9 4 4 2 1 0 . 5 9 8 2 . 2 1 7 0 . 6 5 3 0 . 6 3 3

9 4 4 2 1 0 . 4 3 6 0 . 3 6 8 0 . 5 4 5 0 . 8 4 0
9 4 4 4 0 0 . 3 5 3 0 . 6 8 4 0 . 6 8 9 0 . 7 4 5
9 4 4 4 0 0 . 2 1 4 0 . 7 8 1 0 . 7 8 4 0 . 6 9 5

9 4 4 4 0 0 . 2 9 4 0 . 8 1 4 0 . 8 4 5 0 . 5 8 4
9 4 4 1 0 0 0 . 2 9 1 0 . 6 8 9 0 . 2 9 6 0 . 7 4 5

9 4 4 1 0 0 0 . 2 1 1 0 . 5 1 4 0 . 3 6 4 0 . 2 1 7
9 4 4 1 0 0 0 . 2 0 7 0 . 7 8 6 0 . 3 6 2 0 . 1 3 8

9 3 1 0 0 . 4 2 0 2 . 6 1 3 0 . 7 8 5 2 . 0 6 4

9 3 1 0 0 . 5 0 8 2 . 5 7 9 0 . 4 8 1 2 . 9 8 0

9 3 1 0 0 . 4 0 4 2 . 4 6 3 0 . 6 7 6 1 . 0 4 4
9 3 1 1 0 . 2 1 6 1 . 6 3 1 0 . 6 6 5 1 . 9 7 2

9 3 1 1 0 . 2 0 4 1 . 6 3 5 0 . 6 6 6 1 . 0 5 0

9 3 1 1 0 . 1 9 7 1 . 4 3 3 0 . 5 5 7 1 . 5 1 0

9 3 1 3 0 . 2 9 2 0 . 5 8 3 1 . 1 8 5 1 . 6 6 4
9 3 1 3 0 . 4 7 0 1 . 7 7 3 1 . 0 8 1 1 . 5 5 3
9 3 1 3 0 . 2 6 8 1 . 4 7 8 0 . 9 4 1 1 . 7 3 6

9 3 1 7 0 . 2 8 8 1 . 0 6 3 1 . 0 0 5 1 . 7 2 0
9 3 1 7 0 . 3 2 1 1 . 3 8 4 1 . 2 8 4 1 . 9 2 3
9 3 1 7 0 . 8 7 0 1 . 2 3 1 0 . 0 6 1 0 . 6 9 9

9 3 1 1 4 0 . 5 4 1 1 . 3 8 1 0 . 2 8 7 1 . 8 1 1

9 3 1 1 4 0 . 5 2 0 1 . 2 1 4 0 . 8 7 2 1 . 9 4 4
9 3 1 1 4 0 . 6 9 7 1 . 3 9 1 0 . 7 7 0 1 . 9 3 3
9 3 1 2 1 0 . 5 4 3 1 . 2 0 8 0 . 6 5 1 1 . 7 4 3
9 3 1 2 1 0 . 5 1 2 1 . 1 7 4 0 . 7 6 6 1 . 7 0 6

9 3 1 2 1 0 . 6 1 2 1 . 3 2 8 0 . 7 7 0 1 . 2 5 4
9 3 1 4 0 0 . 6 0 5 1 . 0 5 8 0 . 8 9 8 1 . 4 9 9
9 3 1 4 0 0 . 5 4 9 1 . 0 7 3 0 . 6 2 0 1 . 3 5 3

9 3 1 4 0 0 . 4 0 6 1 . 0 7 3 0 . 6 6 5 1 . 0 5 7

9 3 1 1 0 0 0 . 3 2 9 1 . 0 9 3 0 . 3 1 1 1 . 1 6 4
9 3 1 1 0 0 0 . 3 1 6 0 . 8 9 0 0 . 5 8 7 1 . 0 7 0
9 3 1 1 0 0 0 . 3 3 9 1 . 0 3 3 0 . 6 3 4 1 . 0 9 5

9 3 2 0 0 . 0 9 9 2 . 5 8 1 0 . 5 4 9 2 . 2 1 5

9 3 2 0 0 . 8 9 1 2 . 3 0 0 0 . 7 8 7 2 . 3 0 0

9 3 2 0 0 . 6 5 8 2 . 9 4 1 0 . 4 6 5 2 . 3 9 2
9 3 2 1 0 . 3 3 6 1 . 6 7 5 0 . 5 2 5 0 . 9 1 8
9 3 2 1 0 . 3 1 3 1 . 7 1 8 0 . 5 3 0 0 . 8 0 7

9 3 2 1 0 . 1 9 2 1 . 4 2 2 0 . 5 3 3 1 . 5 7 6
9 3 2 3 0 . 3 8 1 1 . 4 7 6 0 . 1 5 3 1 . 8 0 1
9 3 2 3 0 . 3 7 9 1 . 6 6 4 1 . 2 9 5 2 . 0 6 5

9 3 2 3 0 . 7 0 7 1 . 5 2 3 1 . 0 7 0 1 . 6 8 6
9 3 2 7 0 . 5 7 8 1 . 6 4 1 0 . 1 8 5 1 . 4 8 6
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T a b l e A - 1 . C o n t .

 

 

Y T D C i t r i c M a l i c O x a l o a c e t i c S u c c i n i c

9 3 2 7 0 . 4 8 0 1 . 3 8 6 0 . 9 2 7 1 . 6 6 5
9 3 2 7 0 . 6 2 1 1 . 6 6 8 0 . 7 4 7 1 . 6 2 6
9 3 2 1 4 0 . 6 8 2 1 . 2 7 8 0 . 9 0 0 1 . 9 9 2
9 3 2 1 4 0 . 4 7 0 1 . 4 3 3 0 . 8 5 6 1 . 8 8 3
9 3 2 1 4 0 . 4 8 3 1 . 4 4 6 0 . 9 7 8 1 . 6 8 7

9 3 2 2 1 0 . 6 4 6 1 . 0 9 8 0 . 9 9 2 1 . 6 8 3
9 3 2 2 1 0 . 4 5 5 0 . 7 4 8 1 . 1 1 6 0 . 7 0 6

9 3 2 2 1 0 . 7 0 3 0 . 5 8 3 1 . 0 8 6 1 . 6 8 8

9 3 2 4 0 0 . 3 7 2 0 . 2 6 4 0 . 5 3 8 0 . 9 2 7

9 3 2 4 0 0 . 3 8 8 0 . 2 7 7 0 . 6 7 0 1 . 1 8 9
9 3 2 4 0 0 . 3 9 0 0 . 2 8 2 0 . 6 4 1 1 . 5 9 6
9 3 2 1 0 0 0 . 3 9 5 0 . 6 4 9 0 . 8 5 0 0 . 0 6 2

9 3 2 1 0 0 0 . 3 3 8 0 . 5 5 9 0 . 7 5 6 0 . 8 1 8

9 3 2 1 0 0 0 . 3 8 2 0 . 7 5 8 0 . 5 9 7 0 . 8 7 1
9 3 3 0 0 . 1 9 4 2 . 5 4 6 0 . 5 9 1 2 . 9 4 3
9 3 3 0 0 . 1 8 5 2 . 2 5 4 0 . 8 6 1 2 . 5 5 2
9 3 3 0 0 . 1 8 9 2 . 3 9 9 0 . 8 0 5 2 . 3 8 6

9 3 3 1 0 . 0 6 4 2 . 8 2 9 0 . 5 5 7 1 . 8 6 2
9 3 3 1 0 . 1 9 9 1 . 3 5 2 0 . 5 7 9 1 . 7 3 3

9 3 3 1 0 . 3 7 9 1 . 5 0 6 0 . 4 8 4 1 . 7 6 4
9 3 3 3 0 . 3 6 3 1 . 4 9 4 0 . 9 8 0 1 . 5 5 4
9 3 3 3 0 . 3 4 1 1 . 0 5 2 0 . 6 1 2 1 . 4 9 6
9 3 3 3 0 . 3 6 0 1 . 6 7 3 0 . 7 8 9 1 . 4 1 9
9 3 3 7 0 . 6 5 7 1 . 4 8 2 0 . 0 2 4 1 . 8 9 5

9 3 3 7 0 . 6 7 1 1 . 7 3 5 1 . 0 2 6 1 . 6 6 0
9 3 3 7 0 . 6 7 7 1 . 3 6 5 1 . 0 5 3 1 . 5 3 0
9 3 3 1 4 0 . 6 2 7 0 . 9 0 0 1 . 0 8 2 1 . 7 9 2
9 3 3 1 4 0 . 5 7 9 0 . 7 5 1 0 . 8 8 3 1 . 3 6 8

9 3 3 1 4 0 . 5 8 1 0 . 8 9 3 0 . 7 8 4 1 . 2 2 1
9 3 3 2 1 0 . 6 3 1 0 . 9 8 0 1 . 0 3 0 1 . 1 8 7
9 3 3 2 1 0 . 7 8 1 0 . 8 2 4 1 . 0 8 5 1 . 9 7 0

9 3 3 2 1 0 . 7 1 9 0 . 8 3 4 0 . 7 6 9 1 . 8 0 8
9 3 3 4 0 0 . 6 8 5 0 . 5 3 3 0 . 1 3 2 1 . 0 7 2

9 3 3 4 0 0 . 3 1 9 0 . 4 6 7 0 . 5 9 5 1 . 9 1 0
9 3 3 4 0 0 . 5 3 4 0 . 8 2 5 0 . 9 2 9 1 . 1 3 3
9 3 3 1 0 0 0 . 3 5 2 0 . 5 7 4 0 . 5 8 0 0 . 3 0 9

9 3 3 1 0 0 0 . 2 7 1 0 . 7 3 6 0 . 6 4 7 0 . 2 8 0
9 3 3 1 0 0 0 . 2 8 4 0 . 6 2 4 0 . 8 2 2 0 . 8 1 9
9 3 4 0 0 . 1 8 5 2 . 5 0 3 0 . 8 9 3 2 . 5 6 3
9 3 4 0 0 . 1 9 4 2 . 4 4 0 0 . 7 8 7 2 . 2 6 0

9 3 4 0 0 . 1 6 9 2 . 3 7 8 0 . 6 3 0 2 . 7 4 2
9 3 4 1 0 . 2 1 7 1 . 6 9 0 0 . 5 6 4 1 . 6 0 8
9 3 4 1 0 . 5 4 1 1 . 5 2 2 0 . 5 8 5 1 . 6 8 8

9 3 4 1 0 . 5 8 8 1 . 7 7 1 0 . 6 4 5 1 . 7 5 8
9 3 4 3 0 . 2 7 5 1 . 6 6 1 0 . 5 8 2 1 . 9 5 0
9 3 4 3 0 . 5 3 0 1 . 6 6 1 1 . 0 3 1 1 . 7 2 9
9 3 4 3 0 . 5 0 9 1 . 1 0 4 0 . 9 9 9 1 . 8 9 1
9 3 4 7 0 . 6 7 7 1 . 3 2 8 1 . 0 9 8 1 . 3 5 1
9 3 4 7 0 . 3 4 5 1 . 5 1 0 0 . 8 3 4 1 . 6 2 4
9 3 4 7 0 . 9 6 9 1 . 6 9 4 0 . 8 1 1 1 . 7 2 2
9 3 4 1 4 0 . 7 0 1 0 . 9 0 4 0 . 7 9 6 1 . 3 2 3
9 3 4 1 4 0 . 6 8 9 0 . 9 2 9 1 . 0 1 5 1 . 5 6 1
9 3 4 1 4 0 . 5 8 4 0 . 5 7 6 0 . 8 3 8 1 . 4 0 1

9 3 4 2 1 0 . 6 8 4 0 . 9 6 9 0 . 8 7 5 1 . 5 2 3
9 3 4 2 1 0 . 6 8 8 0 . 7 7 1 0 . 8 5 2 1 . 3 9 3

9 3 4 2 1 0 . 6 2 8 0 . 8 7 8 1 . 0 5 5 1 . 1 3 8
9 3 4 4 0 0 . 5 2 3 0 . 5 0 7 1 . 0 7 1 1 . 3 7 5
9 3 4 4 0 0 . 4 9 1 0 . 7 8 1 0 . 7 9 5 1 . 6 1 5
9 3 4 4 0 0 . 4 4 4 0 . 9 5 2 0 . 8 7 7 1 . 1 0 2
9 3 4 1 0 0 0 . 3 5 8 0 . 4 1 6 0 . 6 0 5 1 . 0 5 3

9 3 4 1 0 0 0 . 3 2 0 0 . 4 4 6 0 . 7 7 0 1 . 1 3 4
9 3 4 1 0 0 0 . 3 0 8 0 . 5 6 0 0 . 8 2 8 1 . 0 8 9
 

A b b r e v i a t i o n s :
Y = Y e a r ; T = T r e a t m e n t ( 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I ) ; D = D a y o f e n s i l i n g .
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( C h a p t e r 2 )
D a t a u s e d f o r a n a l y s i s o f p H a n d m i c r o b i a l s u c c e s s i o n ( c f u / g o f f r e s h m a t e r i a l ) i n f o r a g e s o r g h u m
e n s i l e d i n t e m p e r a t e a n d t r o p i c a l e n v i r o n m e n t s .

T a b l e A - 2 . 
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T a b l e A - 2 . C o n t .

E n v Y e a r T r t 0 R e p p H L A B E N T Y M L A Y

2 9 3 1 1 2 4 . 8 4 5 . 4 2 7 . 4 5 7 . 2 5 4 . 0 5
2 9 3 1 1 3 4 . 7 6 5 . 4 6 7 . 7 7 7 . 1 1 3 . 9 9
2 9 3 1 3 1 4 . 7 8 6 . 8 9 5 . 8 7 6 . 7 3 5 . 5 5
2 9 3 1 3 2 4 . 8 1 7 . 3 7 5 . 2 9 7 . 2 4 5 . 6 4
2 9 3 1 3 3 4 . 5 2 7 . 8 0 5 . 7 8 6 . 7 8 6 . 2 1
2 9 3 1 7 1 4 . 9 3 7 . 7 3 3 . 8 5 6 . 2 5 4 . 4 6
2 9 3 1 7 2 4 . 8 8 7 . 7 7 4 . 0 3 7 . 1 2 7 . 0 1
2 9 3 1 7 3 4 . 5 0 7 . 0 2 3 . 9 9 5 . 9 4 5 . 2 1
2 9 3 1 1 4 1 4 . 5 9 6 . 4 4 2 . 9 0 5 . 9 4 5 . 5 1
2 9 3 1 1 4 2 4 . 5 1 6 . 9 6 2 . 8 4 6 . 4 1 5 . 3 9
2 9 3 1 1 4 3 4 . 2 4 7 . 0 4 2 . 6 0 5 . 8 0 5 . 4 9
2 9 3 1 2 1 1 4 . 7 7 7 . 0 9 2 . 0 0 6 . 6 3 6 . 5 4
2 9 3 1 2 1 2 4 . 5 7 6 . 9 9 3 . 3 1 7 . 7 0 6 . 7 1
2 9 3 1 2 1 3 4 . 4 5 6 . 4 8 1 . 0 0 6 . 7 6 6 5 5
2 9 3 1 4 0 1 4 . 3 0 7 . 3 0 3 . 2 6 6 . 1 0 5 3 5
2 9 3 1 4 0 2 4 . 2 7 7 . 0 9 2 . 7 3 7 . 3 8 5 4 3
2 9 3 1 4 0 3 4 . 1 0 6 . 4 4 0 . 0 0 6 . 7 7 6 . 5 1
2 9 3 1 1 0 0 1 4 . 1 9 6 . 5 0 3 . 0 0 6 . 3 0 5 . 2 0
2 9 3 1 1 0 0 2 4 . 1 9 6 . 7 5 2 . 3 0 6 . 2 0 5 . 1 0
2 9 3 1 1 0 0 3 4 . 1 6 6 . 4 3 1 . 0 0 7 . 3 0 6 . 2 0
2 9 3 2 0 1 5 . 5 5 4 . 0 1 7 . 2 9 5 . 9 1 2 . 7 4
2 9 3 2 0 2 5 . 2 6 4 . 3 4 7 . 3 7 6 . 0 2 2 . 2 5
2 9 3 2 0 3 6 . 0 2 3 . 4 8 7 . 0 9 5 . 8 4 2 . 5 8
2 9 3 2 1 1 4 . 7 3 6 . 0 4 7 . 6 5 6 . 9 0 4 . 0 0
2 9 3 2 1 2 4 . 8 9 5 . 1 2 7 . 7 1 6 . 9 9 4 . 2 1
2 9 3 2 1 3 4 . 7 4 5 . 9 9 8 . 2 0 6 . 9 5 3 . 9 8
2 9 3 2 3 1 4 . 8 5 6 . 9 2 5 . 7 7 6 . 2 8 4 . 5 3
2 9 3 2 3 2 4 . 8 6 8 . 0 1 4 . 9 8 6 . 7 5 4 . 9 3
2 9 3 2 3 3 4 . 8 0 7 . 7 6 4 . 8 3 6 . 7 7 5 . 3 6
2 9 3 2 7 1 4 . 5 4 7 . 7 4 3 . 5 0 7 . 1 8 6 . 6 9
2 9 3 2 7 2 4 . 6 1 7 . 7 4 3 . 4 9 7 . 5 8 6 . 1 0
2 9 3 2 7 3 4 . 4 6 7 . 4 7 3 . 7 0 6 . 4 0 5 . 3 3
2 9 3 2 1 4 1 4 . 3 9 7 . 1 0 3 . 8 3 6 . 3 5 5 . 8 9
2 9 3 2 1 4 2 4 . 4 6 7 . 7 6 4 . 2 4 6 . 8 7 6 . 6 5
2 9 3 2 1 4 3 4 . 3 1 7 . 2 5 4 . 3 4 5 . 8 1 4 . 4 6
2 9 3 2 2 1 1 4 . 6 4 5 . 7 2 2 . 7 3 5 . 5 7 5 . 5 6
2 9 3 2 2 1 2 4 . 7 9 7 . 2 0 4 . 3 0 7 . 9 5 7 . 4 9
2 9 3 2 2 1 3 4 . 6 3 7 . 3 8 3 . 9 3 6 . 6 8 5 . 7 6
2 9 3 2 4 0 1 4 . 2 1 6 . 1 6 2 . 3 0 5 . 4 1 5 . 2 9
2 9 3 2 4 0 2 4 . 2 5 7 . 0 9 2 . 6 0 7 . 7 0 7 . 2 3
2 9 3 2 4 0 3 4 . 2 3 6 . 7 8 2 . 0 0 7 . 1 8 6 . 5 7
2 9 3 2 1 0 0 1 4 . 1 7 6 . 3 4 2 . 3 0 6 . 5 4 5 . 7 8
2 9 3 2 1 0 0 2 4 . 3 1 6 . 6 5 2 . 3 0 6 . 7 0 6 . 2 0
2 9 3 2 1 0 0 3 4 . 1 9 6 . 7 0 1 . 0 0 7 . 2 0 6 . 8 5
2 9 3 3 0 1 4 . 9 9 5 . 4 3 6 . 5 9 6 . 2 5 2 . 5 1
2 9 3 3 0 2 5 . 2 6 5 . 6 9 6 . 9 6 6 . 1 5 2 . 2 3
2 9 3 3 0 3 5 . 9 5 5 . 5 5 6 . 2 9 6 . 1 8 2 . 6 1
2 9 3 3 1 1 4 . 6 6 6 . 5 7 6 . 0 9 5 . 0 1 3 . 8 6
2 9 3 3 1 2 4 . 5 6 6 . 5 3 6 . 1 0 6 . 3 2 4 . 0 5
2 9 3 3 1 3 4 . 6 2 6 . 2 4 5 . 8 1 5 . 5 5 3 . 8 7
2 9 3 3 3 1 4 . 4 4 6 . 6 6 5 . 3 7 5 . 7 0 4 . 4 4
2 9 3 3 3 2 4 . 4 8 8 . 2 1 5 . 4 2 6 . 6 6 4 . 6 5
2 9 3 3 3 3 4 . 3 0 7 . 6 4 4 . 6 7 5 . 2 3 4 . 1 9
2 9 3 3 7 1 4 . 4 0 7 . 9 9 3 . 7 1 6 . 3 9 6 . 2 2
2 9 3 3 7 2 4 . 5 5 7 . 7 1 3 . 4 9 7 . 1 1 7 . 0 9
2 9 3 3 7 3 4 . 5 0 7 . 2 7 3 . 2 0 7 . 1 9 5 . 3 2
2 9 3 3 1 4 1 4 . 3 5 7 . 2 6 5 . 0 4 6 . 9 0 6 . 6 7
2 9 3 3 1 4 2 4 . 2 0 7 . 2 6 4 . 7 0 7 . 3 3 7 . 2 8
2 9 3 3 1 4 3 4 . 2 6 7 . 0 1 3 . 4 7 7 . 3 4 6 . 0 0
2 9 3 3 2 1 1 4 . 3 7 7 . 4 4 3 . 2 4 6 . 4 8 6 . 2 8
2 9 3 3 2 1 2 4 . 4 3 6 . 7 0 1 . 0 0 5 . 7 7 5 . 6 3
2 9 3 3 2 1 3 4 . 4 0 7 . 5 4 3 . 5 5 6 . 8 8 6 . 7 4
2 9 3 3 4 0 1 4 . 0 5 6 . 5 7 4 . 3 8 6 . 4 5 4 . 6 5
2 9 3 3 4 0 2 4 . 0 3 7 . 0 6 4 . 6 8 8 . 4 3 5 . 6 7
2 9 3 3 4 0 3 4 . 0 5 7 . 0 8 4 . 2 1 8 . 2 7 6 . 9 4
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L A YY ME N Tp H L A BR e pT r tY e a rE n v 

3
5
3
1
3
5
3
1
0
3
4
0
4
7
9
0
9
3
3
1
5
4
5
5
8
2
8
6
3
0
0
1
7
4
3
9
0
5
0
9
2
5
6
8
5
4
5
4
0
9
0
6
5
2

6
5
9
2
8
8
8
1
5
6
6
9
0
8
0
3
2
2
3
2
2
0
4
2
4
3
6
2
0
1
9
9
1
0
3
2
6
8
9
4
6
4
1
5
2
0
4
3
9
2
8
7
0
8

0
0
0
7
0
0
7
5
8
4
2
0
8
0
2
8
9
4
5
3
4
3
7
0
0
0
5
3
9
9
9
5
2
8
9
4
7
1
5
0
0
0
0
0
9
3
2
0
5
2
3
5
4
5
2
8
1
2
9
2
7
9
0
5
9
1

0
3
9
1
9
9
5
7
7
5
9
5
7
0
3
4
0
5
7
2
6
0
0
3
6
2
1
0
4
8
9
5
5
6
1
8
5
4
0
7
1
3
6
6
7
2
0
0
6
6
3
2
8
0
7
3
9
4
0
2
1
2
3
4
6
7

3

4
5
7
8
1
9
0
“
9
5
2
0
0
5
3
2
4
5
6
4
4
1
4
3
5
5
3
0
7
1
3
2
7
5
1
2
0
8
0
5
1
1
5
1
4
4
8
3
4
4
6
0
8
6
3
7
2
2
1
5
3
7
0
6
6
0
2

5
6
6
5
8
3
2
0
3
3
5
7
8
8
9
0
5
5
9
3
5
7
8
7
4
4
3
0
4
7
7
1
3
0
4
1
1
4
6
3
2
3
0
5
8
9
6
5
2
3
9
9
1
4
2
2
0
3
4
0
0
2
2
2
0
7

5
7

“
9
3
0
4
1
6
5
7
0
0
7
6
9
4
4
2
4
8
3
0
2
0
8
4
0
8
3
8
6
5
2
9
9
0
5
5
0
6
7
3
0
5
2
0
0
4
7
5
0
0

1
3
5
3
0
9
9
0
9
1
6
7
8
2
7
8
7
7
5
7
7
6
4
5
2
5
5
3
1
1
1
0
1
1
6
3
1
8
3
7
7
7
7
7
8
7
4
4
5
5

4
4
4

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1

4
4
4

m
4
4
4
1
1
1
0
0
0
m
m
m

4
4
4
1

1
1
1

1
1
1
1
2
2
2
4
4
4
1
1
1
0
0
0
1
1
1
3
3
3
7
7
7
1
1
1
2

1 0 0

1 0 0

m
w
m

1
1
1
0
0
0

1
1
1
0
0
0
1
1
1
3
3
3
7
7
7

0
.
2
2
4
4
4

0
0
0
1
1
1
3
3
3
7
7
7

3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

4
4
.
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2  



2 6 0

 

 

T a b l e A - 2 . C o n t .

E n v Y e a r T r t D R e p p H L A B E N T Y M L A Y

2 9 4 2 2 1 2 4 . 6 5 5 . 9 2 1 . 0 0 5 . 5 5 5 . 1 5
2 9 4 2 2 1 3 4 . 6 0 6 . 7 7 6 . 7 2 6 . 3 1 6 . 7 9
2 9 4 2 4 0 1 4 . 2 0 5 . 6 5 2 . 4 7 4 . 6 9 4 . 3 0
2 9 4 2 4 0 2 4 . 0 5 6 . 7 4 4 . 0 6 5 . 6 9 4 . 6 0
2 9 4 2 4 0 3 4 . 1 1 7 . 3 7 3 . 8 8 5 . 7 7 4 . 6 0
2 9 4 2 1 0 0 1 4 . 2 0 6 . 0 5 3 . 6 2 4 . 8 4 4 . 6 9
2 9 4 2 1 0 0 2 4 . 1 2 6 . 1 2 5 . 1 0 4 . 7 7 4 . 4 7
2 9 4 2 1 0 0 3 4 . 1 9 5 . 8 2 2 . 4 7 4 . 6 0 4 . 6 0
2 9 4 3 0 1 5 . 2 3 5 . 3 7 4 . 9 8 3 . 5 9 2 . 6 9
2 9 4 3 0 2 5 . 2 4 5 . 1 4 6 . 8 7 3 . 5 5 2 . 6 9
2 9 4 3 0 3 5 . 8 7 5 . 2 7 6 . 0 8 3 . 5 9 3 . 0 4
2 9 4 3 1 1 4 . 6 2 8 . 8 3 8 . 8 5 5 . 1 4 5 . 1 0
2 9 4 3 1 2 4 . 5 7 9 . 1 2 8 . 9 4 5 . 7 0 5 . 5 2
2 9 4 3 1 3 4 . 5 6 9 . 0 7 9 . 0 9 5 . 9 0 5 . 1 4
2 9 4 3 3 1 4 . 3 5 9 . 1 6 5 . 7 1 6 . 0 3 5 . 9 7
2 9 4 3 3 2 4 . 4 0 9 . 1 9 6 . 6 0 6 . 7 8 6 . 4 2
2 9 4 3 3 3 4 . 2 8 8 . 7 5 6 . 5 9 6 . 8 0 6 . 7 5
2 9 4 3 7 1 4 . 1 5 7 . 8 5 5 . 2 9 7 . 5 9 7 . 3 0
2 9 4 3 7 2 4 . 2 5 8 . 4 1 4 . 2 5 7 . 6 9 7 . 3 2
2 9 4 3 7 3 4 . 4 0 8 . 5 5 3 . 1 9 6 . 3 6 6 . 2 3
2 9 4 3 1 4 1 4 . 4 2 6 . 9 1 4 . 0 2 6 . 2 1 6 . 1 2
2 9 4 3 1 4 2 4 . 1 5 6 . 7 0 3 . 5 1 6 . 6 5 6 . 6 5
2 9 4 3 1 4 3 4 . 2 2 6 . 6 5 2 . 9 0 5 . 8 6 5 . 5 4
2 9 4 3 2 1 1 4 . 2 5 6 . 7 7 5 . 8 4 6 . 2 5 6 . 0 2
2 9 4 3 2 1 2 4 . 3 5 6 . 4 7 3 . 3 0 6 . 1 0 5 . 9 7
2 9 4 3 2 1 3 4 . 3 5 6 . 3 6 4 . 0 9 5 . 8 9 5 . 6 6
2 9 4 3 4 0 1 4 . 1 4 6 . 3 0 2 . 0 0 5 . 1 2 5 . 5 5
2 9 4 3 4 0 2 4 . 1 0 5 . 8 0 4 . 4 8 4 . 7 7 4 . 8 4
2 9 4 3 4 0 3 4 . 0 5 6 . 4 6 4 . 0 4 5 . 1 7 5 . 2 8
2 9 4 3 1 0 0 1 4 . 2 0 5 . 9 2 4 . 0 8 5 . 0 4 4 . 0 0
2 9 4 3 1 0 0 2 4 . 0 8 4 . 8 8 3 . 0 0 4 . 9 5 4 . 3 0
2 9 4 3 1 0 0 3 4 . 1 0 6 . 0 2 3 . 3 8 4 . 7 7 4 . 3 0
2 9 4 4 0 I 5 . 4 3 4 . 4 5 5 . 3 1 2 . 0 0 2 . 6 9
2 9 4 4 0 2 5 . 3 2 5 . 2 0 6 . 0 2 2 . 7 7 2 . 6 0
2 9 4 4 0 3 5 . 8 8 5 . 3 6 6 . 3 6 2 . 4 7 3 . 4 9
2 9 4 4 1 1 4 . 5 2 8 . 8 5 7 . 5 3 5 . 3 4 4 . 4 9
2 9 4 4 1 2 4 . 7 0 8 . 9 4 7 . 4 4 5 . 8 6 5 . 0 4
2 9 4 4 1 3 4 . 6 4 9 . 0 9 7 . 0 9 5 . 3 8 5 . 1 5
2 9 4 4 3 1 4 . 3 5 8 . 9 4 6 . 0 2 7 . 0 7 6 . 0 3
2 9 4 4 3 2 4 . 2 2 8 . 7 1 5 . 9 4 6 . 9 0 6 . 7 1
2 9 4 4 3 3 4 . 2 9 9 . 1 3 6 . 4 1 7 . 0 0 6 . 5 9
2 9 4 4 7 I 4 . 2 5 8 . 0 9 5 . 9 6 7 . 1 0 7 . 2 4
2 9 4 4 7 2 4 . 2 5 8 . 0 1 5 . 6 0 7 . 2 6 7 . 0 0
2 9 4 4 7 3 4 . 2 5 7 . 5 2 6 . 0 0 7 . 4 6 7 . 4 1
2 9 4 4 1 4 1 4 . 1 1 6 . 9 2 3 . 4 3 6 . 6 0 6 . 5 4
2 9 4 4 1 4 2 4 . 3 9 7 . 2 2 3 . 3 8 6 . 0 4 6 . 0 9
2 9 4 4 1 4 3 4 . 2 0 6 . 5 5 2 . 8 4 5 . 9 6 5 . 9 0
2 9 4 4 2 1 1 4 . 1 5 6 . 6 2 6 . 0 0 6 . 2 2 6 . 0 2
2 9 4 4 2 1 2 4 . 3 5 6 . 5 4 3 . 4 0 6 . 0 7 5 . 4 7
2 9 4 4 2 1 3 4 . 3 5 6 . 6 3 3 . 0 0 5 . 7 1 5 . 0 4
2 9 4 4 4 0 1 4 . 0 2 5 . 8 7 1 . 0 0 5 . 9 1 5 . 9 7
2 9 4 4 4 0 2 3 . 9 1 5 . 9 8 5 . 1 4 5 . 2 7 5 . 7 3
2 9 4 4 4 0 3 3 . 8 7 6 . 7 8 3 . 8 6 5 . 5 7 4 . 9 9
2 9 4 4 1 0 0 1 4 . 0 7 6 . 0 0 4 . 2 0 5 . 2 6 4 . 4 7
2 9 4 4 1 0 0 2 3 . 9 6 5 . 6 5 4 . 4 5 4 . 8 0 4 . 7 7
2 9 4 4 1 0 0 3 4 . 1 0 4 . 9 5 3 . 9 2 4 . 4 7 4 . 8 0

 

A b b r e v i a t i o n s :
E n v = E n v i r o n m e n t , 1 = T e m p e r a t e , 2 = T r o p i c a l ; T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E
+ l ; D = D a y o f e n s i l i n g ; R e p = R e p l i c a t e , E n t = E n t e r o b a c t e r i a c e a e , L A B = L a c t i c a c i d b a c t e r i a , Y M = Y e a s t s a n d

m o l d s , L A Y = L a c t a t e a s s i m i l a t i n g y e a s t .
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T a b l e A - 3 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n e n d - p r o d u c t s ( 9 / 1 0 0 9 D M ) i n f o r a g e s o r g h u m e n s i l e d i n
a t e m p e r a t e e n v i r o n m e n t ( C h a p t e r 2 )

Y e a r T r t D a y A c e t i c a c i d L a c t i c a c i d P r o p i o n i c a c i d E t h a n o l B u t y r i c A c i d

9 3 1 0 0 . 2 9 4 0 . 9 6 7 6 0 0 . 1 7 1 0
9 3 1 0 0 . 2 3 2 0 . 0 6 6 0 0 0 . 0 6 6 0
9 3 1 0 0 . 3 5 0 0 . 6 9 8 8 0 0 . 1 8 7 0
9 3 1 1 1 . 0 0 7 3 . 5 6 4 7 0 0 . 6 9 1 0
9 3 1 1 1 . 0 9 1 2 . 7 3 8 7 0 . 0 0 7 0 . 4 2 3 0 . 0 0 6
9 3 1 1 1 . 0 0 0 3 . 5 6 7 1 0 . 0 0 4 0 . 5 4 3 0 . 0 0 5
9 3 1 3 1 . 0 0 1 5 . 6 0 3 3 0 . 0 0 5 1 . 7 9 8 0 . 0 0 9
9 3 1 3 1 . 2 8 3 5 . 3 2 8 6 0 . 0 0 6 1 . 2 5 5 0 . 0 0 3
9 3 1 3 1 . 2 9 8 5 . 7 3 1 8 0 . 0 1 8 1 . 1 7 7 0 . 0 0 4
9 3 1 7 1 . 1 9 0 6 . 6 0 4 9 0 . 0 1 9 1 . 2 9 0 0 . 0 0 3
9 3 1 7 1 . 2 0 8 5 . 8 3 6 8 0 . 0 0 9 1 . 9 9 9 0 . 0 0 8
9 3 1 7 1 . 7 9 5 6 . 3 1 9 3 0 . 0 0 8 1 . 3 5 1 0 . 0 0 9
9 3 1 1 4 1 . 5 5 4 9 . 2 9 4 9 0 . 0 0 8 1 . 6 5 2 0 . 0 1 4
9 3 1 1 4 1 . 7 8 6 1 0 . 1 3 8 0 1 . 5 1 3 0 . 0 1 7
9 3 1 1 4 1 . 7 3 5 9 . 3 8 1 5 0 . 0 0 9 1 . 0 3 6 0 . 0 1 6
9 3 1 2 1 1 . 8 2 6 9 . 0 1 7 6 0 . 0 1 0 1 . 4 4 9 0
9 3 1 2 1 1 . 8 0 2 9 . 4 0 4 7 0 . 0 1 0 1 . 2 3 9 0 . 0 1 4
9 3 1 2 1 1 . 8 7 9 9 . 9 1 7 7 0 . 0 0 9 1 . 5 9 9 0 . 0 1 4
9 3 1 4 0 2 . 0 9 6 7 . 6 5 8 0 0 . 0 1 2 1 . 5 1 1 0 . 0 0 8
9 3 1 4 0 2 . 3 2 2 9 . 9 1 6 5 0 . 0 1 2 1 . 1 7 1 0 . 0 0 9
9 3 1 4 0 1 . 2 5 8 6 . 5 3 9 5 0 . 0 1 1 1 . 0 2 0 0 . 0 1 6
9 3 1 1 0 0 2 . 1 5 2 5 . 4 8 0 0 0 . 0 1 5 1 . 0 7 4 0 . 0 1 3
9 3 1 1 0 0 2 . 0 5 0 6 . 3 8 8 0 0 . 0 1 6 1 . 0 3 8 0 . 0 0 8
9 3 1 1 0 0 1 . 8 9 6 6 . 4 1 7 0 0 . 0 1 4 1 . 2 9 5 0 . 0 0 6
9 3 2 0 0 . 1 8 2 0 . 6 0 8 1 0 0 . 3 7 7 0
9 3 2 0 0 . 2 6 6 0 . 5 4 0 1 0 0 . 1 7 3 0
9 3 2 0 0 . 1 8 0 0 . 6 7 2 0 0 0 . 1 5 0 0
9 3 2 1 0 . 9 1 7 3 . 5 8 9 1 0 . 0 0 4 0 . 4 6 1 0 . 0 0 7
9 3 2 1 1 . 1 8 5 4 . 5 3 2 8 0 . 0 0 3 0 . 5 5 8 0 . 0 0 6
9 3 2 1 1 . 0 8 8 3 . 6 2 3 9 0 . 0 0 7 0 . 4 9 3 0 . 0 0 5
9 3 2 3 1 . 4 4 5 6 . 1 9 2 4 0 . 0 1 7 0 . 9 1 4 0 . 0 1 9
9 3 2 3 1 . 1 7 2 5 . 0 1 1 6 0 1 . 1 2 3 0
9 3 2 3 1 . 0 4 6 5 . 8 4 5 7 0 . 0 1 3 1 . 2 4 1 0 . 0 0 4
9 3 2 7 1 . 2 8 7 6 . 5 6 3 7 0 . 0 0 9 1 . 2 0 6 0 . 0 0 3
9 3 2 7 1 . 4 7 3 5 . 5 8 4 1 0 . 0 0 9 1 . 8 7 6 0 . 0 1 8
9 3 2 7 1 . 2 6 4 5 . 9 1 5 1 0 . 0 0 8 1 . 6 7 3 0 . 0 0 9
9 3 2 1 4 1 . 7 7 0 1 0 . 4 8 7 0 . 0 0 8 1 . 7 9 9 0 . 0 1 4
9 3 2 1 4 1 . 6 4 7 9 . 3 8 8 7 0 1 . 3 8 1 0 . 0 1 7
9 3 2 1 4 1 . 8 6 9 8 . 8 6 9 7 0 . 0 0 9 1 . 3 9 7 0 . 0 1 6
9 3 2 2 1 1 . 9 9 9 9 . 1 3 9 9 0 . 0 1 0 1 . 4 6 5 0
9 3 2 2 1 1 . 6 9 2 1 0 . 2 3 4 0 . 0 1 0 1 . 5 1 1 0 . 0 1 4
9 3 2 2 1 1 . 6 9 2 8 . 8 3 3 1 0 . 0 0 9 1 . 6 2 9 0 . 0 1 4
9 3 2 4 0 1 . 7 8 8 7 . 6 0 0 0 0 . 0 1 2 1 . 2 0 7 0 . 0 0 8
9 3 2 4 0 1 . 8 7 8 8 . 5 6 8 4 0 . 0 1 2 1 . 1 6 1 0 . 0 0 9
9 3 2 4 0 1 . 7 8 8 7 . 3 6 4 3 0 . 0 1 1 1 . 2 5 3 0 . 0 1 6
9 3 2 1 0 0 1 . 8 5 0 6 . 3 8 3 0 0 . 0 1 5 1 . 1 0 3 0 . 0 1 3
9 3 2 1 0 0 2 . 0 7 2 5 . 6 0 6 0 0 . 0 1 6 1 . 2 0 3 0 . 0 0 8
9 3 2 1 0 0 2 . 1 1 7 6 . 0 3 3 0 0 . 0 1 4 0 . 8 4 1 0 . 0 0 6
9 3 3 0 0 . 1 9 8 0 . 4 9 9 9 0 0 . 1 9 4 0
9 3 3 0 0 . 1 7 5 0 . 7 7 5 8 0 0 . 1 1 3 0
9 3 3 0 0 . 2 1 7 0 . 4 0 4 5 0 0 . 3 5 6 0
9 3 3 1 1 . 1 4 7 5 . 4 5 1 1 0 . 0 0 4 0 . 6 7 7 0 . 0 0 7
9 3 3 1 1 . 0 1 8 4 . 8 6 9 9 0 . 0 0 3 0 . 4 1 6 0 . 0 0 6
9 3 3 1 1 . 0 5 7 4 . 8 7 2 0 0 . 0 0 7 0 . 4 0 9 0 . 0 0 5
9 3 3 3 1 . 5 6 1 6 . 9 7 2 2 0 . 0 1 7 0 . 9 7 1 0 . 0 0 9
9 3 3 3 0 . 8 3 0 8 . 4 2 0 6 0 . 0 1 1 1 . 5 4 8 0 . 0 2 3
9 3 3 3 1 . 1 0 1 7 . 2 7 0 9 0 . 0 0 3 1 . 3 6 0 0 . 0 0 4
9 3 3 7 1 . 6 1 4 8 . 7 4 0 9 0 . 0 0 9 2 . 2 2 3 0 . 0 0 3
9 3 3 7 1 . 2 5 7 9 . 0 4 8 0 0 . 0 0 9 1 . 6 9 2 0 . 0 1 8
9 3 3 7 1 . 4 5 6 9 . 2 4 0 8 0 . 0 0 8 1 . 0 6 7 0 . 0 0 9
9 3 3 1 4 1 . 7 5 4 9 . 1 5 1 8 0 . 0 0 8 1 . 2 6 9 0 . 0 1 4
9 3 3 1 4 1 . 8 8 4 8 . 5 3 5 1 0 1 . 7 2 8 0 . 0 1 7
8 3 3 1 4 1 . 3 9 4 9 . 4 7 5 7 0 . 0 0 9 1 . 2 8 3 0 . 0 1 6
9 3 3 2 1 1 . 6 8 8 8 . 5 7 1 6 0 . 0 1 0 1 . 4 2 8 0 . 0 1 1
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T a b l e A - 3 . C o n t .

Y e a r T r t D a y A c e t i c a c i d L a c t i c a c i d P r o p i o n i c a c i d E t h a n o l B u t y r i c A c i d

9 3 3 2 1 1 . 8 0 9 8 . 0 5 5 9 0 . 0 1 0 1 . 6 0 2 0 . 0 1 4
9 3 3 2 1 1 . 7 6 8 9 . 2 9 2 7 0 . 0 0 9 0 . 9 8 6 0 . 0 1 4
9 3 3 4 0 1 . 0 2 2 8 . 4 5 1 1 0 . 0 1 2 0 . 4 7 1 0 . 0 0 8
9 3 3 4 0 1 . 7 7 8 1 0 . 0 3 7 0 . 0 1 2 1 . 8 4 5 0 . 0 0 9
9 3 3 4 0 1 . 9 8 0 7 . 0 4 5 7 0 . 0 1 1 1 . 2 3 7 0 . 0 1 6
9 3 3 1 0 0 1 . 8 4 5 6 . 2 2 3 0 0 . 0 1 5 1 . 0 0 3 0 . 0 1 3
9 3 3 1 0 0 1 . 6 6 3 7 . 7 2 1 0 0 . 0 1 6 1 . 0 4 5 0 . 0 0 8
9 3 3 1 0 0 1 . 8 2 3 6 . 0 4 3 0 0 . 0 1 4 1 . 2 7 1 0 . 0 0 6
9 3 4 0 0 . 1 9 7 0 . 7 9 9 2 0 0 . 1 1 2 0
9 3 4 0 0 . 2 2 8 0 . 3 5 1 2 0 0 . 2 6 0 0
9 3 4 0 0 . 2 0 3 0 . 7 3 0 4 0 0 . 1 3 8 0
9 3 4 1 1 . 1 5 0 4 . 4 8 4 0 0 . 0 0 4 0 . 7 4 1 0 . 0 0 7
9 3 4 1 1 . 0 6 6 4 . 8 7 4 1 0 . 0 0 3 0 . 4 0 0 0 . 0 0 6
9 3 4 1 1 . 0 9 3 5 . 6 1 5 2 0 . 0 0 7 0 . 5 1 4 0 . 0 0 5
9 3 4 3 1 . 3 0 2 7 . 1 1 6 5 0 . 0 1 7 0 . 8 7 0 0 . 0 1 9
9 3 4 3 1 . 2 8 9 7 . 5 3 3 8 0 . 0 1 1 0 . 9 9 4 0 . 0 2 3
9 3 4 3 1 . 1 8 5 6 . 6 5 0 5 0 . 0 1 3 1 . 2 5 8 0 . 0 0 4
9 3 4 7 1 . 3 9 0 1 0 . 2 5 8 0 . 0 0 9 2 . 0 4 3 0 . 0 3 3
9 3 4 7 1 . 4 6 7 1 0 . 0 6 8 0 . 0 0 9 1 . 1 6 1 0 . 0 1 8
9 3 4 7 1 . 4 0 4 1 2 . 4 3 1 0 . 0 0 8 1 . 9 7 5 0 . 0 0 9
9 3 4 1 4 1 . 5 9 9 1 0 . 0 3 8 0 . 0 0 8 1 . 3 0 1 0 . 0 1 4
9 3 4 1 4 1 . 9 7 1 9 . 4 8 3 4 0 1 . 2 0 4 0 . 0 1 7
9 3 4 1 4 1 . 6 4 0 9 . 0 9 8 5 0 . 0 0 9 1 . 5 5 8 0 . 0 1 6
9 3 4 2 1 1 . 9 4 9 9 . 3 0 1 1 0 . 0 1 0 1 . 5 6 4 0
9 3 4 2 1 1 . 8 4 0 7 . 0 1 5 6 0 . 0 1 0 1 . 4 2 6 0 . 0 1 4
9 3 4 2 1 1 . 5 5 8 1 0 . 7 7 5 0 . 0 0 9 1 . 5 2 7 0 . 0 1 4
9 3 4 4 0 1 . 8 3 3 9 . 1 8 3 1 0 . 0 1 2 1 . 3 6 1 0 . 0 0 8
9 3 4 4 0 1 . 3 1 2 9 . 8 3 7 0 0 . 0 1 2 1 . 4 0 1 0 . 0 0 9
9 3 4 4 0 1 . 7 1 6 7 . 6 8 5 0 0 . 0 1 1 1 . 0 1 0 0 . 0 1 6
9 3 4 1 0 0 1 . 6 1 8 7 . 2 0 1 0 0 . 0 1 5 1 . 0 4 8 0 . 0 1 3
9 3 4 1 0 0 1 . 9 1 8 6 . 8 2 8 0 0 . 0 1 6 1 . 1 9 0 0 . 0 0 8
9 3 4 1 0 0 1 . 7 5 4 6 . 8 7 7 0 0 . 0 1 4 1 . 3 8 4 0 . 0 0 6
9 4 1 0 0 . 1 4 8 0 . 3 3 7 0 0 . 0 0 2 0 . 0 7 4 0 . 0 0 7
9 4 1 0 0 . 3 8 5 1 . 0 8 4 0 0 . 0 0 2 0 . 1 8 3 0 . 0 0 8
9 4 1 0 0 . 2 3 4 0 . 9 1 6 0 0 . 0 0 3 0 . 1 3 5 0 . 0 0 6
9 4 1 1 0 . 7 2 1 3 . 8 6 5 0 0 . 0 0 0 0 . 5 0 7 0 . 0 0 4
9 4 1 1 0 . 6 5 5 5 . 0 3 0 0 0 . 0 0 1 0 . 5 4 4 0 . 0 0 5
9 4 1 1 1 . 1 7 9 5 . 0 0 6 0 0 . 0 0 1 0 . 5 8 1 0 . 0 0 2
9 4 1 3 0 . 8 8 3 6 . 8 5 8 0 0 . 0 0 7 0 . 4 7 3 0 . 0 0 5
9 4 1 3 1 . 0 3 5 4 . 6 1 7 0 0 0 . 6 1 8 0 . 0 1 1
9 4 1 3 0 . 8 8 1 6 . 8 5 9 0 0 . 0 0 3 0 . 5 1 4 0 . 0 0 7
9 4 1 7 1 . 1 3 6 5 . 7 0 7 0 0 0 . 6 2 8 0 . 0 0 9
9 4 1 7 1 . 2 0 6 7 . 5 8 8 0 0 0 . 5 9 0 0 . 0 1 1
9 4 1 7 1 . 1 5 9 8 . 3 5 7 0 0 . 0 0 6 0 . 6 4 2 0 . 0 0 7
9 4 1 1 4 1 . 3 1 0 1 0 . 8 7 0 0 . 0 1 1 0 . 6 3 4 0 . 0 1 0
9 4 1 1 4 1 . 3 0 7 8 . 6 2 7 0 0 . 0 1 0 0 . 4 0 4 0 . 0 0 9
9 4 1 1 4 0 . 9 8 4 7 . 5 2 6 0 0 . 0 1 0 0 . 4 3 3 0 . 0 0 7
9 4 1 2 1 1 . 2 7 4 1 0 . 4 2 0 0 . 0 0 2 0 . 3 9 1 0 . 0 0 3
9 4 1 2 1 1 . 3 7 7 9 . 4 2 1 0 0 . 0 0 4 0 . 4 8 0 0 . 0 0 4
9 4 1 2 1 1 . 5 2 9 8 . 9 7 2 0 0 . 0 0 2 0 . 4 0 0 0 . 0 1 6
9 4 1 4 0 1 . 6 3 2 8 . 7 4 5 0 0 . 0 0 8 0 . 3 7 4 0 . 0 1 5
9 4 1 4 0 1 . 5 9 2 7 . 9 4 2 0 0 . 0 0 9 0 . 3 8 5 0 . 0 0 9
9 4 1 4 0 1 . 6 0 1 8 . 1 2 0 0 0 . 0 0 7 0 . 3 5 4 0 . 0 1 4
9 4 1 1 0 0 0 . 3 2 8 2 . 9 5 3 0 0 0 . 2 1 0 0 . 0 0 1
9 4 1 1 0 0 0 . 8 0 9 7 . 8 6 4 0 0 . 0 0 3 0 . 3 4 9 0 . 0 1 5
9 4 1 1 0 0 1 . 9 3 1 8 . 0 6 2 0 0 . 0 0 4 0 . 5 7 3 0 . 0 0 4
9 4 2 0 0 . 1 5 8 0 . 4 4 9 3 0 . 0 0 0 0 . 1 3 7 0 . 0 0 6
9 4 2 0 0 . 2 3 8 0 . 7 0 4 6 0 0 . 4 4 4 0 . 0 0 4
9 4 2 0 0 . 3 8 1 1 . 2 4 9 7 0 . 0 0 1 0 . 3 3 2 0 . 0 0 8
9 4 2 1 0 . 8 3 0 4 . 8 0 3 5 0 0 . 6 7 2 0 . 0 0 4
9 4 2 1 0 . 5 4 0 2 . 9 2 5 8 0 0 . 3 7 3 0 . 0 0 9
9 4 2 1 0 . 8 1 3 4 . 4 9 9 7 0 . 0 0 0 0 . 5 6 9 0 . 0 0 9
9 4 2 3 0 . 9 9 4 5 . 9 2 3 8 0 0 . 5 8 6 0 . 0 0 8
9 4 2 3 1 . 0 1 3 4 . 7 1 7 9 0 0 . 5 4 0 0 . 0 0 9
9 4 2 3 1 . 1 6 1 4 . 6 4 7 1 0 0 . 5 0 3 0 . 0 0 6
9 4 2 7 1 . 2 8 8 9 . 4 1 4 8 0 0 . 6 2 9 0 . 0 0 7
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T a b l e A - 3 . C o n t .

Y e a r T r t D a y A c e t i c a c i d L a c t i c a c i d P r o p i o n i c a c i d E t h a n o l B u t y r i c A c i d

9 4 2 7 1 . 2 8 9 6 . 9 1 4 3 0 0 . 6 4 6 0 . 0 0 8
9 4 2 7 1 . 2 8 3 6 . 4 0 2 7 0 0 . 6 1 5 0 . 0 0 6
9 4 2 1 4 1 . 4 8 0 9 . 2 1 4 7 0 0 . 5 2 7 0 . 0 1 2
9 4 2 1 4 1 . 3 7 5 9 . 1 6 3 6 0 . 0 0 1 0 . 5 3 6 0 . 0 1 1
9 4 2 1 4 1 . 5 6 4 9 . 0 4 3 2 0 0 . 6 2 8 0 . 0 1 5
9 4 2 2 1 1 . 4 4 4 1 0 . 1 0 8 0 . 0 0 1 0 . 5 7 9 0 . 0 1 2
9 4 2 2 1 1 . 4 9 1 9 . 7 3 4 6 0 . 0 0 1 0 . 4 0 4 0 . 0 1 1
9 4 2 2 1 1 . 6 7 3 9 . 4 6 3 0 0 . 0 0 1 0 . 5 8 2 0 . 0 1 4
9 4 2 4 0 1 . 7 4 1 8 . 4 7 1 0 0 . 0 0 4 0 . 4 0 8 0 . 0 0 9
9 4 2 4 0 1 . 6 5 2 8 . 5 4 1 0 0 . 0 0 1 0 . 3 7 4 0 . 0 1 1
9 4 2 4 0 1 . 5 9 2 8 . 9 6 4 0 0 . 0 0 0 0 . 3 5 9 0 . 0 0 9
9 4 2 1 0 0 1 . 7 4 7 6 . 4 3 8 8 0 . 0 1 1 0 . 5 8 0 0 . 0 0 4
9 4 2 1 0 0 1 . 8 0 5 7 . 6 5 1 7 0 . 0 0 2 0 . 6 1 1 0 . 0 1 3
9 4 2 1 0 0 1 . 9 2 8 6 . 3 3 6 1 0 . 0 1 0 0 . 3 6 5 0 . 0 0 5
9 4 3 0 0 . 1 8 0 0 . 1 6 3 9 0 0 . 1 2 4 0
9 4 3 0 0 . 1 6 0 0 . 4 4 0 8 0 0 . 2 0 6 0
9 4 3 0 0 . 9 9 0 0 . 4 9 6 3 0 0 . 0 7 2 0
9 4 3 1 0 . 9 6 8 3 . 2 1 8 6 0 0 . 2 7 9 0 0 0 3
9 4 3 1 0 . 9 2 0 8 . 2 3 7 2 0 0 . 5 8 4 0 . 0 0 3
9 4 3 1 0 . 7 9 4 3 . 6 3 8 0 0 0 . 4 3 6 0 . 0 0 3
9 4 3 3 0 8 5 2 6 . 3 1 8 3 0 0 . 4 4 2 0
9 4 3 3 0 . 8 3 6 8 . 3 9 8 2 0 0 . 5 3 2 0 . 0 0 6
9 4 3 3 0 . 9 9 2 8 . 0 7 6 5 0 0 . 6 4 9 0 . 0 0 9
9 4 3 7 1 . 2 1 1 5 . 0 7 8 1 0 0 . 2 7 5 0 . 0 0 7
9 4 3 7 0 . 5 8 6 1 2 . 2 7 3 0 1 . 2 0 2 0 . 0 0 2
9 4 3 7 1 . 3 5 9 7 . 0 2 1 0 0 0 . 4 3 6 0 . 0 0 2
9 4 3 1 4 1 . 5 7 4 1 0 . 8 5 3 0 0 . 8 1 6 0 . 0 0 7
9 4 3 1 4 1 2 2 5 1 0 . 3 0 2 0 . 0 0 6 0 . 6 6 6 0 . 0 0 7
9 4 3 1 4 1 . 4 7 8 8 . 6 9 4 5 0 0 . 1 7 1 0 . 0 0 6
9 4 3 2 1 1 . 2 3 1 1 1 . 0 0 2 0 . 0 0 6 0 . 6 7 5 0 . 0 0 7
9 4 3 2 1 1 . 0 3 8 1 1 . 6 7 3 0 . 0 0 1 1 . 6 2 3 0 . 0 0 8
9 4 3 2 1 1 . 1 1 3 1 1 . 8 2 2 0 . 0 0 8 1 . 3 6 7 0 . 0 0 7
9 4 3 4 0 1 . 3 4 2 8 . 4 8 9 0 0 . 0 0 7 0 . 4 1 5 0 . 0 0 9
9 4 3 4 0 1 . 4 5 6 8 . 8 7 4 0 0 . 0 0 6 0 . 4 0 8 0 . 0 0 7
9 4 3 4 0 1 . 5 4 7 8 . 1 1 2 0 0 . 0 0 3 0 . 3 7 4 0 . 0 0 6
9 4 3 1 0 0 1 . 6 9 4 7 . 8 1 8 0 0 . 0 0 2 1 . 7 4 7 0 . 0 0 8
9 4 3 1 0 0 1 . 8 8 5 6 . 8 0 0 2 0 . 0 1 1 0 . 7 4 8 0 . 0 0 8
9 4 3 1 0 0 1 . 2 7 6 6 . 7 0 7 0 0 . 0 0 2 0 . 2 5 1 0 . 0 1 0
9 4 4 0 0 . 1 8 9 0 . 1 4 8 6 0 0 . 1 2 6 0
9 4 4 0 0 . 1 8 8 0 . 4 2 5 7 0 0 . 1 6 4 0 . 0 0 1
9 4 4 0 0 . 2 0 7 0 . 6 3 3 8 0 0 . 1 9 9 0 . 0 0 1
9 4 4 1 0 . 8 3 8 6 . 6 3 7 2 0 0 . 6 9 4 0 . 0 0 2
9 4 4 1 0 . 7 0 9 4 . 9 8 3 1 0 0 . 4 0 8 0 . 0 0 1
9 4 4 1 0 . 5 6 4 5 . 9 0 0 1 0 0 . 4 3 5 0 . 0 0 2
9 4 4 3 0 7 3 0 5 . 9 8 5 5 0 0 . 5 1 1 0 . 0 0 1
9 4 4 3 1 . 2 7 1 5 . 2 1 4 2 0 0 . 2 9 5 0 . 0 0 1
9 4 4 3 0 . 7 4 9 7 . 7 1 0 4 0 0 . 8 9 4 0 . 0 0 5
9 4 4 7 1 . 4 7 6 8 . 5 8 6 7 0 0 . 5 6 6 0 . 0 0 0
9 4 4 7 0 . 8 7 4 9 . 6 1 6 4 0 0 . 4 9 6 0 . 0 0 2
9 4 4 7 0 . 8 2 0 6 . 9 6 3 9 0 . 0 0 5 0 . 5 4 8 0 . 0 0 8
9 4 4 1 4 1 . 4 7 1 8 . 9 5 5 6 0 0 . 6 3 4 0 . 0 0 9
9 4 4 1 4 1 2 3 8 9 . 9 1 4 5 0 . 0 1 3 0 . 6 1 9 0 . 0 0 8
9 4 4 1 4 1 . 5 9 2 8 . 8 5 5 7 0 0 . 5 0 8 0 . 0 1 3
9 4 4 2 1 2 . 0 5 8 1 0 . 1 6 1 0 . 0 0 8 0 . 4 3 4 0 . 0 0 2
9 4 4 2 1 1 . 0 8 2 1 1 . 1 9 4 0 . 0 0 2 0 . 7 2 1 0 . 0 0 8
9 4 4 2 1 1 . 2 6 6 1 1 . 1 3 4 0 . 0 0 4 0 . 6 6 9 0 . 0 1 5
9 4 4 4 0 1 . 4 2 0 8 . 2 4 6 0 0 . 0 0 5 0 . 4 2 5 0 . 0 1 7
9 4 4 4 0 1 . 3 5 0 8 . 0 4 9 0 0 . 0 0 3 0 . 4 1 9 0 . 0 0 9
9 4 4 4 0 1 . 3 2 0 8 . 1 0 6 0 0 . 0 0 1 0 . 3 6 8 0 . 0 0 7
9 4 4 1 0 0 1 . 7 8 3 8 . 7 4 5 8 0 0 . 4 3 1 0 . 0 0 6
9 4 4 1 0 0 1 . 5 0 2 7 . 2 1 4 2 0 . 0 0 3 0 . 3 9 9 0 . 0 1 1
9 4 4 1 0 0 1 . 8 3 7 9 . 0 2 6 2 0 . 0 0 4 0 . 4 8 2 0 . 0 1 2
 

A b b r e v i a t i o n s :
T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I
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T a b l e A - 4 . D a t a u s e d f o r a n a l y s i s o f w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s ( 9 / 1 0 0 g D M ) i n f o r a g e s o r g h u m e n s i l e d
i n a t e m p e r a t e e n v i r o n m e n t . ( C h a p t e r 2 )

 

 

Y e a r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a b i n o s e F r u c t o s e

9 4 1 0 6 . 6 8 7 9 0 . 0 8 1 9 0 . 1 6 0 7 0 . 1 4 0 7 6 . 7 1 6 3
9 4 1 0 6 . 4 1 4 5 0 . 0 8 1 3 0 . 1 6 5 4 0 . 1 9 1 1 6 . 5 1 7 7
9 4 1 0 6 . 7 8 0 8 0 . 0 7 3 1 0 . 1 4 6 1 0 . 1 7 0 9 6 . 0 8 8 7
9 4 1 1 2 . 4 1 3 2 0 . 0 6 0 5 0 . 1 9 9 4 0 . 1 8 5 4 1 . 8 9 0 5
9 4 1 1 4 . 4 2 6 9 0 . 0 7 9 9 0 . 1 5 4 3 0 . 1 5 6 5 2 . 3 2 3 2
9 4 1 1 4 . 1 8 1 1 0 . 1 3 3 3 0 . 3 7 5 7 0 . 0 8 3 6 1 . 9 8 3 9
9 4 1 3 3 . 6 3 9 9 0 . 1 0 2 5 0 . 1 5 3 1 0 . 1 1 0 0 1 . 7 6 1 7
9 4 1 3 3 . 6 5 3 6 0 . 1 0 1 3 0 . 3 8 7 8 0 . 1 3 3 3 2 . 6 8 2 4
9 4 1 3 3 . 2 1 5 0 . 0 9 5 6 0 . 3 1 7 9 0 . 0 9 1 1 1 . 0 2 6 0
9 4 1 7 2 . 3 8 7 8 0 . 1 0 4 5 0 . 3 4 9 3 0 . 1 2 9 0 0 . 9 9 4 3
9 4 1 7 2 . 8 7 4 7 0 . 0 8 9 9 0 . 2 8 9 8 0 . 1 5 2 7 0 . 8 4 1 2
9 4 1 7 2 . 3 3 0 7 0 . 1 2 1 6 0 . 3 3 7 7 0 . 1 3 3 3 1 . 2 8 7 4
9 4 1 1 4 2 . 4 2 4 2 0 . 1 0 6 6 0 . 2 9 7 3 0 . 1 2 9 8 0 . 2 0 1 5
9 4 1 1 4 1 . 5 7 7 1 0 . 1 2 1 9 0 . 1 4 2 2 0 . 1 0 2 4 0 . 3 6 3 5
9 4 1 1 4 3 . 3 7 2 4 0 . 1 7 6 3 0 . 3 0 0 6 0 . 0 9 4 5 0 . 6 8 4 8
9 4 1 2 1 1 . 1 5 8 1 0 . 1 3 1 6 0 . 3 3 8 8 0 . 1 1 0 5 0 . 3 0 4 2
9 4 1 2 1 2 . 9 6 8 5 0 . 1 2 9 2 0 . 3 5 6 4 0 . 1 0 2 5 0 . 3 5 7 5
9 4 1 ' 2 1 2 . 9 9 6 7 0 . 1 7 8 6 0 . 3 2 0 1 0 . 0 9 7 8 0 . 2 0 8 3
9 4 1 4 0 0 . 5 8 8 7 0 . 4 5 3 4 0 . 1 0 5 6 0 . 0 8 9 2 0 . 4 3 4 1
9 4 1 4 0 2 . 4 3 9 8 0 . 3 0 5 8 0 . 2 4 8 8 0 . 0 9 2 8 0 . 2 7 6 2
9 4 1 4 0 1 . 9 5 7 8 0 . 3 7 5 7 0 . 3 3 7 1 0 . 0 8 9 2 0 . 1 8 7 4
9 4 1 1 0 0 0 . 5 6 1 8 0 . 6 0 7 7 0 . 1 5 6 6 0 . 1 3 0 2 0 . 5 3 3
9 4 1 1 0 0 1 . 6 0 9 5 0 . 7 7 5 1 0 . 3 6 9 8 0 . 1 8 2 4 0 . 4 5 7 7
9 4 1 1 0 0 0 . 6 4 8 9 0 . 6 7 7 8 0 . 1 9 3 8 0 . 1 0 5 3 0 . 6 3 6 3
9 4 2 0 7 . 6 8 1 2 0 . 0 8 2 9 0 . 2 4 5 7 0 . 2 7 5 5 6 . 9 9 0 4
9 4 2 0 5 . 9 5 8 2 0 . 0 3 6 7 0 . 1 2 2 4 0 . 0 8 6 4 6 . 9 6 2 9
9 4 2 0 6 . 2 9 3 4 0 . 0 5 6 8 0 . 2 1 5 5 0 . 1 9 3 1 5 . 0 5 2 5
9 4 2 1 4 . 4 3 0 7 0 . 0 8 4 7 0 . 3 2 1 4 0 . 1 9 2 4 2 . 4 6 3 8
9 4 2 1 3 . 0 3 5 7 0 . 0 5 8 7 0 . 2 9 8 1 0 . 2 0 6 5 2 . 4 6 2 8
9 4 2 1 3 . 1 0 3 5 0 . 0 7 5 1 0 . 2 3 3 9 0 . 1 5 2 4 1 . 0 8 4 4
9 4 2 3 3 . 8 5 4 3 0 . 1 0 2 2 0 . 2 9 4 7 0 . 1 6 0 0 1 . 9 9 5
9 4 2 3 3 . 6 2 1 3 0 . 1 3 0 5 0 . 2 5 7 4 0 . 2 5 8 9 1 . 4 7 4 9
9 4 2 3 3 . 5 9 2 3 0 . 1 4 9 2 0 . 3 4 7 3 0 . 1 2 5 7 1 . 4 1 8 3
9 4 2 7 2 . 2 0 6 3 0 . 1 1 1 5 0 . 3 1 6 8 0 . 1 5 0 6 1 . 2 0 1 7
9 4 2 7 2 . 7 4 7 2 0 . 0 9 7 2 0 . 2 8 2 3 0 . 1 1 0 0 1 . 0 5 5 4
9 4 2 7 2 . 5 6 2 2 0 . 1 3 7 3 0 . 3 3 3 2 0 . 0 4 7 2 1 . 1 0 9 1
9 4 2 1 4 2 . 3 4 6 2 0 . 0 8 2 2 0 . 2 8 6 8 0 . 0 9 9 3 0 . 9 6 1 2
9 4 2 1 4 2 . 1 3 2 5 0 . 1 1 6 9 0 . 3 6 9 8 0 . 0 8 5 2 0 . 5 5 2 5
9 4 2 1 4 2 . 7 6 8 5 0 . 1 6 6 6 0 . 3 7 8 6 0 . 0 5 6 4 0 . 4 1 7 8
9 4 2 2 1 2 . 2 0 0 0 0 . 0 8 7 3 0 . 2 8 8 4 0 . 0 9 2 9 0 . 1 6 2 4
9 4 2 2 1 2 . 0 4 7 8 0 . 1 1 7 8 0 . 3 3 4 1 0 . 0 5 7 6 0 . 3 5 7 6
9 4 2 2 1 1 . 6 3 8 7 0 . 1 8 9 0 . 2 8 2 1 0 . 0 8 2 1 0 . 2 5 6 2
9 4 2 4 0 1 . 9 1 0 3 0 . 1 9 9 8 0 . 1 5 1 4 0 . 0 7 1 9 0 . 2 4 1 3
9 4 2 4 0 1 . 6 5 9 8 0 . 5 6 1 9 0 . 3 9 7 4 0 . 0 7 8 3 0 . 1 6 6 8
9 4 2 4 0 1 . 7 9 2 3 0 . 2 0 4 4 0 . 3 0 8 8 0 . 1 4 2 6 0 . 1 8 7 3
9 4 2 1 0 0 1 . 0 8 3 5 0 . 7 9 6 5 0 . 2 4 3 7 0 . 1 9 0 0 0 . 5 3 7 2
9 4 2 1 0 0 1 . 0 1 6 4 0 . 5 0 4 5 0 . 2 3 0 6 0 . 0 9 7 9 0 . 3 7 9 5
9 4 2 1 0 0 1 . 0 8 2 1 0 . 6 1 5 7 0 . 2 7 1 1 0 . 1 4 2 5 0 . 4 2 3 9
9 4 3 0 6 . 7 0 8 6 0 . 0 8 1 0 0 . 1 3 8 9 0 . 1 1 3 3 5 . 9 1 7 1
9 4 3 0 6 . 5 9 2 4 0 . 0 6 5 1 0 . 1 6 1 1 0 . 1 7 8 7 6 . 9 5 0 7
9 4 3 0 5 . 9 6 0 9 0 . 0 7 4 2 0 . 1 3 7 2 0 . 1 4 1 1 6 . 0 8 3 6
9 4 3 1 2 . 4 7 6 8 0 . 0 9 7 8 0 . 2 1 5 9 0 . 1 6 0 6 2 . 1 4 2 9
9 4 3 1 3 . 7 0 1 2 0 . 0 7 8 2 0 . 2 3 8 8 0 . 1 5 3 4 2 . 8 3 3 3
9 4 3 1 4 . 7 8 6 2 0 . 0 8 7 1 0 . 2 2 5 1 0 . 1 5 0 2 2 . 3 0 8 2
9 4 3 3 2 . 4 8 2 7 0 . 1 2 2 5 0 . 3 6 7 9 0 . 1 2 3 2 3 . 1 3 7 5
9 4 3 3 3 . 5 6 2 8 0 . 1 4 7 5 0 . 2 9 6 7 0 . 1 3 3 1 1 . 9 8 5 4
9 4 3 3 3 . 2 6 6 6 0 . 1 5 4 3 0 . 2 5 4 5 0 . 1 3 2 7 2 . 1 9 2 1
9 4 3 7 2 . 6 4 5 5 0 . 1 1 6 2 0 . 3 9 5 2 0 . 1 0 4 5 2 . 3 4 3 3
9 4 3 7 2 . 2 5 1 7 0 . 0 8 7 5 0 . 2 7 7 9 0 . 0 9 7 8 2 . 9 9 8 8
9 4 3 7 1 . 8 9 8 3 0 . 1 4 5 2 0 . 1 3 1 4 0 . 1 2 4 5 1 . 3 8 2 2
9 4 3 1 4 1 . 8 1 2 2 0 . 1 1 2 3 0 . 1 9 5 8 0 . 0 9 7 8 1 . 7 6 5 3
9 4 3 1 4 1 . 7 1 3 9 0 . 1 7 3 2 0 . 1 8 6 4 0 . 0 7 1 1 2 . 3 6 5 8
9 4 3 1 4 1 . 9 4 0 2 0 . 1 3 0 9 0 . 1 4 9 0 . 0 6 4 8 1 . 9 7 2 2
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T a b l e A - 4 . C o n t .

Y e a r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a b i n o s e F r u c t o s e

9 4 3 2 1 1 . 9 2 9 5 0 . 1 5 4 5 0 . 3 3 5 8 0 . 1 0 2 8 2 . 5 8 3 5
9 4 3 2 1 1 . 2 0 9 1 0 . 0 5 8 8 0 . 1 5 4 2 0 . 1 2 4 5 1 . 9 8 6
9 4 3 2 1 0 . 8 3 3 1 0 . 1 4 0 2 0 . 2 0 8 6 0 . 0 0 9 6 0 . 9 8 3 5
9 4 3 4 0 1 . 1 4 8 1 0 . 7 3 7 6 0 . 3 0 9 8 0 . 0 8 8 0 1 . 8 9 8 3
9 4 3 4 0 1 . 2 1 5 0 . 1 3 5 4 0 . 2 2 2 4 0 . 0 8 4 5 1 . 6 5 0 6
9 4 3 4 0 1 . 5 8 4 7 0 . 0 2 9 6 0 . 1 0 3 1 0 . 0 8 3 7 0 . 8 3 3 6
9 4 3 1 0 0 1 . 5 1 7 1 0 . 6 4 4 3 0 . 2 6 3 8 0 . 1 4 2 1 . 9 0 7 3
9 4 3 1 0 0 0 . 7 3 7 1 0 . 6 9 7 5 0 . 1 3 6 6 0 . 1 8 7 5 0 . 9 2 9 6
9 4 3 1 0 0 0 . 8 5 8 9 0 . 5 8 9 1 0 . 2 9 8 7 0 . 1 1 4 8 1 . 2 4 6 8
9 4 4 0 5 . 7 6 0 1 0 . 0 4 9 9 0 . 1 4 9 8 0 . 2 0 8 4 6 . 7 4 7 1
9 4 4 0 6 . 8 0 0 8 0 . 0 4 8 2 0 . 2 1 0 1 0 . 1 6 2 6 5 . 7 1 2 7
9 4 4 0 5 . 3 6 1 9 0 . 0 5 6 8 0 . 2 2 0 2 0 . 1 1 1 3 5 . 9 4 9 2
9 4 4 1 3 . 4 5 8 1 0 . 0 5 8 9 0 . 2 1 8 7 0 . 1 1 4 5 2 . 1 4 4 1
9 4 4 1 3 . 8 5 2 4 0 . 0 8 4 5 0 . 2 2 4 5 0 . 1 0 6 3 2 . 4 7 9 9
9 4 4 1 3 . 6 4 6 9 0 . 0 7 6 2 0 . 2 2 6 8 0 . 1 1 6 9 2 . 5 9 2 6
9 4 4 3 3 . 8 2 5 1 0 . 1 0 9 3 0 . 3 3 0 9 0 . 1 2 4 5 1 . 9 9 4 1
9 4 4 3 3 . 4 2 5 9 0 . 1 1 8 5 0 . 3 7 2 9 0 . 0 8 4 5 2 . 5 7 7 0
9 4 4 3 2 . 8 7 2 9 0 . 1 2 9 0 . 3 7 8 4 0 . 1 0 4 5 2 . 6 3 5 4
9 4 4 7 2 . 3 4 1 7 0 . 0 4 9 9 0 . 2 5 0 6 0 . 1 3 7 5 2 . 0 4 7
9 4 4 7 2 . 2 8 8 5 0 . 0 5 7 1 0 . 2 9 1 7 0 . 1 3 9 8 2 . 5 7 6 3
9 4 4 7 1 . 2 7 8 1 0 . 1 1 8 5 0 . 3 2 4 8 0 . 1 2 2 4 2 . 3 3 1 6
9 4 4 1 4 1 . 2 8 1 9 0 . 0 9 1 9 0 . 2 6 7 3 0 . 1 4 7 8 2 . 0 4 1 2
9 4 4 1 4 1 . 8 2 2 7 0 . 1 1 8 9 0 . 3 0 8 4 0 . 1 7 7 7 2 . 5 9 2 9
9 4 4 1 4 1 . 9 1 8 2 0 . 0 9 7 7 0 . 1 9 9 5 0 . 1 4 7 3 1 . 3 6 6 2
9 4 4 2 1 1 . 4 6 6 6 0 . 2 2 0 . 2 0 8 5 0 . 1 0 1 3 2 . 0 7 3 9
9 4 4 2 1 1 . 3 3 4 7 0 . 1 7 4 9 0 . 2 3 2 0 . 1 4 8 1 0 . 9 7 6 9
9 4 4 2 1 1 . 1 6 9 3 0 . 8 4 3 3 0 . 2 3 4 5 0 . 1 8 3 6 2 . 5 7 0 9
9 4 4 4 0 1 . 6 8 7 4 0 . 2 1 7 7 0 . 1 2 0 6 0 . 0 9 4 5 0 . 8 7 7 9
9 4 4 4 0 1 . 3 4 2 2 0 . 3 5 1 4 0 . 3 4 0 7 0 . 1 7 5 2 2 . 4 0 0 7
9 4 4 4 0 0 . 9 8 2 7 0 . 2 4 3 9 0 . 3 5 2 5 0 . 1 0 4 3 1 . 3 3 8 9
9 4 4 1 0 0 0 . 8 5 3 0 . 8 9 3 8 0 . 2 1 9 3 0 . 2 2 5 3 1 . 0 4 3 4
9 4 4 1 0 0 1 . 2 2 9 3 0 . 3 9 5 6 0 . 1 9 4 0 . 2 0 2 2 1 . 7 5 4 4
9 4 4 1 0 0 0 . 9 3 0 5 0 . 2 1 0 6 0 . 2 3 1 2 0 . 1 6 0 5 1 . 1 4 4 5
9 3 1 0 5 . 4 8 3 9 0 . 0 7 3 7 0 . 0 5 0 9 0 . 0 2 8 6 5 . 5 1 5
9 3 1 0 5 . 1 2 0 4 0 . 0 7 3 1 0 . 0 5 5 5 0 . 0 9 8 2 4 . 5 2 4 9
9 3 1 0 5 . 5 1 1 0 . 0 8 1 3 0 . 0 3 6 3 0 . 0 8 1 2 4 . 4 6 5 2
9 3 1 1 3 . 4 3 6 6 0 . 0 8 6 5 0 . 0 5 1 5 0 . 0 6 1 2 1 . 6 1 3 3
9 3 1 1 3 . 1 4 9 7 0 . 0 7 5 3 0 . 0 4 2 3 0 . 0 5 4 6 1 . 0 6 9 6
9 3 1 1 3 . 2 7 0 5 0 . 0 5 5 6 0 . 0 4 2 4 0 . 0 7 2 8 2 . 5 5 9 3
9 3 1 3 0 . 0 3 5 2 0 . 0 9 9 7 0 . 0 6 9 7 0 . 7 9 9 2 1 . 0 2 4 5
9 3 1 3 3 . 2 1 4 5 0 . 0 1 8 3 0 . 1 6 4 4 0 . 0 7 6 7 1 . 2 5 3 0
9 3 1 3 1 . 4 6 5 7 0 . 0 1 4 7 0 . 1 4 2 5 0 . 0 6 4 5 1 . 1 1 2 4
9 3 1 7 1 . 8 8 1 5 0 . 1 2 6 9 0 . 1 3 4 1 0 . 0 9 6 0 . 6 2 4 8
9 3 1 7 1 . 7 0 3 1 0 . 1 3 5 8 0 . 1 0 2 3 0 . 0 6 7 0 . 7 3 7 6
9 3 1 7 1 . 7 1 8 3 0 . 1 5 5 8 0 . 0 6 8 8 0 . 0 6 7 4 0 . 6 0 5 9
9 3 1 1 4 1 . 5 5 3 1 0 . 1 6 6 2 0 . 0 8 2 4 0 . 0 8 7 7 0 . 5 0 2 9
9 3 1 1 4 1 . 5 6 0 7 0 . 1 4 5 6 0 . 0 9 7 4 0 . 0 7 0 8 0 . 5 9 5 1
9 3 1 1 4 1 . 6 1 4 4 0 . 0 3 4 1 0 . 0 9 4 5 0 . 0 3 2 1 0 . 3 0 4
9 3 1 2 1 1 . 2 4 2 6 0 . 1 0 4 4 0 . 1 1 6 5 0 . 0 7 7 3 0 . 2 6 5 1
9 3 1 2 1 1 . 1 9 1 2 0 . 1 1 8 4 0 . 1 2 0 7 0 . 0 5 2 3 0 . 2 6 9 5
9 3 1 2 1 1 . 2 2 8 8 0 . 1 2 3 4 0 . 0 9 6 7 0 . 0 5 9 0 . 4 3 4 3
9 3 1 4 0 1 . 1 4 5 3 0 . 2 1 3 4 0 . 0 6 3 5 0 . 0 9 0 6 0 . 3 9 6 4
9 3 1 4 0 1 . 1 7 2 4 0 . 3 4 3 8 0 . 0 8 5 2 0 . 0 3 0 3 0 . 4 5 2 4
9 3 1 4 0 1 . 1 0 9 8 0 . 3 3 5 1 0 . 0 7 4 8 0 . 0 2 0 2 0 . 2 2 4 6
9 3 1 1 0 0 1 . 0 6 9 2 0 . 5 0 3 4 0 . 0 6 5 2 0 . 1 2 5 0 . 5 5 9 8
9 3 1 1 0 0 1 . 0 8 1 9 0 . 5 2 6 6 0 . 0 5 8 3 0 . 1 0 8 6 0 . 2 0 3 8
9 3 1 1 0 0 1 . 1 1 7 7 0 . 5 2 4 3 0 . 0 7 6 5 0 . 1 1 5 6 0 . 3 1 3
9 3 2 0 5 . 7 7 7 0 . 0 6 7 8 0 . 0 8 7 0 . 0 8 5 2 4 . 7 3 4
9 3 2 0 4 . 8 2 1 0 . 0 7 6 1 0 . 0 6 9 7 0 . 1 1 1 6 4 . 8 0 0
9 3 2 0 5 . 4 5 3 0 . 0 6 8 2 0 . 1 0 6 8 0 . 0 7 6 4 . 6 2 6 9
9 3 2 1 3 . 2 6 1 0 . 0 4 6 6 0 . 0 4 1 6 0 . 0 5 9 7 1 . 6 7 8 9
9 3 2 1 2 . 9 6 3 0 . 0 4 3 7 0 . 0 2 0 7 0 . 0 3 2 6 1 . 8 4 4 9
9 3 2 1 3 . 5 2 2 0 . 0 8 5 5 0 . 0 7 4 8 0 . 0 9 3 5 1 . 5 4 3 1
9 3 2 3 2 . 7 6 4 0 . 1 5 3 2 0 . 2 7 8 4 0 . 0 7 5 6 0 . 9 1 4 9
9 3 2 3 2 . 6 9 0 0 . 1 0 7 3 0 . 2 4 5 2 0 . 0 6 7 6 0 . 8 1 5 3
. 3 3 2 3 £ 9 6 4 0 . 9 3 1 8 0 . 0 7 5 6 0 . 0 7 9 5 0 . 9 3 6 5
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T a b l e A - 4 . C o n t .

Y e a r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a b i n o s e F r u c t o s e

9 3 2 7 1 . 7 0 9 0 . 1 0 8 8 0 . 0 9 5 7 0 . 0 7 7 6 0 . 5 1 3 2
9 3 2 7 1 . 7 3 6 3 0 . 1 1 4 6 0 . 0 3 8 5 0 . 0 6 5 8 0 . 7 3 5 2
9 3 2 7 1 . 8 8 9 0 0 . 1 6 8 4 0 . 1 1 1 7 0 . 1 1 0 2 0 . 4 8 4 2
9 3 2 1 4 1 . 7 2 4 0 . 0 9 6 8 0 . 0 8 6 5 0 . 0 8 0 9 0 . 4 2 6 1
9 3 2 1 4 1 . 5 8 7 0 . 1 1 5 1 0 . 1 3 5 1 0 . 0 6 3 1 0 . 5 6 6 9
9 3 2 1 4 1 . 6 5 4 0 . 1 1 0 4 0 . 0 5 4 0 . 0 7 8 0 . 4 5 5 9
9 3 2 2 1 1 . 1 8 2 4 0 . 1 5 5 5 0 . 0 7 1 7 0 . 0 6 1 5 0 . 5 2 2 2
9 3 2 2 1 1 . 1 0 8 3 0 . 1 7 7 3 0 . 1 3 3 7 0 . 0 9 0 7 0 . 3 6 4 3
9 3 2 2 1 1 . 1 9 6 7 0 . 1 3 8 3 0 . 0 9 6 3 0 . 0 2 3 4 0 . 3 7 8 2
9 3 2 4 0 1 . 0 7 2 3 0 . 2 7 9 1 0 . 0 9 7 8 0 . 1 2 4 1 0 . 3 5 7 7
9 3 2 4 0 1 . 0 8 7 6 0 . 3 1 6 3 0 . 0 9 4 5 0 . 0 2 3 4 0 . 3 0 7 7
9 3 2 4 0 1 . 1 6 7 8 0 . 3 8 8 0 . 0 6 0 2 0 . 1 1 6 3 0 . 2 6 8 3
9 3 2 1 0 0 1 . 0 3 0 7 0 . 7 2 0 6 0 . 0 4 5 6 0 . 0 9 1 9 0 . 3 9 9 8
9 3 2 1 0 0 1 . 0 5 6 7 0 . 4 0 2 6 0 . 0 5 4 6 0 . 0 9 4 5 0 . 4 8 1 2
9 3 2 1 0 0 1 . 1 3 4 6 0 . 6 5 4 0 . 0 8 4 0 0 . 0 9 9 0 . 3 2 1 9
9 3 3 0 5 . 3 4 6 0 . 0 6 7 5 0 . 0 6 5 4 0 . 0 6 7 0 4 . 0 6 0 5
9 3 3 0 5 . 5 1 2 0 . 0 5 7 8 0 . 0 7 5 6 0 . 0 8 9 7 4 . 3 9 5 5
9 3 3 0 4 . 8 2 1 0 . 0 9 8 0 0 . 0 7 6 8 6 . 0 7 0 4
9 3 3 1 2 . 9 6 8 0 . 0 4 7 0 . 0 6 9 1 0 . 0 4 7 6 1 . 7 8 2 2
9 3 3 1 3 . 0 9 6 0 . 0 5 0 0 . 0 6 3 3 2 . 5 8 4 5
9 3 3 1 3 . 6 2 1 0 . 1 0 2 8 0 . 2 0 0 1 0 . 0 9 5 1 . 9 6 5 7
9 3 3 3 2 . 8 0 6 2 0 . 0 2 9 3 0 . 1 7 2 4 0 . 0 7 3 5 1 . 9 3 3 8
9 3 3 3 2 . 1 5 3 0 . 1 2 2 0 . 1 0 8 4 0 . 0 6 4 8 2 . 2 9 7 6
9 3 3 3 2 . 2 2 7 8 0 . 1 0 2 8 0 . 1 1 0 1 0 . 0 4 5 1 . 9 6 5 7
9 3 3 7 1 . 5 9 0 9 0 . 0 9 9 1 0 . 0 7 2 0 . 1 0 3 3 1 . 0 9 5 5
9 3 3 7 1 . 6 3 0 5 0 . 1 2 1 4 0 . 0 9 0 8 0 . 0 9 9 0 . 9 7 6 4
9 3 3 7 1 . 6 4 2 7 0 . 1 2 9 1 0 . 1 2 8 4 0 . 1 1 7 5 1 . 4 2 6 9
9 3 3 1 4 1 . 5 1 5 0 . 1 0 7 2 0 . 0 8 7 2 0 . 0 7 3 2 0 . 6 6 7 7
9 3 3 1 4 1 . 5 3 3 7 0 . 1 4 0 2 0 . 1 2 2 9 0 . 0 8 1 1 0 . 7 6 8 8
9 3 3 1 4 1 . 4 9 3 4 0 . 1 3 8 4 0 . 1 3 0 9 0 . 0 8 3 3 1 . 3 3 1 3
9 3 3 2 1 1 . 1 4 3 0 . 1 6 8 8 0 . 1 2 3 2 0 . 0 7 8 4 1 . 4 5 7 1
9 3 3 2 1 1 . 0 6 4 2 0 . 0 9 6 1 0 . 0 9 1 2 0 . 0 8 1 3 0 . 9 4 8 8
9 3 3 2 1 1 . 0 3 1 2 0 . 1 3 8 9 0 . 1 2 3 5 0 . 0 7 2 3 0 . 9 0 5 8
9 3 3 4 0 1 . 0 6 1 6 0 . 1 0 2 2 0 . 0 7 0 1 0 . 0 7 5 4 1 . 2 8 5 3
9 3 3 4 0 1 . 0 5 0 . 2 7 9 2 0 . 0 5 5 4 0 . 0 6 4 5 0 . 6 5 7 2
9 3 3 4 0 1 . 0 8 7 0 . 2 3 4 0 . 0 8 5 0 . 0 8 7 5 1 . 2 4 1 4
9 3 3 1 0 0 1 . 0 6 4 0 . 6 8 3 2 0 . 0 5 6 0 . 1 0 5 9 0 . 7 3 5 8
9 3 3 1 0 0 1 . 0 4 3 0 . 6 1 2 6 0 . 0 7 0 2 0 . 1 0 4 3 1 . 2 9 8 2
9 3 3 1 0 0 1 . 0 5 6 4 0 . 5 3 7 8 0 . 0 6 1 4 0 . 0 8 4 9 1 . 2 9 0 5
9 3 4 0 5 . 7 9 8 0 0 . 0 4 5 0 0 . 0 4 1 2 0 . 0 8 7 5 . 0 3 1 2
9 3 4 0 4 . 9 0 5 6 0 . 0 5 5 8 0 . 0 5 1 0 . 0 4 4 1 4 . 8 9 4 3
9 3 4 0 5 . 2 1 7 4 0 . 0 6 2 0 . 0 6 0 0 . 0 3 7 6 4 . 9 0 3 3
9 3 4 1 3 . 3 4 5 9 0 . 0 4 5 7 0 . 0 3 4 4 0 . 0 9 3 9 2 . 5 0 8 5
9 3 4 1 3 . 2 6 6 5 0 . 0 8 9 7 0 . 0 4 6 1 0 . 0 2 2 2 2 . 7 1 9 9
9 3 4 1 3 . 0 5 4 9 0 . 0 7 2 3 0 . 0 6 0 . 0 7 8 5 1 . 0 5 0 8
9 3 4 3 2 . 1 0 6 7 0 . 1 1 5 0 . 1 8 6 9 0 . 0 9 1 3 1 . 9 5 3 9
9 3 4 3 2 . 2 9 0 1 0 . 0 9 9 5 0 . 1 1 7 7 0 . 0 7 6 7 1 . 7 0 0 7
9 3 4 3 2 . 5 5 4 9 0 . 0 8 7 2 0 . 1 3 7 6 0 . 0 4 8 1 . 4 5 1 2
9 3 4 7 1 . 3 1 1 5 0 . 1 4 9 3 0 . 0 9 2 0 . 1 1 0 9 1 . 6 6 5 4
9 3 4 7 1 . 6 7 9 2 0 . 1 8 6 7 0 . 0 6 9 5 0 . 1 2 4 6 1 . 5 7 8 2
9 3 4 7 1 . 7 6 6 1 0 . 1 8 7 9 0 . 2 4 8 0 . 0 9 3 5 0 . 9 5 4 4
9 3 4 1 4 1 . 5 3 2 7 0 . 1 8 5 5 0 . 0 9 0 2 0 . 1 3 2 9 1 . 1 1 9 8
9 3 4 1 4 1 . 5 9 8 1 0 . 1 5 2 8 0 . 0 8 3 6 0 . 1 2 7 3 1 . 9 3 9 4
9 3 4 1 4 1 . 4 5 1 7 0 . 1 1 3 4 0 . 0 7 3 5 0 . 0 6 7 9 0 . 4 5 9 1
9 3 4 2 1 1 . 0 8 7 4 0 . 2 7 5 1 0 . 0 7 3 3 0 . 1 2 4 2 0 . 6 3 3 5
9 3 4 2 1 1 . 2 2 0 8 0 . 2 6 3 6 0 . 1 2 1 1 0 . 0 5 9 2 1 . 2 0 1 9
9 3 4 2 1 1 . 1 2 0 8 0 . 2 3 8 3 0 . 0 6 5 4 0 . 0 7 3 7 1 . 3 9 1 0
9 3 4 4 0 1 . 1 9 3 4 0 . 2 9 4 2 0 . 1 0 8 5 0 . 0 8 7 5 1 . 0 9 7 8
9 3 4 4 0 1 . 1 1 0 8 0 . 3 3 4 2 0 . 1 1 1 5 0 . 1 2 2 0 . 4 5 1 0
9 3 4 4 0 1 . 0 9 7 3 0 . 3 9 6 1 0 . 0 6 7 6 0 . 1 0 6 2 1 . 3 4 8 0
9 3 4 1 0 0 1 . 0 5 6 1 0 . 5 0 1 1 0 . 0 5 7 2 0 . 0 7 1 7 0 . 5 1 8 8
9 3 4 1 0 0 1 . 0 7 1 2 0 . 6 0 3 7 0 . 0 5 9 5 0 . 0 9 1 2 1 . 1 0 9 5
9 3 4 1 0 0 1 . 1 2 2 9 0 . 4 9 3 6 0 . 0 6 1 1 0 . 0 8 4 1 1 . 1 5 0 4
 

A b b r e v i a t i o n s :
T r t = t r e a t m e n t ; 1 = c o n t r o l , 2 = = e n z y m e , 3 = i n o c u l a n t , 4 = E + I
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T a b l e A - 5 . D a t a u s e d f o r a n a l y s i s o f s t r u c t u r a l c a r b o h y d r a t e c o n t e n t ( g / 1 0 0 g D M ) i n f o r a g e
s o r g h u m e n s i l e d i n a t e m p e r a t e e n v i r o n m e n t ( C h a p t e r 2 )

Y e a r T r t D a y N D F H e m i c e l l u l o s e A D F C e l l u l o s e

9 3 1 0 5 4 . 2 3 0 0 2 1 . 3 8 0 3 2 . 8 4 9 2 8 . 2 3 4
9 3 1 0 5 7 . 6 3 6 2 2 2 . 0 8 0 3 5 . 5 5 5 3 0 . 4 8 5
9 3 1 0 5 8 . 2 5 0 2 2 2 . 2 5 6 3 5 . 9 9 3 3 2 . 7 5 1
9 3 2 0 5 4 . 7 9 0 3 2 0 . 9 2 5 3 3 . 8 6 4 2 8 . 6 0 9
9 3 2 0 5 5 . 5 6 8 5 2 2 . 7 7 6 3 2 . 7 9 1 2 7 . 8 6 1
9 3 2 0 5 4 . 2 4 9 5 2 2 . 5 5 9 3 1 . 6 9 0 2 7 . 3 3 8
9 3 3 0 5 5 . 8 1 9 0 2 2 . 7 3 8 3 3 . 0 8 0 2 8 . 1 5 8
9 3 3 0 5 6 . 2 9 6 7 2 2 . 4 9 6 3 3 . 8 0 0 2 6 . 4 3 8
9 3 3 0 5 4 . 8 3 8 7 2 2 . 1 4 5 3 2 . 6 9 3 2 8 . 2 8 0
9 3 4 0 5 9 . 7 9 5 8 2 0 . 4 9 4 3 9 . 3 0 1 3 3 . 4 2 7
9 3 4 0 5 8 . 1 4 3 9 1 8 . 6 1 1 3 9 . 5 3 2 3 3 . 9 0 6
9 3 4 0 5 7 . 4 4 7 1 2 2 . 7 7 8 3 4 . 6 6 8 2 8 . 7 3 2
9 3 1 4 0 5 7 . 1 1 5 9 2 2 . 4 6 9 3 4 . 6 4 6 2 9 . 1 4 2
9 3 1 4 0 5 8 . 8 9 0 8 2 2 . 7 6 5 3 6 . 1 2 5 3 0 . 5 9 9
9 3 1 4 0 5 8 . 5 2 7 6 2 2 . 0 8 5 3 6 . 4 4 1 3 0 . 7 1 5
9 3 2 4 0 5 5 . 7 8 1 2 2 0 . 2 6 9 3 5 . 5 1 1 2 9 . 5 9 9
9 3 2 4 0 5 8 . 0 2 0 3 2 2 . 0 4 6 3 5 . 9 7 4 3 0 . 2 8 1
9 3 2 4 0 5 2 . 2 2 6 7 2 8 . 1 2 5 2 4 . 1 0 1 3 0 . 6 1 3
9 3 3 4 0 5 7 . 5 2 2 8 2 1 . 7 0 5 3 5 . 8 1 7 3 0 . 3 3 5
9 3 3 4 0 5 5 . 8 2 7 7 2 1 . 4 1 2 3 4 . 4 1 5 2 9 . 0 8 7
9 3 3 4 0 5 7 . 0 5 6 4 2 2 . 3 6 9 3 4 . 6 8 6 3 0 . 0 2 1
9 3 4 4 0 5 5 . 6 3 1 8 2 0 . 9 5 4 3 4 . 6 7 7 2 8 . 1 8 6
9 3 4 4 0 5 2 . 1 0 9 2 1 9 . 7 5 4 3 2 . 3 5 4 2 7 . 2 4 4
9 3 4 4 0 5 5 . 3 8 2 1 2 3 . 0 2 9 3 2 . 3 5 2 2 8 . 6 3 9
9 3 1 1 0 0 5 9 . 5 8 1 9 2 4 . 1 6 4 3 5 . 4 1 7 3 0 . 6 3 0
9 3 1 1 0 0 5 8 . 8 2 0 0 2 2 . 0 4 5 3 6 . 7 7 4 3 2 . 0 9 4
9 3 1 1 0 0 5 8 . 1 2 5 6 2 3 . 3 1 0 3 4 . 8 1 5 2 9 . 7 1 0
9 3 2 1 0 0 5 5 . 8 9 0 5 2 0 . 9 4 6 3 4 . 9 4 4 2 9 . 0 9 3
9 3 2 1 0 0 5 5 . 3 4 3 5 2 1 . 4 5 2 3 3 . 8 9 1 2 8 . 9 2 7
9 3 2 1 0 0 5 8 . 2 1 5 0 2 2 . 6 5 2 3 5 . 5 6 2 2 9 . 2 8 2
9 3 3 1 0 0 5 7 . 2 0 4 7 2 0 . 5 5 0 3 6 . 6 5 4 3 0 . 8 9 0
9 3 3 1 0 0 5 4 . 4 7 3 7 2 1 . 3 7 8 3 3 . 0 9 4 2 8 . 5 6 6
9 3 3 1 0 0 5 6 . 5 5 3 0 2 2 . 1 7 8 3 4 . 3 7 5 2 9 . 7 5 3
9 3 4 1 0 0 5 6 . 4 7 7 5 2 0 . 7 0 3 3 5 . 7 7 3 2 9 . 6 1 1
9 3 4 1 0 0 5 5 . 0 0 6 6 2 0 . 9 3 8 3 4 . 0 6 8 2 8 . 9 7 5
9 3 4 1 0 0 5 5 . 4 5 2 0 2 1 . 7 3 0 3 3 . 7 2 1 2 9 . 0 0 5
9 4 1 0 6 3 . 7 1 3 5 2 5 . 1 5 6 3 8 . 5 5 6 2 6 . 9 8 4
9 4 1 0 6 1 . 5 9 4 0 2 4 . 5 3 6 3 7 . 0 5 8 2 4 . 1 0 6
9 4 1 0 5 9 . 6 2 2 1 2 3 . 2 8 2 3 6 . 3 4 0 3 1 . 0 4 2
9 4 2 0 6 4 . 3 4 5 8 2 4 . 9 8 5 3 9 . 3 5 9 3 2 . 7 5 3
9 4 2 0 6 2 . 5 4 3 5 2 4 . 6 1 0 3 7 . 9 3 3 2 7 . 9 3 1
9 4 3 0 6 0 . 9 1 9 7 2 5 . 1 3 9 3 5 . 7 7 9 2 5 . 4 4 6
9 4 3 0 5 9 . 3 3 5 0 2 4 . 5 0 8 3 4 . 8 2 6 2 7 . 4 8 8
9 4 3 0 5 4 . 6 1 9 5 2 2 . 7 4 2 3 1 . 8 7 7 2 7 . 5 6 1
9 4 4 0 5 5 . 6 1 2 4 2 3 . 1 3 2 3 2 . 4 8 0 2 8 . 1 3 8
9 4 4 0 5 7 . 3 4 8 4 2 5 . 7 3 8 3 1 . 6 0 9 2 6 . 9 6 9
9 4 4 0 5 6 . 6 6 3 7 2 3 . 5 1 1 3 3 . 1 5 1 2 6 . 6 7 2
9 4 1 4 0 5 7 . 2 0 9 3 2 1 . 8 6 0 3 5 . 3 4 8 3 0 . 6 9 7
9 4 1 4 0 5 7 . 9 5 1 3 2 2 . 4 3 4 3 5 . 5 1 7 3 0 . 4 0 5
9 4 1 4 0 5 9 . 0 9 4 2 2 2 . 5 7 1 3 6 . 5 2 3 3 1 . 5 7 4
9 4 2 4 0 5 4 . 5 0 3 2 2 0 . 5 8 6 3 3 . 9 1 7 2 9 . 6 9 9
9 4 2 4 0 5 9 . 4 5 2 0 2 2 . 5 2 4 3 6 . 9 2 7 3 0 . 4 3 0
9 4 2 4 0 5 4 . 3 5 6 1 2 1 . 9 7 3 3 2 . 3 8 2 2 8 . 5 5 1
9 4 3 4 0 5 9 . 5 7 5 1 2 5 . 1 6 0 3 4 . 4 1 4 2 8 . 5 3 6
9 4 3 4 0 6 0 . 9 9 7 9 2 4 . 8 4 4 3 6 . 1 5 3 3 1 . 8 8 8
9 4 3 4 0 5 7 . 0 6 6 7 2 1 . 1 8 2 3 5 . 8 8 4 3 0 . 9 8 3
9 4 4 4 0 5 8 . 7 6 2 1 2 1 . 5 9 1 3 7 . 1 7 0 3 2 . 6 7 9
9 4 4 4 0 5 7 . 9 0 7 8 2 1 . 6 8 9 3 6 . 2 1 8 3 1 . 3 8 1
9 4 4 4 0 5 8 . 6 9 8 2 2 0 . 8 3 6 3 7 . 8 6 1 3 3 . 2 4 8
9 4 1 1 0 0 6 0 . 7 2 0 9 2 4 . 1 1 2 3 6 . 6 0 8 3 1 . 3 5 9
9 4 1 1 0 0 5 9 . 0 8 7 3 2 3 . 2 9 1 3 5 . 7 9 6 3 1 . 2 7 2
9 4 1 1 0 0 5 8 . 8 0 5 4 2 2 . 8 4 4 3 5 . 9 6 0 3 1 . 2 6 0
9 4 2 1 0 0 5 6 . 4 9 6 9 2 5 . 9 7 0 3 0 . 5 2 6 2 6 . 6 6 0
9 4 2 1 0 0 5 5 . 8 7 4 0 1 9 . 1 6 8 3 6 . 7 0 6 3 2 . 3 2 1
 



 

 

T a b l e A - 5 . C o n t .

Y e a r T r t D a y N D F H e m i c e l l u l o s e A D F C e l l u l o s e

9 4 2 1 0 0 5 6 . 6 2 9 3 2 3 . 1 5 8 3 3 . 4 7 0 3 2 . 8 4 2
9 4 3 1 0 0 5 5 . 3 3 0 0 2 0 . 8 4 7 3 4 . 4 8 2 2 7 . 6 4 5
9 4 3 1 0 0 5 9 . 1 6 9 2 2 2 . 0 4 7 3 7 . 1 2 2 2 8 . 9 4 4
9 4 3 1 0 0 5 9 . 8 6 4 0 2 2 . 6 6 6 3 7 . 1 9 7 3 0 . 1 4 1
9 4 4 1 0 0 5 8 . 2 2 0 8 2 2 . 2 0 1 3 6 . 0 1 9 2 9 . 5 7 6
9 4 4 1 0 0 5 7 . 4 5 3 9 2 2 . 9 2 6 3 4 . 5 2 7 2 9 . 0 6 3
9 4 4 1 0 0 5 6 . 5 9 1 4 2 2 . 7 2 3 3 3 . 8 6 7 2 5 . 8 5 1

 

A b b r e v i a t i o n s :
T r t = t r e a t m e n t ; 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I
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T a b l e A - 6 . D a t a u s e d f o r a n a l y s i s o f o r g a n i c a c i d c o n t e n t s ( g / 1 0 0 g D M ) o f f o r a g e s o r g h u m
e n s i l e d i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 2 )
 

 

Y e a r T r t D a y C i t r i c M a l i c O x a l S u c c i n i c

9 4 1 0 0 . 8 7 5 4 . 2 7 7 1 . 0 7 6 4 . 4 1 6
9 4 1 0 0 . 7 4 2 4 . 9 1 8 1 . 1 5 0 2 . 2 1 2
9 4 1 0 0 . 9 6 8 4 . 4 9 1 1 . 1 4 7 2 . 0 0 6
9 4 1 1 0 . 2 6 5 2 . 8 0 5 1 . 2 7 5 3 . 5 1 3
9 4 1 1 0 . 3 2 1 3 . 6 9 7 1 . 3 0 1 3 . 1 0 9
9 4 1 1 0 . 2 8 5 2 . 4 0 7 1 . 1 2 2 2 . 5 3 7
9 4 1 3 0 . 2 8 2 . 9 8 1 . 1 7 1 3 . 2 3 6
9 4 1 3 0 . 1 8 8 3 . 6 6 3 1 . 1 3 5 1 . 8 3 3
9 4 1 3 0 . 2 7 9 1 . 3 5 3 1 . 7 4 1 2 . 0 0 6
9 4 1 7 0 . 2 0 4 2 . 7 5 5 1 . 4 7 1 2 . 8 8 0
9 4 1 7 0 . 4 1 2 2 . 3 1 5 0 . 2 5 4 2 . 2 1 7
9 4 1 7 0 . 3 3 6 3 . 0 0 7 1 . 2 2 4 3 . 3 5 9
9 4 1 1 4 0 . 4 1 7 2 . 7 9 9 0 . 3 8 8 2 . 0 5 9
9 4 1 1 4 0 . 5 9 7 1 . 9 6 8 1 . 5 2 5 3 . 7 1
9 4 1 1 4 0 . 6 4 3 1 . 8 9 7 0 . 6 3 6 3 . 7 9 8
9 4 1 2 1 0 . 5 0 9 3 . 7 5 3 1 . 0 4 7 3 . 1 3 8
9 4 1 2 1 0 . 2 8 7 2 . 9 2 2 1 . 0 7 4 2 . 6 3 0
9 4 1 2 1 0 . 3 7 9 2 . 2 2 5 1 . 1 6 3 1 . 8 6 7
9 4 1 4 0 0 . 4 3 3 3 . 1 0 8 2 . 0 5 1 2 . 6 5 3
9 4 1 4 0 0 . 5 1 5 2 . 1 6 2 2 . 1 3 3 2 . 8 7 3
9 4 1 4 0 0 . 3 5 6 2 . 8 5 6 1 . 0 0 8 1 . 8 1 8
9 4 1 1 0 0 0 . 1 2 5 1 . 0 3 3 0 . 9 1 4 1 . 0 7 8
9 4 1 1 0 0 0 . 1 0 8 1 . 1 6 7 0 . 4 7 9 0 . 8 3 1
9 4 1 1 0 0 0 . 1 7 3 1 . 3 6 9 0 . 5 2 7 1 . 1 9 8
9 4 2 0 0 . 7 9 8 4 . 7 0 0 1 . 6 7 8 3 . 4 3 1
9 4 2 0 0 . 6 1 2 4 . 7 7 3 1 . 0 8 5 3 . 7 2 4
9 4 2 0 0 . 7 4 4 5 . 6 1 2 1 . 1 6 0 2 . 8 4 4
9 4 2 1 0 . 3 5 9 2 . 8 3 8 1 . 8 3 1 4 . 2 8 9
9 4 2 1 0 . 7 8 5 2 . 1 6 3 1 . 4 8 6 4 . 4 1 9
9 4 2 1 0 . 4 0 7 2 . 3 8 6 0 . 4 2 4 2 . 8 2 4
9 4 2 3 0 . 2 3 7 2 . 0 9 1 1 . 1 3 8 3 . 2 7 5
9 4 2 3 0 . 1 6 9 3 . 9 8 8 1 . 1 1 1 2 . 5 6 0
9 4 2 3 0 . 4 0 3 1 . 9 3 7 1 . 1 4 8 2 . 9 1 0
9 4 2 7 0 . 3 9 3 1 . 8 4 9 1 . 5 8 0 3 . 7 6 1
9 4 2 7 0 . 5 0 7 2 . 2 8 2 1 . 7 0 1 3 . 3 6 6
9 4 2 7 0 . 3 5 4 2 . 1 0 1 1 . 0 7 2 2 . 0 9 7
9 4 2 1 4 0 . 5 8 6 3 . 0 9 5 1 . 4 6 7 1 . 2 3 2
9 4 2 1 4 0 . 2 5 8 2 . 2 2 3 1 . 6 6 7 3 . 1 0 9
9 4 2 1 4 0 . 5 3 1 3 . 5 4 4 1 . 0 8 2 2 . 6 3 2
9 4 2 2 1 0 . 4 5 6 1 . 1 0 2 1 . 0 7 4 2 . 5 0 9
9 4 2 2 1 0 . 3 8 7 2 . 4 1 4 1 . 2 5 0 1 . 0 0 5
9 4 2 2 1 0 . 3 0 8 1 . 0 5 2 0 . 7 5 5 1 . 8 5 8
9 4 2 4 0 0 . 4 5 6 1 . 3 5 9 1 . 3 0 3 2 . 0 2 7
9 4 2 4 0 0 . 3 6 4 1 . 5 3 6 0 . 7 9 7 1 . 7 8 0
9 4 2 4 0 0 . 2 9 7 2 . 0 6 0 0 . 5 4 5 1 . 4 5 7
9 4 2 1 0 0 0 . 3 4 7 1 . 3 4 4 1 . 0 6 5 1 . 0 4 5
9 4 2 1 0 0 0 . 1 8 4 1 . 3 9 6 0 . 5 2 9 1 . 1 3 4
9 4 2 1 0 0 0 . 2 3 7 2 . 0 4 7 0 . 5 0 7 1 . 2 5 1
9 4 3 0 0 . 5 1 1 4 . 5 6 0 1 . 1 9 3 . 6 0 7
9 4 3 0 0 . 8 0 2 4 . 3 4 5 1 . 3 8 0 3 . 5 5 3
9 4 3 0 0 . 3 7 1 3 . 9 9 8 1 . 1 2 3 2 . 6 8 5
9 4 3 1 0 . 1 6 3 2 . 5 4 8 1 . 3 6 6 3 . 3 2 2
9 4 3 1 0 . 8 2 4 3 . 6 1 1 1 . 2 3 5 2 . 4 7 4
9 4 3 1 0 . 7 9 7 2 . 3 9 3 1 . 0 1 0 3 . 2 5 8
9 4 3 3 0 . 7 9 9 2 . 5 9 2 1 . 4 1 0 2 . 4 8 4
9 4 3 3 0 . 7 2 8 2 . 7 2 4 0 . 9 9 5 2 . 5 3 6
9 4 3 3 0 . 7 3 0 2 . 5 8 3 1 . 2 6 6 2 . 4 8 8
9 4 3 7 0 . 6 3 8 3 . 6 8 5 1 . 1 2 3 2 . 7 4 0
9 4 3 7 0 . 7 7 3 3 . 0 8 1 1 . 2 2 4 2 . 0 4 3
9 4 3 7 0 . 2 4 9 2 . 8 2 9 1 . 1 6 9 0 . 9 3 0
9 4 3 1 4 0 . 3 0 9 4 . 2 4 9 0 . 9 9 6 2 . 6 7 0
9 4 3 1 4 0 . 2 7 4 3 . 4 7 6 0 . 8 5 0 2 . 1 6 1
9 4 3 1 4 0 . 2 6 2 2 . 7 4 7 1 . 0 6 3 1 . 8 0 6
9 4 3 2 1 0 . 1 7 7 2 . 2 4 7 1 . 2 2 5 1 . 7 3 4
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T a b l e A - 6 . C o n t .

Y e a r T r t D a y C i t r i c M a l i c O x a l S u c c i n i c

9 4 3 2 1 0 . 3 0 4 2 . 7 0 8 1 . 0 6 8 1 . 9 3 2
9 4 3 2 1 0 . 1 8 1 1 . 7 9 5 0 . 9 8 3 1 . 4 3 3
9 4 3 4 0 0 . 2 7 3 2 . 4 9 9 1 . 3 1 9 1 . 7 5 7
9 4 3 4 0 0 . 2 7 9 2 . 3 5 2 0 . 7 6 6 1 . 6 7 7
9 4 3 4 0 0 . 2 6 4 1 . 8 6 3 0 . 8 0 0 1 . 5 1 7
9 4 3 1 0 0 0 . 1 2 4 1 . 7 5 3 0 . 9 4 3 1 . 3 1 6
9 4 3 1 0 0 0 . 1 7 7 1 . 9 9 8 0 . 8 5 2 1 . 9 1 9
9 4 3 1 0 0 0 . 1 6 9 1 . 9 3 4 0 . 9 8 7 1 . 4 5 9
9 4 4 0 0 . 7 2 0 5 . 0 0 1 1 . 0 3 4 3 . 5 6 5
9 4 4 0 0 . 3 0 6 4 . 5 6 7 1 . 3 1 1 2 . 9 6 6
9 4 4 0 0 . 9 8 7 4 . 2 2 1 1 . 3 5 5 4 . 8 5 6
9 4 4 1 0 . 4 9 7 3 . 0 8 0 1 . 5 8 2 . 2 8 2
9 4 4 1 0 . 3 3 6 2 . 8 8 9 1 . 3 1 8 2 . 6 5 8
9 4 4 1 0 . 3 0 6 2 . 1 4 3 1 . 5 7 2 . 4 4 5
9 4 4 3 0 . 2 8 3 3 . 0 3 5 1 . 6 9 1 2 . 5 6 7
9 4 4 3 0 . 6 3 9 2 . 6 0 3 0 . 9 4 8 3 . 8 2 1
9 4 4 3 0 . 1 2 1 3 . 8 3 9 1 . 3 5 3 1 . 8 7 9
9 4 4 7 0 . 7 3 6 3 . 5 1 5 1 . 1 0 8 1 . 9 2 3
9 4 4 7 0 . 4 6 9 3 . 1 0 4 1 . 7 0 5 2 . 1 8 7
9 4 4 7 0 . 5 1 6 2 . 8 5 8 0 . 9 4 7 1 . 9 8 4
9 4 4 1 4 0 . 2 3 4 3 . 4 7 3 0 . 9 8 4 3 . 5 1 1
9 4 4 1 4 0 . 4 4 2 . 1 2 3 1 . 1 4 9 1 . 6 8 7
9 4 4 1 4 0 . 5 9 6 2 . 0 9 2 0 . 7 8 7 2 . 8 8 3
9 4 4 2 1 0 . 3 1 4 3 . 9 3 4 1 . 2 9 6 1 . 8 7 3
9 4 4 2 1 0 . 3 1 2 3 . 4 3 0 0 . 9 8 4 1 . 8 5 8
9 4 4 2 1 0 . 1 1 0 2 . 4 5 3 1 . 4 3 6 1 . 2 5 3
9 4 4 4 0 0 . 2 1 6 2 . 0 1 8 0 . 8 4 9 1 . 0 9 1
9 4 4 4 0 0 . 1 9 4 2 . 2 5 1 0 . 5 8 5 1 . 2 6 5
9 4 4 4 0 0 . 3 3 2 3 . 3 4 8 0 . 8 9 1 1 . 7 1 7
9 4 4 1 0 0 0 . 1 3 7 1 . 9 4 9 0 . 9 1 4 1 . 8 7 0
9 4 4 1 0 0 0 . 1 0 4 1 . 0 0 6 0 . 7 6 8 1 . 6 5 6
9 4 4 1 0 0 0 . 1 0 4 2 . 3 2 9 0 . 9 0 5 0 . 9 9 6
9 3 1 0 0 . 8 1 3 4 . 5 6 0 0 . 8 8 3 2 . 1 3 7
9 3 1 0 0 . 6 3 3 3 . 4 5 6 1 . 0 4 0 1 . 9 9 9
9 3 1 0 0 . 6 1 7 4 . 3 2 7 0 . 9 4 1 2 . 1 0 3
9 3 1 1 0 . 4 5 7 2 . 8 0 9 0 . 8 2 3 0 . 8 7 5
9 3 1 1 0 . 8 7 6 2 . 9 7 4 0 . 4 3 2 1 . 2 9 8
9 3 1 1 0 . 6 5 4 2 . 6 4 7 0 . 2 0 1 1 . 0 2 0
9 3 1 3 0 . 4 3 5 1 . 0 9 6 0 . 4 7 3 1 . 6 0 6
9 3 1 3 0 . 3 9 7 3 . 4 2 1 0 . 7 4 5 1 . 0 7 3
9 3 1 3 0 . 1 7 2 2 . 5 1 8 0 . 6 9 3 0 . 9 7 6
9 3 1 7 0 . 9 1 6 3 . 3 6 3 0 . 9 1 2 0 . 9 9 7
9 3 1 7 0 . 7 4 7 2 . 3 3 9 0 . 7 3 4 1 . 6 0 0
9 3 1 7 0 . 0 9 6 1 . 6 3 5 0 . 8 2 7 1 . 8 7 6
9 3 1 1 4 0 . 8 4 3 3 . 6 2 9 1 . 0 0 2 1 . 1 4 1
9 3 1 1 4 0 . 2 0 4 2 . 5 6 8 0 . 7 9 7 1 . 3 0 1
9 3 1 1 4 0 . 4 5 2 2 . 4 1 5 1 . 0 5 7 1 . 5 7 1
9 3 1 2 1 0 . 6 8 7 1 . 2 2 9 0 . 9 4 2 0 . 8 8 1
9 3 1 2 1 0 . 3 7 3 2 . 7 8 7 0 . 7 4 8 1 . 1 3 2
9 3 1 2 1 0 . 9 6 0 1 . 4 1 5 0 . 7 6 5 1 . 1 7 5
9 3 1 4 0 0 . 0 7 8 1 . 8 9 5 0 . 5 1 2 1 . 5 9 2
9 3 1 4 0 0 . 7 1 7 1 . 5 9 0 0 . 6 2 6 0 . 9 8 7
9 3 1 4 0 0 . 4 4 3 1 . 7 8 7 0 . 4 2 6 0 . 9 6 8
9 3 1 1 0 0 0 . 1 1 3 1 . 3 4 2 0 . 5 7 4 0 . 6 3 7
9 3 1 1 0 0 0 . 3 1 1 1 . 2 4 5 0 . 1 7 4 1 . 1 6 2
9 3 1 1 0 0 0 . 5 4 3 0 . 8 3 1 0 . 3 3 9 1 . 6 7 3
9 3 2 0 0 . 6 4 7 4 . 1 0 5 0 0 . 9 7 5
9 3 2 0 0 . 2 2 9 4 . 3 5 6 1 . 1 1 2 2 . 3 2 0
9 3 2 0 0 . 8 1 0 5 . 0 0 0 1 . 6 0 6 0 . 8 7 6
9 3 2 1 0 . 5 0 1 2 . 4 0 5 0 . 8 4 3 1 . 2 7 1
9 3 2 1 0 . 5 9 9 3 . 0 4 1 0 . 6 7 5 1 . 0 0 6
9 3 2 1 0 . 4 9 3 2 . 5 3 4 0 . 5 6 7 0 . 8 7 6
9 3 2 3 0 . 1 2 8 3 . 6 4 6 0 . 2 1 6 1 . 1 2 4
9 3 2 3 0 . 6 9 1 2 . 2 6 8 0 . 4 3 5 1 . 1 7 5
9 3 2 3 0 . 8 8 1 . 2 7 6 0 . 4 4 8 1 . 2 1 8
S 3 2 7 0 5 s z  
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T a b l e A - 6 . C o n t .

y e a r t r t d a y c i t r i c m a l i c o x a l s u c c i n i c

9 3 2 7 0 . 0 9 9 3 . 5 8 1 0 . 6 8 5 1 . 1 5 9
9 3 2 7 0 . 5 6 0 1 . 2 4 3 0 . 5 2 4 1 . 0 8 7
9 3 2 1 4 0 . 1 2 2 1 . 9 6 6 1 . 0 7 0 1 . 5 8 2
9 3 2 1 4 0 . 1 8 3 2 . 7 4 5 0 . 9 7 8 1 . 1 4 8
9 3 2 1 4 0 . 3 1 2 1 . 8 5 2 0 . 4 5 9 2 . 8 5 9
9 3 2 2 1 0 . 5 9 7 1 . 8 5 0 0 . 6 9 8 1 . 8 4 0
9 3 2 2 1 0 . 5 2 1 1 . 9 0 6 0 . 9 9 7 1 . 1 9 9
9 3 2 2 1 0 . 4 7 9 2 . 9 9 6 1 . 6 9 1 2 . 4 0 7
9 3 2 4 0 0 . 7 0 3 2 . 5 7 5 0 . 9 4 7 1 . 9 3 6
9 3 2 4 0 0 . 1 3 6 2 . 0 2 4 0 . 7 4 7 1 . 0 9 6
9 3 2 4 0 0 . 4 0 0 2 . 0 0 4 0 1 . 0 8 2
9 3 2 1 0 0 0 . 3 4 4 1 . 2 4 3 0 . 0 8 5 0 . 5 3 1
9 3 2 1 0 0 0 . 4 0 7 1 . 0 9 2 0 . 0 7 7 0 . 4 8 2
9 3 2 1 0 0 0 . 5 6 3 1 . 1 0 6 0 . 2 0 6 1 . 0 4 0
9 3 3 0 0 . 7 4 4 5 . 3 1 0 0 . 5 1 2 2 . 6 3 8
9 3 3 0 0 . 5 2 9 4 . 6 5 0 0 . 9 0 3 1 . 2 3 7
9 3 3 0 0 . 9 4 7 4 . 3 1 6 0 . 7 3 8 1 . 2 4 4
9 3 3 1 0 . 5 2 2 1 . 9 3 7 0 . 6 4 5 0 . 8 5 6
9 3 3 1 0 . 5 3 6 2 . 6 8 6 0 . 9 4 3 0 . 8 6 1
9 3 3 1 0 . 3 8 7 3 . 1 7 2 0 . 4 3 2 1 . 3 3 1
9 3 3 3 0 . 3 9 5 2 . 2 2 3 0 . 7 2 4 1 . 1 7 5
9 3 3 3 0 . 3 4 5 2 . 0 4 2 0 . 6 2 0 . 9 1 2
9 3 3 3 0 . 4 6 7 1 . 8 3 6 0 . 7 3 5 1 . 4 5 9
9 3 3 7 0 . 7 7 8 1 . 7 1 3 0 . 4 9 8 1 . 8 3 7
9 3 3 7 0 . 4 0 0 2 . 3 4 0 0 . 6 4 1 1 . 4 0 5
9 3 3 7 0 . 6 9 9 2 . 0 0 7 0 . 6 7 8 1 . 0 4 5
9 3 3 1 4 0 . 4 3 9 2 . 2 8 6 0 . 3 3 7 1 . 1 6 8
9 3 3 1 4 0 . 6 7 7 1 . 8 0 5 0 . 2 5 3 0 . 7 5 1
9 3 3 1 4 0 . 6 9 3 2 . 0 5 4 1 . 2 2 0 1 . 2 9 9
9 3 3 2 1 0 . 5 9 6 2 . 0 6 7 0 . 6 0 5 1 . 2 6 1
9 3 3 2 1 0 . 8 3 8 1 . 5 6 9 0 . 7 6 0 1 . 1 2 4
9 3 3 2 1 0 . 2 8 1 2 . 0 2 6 0 . 7 8 7 1 . 3 9 1
9 3 3 4 0 0 . 9 4 6 1 . 3 2 8 0 . 3 7 2 1 . 0 2 2
9 3 3 4 0 0 . 7 4 1 1 . 5 2 1 0 . 2 6 1 0 . 9 1 0
9 3 3 4 0 0 . 4 6 3 2 . 0 5 4 0 . 5 1 9 1 . 3 4 7
9 3 3 1 0 0 0 . 1 8 4 1 . 7 4 8 0 . 2 3 1 0 . 7 1 0
9 3 3 1 0 0 0 . 2 3 1 1 . 7 5 0 0 . 1 5 5 0 . 6 8 6
9 3 3 1 0 0 0 . 2 5 0 1 . 4 4 0 0 . 2 0 3 1 . 1 4 4
9 3 4 0 0 . 6 5 0 5 . 5 8 8 1 . 0 2 0 2 . 5 8 0
9 3 4 0 0 . 5 0 1 4 . 9 4 6 0 . 9 9 7 1 . 7 1 6
9 3 4 0 0 . 6 5 3 3 . 2 7 1 0 . 4 0 9 1 . 0 8 3
9 3 4 1 0 . 7 6 5 3 . 3 5 4 0 . 8 4 2 0 . 8 7 8
9 3 4 1 0 . 6 0 2 2 . 1 9 6 0 . 6 3 5 0 . 6 9 5
9 3 4 1 0 . 8 7 6 3 . 3 4 5 0 . 5 2 3 0 . 9 7 9
9 3 4 3 0 . 9 5 2 1 . 9 1 5 0 . 6 4 3 0 . 9 9 4
9 3 4 3 0 . 3 5 5 2 . 9 5 6 0 . 2 4 3 1 . 1 4 2
9 3 4 3 0 . 4 2 5 2 . 5 1 7 0 . 6 4 5 1 . 2 0 8
9 3 4 7 0 . 2 5 3 1 . 9 5 4 0 . 3 9 7 1 . 0 0 3
9 3 4 7 0 . 3 6 9 2 . 3 4 1 0 . 4 6 6 1 . 0 1 2
9 3 4 7 0 . 8 8 2 3 . 0 7 8 0 . 2 5 5 1 . 8 7 5
9 3 4 1 4 0 . 4 1 5 2 . 0 1 7 0 . 4 8 7 1 . 9 7 8
9 3 4 1 4 0 . 2 0 9 2 . 1 7 2 0 . 5 8 7 1 . 6 0 2
9 3 4 1 4 0 . 1 8 8 2 . 8 5 6 0 . 3 0 9 2 . 8 1 6
9 3 4 2 1 0 . 3 8 1 2 . 0 9 9 0 . 2 9 9 0 . 8 6 7
9 3 4 2 1 0 . 2 4 7 1 . 3 3 9 0 . 2 2 3 1 . 2 7 9
9 3 4 2 1 0 . 4 8 6 1 . 9 4 2 0 . 3 9 1 2 . 1 3 0
9 3 4 4 0 0 . 2 9 2 2 . 5 9 6 0 . 5 1 4 0 . 8 7 6
9 3 4 4 0 0 . 6 8 7 1 . 7 3 1 0 . 4 1 8 1 . 0 5 6
9 3 4 4 0 0 . 5 7 6 1 . 0 1 9 0 . 1 6 4 0 . 6 9 5
9 3 4 1 0 0 0 . 4 8 9 1 . 7 6 2 0 . 8 7 8 0 . 9 7 5
9 3 4 1 0 0 0 . 3 7 8 1 . 4 3 8 0 . 1 9 9 1 . 4 3 2
9 3 4 1 0 0 0 . 4 5 3 1 . 8 3 6 0 . 7 9 1 0 . 8 9 1
 

A b b r e v i a t i o n s :
T r t = t r e a t m e n t ; 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I ; O x a = O x a l o a c e t i c a c i d



2 7 2

T a b l e A - 7 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n e n d - p r o d u c t s ( g / 1 0 0 g D M ) o f f o r a g e s o r g h u m
e n s i l e d i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 2 )

 

 

Y e a r T r t D a y A c e L a c P r o p E t o h B u t

9 4 1 0 0 . 0 8 3 0 . 1 4 6 0 0 . 0 6 1 0
9 4 1 0 0 . 0 2 7 0 . 0 5 3 0 0 . 0 5 7 0
9 4 1 0 0 . 1 2 6 0 . 0 2 7 0 0 . 1 3 2 0
9 4 1 1 0 . 1 2 8 1 . 3 4 8 0 . 0 0 5 0 . 4 8 0 0 . 0 2 0
9 4 1 1 0 . 2 5 6 1 . 2 6 8 0 . 0 0 0 0 . 5 1 0 0 . 0 3 0
9 4 1 1 0 . 2 3 0 1 . 2 9 8 0 0 . 4 6 6 0 . 0 3 0
9 4 1 3 0 . 9 1 7 5 . 5 5 0 0 . 0 0 7 0 . 5 1 6 0 . 0 8 6
9 4 1 3 0 . 6 0 6 6 . 8 0 9 0 . 0 0 3 0 . 6 5 9 0 . 0 3 3
9 4 1 3 0 . 6 5 6 3 . 4 8 5 0 . 0 0 6 0 . 5 4 6 0 . 0 7 7
9 4 1 7 0 . 7 9 5 5 . 8 9 0 0 . 0 0 0 0 . 6 6 5 0 . 0 5 0
9 4 1 7 0 . 6 4 2 6 . 9 9 1 0 . 0 0 6 0 . 8 5 6 0 . 0 4 8
9 4 1 7 0 . 8 5 0 8 . 5 9 6 0 . 0 0 8 0 . 9 3 4 0 . 0 7 3
9 4 1 1 4 0 . 4 1 8 5 . 8 4 5 0 . 0 3 0 1 . 2 1 7 0 . 0 2 8
9 4 1 1 4 0 . 9 7 1 8 . 2 1 8 0 . 0 5 1 1 . 3 7 1 0 . 0 8 0
9 4 1 1 4 1 . 1 8 2 6 . 4 2 2 0 . 0 5 1 1 . 1 6 7 0 . 0 2 2
9 4 1 2 1 0 . 6 1 4 5 . 8 3 0 0 . 0 3 9 0 . 6 2 7 0 . 0 5 2
9 4 1 2 1 0 . 9 0 7 6 . 8 5 0 0 . 0 4 1 0 . 7 0 4 0 . 0 1 8
9 4 1 2 1 0 . 5 9 9 5 . 4 0 1 0 . 0 4 2 0 . 4 1 3 0 . 0 7 1
9 4 1 4 0 0 . 8 2 2 4 . 1 0 9 0 . 0 2 9 0 . 4 5 3 0 . 0 5 0
9 4 1 4 0 0 . 7 6 1 5 . 5 9 3 0 . 0 3 6 0 . 5 2 9 0 . 0 2 7
9 4 1 4 0 0 . 3 0 4 3 . 8 7 7 0 . 0 2 6 0 . 2 9 4 0 . 0 4 3
9 4 1 1 0 0 0 . 7 1 4 2 . 9 0 2 0 . 0 2 0 0 . 2 0 2 0 . 0 5 3
9 4 1 1 0 0 0 . 8 0 3 2 . 5 8 5 0 . 0 4 0 0 . 2 8 3 0 . 0 7 6
9 4 1 1 0 0 0 . 7 3 2 2 . 1 2 5 0 0 . 1 0 3 0 . 0 1 1
9 4 2 0 0 . 0 3 7 0 . 0 7 7 0 0 . 0 9 6 0
9 4 2 0 0 . 0 8 2 0 . 0 9 9 0 0 . 0 2 9 0
9 4 2 0 0 . 0 8 9 0 . 0 9 2 0 0 . 0 9 9 0
9 4 2 1 0 . 2 2 3 0 . 5 8 1 0 0 . 5 4 0 0 . 0 2 4
9 4 2 1 0 . 2 5 9 0 . 2 4 9 0 . 0 0 5 0 . 6 2 7 0 . 0 3 1
9 4 2 1 0 . 1 7 2 0 . 2 4 2 0 0 . 4 7 8 0 . 0 6 7
9 4 2 3 0 . 6 0 9 4 . 8 7 7 0 . 0 0 3 0 . 7 1 5 0 . 0 7 1
9 4 2 3 1 . 1 4 1 6 . 6 1 4 0 . 0 0 9 0 . 6 2 3 0 . 0 7 7
9 4 2 3 0 . 7 9 5 6 . 7 1 7 0 . 0 0 3 0 . 8 3 1 0 . 0 4 9
9 4 2 7 1 . 1 7 5 6 . 5 4 0 0 . 0 0 4 1 . 0 8 9 0 . 0 0 3
9 4 2 7 0 . 8 8 6 7 . 3 7 4 0 . 0 0 6 0 . 8 8 4 0 . 0 5 3
9 4 2 7 0 . 5 3 4 6 . 9 2 6 0 . 0 0 7 0 . 8 3 5 0 . 0 5 2
9 4 2 1 4 1 . 1 0 6 6 . 7 2 1 0 . 0 5 4 1 . 0 3 8 0 . 0 0 1
9 4 2 1 4 0 . 8 0 8 7 . 8 2 6 0 . 0 3 1 0 . 9 2 2 0 . 0 3 9
9 4 2 1 4 0 . 8 1 4 7 . 8 7 7 0 . 0 3 0 0 . 9 1 8 0 . 0 2 4
9 4 2 2 1 0 . 7 2 2 5 . 5 4 1 0 . 0 3 8 0 . 6 5 1 0 . 0 9 7
9 4 2 2 1 0 . 7 6 7 6 . 4 1 1 0 . 0 3 8 0 . 6 3 8 0 . 0 3 1
9 4 2 2 1 0 . 6 8 6 5 . 9 4 5 0 . 0 3 6 0 . 7 4 0 0 . 0 4 2
9 4 2 4 0 0 . 5 6 1 5 . 9 4 9 0 . 0 2 1 0 . 4 3 1 0 . 0 5 9
9 4 2 4 0 0 . 3 5 0 4 . 0 3 8 0 0 . 4 3 1 0 . 0 3 5
9 4 2 4 0 0 . 8 1 7 4 . 0 9 7 0 0 . 3 1 7 0 . 0 2 5
9 4 2 1 0 0 0 . 7 7 5 2 . 7 9 1 0 . 0 2 4 0 . 2 2 7 0 . 0 0 0
9 4 2 1 0 0 0 . 7 3 3 1 . 8 7 5 0 . 0 2 0 0 . 3 9 1 0 . 0 9 2
9 4 2 1 0 0 0 . 8 7 4 2 . 5 1 4 0 . 0 4 0 0 . 1 2 6 0 . 0 7 9
9 4 3 0 0 . 1 0 6 0 . 0 9 2 0 0 . 0 8 1 0
9 4 3 0 0 . 0 8 2 0 . 0 2 3 0 0 . 1 5 4 0
9 4 3 0 0 . 1 1 7 0 . 1 5 8 0 . 0 0 1 0 . 0 2 2 0
9 4 3 1 0 . 2 8 8 2 . 2 8 1 0 . 0 0 0 0 . 1 4 8 0 . 0 2 9
9 4 3 1 0 . 4 0 6 1 . 1 8 9 0 . 0 0 0 0 . 1 9 1 0 . 0 5 6
9 4 3 1 0 . 3 1 2 1 . 1 3 7 0 . 0 0 5 0 . 9 6 2 0 . 0 5 2
9 4 3 3 0 . 5 5 6 9 . 3 1 8 0 . 0 0 5 0 . 5 9 4 0 . 0 8 5
9 4 3 3 0 . 5 7 3 8 . 7 2 0 0 . 0 0 7 0 . 7 1 5 0 . 0 6 0
9 4 3 3 0 . 7 9 2 8 . 6 9 2 0 . 0 0 7 0 . 7 4 9 0 . 0 7 8
9 4 3 7 0 . 7 0 5 8 . 7 3 0 0 . 0 0 6 0 . 8 1 1 0 . 0 9 1
9 4 3 7 0 . 7 5 6 7 . 8 7 4 0 . 0 0 5 0 . 8 1 7 0 . 0 3 7
9 4 3 7 0 . 7 8 6 5 . 8 5 0 0 0 . 8 3 0 . 0 9 9
9 4 3 1 4 0 . 6 3 6 8 . 4 3 1 0 . 0 6 8 0 . 8 9 3 0 . 0 7 1
9 4 3 1 4 0 . 8 4 5 8 . 1 2 0 0 1 . 4 8 5 0 . 0 4 7
9 4 3 1 4 0 . 6 7 0 6 . 0 6 7 0 0 . 9 4 2 0 . 0 6 7
9 4 3 2 1 0 . 7 2 6 5 . 6 1 7 0 0 . 4 3 6 0 . 0 8 0
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T a b l e A - 7 . C o n t .

Y e a r T r t D a y A c e L a c P r o p E t o h B u t

9 4 3 2 1 0 . 4 6 9 7 . 2 8 2 0 . 0 6 1 0 . 5 8 8 0 . 0 4 7
9 4 3 2 1 0 . 6 2 8 6 . 2 0 1 0 0 . 5 9 5 0 . 0 3 8
9 4 3 4 0 0 . 2 3 5 5 . 1 8 0 0 . 2 5 5 0 . 4 0 6 0 . 0 2 4
9 4 3 4 0 0 . 7 0 1 4 . 8 2 3 0 0 . 3 2 7 0 . 0 9 6
9 4 3 4 0 0 . 4 1 6 4 . 6 2 1 0 0 . 4 6 2 0 . 0 8 3
9 4 3 1 0 0 0 . 3 1 9 3 . 2 8 7 0 . 0 3 9 0 . 2 9 6 0 . 0 1 9
9 4 3 1 0 0 0 . 7 9 5 5 . 1 0 2 0 . 0 2 0 0 . 3 3 1 0 . 0 1 4
9 4 3 1 0 0 0 . 7 6 9 3 . 4 6 0 0 0 . 2 5 0 0 . 0 7 1
9 4 4 0 0 . 0 2 3 0 . 1 5 8 0 0 . 0 5 5 0
9 4 4 0 0 . 1 0 5 0 . 1 4 9 0 0 . 1 3 9 0
9 4 4 0 0 . 1 2 7 0 . 0 4 1 0 . 0 0 7 0 . 0 7 2 0
9 4 4 1 0 . 2 0 5 2 . 2 5 5 0 . 0 0 0 0 . 9 3 6 0 . 0 6 0
9 4 4 1 0 . 2 1 5 1 . 3 2 9 0 . 0 0 9 0 . 0 0 9 0 . 0 5 0
9 4 4 1 0 . 3 4 2 0 . 5 1 9 0 0 . 4 0 2 0 . 0 3 4
9 4 4 3 0 . 7 7 0 9 . 4 6 3 0 . 0 0 2 0 . 8 2 2 0 . 0 0 7
9 4 4 3 0 . 7 5 9 8 . 5 1 7 0 . 0 0 4 0 . 6 6 9 0 . 0 0 8
9 4 4 3 0 . 3 5 4 8 . 1 6 1 0 . 0 0 7 0 . 5 5 3 0 . 0 9 7
9 4 4 7 0 . 5 5 7 7 . 6 4 2 0 . 0 0 9 0 . 6 3 9 0 . 0 9 8
9 4 4 7 0 . 4 4 7 7 . 8 7 7 0 0 . 8 5 9 0 . 0 5 7
9 4 4 7 0 . 8 4 4 6 . 5 0 9 0 . 0 0 7 0 . 5 7 1 0 . 0 1 5
9 4 4 1 4 0 . 6 0 6 9 . 7 9 9 0 . 0 3 7 0 . 9 8 7 0 . 0 6 6
9 4 4 1 4 0 . 5 7 3 7 . 3 3 4 0 . 0 3 0 1 . 4 4 8 0 . 0 0 6
9 4 4 1 4 0 . 9 2 3 8 . 2 2 5 0 . 0 4 5 0 . 8 5 2 0 . 0 7 7
9 4 4 2 1 0 . 6 7 2 6 . 9 2 3 0 . 0 2 8 0 . 6 6 6 0 . 0 6 4
9 4 4 2 1 0 . 7 7 6 6 . 2 6 9 0 . 0 6 0 0 . 6 9 4 0 . 0 9 7
9 4 4 2 1 0 . 7 5 5 4 . 3 3 5 0 0 . 0 9 0 0 . 0 8 9
9 4 4 4 0 1 . 3 5 4 3 . 4 2 1 0 0 . 2 3 5 0 . 0 0 1
9 4 4 4 0 0 . 8 8 1 3 . 8 3 4 0 . 0 9 3 0 . 3 4 6 0 . 0 6 5
9 4 4 4 0 0 . 8 4 0 5 . 6 4 9 0 . 0 8 3 0 . 5 9 2 0 . 0 9 4
9 4 4 1 0 0 0 . 7 8 2 4 . 2 6 3 0 . 0 2 1 0 . 4 0 1 0 . 0 6 5
9 4 4 1 0 0 0 . 7 9 3 4 . 2 2 4 0 . 0 2 0 . 3 2 8 0 . 0 3 6
9 4 4 1 0 0 0 . 6 3 7 3 . 2 7 4 0 0 . 1 4 9 0 . 0 3 2
9 3 1 0 0 . 0 4 0 . 2 2 2 0 0 . 0 3 3 0
9 3 1 0 0 . 0 3 0 . 2 3 2 0 0 . 0 2 5 0
9 3 1 0 0 . 0 2 6 0 . 0 8 4 0 0 . 0 0 9 0
9 3 1 1 0 . 1 9 2 0 . 9 3 7 0 0 . 1 7 2 0 . 0 3 8
9 3 1 1 0 . 2 3 2 1 . 7 6 4 0 . 0 0 6 0 . 1 4 3 0 . 0 4 1
9 3 1 1 0 . 2 0 4 1 . 6 3 4 0 . 0 0 6 0 . 0 7 6 0 . 0 4 9
9 3 1 3 0 . 0 8 8 0 . 6 9 5 0 0 . 0 8 9 0
9 3 1 3 0 . 3 2 7 2 . 3 0 0 . 3 1 4 0 . 0 7 5
9 3 1 3 0 . 2 6 1 2 . 1 4 2 0 0 . 3 2 7 0 . 0 6 2
9 3 1 7 0 . 2 7 1 . 9 0 9 0 0 . 3 7 2 0 . 0 8 3
9 3 1 7 0 . 2 2 8 1 . 9 5 7 0 0 . 5 3 0 . 0 0 7
9 3 1 7 0 . 4 6 6 4 . 1 8 9 0 0 . 6 6 7 0 . 0 8 1
9 3 1 1 4 0 . 4 8 9 2 . 7 6 5 0 . 4 3 0 0 . 7 7 2 0 . 0 8 3
9 3 1 1 4 0 . 2 1 8 2 . 1 1 7 0 . 0 5 2 1 . 5 8 5 0 . 0 6 4
9 3 1 1 4 0 . 3 1 7 3 . 6 0 7 0 . 0 5 6 0 . 8 7 2 0 . 0 5 1
9 3 1 2 1 0 . 2 9 7 1 . 0 6 4 0 . 0 5 9 0 . 3 1 3 0 . 0 8 4
9 3 1 2 1 0 . 4 9 7 2 . 9 9 9 0 . 0 5 3 1 . 0 7 9 0 . 0 7 8
9 3 1 2 1 0 . 3 9 7 3 . 4 4 6 0 . 0 5 4 0 . 8 4 6 0 . 0 8 4
9 3 1 4 0 0 . 3 5 2 1 . 4 8 4 0 . 0 8 4 0 . 3 3 7 0 . 1 0 7
9 3 1 4 0 0 . 2 9 8 1 . 3 9 0 0 . 7 9 0 . 0 3 2
9 3 1 4 0 0 . 2 9 1 1 . 6 1 3 0 0 . 4 1 0 . 0 1 2
9 3 1 1 0 0 0 . 7 2 4 1 . 7 6 7 0 . 0 3 9 0 . 4 6 3 0 . 0 4 7
9 3 1 1 0 0 0 . 4 5 9 1 . 1 6 5 0 . 0 6 0 0 . 4 7 0 0 . 0 3 9
9 3 1 1 0 0 0 . 3 9 8 1 . 3 8 4 0 . 1 1 1 0 . 9 2 1 0 . 0 3 0
9 3 2 0 0 . 0 1 5 0 . 1 0 9 0 0 . 0 0 9 0
9 3 2 0 0 . 0 5 5 0 . 2 6 0 0 . 0 2 8 0
9 3 2 0 0 . 0 3 3 0 . 1 5 5 0 0 . 0 0 9 0
9 3 2 1 0 . 3 2 6 1 . 8 1 0 0 . 0 4 8 0 . 0 3 3
9 3 2 1 0 . 3 0 8 1 . 5 5 1 0 0 . 0 9 2 0 . 0 7 1
9 3 2 1 0 . 1 5 4 0 . 9 9 4 0 0 . 2 2 8 0 . 0 5 5
9 3 2 3 0 . 2 3 6 1 . 5 1 1 0 0 . 2 2 4 0 . 0 5 6
9 3 2 3 0 . 2 9 3 2 . 1 7 2 0 0 . 2 8 6 0 . 0 5 4
9 3 2 3 0 . 2 2 7 1 . 3 6 2 0 0 . 1 3 9 0 . 0 7 8
9 3 2 7 0 . 3 7 3 2 . 2 1 5 0 0 . 5 4 3 0 . 0 5
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T a b l e A - 7 . C o n t .

Y e a r T r t D a y A c e L a c P r o p E t c h B u t

9 3 2 7 0 . 3 6 5 2 . 0 2 6 0 0 . 8 0 5 0 . 0 6
9 3 2 7 0 . 2 9 2 3 . 0 8 1 0 0 . 6 3 6 0 . 0 5 9
9 3 2 1 4 0 . 2 6 3 . 3 1 7 0 . 0 8 4 0 . 4 9 5 0 . 0 9 1
9 3 2 1 4 0 . 2 7 1 1 . 9 0 1 0 . 0 9 0 . 4 0 1 0 . 0 3 5
9 3 2 1 4 0 . 3 4 3 2 . 8 3 7 0 . 0 8 1 . 7 6 5 0 . 0 7 3
9 3 2 2 1 0 . 3 0 5 2 . 3 7 3 0 . 0 6 4 0 . 5 9 0 . 0 6 4
9 3 2 2 1 0 . 4 0 3 2 . 2 4 5 0 . 0 9 0 . 5 0 8 0 . 0 6 2
9 3 2 2 1 0 . 5 5 7 1 . 9 9 0 . 0 7 9 0 . 6 4 6 0 . 0 6 7
9 3 2 4 0 0 . 4 5 2 2 . 4 0 7 0 . 0 5 6 1 . 0 9 0 . 0 6 6
9 3 2 4 0 0 . 3 4 2 1 . 7 0 2 0 . 0 6 0 . 4 5 9 0 . 0 6
9 3 2 4 0 0 . 5 3 9 1 . 7 5 8 0 . 0 5 0 . 4 5 9 0 . 0 6
9 3 2 1 0 0 0 . 2 6 9 1 . 8 5 0 0 . 0 8 8 0 . 3 1 0 0 . 0 4 7
9 3 2 1 0 0 0 . 7 3 3 1 . 4 6 6 0 . 0 8 0 0 . 9 6 9 0 . 0 5 7
9 3 2 1 0 0 0 . 5 8 6 1 . 0 8 5 0 . 0 3 0 0 . 9 9 0 0 . 0 2 6
9 3 3 0 0 . 0 6 8 0 . 4 2 3 0 0 . 0 8 5 0
9 3 3 0 0 . 0 3 0 0 . 2 1 3 0 0 . 0 3 1 0
9 3 3 0 0 . 0 4 0 0 . 1 9 6 0 0 . 0 1 8 0
9 3 3 1 0 . 1 8 3 2 . 5 2 9 0 0 . 1 5 4 0 . 0 2 7
9 3 3 1 0 . 1 6 0 1 . 8 1 8 0 0 . 1 5 4 0 . 0 4 9
9 3 3 1 0 . 2 1 0 1 . 2 1 5 0 0 . 0 7 1 0 . 0 3 2
9 3 3 3 0 . 1 4 7 1 . 5 2 5 0 0 . 3 3 3 0 . 0 2 9
9 3 3 3 0 . 2 3 9 1 . 7 0 3 0 0 . 0 9 8 0 . 0 3 8
9 3 3 3 0 . 2 9 3 4 . 1 6 7 0 0 . 3 8 0 . 0 3 1
9 3 3 7 0 . 3 4 5 3 . 8 1 3 0 0 . 4 6 6 0 . 0 6 6
9 3 3 7 0 . 2 6 2 3 . 4 8 6 0 0 . 6 5 4 0 . 0 4 3
9 3 3 7 0 . 2 7 9 3 . 8 6 8 0 0 . 8 1 5 0 . 0 8 2
9 3 3 1 4 0 . 2 7 5 2 . 6 0 6 0 . 0 8 1 . 2 5 0 . 0 6 2
9 3 3 1 4 0 . 2 9 4 4 . 4 4 0 . 0 6 2 1 . 0 4 9 0 . 0 5 9
9 3 3 1 4 0 . 4 6 6 . 0 7 4 0 . 0 7 1 1 . 3 5 9 0 . 0 9 3
9 3 3 2 1 0 . 4 0 2 . 4 9 2 0 . 0 5 0 . 4 2 2 0 . 0 9
9 3 3 2 1 0 . 3 9 4 2 . 0 2 7 0 . 0 8 0 . 5 0 6 0 . 0 1 0
9 3 3 2 1 0 . 3 0 1 2 . 7 2 7 0 . 0 4 0 . 4 8 9 0 . 0 8 4
9 3 3 4 0 0 . 4 8 8 1 . 9 7 9 0 . 0 2 7 0 . 5 2 1 0 . 0 2 7
9 3 3 4 0 0 . 3 6 4 1 . 3 1 8 0 . 0 6 0 . 4 9 0 . 0 2 6
9 3 3 4 0 0 . 3 5 7 1 . 8 8 6 0 . 0 3 0 . 4 9 0 . 0 3 1
9 3 3 1 0 0 0 . 4 0 9 1 . 2 0 6 0 . 0 4 4 0 . 9 0 3 0 . 0 3 7
9 3 3 1 0 0 0 . 7 2 1 1 . 5 9 2 0 . 0 7 1 0 . 5 5 8 0 . 0 2 8
9 3 3 1 0 0 0 . 3 0 9 1 . 7 4 5 0 . 0 2 1 0 . 8 5 4 0 . 0 3 4
9 3 4 0 0 . 0 6 8 0 . 0 8 3 0 0 . 0 4 8 0
9 3 4 0 0 . 0 5 8 0 . 2 1 5 0 0 . 0 4 0
9 3 4 0 0 . 0 2 6 0 . 2 0 6 0 0 . 0 0 2 0
9 3 4 1 0 . 1 9 5 0 . 6 2 5 0 0 . 1 5 4 0 . 0 3 9
9 3 4 1 0 . 2 3 7 1 . 5 6 1 0 0 . 1 7 5 0 . 0 5 6
9 3 4 1 0 . 2 1 2 2 . 1 0 3 0 0 . 1 4 8 0 . 0 4 8
9 3 4 3 0 . 2 1 8 3 . 4 9 2 0 0 . 5 9 0 . 0 3 2
9 3 4 3 0 . 2 5 8 3 . 0 7 6 0 0 . 3 1 4 0 . 0 3 2
9 3 4 3 0 . 2 3 7 2 . 1 5 0 0 . 3 7 9 0 . 0 6 1
9 3 4 7 0 . 2 6 5 3 . 7 1 8 0 0 . 5 5 4 0 . 0 5 0
9 3 4 7 0 . 2 6 9 3 . 4 4 3 0 0 . 7 4 6 0 . 0 7 3
9 3 4 7 0 . 3 1 1 4 . 4 2 5 0 0 . 8 3 5 0 . 0 4 5
9 3 4 1 4 0 . 3 3 4 4 . 3 9 5 0 . 0 7 3 1 . 2 7 2 0 . 0 8 4
9 3 4 1 4 0 . 3 7 9 3 . 8 7 2 0 . 0 6 1 . 1 6 1 0 . 0 7 5
9 3 4 1 4 0 . 4 3 4 . 6 7 0 . 0 4 1 . 4 2 2 0 . 0 5 5
9 3 4 2 1 0 . 4 0 8 2 . 9 2 6 0 . 0 4 0 . 5 1 3 0 . 0 4 2
9 3 4 2 1 0 . 3 1 4 2 . 4 1 4 0 . 0 3 0 . 5 0 6 0 . 0 9 2
9 3 4 2 1 0 . 3 6 7 3 . 0 6 7 0 . 0 4 4 0 . 8 4 2 0 . 0 3
9 3 4 4 0 0 . 4 5 3 2 . 0 1 1 0 . 0 6 0 . 3 6 6 0 . 0 2
9 3 4 4 0 0 . 3 8 2 . 3 6 7 0 . 0 3 2 0 . 6 1 8 0 . 0 3
9 3 4 4 0 0 . 2 4 4 1 . 9 1 5 0 . 0 4 0 . 6 0 . 0 2
9 3 4 1 0 0 0 . 4 8 5 1 . 5 8 1 0 . 0 1 9 0 . 6 5 2 0 . 0 5
9 3 4 1 0 0 0 . 6 4 0 1 . 9 1 5 0 . 0 4 5 0 . 7 3 5 0 . 0 2
9 3 4 1 0 0 0 . 4 3 9 1 . 4 2 9 0 . 0 7 7 0 . 6 9 2 0 . 0 3
 

A b b r e v i a t i o n s :
T r t = t r e a t m e n t ; 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I ; A c e
L a c t i c a c i d ; P r o = P r o p i o n i c A c i d , E t c h = E t h a n o l , B u t = B u t y r i c a c i d .

A c e t i c a c i d , L a c
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T a b l e A - 8 . D a t a u s e d f o r a n a l y s i s o f w a t e r s o l u b l e c a r b h y d r a t e c o n t e n t s ( g / 1 0 0 g D M ) i n f o r a g e s o r g h u m

e n s i l e d i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 2 )

Y e a r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a b i n o s e F r u c t o s e

9 4 1 0 2 . 9 0 6 4 0 . 6 8 1 5 0 . 2 4 7 6 2 0 . 0 8 6 0 9 4 . 0 7 0 2
9 4 1 0 2 . 8 0 2 4 0 . 7 7 2 4 0 . 2 5 8 5 1 0 . 0 7 6 1 5 3 . 0 2 4 9
9 4 1 0 2 . 6 9 3 3 0 . 6 9 1 0 . 1 6 6 9 1 0 . 0 7 5 9 8 3 . 3 1 6 4
9 4 1 1 0 . 6 0 6 2 0 . 7 4 5 3 0 . 0 7 2 2 4 0 . 0 6 3 7 9 0 . 2 6 6 3
9 4 1 1 0 . 5 8 1 4 0 . 6 3 3 1 0 . 0 6 5 0 7 0 . 0 6 4 6 5 0 . 4 3 7 3
9 4 1 1 0 . 7 6 1 5 0 . 8 1 9 1 0 . 0 7 3 0 7 0 . 0 6 4 4 8 0 . 6 0 0 3

9 4 1 3 0 . 8 5 1 5 0 . 0 7 8 3 0 . 0 4 7 4 8 0 . 0 6 0 0 7 0 . 1 6 7 1
9 4 1 3 0 . 6 8 8 9 0 . 5 5 1 5 0 . 0 2 7 3 7 0 . 0 4 6 6 8 0 . 2 0 8 2

9 4 1 3 0 . 2 3 1 5 0 . 7 0 7 6 0 . 0 1 8 4 3 0 . 0 5 8 7 8 0 . 4 6 8 3

9 4 1 7 0 . 4 1 4 6 0 . 7 3 7 5 1 . 0 4 5 1 1 0 . 1 4 9 0 2 0 . 0 6
9 4 1 7 0 . 5 2 7 5 0 . 8 6 7 3 0 . 1 6 0 4 9 0 . 0 7 9 9 5 0 . 3 9
9 4 1 7 0 . 6 4 0 6 0 . 5 5 3 7 0 . 1 8 4 1 3 0 . 0 6 9 1 5 0 . 4 3 6 8

9 4 1 1 4 0 . 5 5 4 1 0 . 8 0 . 1 3 4 6 1 0 . 0 5 9 0 4 0 . 2 6 6 3

9 4 1 1 4 0 . 5 3 2 1 0 . 9 1 9 0 . 2 7 9 6 4 0 . 1 0 1 7 4 0 . 3 0 7 9
9 4 1 1 4 0 . 4 8 5 8 0 . 9 1 8 7 0 . 3 2 7 4 9 0 . 1 3 1 7 3 0 . 4 8 6 4
9 4 1 2 1 0 . 4 4 6 6 0 . 7 7 5 4 0 . 1 0 5 7 5 0 . 1 4 9 5 3 0 . 3 0 7 8

9 4 1 2 1 0 . 5 0 0 3 0 . 5 3 9 1 0 . 3 1 3 0 6 0 . 1 2 2 2 2 0 . 2 9 4 8
9 4 1 2 1 0 . 3 6 2 2 0 . 6 1 5 0 . 0 8 5 7 3 0 . 0 8 7 3 0 . 1 4 5 5
9 4 1 4 0 0 . 5 0 2 2 0 . 3 0 2 2 0 . 2 1 8 3 9 0 . 1 0 6 9 2 0 . 2 8 2 4
9 4 1 4 0 0 . 0 5 2 8 0 . 4 2 6 7 0 . 2 1 8 2 0 . 1 3 4 2 4 0 . 3 3 6 6

9 4 1 4 0 0 . 4 9 6 2 0 . 2 4 5 1 0 . 1 5 8 2 5 0 . 0 9 4 3 9 0 . 1 5 0 2
9 4 1 1 0 0 0 . 2 8 9 6 0 . 1 7 0 4 0 . 0 8 6 1 1 0 . 0 4 2 7 9 0 . 0 1 9

9 4 1 1 0 0 0 . 4 2 1 1 0 . 2 4 3 2 0 . 2 2 6 4 9 0 . 0 9 8 4 9 0 . 1 0 1 2
9 4 1 1 0 0 0 . 1 3 8 2 0 . 1 2 6 2 0 . 0 8 8 1 6 0 . 1 6 3 1 8 0 . 0 7 1 8

9 4 2 0 2 . 8 6 6 4 0 . 8 1 1 5 0 . 2 3 7 0 . 0 8 6 1 8 3 . 6 7 8
9 4 2 0 2 . 9 5 1 9 0 . 6 7 3 1 0 . 2 4 7 9 9 0 . 1 5 8 7 3 . 1 0 0 8
9 4 2 0 2 . 7 9 2 2 0 . 6 3 4 5 0 . 2 4 7 0 6 0 . 0 7 7 5 3 2 . 9 2 2 8
9 4 2 1 0 . 5 4 8 4 0 . 8 1 9 9 0 . 0 8 7 9 7 0 . 0 6 3 5 3 0 . 5 3 5 7

9 4 2 1 0 . 8 9 7 7 0 . 4 2 7 5 0 . 3 7 7 0 1 0 . 0 6 5 5 2 0 . 4 5 8 8
9 4 2 1 0 . 5 5 7 1 0 . 7 3 3 6 0 . 1 0 3 4 2 0 . 1 1 3 8 4 0 . 3 2 0 6

9 4 2 3 0 . 4 5 4 5 0 . 8 1 0 3 0 . 0 8 3 8 7 0 . 0 8 4 4 5 0 . 2 9 9 7
9 4 2 3 0 . 6 4 0 8 0 . 6 6 9 8 0 . 1 2 1 3 9 0 . 0 8 6 8 7 0 . 2 0 9 2

9 4 2 3 0 . 7 0 8 6 0 . 7 9 9 3 0 . 0 9 1 1 3 0 . 0 7 7 5 3 0 . 3 5 6 8
9 4 2 7 0 . 5 2 5 8 0 . 9 8 1 2 0 . 1 6 7 4 7 0 . 0 5 6 1 0 . 6 4 2 9
9 4 2 7 0 . 4 8 2 7 0 . 8 7 4 2 0 . 2 3 2 0 7 0 . 0 4 4 7 7 0 . 1 7 5
9 4 2 7 0 . 4 1 9 4 0 . 1 5 7 9 0 . 1 3 4 5 1 0 . 0 6 6 5 6 0 . 2 7 6 9
9 4 2 1 4 0 . 4 2 8 2 0 . 8 9 6 5 0 . 2 7 4 1 5 0 . 1 6 7 6 0 . 2 9 9 4
9 4 2 1 4 0 . 8 6 1 2 0 . 9 3 8 3 3 . 2 1 7 0 6 0 . 1 5 4 7 2 0 . 5 5 9 9

9 4 2 1 4 0 . 3 9 9 4 0 . 5 6 8 0 . 2 0 5 1 7 0 . 1 3 8 3 0 . 3 0 4 9
9 4 2 2 1 0 . 3 4 9 1 0 . 5 4 6 9 0 . 2 3 5 8 9 0 . 0 5 3 6 0 . 2 7 2 9

9 4 2 2 1 0 . 3 7 9 3 0 . 3 0 9 2 0 . 2 0 3 0 3 0 . 0 8 2 1 0 . 2 8 4 2

9 4 2 2 1 0 . 4 1 6 9 0 . 5 8 8 8 0 . 1 6 6 0 7 0 . 0 9 4 3 9 0 . 3 4 4 7
9 4 2 4 0 0 . 2 7 5 7 0 . 2 1 9 5 0 . 1 8 5 7 1 0 . 1 2 4 9 0 . 1 3 7 1
9 4 2 4 0 0 . 4 9 5 7 0 . 2 1 6 7 0 . 2 1 0 4 7 0 . 1 1 2 5 4 0 . 1 9 3 2

9 4 2 4 0 0 . 3 0 . 1 8 7 8 0 . 3 0 9 8 9 0 . 1 3 8 1 3 0 . 2 4 6 5

9 4 2 1 0 0 0 . 2 1 2 1 0 . 1 6 2 8 0 . 1 2 7 5 3 0 . 0 8 6 2 6 0 . 0 7 6 8

9 4 2 1 0 0 0 . 3 3 2 7 0 . 1 9 7 9 0 . 1 4 8 6 6 0 . 1 4 4 1 9 0 . 0 6 8 6
9 4 2 1 0 0 0 . 2 7 3 9 0 . 2 8 7 2 0 . 2 0 6 5 6 0 . 1 1 3 1 4 0 . 0 7 8

9 4 3 0 3 . 1 9 7 8 0 . 5 7 8 5 0 . 2 2 8 8 1 0 . 0 8 8 2 5 3 . 2 1 1 9

9 4 3 0 2 . 6 9 2 8 0 . 6 6 3 7 0 . 2 2 6 3 0 . 1 1 1 3 3 3 . 0 6 5 7
9 4 3 0 2 . 9 9 3 2 0 . 6 2 9 5 0 . 1 6 6 5 4 0 . 0 8 1 3 4 3 . 0 6 1 1
9 4 3 1 0 . 9 7 4 2 0 . 8 0 4 4 0 . 0 9 3 1 8 0 . 0 8 0 7 3 0 . 3 5 9

9 4 3 1 0 . 3 5 3 8 0 . 6 2 3 3 0 . 0 9 1 6 0 . 0 7 1 8 3 0 . 4 7 9 1

9 4 3 1 0 . 6 4 2 1 0 . 6 6 4 5 0 . 0 5 2 2 2 0 . 0 7 7 2 7 0 . 9 8 4 4
9 4 3 3 0 . 4 3 7 8 0 . 1 2 7 5 0 . 1 1 6 8 3 0 . 0 5 8 2 6 0 . 2 8 7 9
9 4 3 3 0 . 3 5 2 3 0 . 6 4 3 4 0 . 0 7 9 3 1 0 . 0 3 0 4 3 0 . 2 4 1 6

9 4 3 3 0 . 4 3 6 0 . 7 1 0 5 0 . 0 7 0 6 5 0 . 0 4 7 1 9 0 . 5 2 5 2
9 4 3 7 0 . 4 2 3 8 0 . 7 9 5 4 0 . 1 2 5 7 6 0 . 0 9 8 3 6 0 . 3 2 0 1

9 4 3 7 0 . 3 8 4 2 0 . 5 3 6 8 0 . 1 3 5 9 1 0 . 0 4 8 1 4 0 . 6 4 2
9 4 3 7 0 . 4 1 6 9 0 . 7 8 8 8 0 . 1 6 6 0 7 0 . 0 9 4 3 9 0 . 4 4 4 7

9 4 3 1 4 0 . 4 5 7 0 . 7 1 4 2 0 . 2 0 5 1 7 0 . 1 4 9 7 1 0 . 3 1 4 8
9 4 3 1 4 0 . 4 4 8 6 0 . 1 8 1 8 0 . 1 7 1 8 4 0 . 1 3 0 6 1 0 . 3 4 0 4
9 4 3 1 4 0 . 4 1 6 4 0 . 3 5 2 3 0 . 1 5 1 5 5 0 . 1 1 4 9 6 0 . 2 8 5 2
9 4 3 2 1 0 . 3 6 5 8 0 . 1 1 3 7 0 . 1 0 2 3 0 . 0 9 3 4 4 0 . 4 7 4
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T a b l e A - 8 . C o n t .

Y e a r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a b i n o s e F r u c t o s e

9 4 3 2 1 0 . 3 4 4 1 0 . 6 4 0 1 0 . 1 3 7 6 8 0 . 1 1 4 9 6 0 . 2 3 6 8
9 4 3 2 1 0 . 3 3 1 5 0 . 6 5 8 6 0 . 1 3 5 1 7 0 . 0 9 7 0 7 0 . 1 9 7 3
9 4 3 4 0 0 . 0 9 5 3 0 . 1 1 5 1 0 . 1 2 2 8 8 0 . 0 5 8 9 5 0 . 1 6 8 9
9 4 3 4 0 0 . 4 1 9 0 . 1 1 7 7 0 . 1 3 3 2 1 0 . 0 6 8 8 9 0 . 2 3 2 9
9 4 3 4 0 0 . 3 9 2 2 0 . 0 9 8 8 0 . 1 0 1 8 4 0 . 0 6 1 4 6 0 . 1 6 1 4
9 4 3 1 0 0 0 . 3 7 6 1 0 . 1 0 3 8 0 . 0 9 1 9 7 0 . 0 8 8 4 2 0 . 3 9 6 4
9 4 3 1 0 0 0 . 2 5 7 5 0 . 1 5 3 7 0 . 1 2 5 8 6 0 . 1 2 0 9 2 0 . 1 0 8 4
9 4 3 1 0 0 0 . 0 3 9 4 0 . 2 1 6 3 0 . 1 5 5 9 2 0 . 1 6 2 3 3 0 . 2 2 6 7
9 4 4 0 3 . 0 5 3 4 0 . 6 2 2 9 0 . 1 2 9 3 0 . 1 1 4 1 3 . 1 4 2 4
9 4 4 0 2 . 9 7 5 7 0 . 6 9 3 7 0 . 1 1 5 9 0 . 0 9 9 4 3 . 2 7 6 6
9 4 4 0 2 . 4 7 5 6 0 . 6 7 8 5 0 . 1 0 3 2 1 0 . 1 0 2 3 3 . 2 4 5 6
9 4 4 1 0 . 7 8 0 2 0 . 7 2 8 1 0 . 0 7 7 6 4 0 . 1 1 6 5 2 0 . 2 8 7 6
9 4 4 1 0 . 3 7 7 7 0 . 7 2 0 . 0 8 6 6 7 0 . 0 9 5 6 8 0 . 8 9 5 3
9 4 4 1 0 . 6 5 5 7 0 . 6 4 1 2 0 . 0 7 6 3 3 . 1 2 6 3 7 0 . 3 7 3 2
9 4 4 3 0 . 4 4 4 5 0 . 8 3 3 2 0 . 0 2 3 4 6 0 . 1 3 2 0 7 0 . 3 0 2 9
9 4 4 3 0 . 5 4 6 4 0 . 7 1 9 1 0 . 3 0 4 6 8 0 . 1 4 3 0 5 0 . 5 4 4 3
9 4 4 3 0 . 3 8 3 7 0 . 3 0 7 3 0 . 0 7 4 2 9 0 . 0 7 4 7 7 0 . 7 2 8 3
9 4 4 7 0 . 4 2 5 6 0 . 2 2 5 2 0 . 1 8 9 9 9 0 . 1 8 5 7 5 0 . 2 1 9 4
9 4 4 7 0 . 2 2 9 1 0 . 4 8 6 8 0 . 1 7 7 0 6 0 . 1 5 8 0 1 0 . 3 6 3 1
9 4 4 7 0 . 4 0 2 0 . 9 0 5 2 0 . 1 0 2 4 0 . 0 2 6 0 2 0 . 5 6 6 6
9 4 4 1 4 0 . 4 5 5 4 1 . 0 1 5 1 0 . 9 6 5 2 4 0 . 1 7 2 6 2 0 . 6 2 1 3
9 4 4 1 4 0 . 3 0 5 6 0 . 9 0 4 4 0 . 3 0 0 1 2 0 . 1 4 2 2 8 0 . 7 0 1 2
9 4 4 1 4 0 . 3 2 0 2 0 . 8 9 7 9 0 . 2 9 9 7 5 0 . 0 9 6 9 3 0 . 4 8 6 9
9 4 4 2 1 0 . 3 7 3 1 0 . 6 0 8 5 0 . 1 9 8 8 4 0 . 1 1 2 4 9 0 . 3 6 2 2
9 4 4 2 1 0 . 2 6 0 2 0 . 6 8 4 3 0 . 2 5 6 3 7 0 . 1 8 2 9 0 . 3 4 7 1
9 4 4 2 1 0 . 2 8 1 5 0 . 5 7 1 3 0 . 2 3 5 8 9 0 . 0 9 7 1 6 0 . 3 6 0 1
9 4 4 4 0 0 . 0 7 2 6 0 . 0 9 3 7 0 . 1 0 9 1 0 . 0 8 0 7 3 0 . 1 4 1
9 4 4 4 0 0 . 4 1 1 1 0 . 1 4 9 6 0 . 1 2 5 1 1 0 . 1 3 4 8 4 0 . 4 1 4 8
9 4 4 4 0 0 . 1 1 7 5 0 . 1 6 8 2 0 . 1 5 7 6 9 0 . 1 1 2 9 7 0 . 2 0 8 7
9 4 4 1 0 0 0 . 0 5 0 1 0 . 1 1 9 8 0 . 1 1 6 8 3 0 . 1 0 9 7 7 0 . 0 9 1 8
9 4 4 1 0 0 0 . 2 9 0 4 0 . 3 1 2 1 0 . 1 8 6 6 4 0 . 1 7 5 0 3 0 . 2 2
9 4 4 1 0 0 0 . 1 4 8 9 0 . 2 0 4 8 0 . 1 5 9 4 6 0 . 1 5 8 0 9 0 . 2 0 8 8
9 3 1 0 3 . 2 7 1 4 0 . 4 0 5 4 0 . 0 9 4 7 0 . 0 4 6 4 2 . 6 3 1 5 9
9 3 1 0 3 . 3 0 6 8 0 . 3 1 5 5 0 . 0 8 4 4 0 . 0 3 3 5 2 . 6 6 1 6 3
9 3 1 0 3 . 1 3 3 2 0 . 3 2 3 8 0 . 0 9 4 9 0 . 0 4 2 8 2 . 6 0 2 7
9 3 1 1 0 . 9 5 7 6 0 . 3 2 3 8 0 . 0 7 0 9 0 . 1 3 6 6 0 . 3 0 3 5
9 3 1 1 1 . 0 7 0 . 3 2 8 1 0 . 1 2 2 3 0 . 1 5 8 8 0 . 3 7 2 8 9
9 3 1 1 1 . 1 1 0 1 0 . 2 2 6 0 . 0 9 4 7 0 . 1 2 2 6 0 . 6 4 5 9 4
9 3 1 3 0 . 6 3 1 1 0 . 3 3 1 1 0 . 0 4 3 2 0 . 0 8 1 2 0 . 1 4 8 8 3
9 3 1 3 0 . 6 0 5 0 . 4 1 8 0 . 0 5 9 6 0 . 0 5 4 5 0 . 2 1 2
9 3 1 3 0 . 6 4 1 8 0 . 2 1 1 7 0 . 0 7 1 0 . 0 3 4 0 . 1 8 7 8 1
9 3 1 7 0 . 5 7 0 2 0 . 0 8 7 4 0 . 0 8 3 0 . 0 7 4 0 . 1 2 8 9 9
9 3 1 7 0 . 5 7 4 4 0 . 1 0 5 8 0 . 0 9 9 1 0 . 0 6 3 2 0 . 0 9 2 7 6
9 3 1 7 0 . 5 4 0 4 0 . 1 7 9 6 0 . 1 7 1 9 0 . 0 7 4 5 0 . 2 3 3 5 6
9 3 1 1 4 0 . 2 0 7 9 0 . 1 5 7 3 0 . 0 7 1 4 0 . 0 3 5 6 0 . 1 2 1 9
9 3 1 1 4 0 . 1 3 5 3 0 . 0 9 5 5 0 . 0 9 2 2 0 . 0 4 2 8 0 . 0 2 2 7
9 3 1 1 4 0 . 1 2 5 5 0 . 1 0 7 0 . 0 8 1 9 0 . 0 3 0 8 0 . 1 6 0 8 7
9 3 1 2 1 0 . 0 8 5 8 0 . 1 1 6 0 . 0 6 7 0 . 0 4 3 0 . 0 2 7 8 6
9 3 1 2 1 0 . 2 7 0 4 0 . 1 0 2 4 0 . 0 6 4 6 0 . 0 2 8 7 0 . 0 8 9 7
9 3 1 2 1 0 . 1 0 1 2 0 . 3 2 0 9 0 . 2 8 1 5 0 . 0 4 0 2 0 . 1 1 2 2 5
9 3 1 4 0 0 . 1 2 2 9 0 . 0 9 9 9 0 . 0 5 6 7 0 . 0 1 7 1 0 . 0 1 7 5 4
9 3 1 4 0 0 . 1 0 6 4 0 . 0 7 2 3 0 . 0 3 0 7 0 . 0 2 0 7 0 . 0 7 8 4 3
9 3 1 4 0 0 . 0 7 9 2 0 . 0 6 7 1 0 . 0 4 2 8 0 . 0 2 3 3 0 . 0 2 6 2 6
9 3 1 1 0 0 0 . 0 5 5 2 0 . 0 3 4 0 . 0 1 2 5 0 . 1 4 4 3 0 . 0 1 9 9 5
9 3 1 1 0 0 0 . 0 3 3 5 0 . 0 7 2 9 0 . 0 4 3 2 0 . 1 8 8 4 0 . 0 1 7 5 4
9 3 1 1 0 0 0 . 0 3 3 4 0 . 0 6 1 9 0 . 1 0 6 6 0 . 0 9 7 4 0 . 0 2 0 0 7
9 3 2 0 3 . 2 7 5 2 0 . 4 2 9 8 0 0 . 0 1 7 1 2 . 1 7 6 9 2
9 3 2 0 3 . 3 1 3 9 0 . 4 8 5 5 0 0 . 1 0 0 2 2 . 8 7 8 1 1
9 3 2 0 3 . 1 1 2 2 0 . 3 3 1 5 0 0 2 . 7 1 3 5 7
9 3 2 1 1 . 2 3 4 8 0 . 4 4 8 3 0 0 0 . 2 9 1 4 6
9 3 2 1 0 . 9 5 1 4 0 . 5 3 5 4 0 . 0 5 0 7 0 . 0 9 0 2 0 . 2 8 6 6 5
9 3 2 1 1 . 1 9 9 6 0 . 2 1 5 1 0 0 0 . 7 3 2 9 9
9 3 2 3 0 . 5 0 3 2 0 . 5 2 3 2 0 0 0 . 6 1 4 7 7
9 3 2 3 0 . 7 4 7 3 0 . 0 2 5 5 0 0 . 0 6 8 6 0 . 0 6 3 6 4
9 3 2 3 0 . 6 4 9 7 0 . 2 3 9 8 0 . 1 0 9 1 0 . 1 0 1 7 0 . 3 9 8 9 5
9 3 2 7 0 . 4 5 3 0 . 1 5 1 1 0 . 1 7 0 1 0 . 1 1 4 5 0 . 1 6 0 6 4
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T a b l e A - 8 . C o n t .

Y e a r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a b i n o s e F r u c t o s e

9 3 2 7 0 . 4 6 0 6 0 . 1 2 2 4 0 . 2 1 3 6 0 0 . 1 4 4 9 3
9 3 2 7 0 . 4 6 4 0 . 1 4 2 8 0 . 2 0 6 4 0 . 1 1 1 2 0 . 1 3 1 6 3
9 3 2 1 4 0 . 1 0 0 7 0 . 1 5 9 8 0 . 1 1 6 5 0 . 0 5 1 8 0 . 0 9 4 5 9
9 3 2 1 4 0 . 3 4 5 6 0 . 2 8 0 4 0 . 2 0 2 0 . 0 7 3 0 . 4 6 8 6 1
9 3 2 1 4 0 . 2 9 2 8 0 . 1 3 0 4 0 . 1 5 6 1 0 . 0 6 0 4 0 . 2 8 1 0 3
9 3 2 2 1 0 . 3 1 8 5 0 . 2 3 0 8 0 . 1 7 3 1 0 . 0 9 1 2 0 . 0 6 6 5
9 3 2 2 1 0 . 1 3 8 3 0 . 1 9 3 4 0 . 0 8 2 7 0 . 0 9 7 7 0 . 0 5 0 5 6
9 3 2 2 1 0 . 1 0 5 9 0 . 0 3 9 2 0 . 1 9 5 3 0 . 1 0 1 0 . 1 3 0 0 7
9 3 2 4 0 0 . 1 7 3 5 0 . 1 0 6 6 0 . 1 7 9 5 0 . 1 4 4 2 0 . 0 7 6 0 2
9 3 2 4 0 0 . 1 1 4 5 0 . 2 0 3 2 0 . 0 6 9 9 0 . 1 1 9 8 0 . 1 1 5 1 3
9 3 2 4 0 0 . 1 1 4 1 0 . 0 4 2 1 0 . 0 4 4 8 0 0 . 0 9 9 0 3
9 3 2 1 0 0 0 . 0 4 1 7 0 . 0 5 7 7 0 . 0 6 9 0 . 0 8 7 5 0 . 0 9 9 2 9
9 3 2 1 0 0 0 . 0 6 0 6 0 . 0 5 3 1 0 . 0 6 6 9 0 . 0 5 8 9 0 . 1 3 0 3 7
9 3 2 1 0 0 0 . 0 8 0 8 0 . 0 3 9 2 0 . 0 7 9 4 0 . 1 0 8 3 2 . 4 6 6 3 2
9 3 2 0 2 . 9 8 6 2 0 . 2 3 6 4 0 . 0 6 3 7 0 . 1 1 3 0 2 . 7 4 6 5 3
9 3 3 0 3 . 3 2 6 8 0 . 3 4 1 2 0 . 0 6 8 4 0 . 0 9 8 0 . 9 1 4 1 6
9 3 3 0 3 . 2 9 7 4 0 . 2 9 5 6 0 . 0 5 6 7 0 . 0 7 6 4 2 . 6 6 8 1
9 3 3 1 1 . 2 1 6 8 0 . 4 3 4 3 0 0 . 0 6 0 7 0 . 6 0 8
9 3 3 1 1 . 2 2 5 0 . 4 6 4 3 0 0 . 0 7 2 7 0 . 6 5 4 7
9 3 3 1 1 . 0 3 3 1 0 . 1 3 6 1 0 0 . 0 4 0 4 0 . 7 0 1 2
9 3 3 3 0 . 3 2 5 1 0 . 6 5 2 3 0 0 . 0 5 6 0 . 5 4 3 0
9 3 3 3 0 . 3 9 1 9 0 . 2 0 1 5 0 0 . 0 5 2 8 0 . 5 2 1 0
9 3 3 3 0 . 4 9 6 9 0 . 1 1 2 3 0 . 1 6 6 6 0 . 0 8 0 1 0 . 4 9 5 6
9 3 3 7 0 . 3 7 4 0 . 1 4 5 5 0 . 1 4 0 8 0 . 0 6 1 8 0 . 4 2 3 5
9 3 3 7 0 . 2 6 5 9 0 . 1 3 2 9 0 . 1 7 2 9 0 . 0 6 2 5 0 . 3 2 1 4
9 3 3 7 0 . 4 5 8 8 0 . 1 3 4 7 0 . 1 6 6 2 0 . 0 6 7 8 0 . 2 5 9 5 9
9 3 3 1 4 0 . 0 8 9 0 . 1 5 9 4 0 . 1 3 2 7 0 . 0 6 3 8 0 . 2 6 1 3 1
9 3 3 1 4 0 . 1 6 0 4 0 . 1 5 1 1 0 . 1 4 3 0 . 1 2 2 1 0 . 3 3 0 6 7
9 3 3 1 4 0 . 0 5 4 3 0 . 0 9 1 2 0 . 1 4 9 0 0 0 . 2 8 5 1 6
9 3 3 2 1 0 . 0 8 4 6 0 . 0 7 3 3 0 . 0 6 8 5 0 . 0 5 1 0 . 2 6 8 0 7
9 3 3 2 1 0 . 1 2 4 5 0 . 0 5 6 4 0 . 0 3 7 0 . 0 1 8 3 0 . 2 6 5 2 1
9 3 3 2 1 0 . 0 6 3 1 0 . 0 5 9 5 0 . 1 0 6 3 0 . 0 5 2 3 0 . 2 5 0 4 1
9 3 3 4 0 0 . 0 8 2 6 0 . 1 2 8 2 0 . 0 5 8 5 0 . 0 8 1 3 0 . 2 6 6 5 8
9 3 3 4 0 0 . 0 9 0 2 0 . 1 1 0 9 0 . 0 9 0 1 0 . 0 3 4 2 0 . 2 5 3 7 4
9 3 3 4 0 0 . 0 6 5 9 0 . 0 6 3 6 0 . 0 2 7 6 0 . 0 3 4 3 0 . 2 4 8 5 8
9 3 3 1 0 0 0 . 0 2 6 7 0 . 0 3 2 5 0 0 . 1 2 7 9 0 . 0 6 6 2 7
9 3 3 1 0 0 0 . 0 1 6 8 0 . 0 6 6 4 0 . 0 3 6 0 . 0 6 3 3 0 . 0 1 9 4 9
9 3 3 1 0 0 0 . 0 6 8 6 0 . 2 1 9 3 0 0 . 1 2 8 3 0 . 1 0 1 4 7
9 3 4 0 3 . 2 5 6 8 0 . 2 9 6 1 0 . 0 6 6 1 0 . 0 8 4 9 2 . 4 4 1 3 1
9 3 4 0 3 . 3 8 3 6 0 . 5 9 8 8 0 . 0 6 8 6 0 . 0 7 4 8 2 . 9 1 1 3 4
9 3 4 0 3 . 3 9 2 3 0 . 1 0 7 0 . 0 5 6 1 0 . 0 4 1 6 2 . 5 9 2 4 3
9 3 4 1 1 . 0 8 3 0 . 4 6 7 0 . 0 4 2 6 0 . 0 6 8 1 0 . 5 0 9 8 9
9 3 4 1 1 . 2 4 5 6 0 . 3 2 6 1 0 . 0 5 6 1 0 . 0 6 7 9 0 . 9 0 2 7 8
9 3 4 1 1 . 1 8 6 6 0 . 1 0 1 2 0 . 0 6 0 3 0 . 0 4 8 2 0 . 4 8 5 1 2
9 3 4 3 0 . 4 2 3 4 0 . 4 5 2 7 0 . 0 2 4 1 0 0 . 2 4 5 7 1
9 3 4 3 0 . 3 8 7 6 0 . 3 8 7 0 . 0 3 2 4 0 . 2 4 1 5 0 . 2 2 4 8
9 3 4 3 0 . 3 6 7 0 0 . 3 7 0 5 0 . 0 3 3 1 0 . 0 8 3 1 0 . 4 8 7 2 2
9 3 4 7 0 . 2 8 3 6 0 . 1 3 5 7 0 0 . 0 9 9 1 0 . 2 7 0 7 1
9 3 4 7 0 . 3 8 4 6 0 . 0 1 9 8 0 0 . 0 4 2 0 . 2 5 6 4 9
9 3 4 7 0 . 1 3 4 9 0 . 1 1 2 3 0 . 0 6 4 0 . 0 3 3 2 0 . 3 1 9 2 1
9 3 4 1 4 0 . 0 3 6 6 0 . 2 8 8 9 0 . 2 7 0 8 0 . 2 7 4 5 0 . 2 6 3 0 3
9 3 4 1 4 0 . 1 2 3 4 0 . 1 6 2 1 0 0 . 0 6 0 4 0 . 2 6 9 9 1
9 3 4 1 4 0 . 0 9 9 7 0 . 0 8 6 4 0 . 0 8 7 3 0 . 0 3 7 9 0 . 2 5 0 0 7
9 3 4 2 1 0 . 1 0 4 2 0 . 1 2 2 7 0 0 . 0 6 4 3 0 . 2 4 4 9 1
9 3 4 2 1 0 . 0 4 6 5 0 . 0 2 1 2 0 0 . 0 2 2 0 . 2 5 8 2 1
9 3 4 2 1 0 . 0 4 7 8 0 . 2 1 3 0 . 2 2 2 8 0 . 1 9 5 2 0 . 2 7 8 8 5
9 3 4 4 0 0 . 0 4 8 7 0 . 1 6 6 3 0 . 0 6 7 1 0 . 0 9 8 0 . 1 3 0 2 5
9 3 4 4 0 0 . 0 3 0 9 0 . 1 2 2 1 0 . 0 7 8 2 0 . 0 6 1 7 0 . 1 6 5 1 2
9 3 4 4 0 0 . 0 4 1 7 0 . 1 0 5 1 0 . 0 6 9 0 . 0 6 8 6 0 . 2 1 6 0 3
9 3 4 1 0 0 0 . 0 4 5 6 0 . 1 4 1 1 0 . 0 4 3 7 0 . 1 3 8 4 0 . 0 5 1 8 3
9 3 4 1 0 0 0 . 0 2 3 4 0 . 0 5 1 8 0 . 1 5 1 3 0 . 0 2 6 0 . 0 3 4 1 9
9 3 4 1 0 0 0 . 0 5 2 3 0 . 0 2 3 4 0 0 . 1 1 8 4 0 . 0 9 6 2 1
 

A b b r e v i a t i o n s :
T r t = t r e a t m e n t ; 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I



T a b l e A - 9 . D a t a u s e d f o r a n a l y s i s o f s t r u c t u r a l c a r b o h y d r a t e c o n t e n t ( g / 1 0 0 g D M ) i n f o r a g e
s o r g h u m e n s i l e d i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 2 )

 

 

Y e a r T r t D a y N D F H e m i c A D F C e l l u l o s e

9 3 1 0 6 5 . 5 8 7 0 2 8 . 8 2 2 3 6 . 7 6 4 2 9 . 4 3 8 9
9 3 1 0 6 7 . 7 0 0 1 2 9 . 1 2 7 3 8 . 5 7 2 3 0 . 3 1 2 0
9 3 1 0 6 4 . 3 5 8 5 2 8 . 5 2 3 3 5 . 8 3 4 2 8 . 3 4 7 9
9 3 2 0 6 4 . 7 4 3 8 2 7 . 7 0 0 3 7 . 0 4 3 3 5 . 7 9 2 9
9 3 2 0 6 8 . 8 8 8 4 2 9 . 7 6 3 3 9 . 1 2 4 3 1 . 2 4 0 7
9 3 2 0 6 3 . 7 2 7 2 2 7 . 6 9 4 3 6 . 0 3 2 2 7 . 9 1 4 4
9 3 3 0 6 6 . 1 6 9 4 2 9 . 0 0 0 3 7 . 1 6 9 2 9 . 3 8 7 8
9 3 3 0 6 6 . 9 6 6 7 2 9 . 2 0 3 3 7 . 7 6 3 2 9 . 2 6 2 0
9 3 3 0 6 6 . 6 2 5 1 3 0 . 2 4 0 3 6 . 3 8 4 2 9 . 1 8 2 2
9 3 4 0 6 6 . 7 8 8 8 2 9 . 6 5 9 3 7 . 1 2 9 3 0 . 5 5 6 1
9 3 4 0 6 7 . 3 5 2 7 2 8 . 9 9 2 3 8 . 3 6 0 3 0 . 6 1 5 4
9 3 4 0 6 3 . 9 9 3 0 2 7 . 4 0 9 3 6 . 5 8 3 2 9 . 3 5 1 7
9 3 1 4 0 6 6 . 6 0 3 4 2 6 . 6 2 6 3 9 . 9 7 6 3 2 . 9 2 5 2
9 3 1 4 0 6 5 . 3 1 4 7 2 5 . 7 4 9 3 9 . 5 6 4 3 2 . 6 5 4 2
9 3 1 4 0 6 1 . 9 1 7 5 2 6 . 5 9 5 3 5 . 3 2 2 2 9 . 9 2 9 2
9 3 2 4 0 6 2 . 5 6 5 1 2 3 . 5 4 8 3 9 . 0 1 6 3 2 . 6 9 5 3
9 3 2 4 0 6 0 . 0 7 5 2 2 3 . 3 8 2 3 6 . 6 9 2 3 0 . 8 0 0 2
9 3 2 4 0 6 2 . 4 1 0 5 2 3 . 8 2 6 3 8 . 5 8 3 3 1 . 7 8 2 0
9 3 3 4 0 6 4 . 3 3 6 8 2 5 . 5 5 4 3 8 . 7 8 1 3 2 . 8 5 6 3
9 3 3 4 0 6 2 . 8 7 4 2 2 5 . 2 0 7 3 7 . 6 6 6 3 1 . 2 9 2 2
9 3 3 4 0 6 1 . 9 0 0 3 2 6 . 1 4 6 3 5 . 7 5 3 2 9 . 7 0 6 2
9 3 4 4 0 6 2 . 1 6 5 6 2 5 . 2 7 4 3 6 . 8 9 1 3 1 . 0 6 9 3
9 3 4 4 0 6 2 . 4 1 0 1 2 5 . 1 0 9 3 7 . 3 0 1 3 1 . 3 4 3 2
9 3 4 4 0 6 3 . 7 2 5 1 2 4 . 8 8 4 3 8 . 8 4 0 3 1 . 1 6 3 4
9 3 1 1 0 0 6 5 . 5 9 5 9 2 3 . 5 8 4 4 2 . 0 1 1 3 4 . 3 1 9 5
9 3 1 1 0 0 6 8 . 9 3 6 3 2 4 . 4 4 6 4 4 . 4 9 0 3 3 . 3 9 6 1
9 3 1 1 0 0 6 5 . 0 1 8 3 2 4 . 2 4 5 4 0 . 7 7 2 3 4 . 1 4 6 6
9 3 2 1 0 0 6 1 . 9 0 7 8 2 2 . 5 8 6 3 9 . 3 2 1 3 3 . 0 1 1 4
9 3 2 1 0 0 6 2 . 3 4 2 1 2 3 . 3 4 5 4 1 . 2 3 4 3 4 . 2 3 6
9 3 2 1 0 0 6 3 . 6 1 1 9 2 3 . 9 5 3 3 9 . 6 5 8 3 3 . 4 5 7 6
9 3 3 1 0 0 6 4 . 8 9 4 8 2 4 . 6 9 2 4 0 . 2 0 2 3 3 . 8 7 3 8
9 3 3 1 0 0 6 3 . 9 2 8 5 2 4 . 6 2 7 3 9 . 3 0 1 3 1 . 6 5 0 2
9 3 3 1 0 0 6 3 . 6 1 4 8 2 4 . 4 0 0 3 9 . 2 1 3 3 1 . 4 2 2 4
9 3 4 1 0 0 6 3 . 1 3 8 3 2 4 . 1 8 1 3 8 . 9 5 6 3 3 . 1 8 3 9
9 3 4 1 0 0 6 2 . 5 7 4 6 2 4 . 3 8 9 3 8 . 1 8 5 3 2 . 3 2 9 5
9 3 4 1 0 0 6 3 . 8 6 0 6 2 5 . 0 2 5 3 8 . 8 3 4 3 2 . 0 7 5 4
9 4 1 0 6 6 . 5 7 3 4 2 6 . 4 3 7 4 0 . 1 3 5 3 2 . 1 4 8 5
9 4 1 0 6 6 . 3 6 9 2 2 6 . 3 7 7 3 9 . 9 9 2 3 1 . 6 7 1 8
9 4 1 0 7 2 . 8 4 4 2 2 7 . 4 5 7 4 5 . 3 8 6 3 7 . 5 4 7 7
9 4 2 0 6 4 . 5 3 3 3 2 6 . 4 7 9 3 8 . 0 5 4 2 8 . 9 8 0 5
9 4 2 0 6 4 . 8 9 4 8 2 6 . 1 2 0 3 8 . 7 7 4 3 2 . 0 3 0 9
9 4 2 0 6 5 . 7 1 6 1 2 6 . 8 7 8 3 8 . 8 3 8 3 1 . 8 5 7 8
9 4 3 0 6 3 . 1 8 7 3 2 5 . 8 5 4 3 7 . 3 3 2 2 9 . 7 7 4 0
9 4 3 0 6 5 . 0 4 5 8 2 6 . 1 6 4 3 8 . 8 8 1 3 1 . 4 3 8 1
9 4 3 0 6 6 . 8 6 7 8 2 7 . 9 9 2 3 8 . 8 7 4 3 1 . 7 1 1 1
9 4 4 0 6 6 . 9 3 4 9 2 6 . 9 7 6 3 9 . 9 5 8 3 2 . 9 7 7 6
9 4 4 0 6 6 . 1 4 0 8 2 5 . 1 8 2 4 0 . 9 5 8 3 3 . 5 1 2 8
9 4 4 0 6 9 . 5 5 3 5 2 5 . 2 8 5 4 4 . 2 6 7 3 6 . 4 1 0 7
9 4 1 4 0 6 6 . 4 8 1 3 2 6 . 5 7 7 3 9 . 9 0 3 3 2 . 8 6 4 9
9 4 1 4 0 6 5 . 1 9 1 7 2 5 . 7 0 1 3 9 . 4 9 0 3 2 . 5 9 2 7
9 4 1 4 0 6 2 . 0 3 6 1 2 6 . 6 4 6 3 5 . 3 8 9 2 9 . 9 8 6 5
9 4 2 4 0 6 1 . 4 4 8 9 2 3 . 1 2 8 3 8 . 3 2 0 3 2 . 1 1 2 0
9 4 2 4 0 5 9 . 9 5 4 4 2 3 . 3 3 5 3 6 . 6 1 9 3 0 . 7 3 8 2
9 4 2 4 0 6 2 . 5 3 4 8 2 3 . 8 7 4 3 8 . 6 6 0 3 1 . 8 4 5 3
9 4 3 4 0 6 4 . 2 1 9 0 2 5 . 5 0 8 3 8 . 7 1 0 3 2 . 7 9 6 1
9 4 3 4 0 6 2 . 9 9 5 9 2 5 . 2 5 6 3 7 . 7 3 9 3 1 . 3 5 2 8
9 4 3 4 0 6 1 . 7 8 6 2 2 6 . 0 9 8 3 5 . 6 8 7 2 9 . 6 5 1 4
9 4 4 4 0 6 2 . 0 4 0 2 2 5 . 2 2 3 3 6 . 8 1 6 3 1 . 0 0 6 6
9 4 4 4 0 6 2 . 2 9 5 3 2 5 . 0 6 2 3 7 . 2 3 2 3 1 . 2 8 5 6
9 4 4 4 0 6 3 . 5 9 9 2 2 4 . 8 3 5 3 8 . 7 6 3 3 1 . 1 0 1 8
9 4 1 1 0 0 6 5 . 7 6 2 7 2 3 . 6 4 4 4 2 . 1 1 8 3 4 . 4 0 6 7
9 4 1 1 0 0 6 8 . 8 5 1 3 2 4 . 4 1 5 4 4 . 4 3 5 3 3 . 3 5 4 9
9 4 1 1 0 0 6 5 . 0 8 8 1 2 4 . 2 7 1 4 0 . 8 1 6 3 4 . 1 8 3 2
9 4 2 1 0 0 6 1 . 7 9 2 6 2 2 . 5 4 4 3 9 . 2 4 7 3 2 . 9 4 9 9
 



T a b l e A - 9 .

 

 

Y e a r T r t D a y N D F H e m i c A D F C e l l u l o s e

9 4 2 1 0 0 6 2 . 8 3 4 9 2 3 . 8 8 9 3 8 . 9 4 5 3 2 . 4 1 1 4
9 4 2 1 0 0 6 3 . 7 3 1 3 2 3 . 9 9 8 3 9 . 7 3 2 3 3 . 5 2 0 4
9 4 3 1 0 0 6 4 . 9 8 1 1 2 4 . 7 2 5 4 0 . 2 5 6 3 3 . 9 1 8 8
9 4 3 1 0 0 6 4 . 0 6 6 3 2 4 . 6 8 0 3 9 . 3 8 5 3 1 . 7 1 8 4
9 4 3 1 0 0 6 3 . 7 0 4 7 2 4 . 4 3 5 3 9 . 2 6 9 3 1 . 4 6 6 8
9 4 4 1 0 0 6 3 . 2 9 4 2 2 4 . 2 4 1 3 9 . 0 5 3 3 3 . 2 6 5 8
9 4 4 1 0 0 6 2 . 6 6 8 4 2 4 . 4 2 5 3 8 . 2 4 2 3 2 . 3 7 8 0
9 4 4 1 0 0 6 3 . 7 6 8 1 2 4 . 9 8 9 3 8 . 7 7 8 3 2 . 0 2 8 9
 

A b b r e v i a t i o n s :
T r t = T r e a t m e n t s , 1 = = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I ; H e m i c = h e m i c e l l u l o s e



2 8 0

 

 

T a b l e A - 1 0 D a t a u s e d f o r a n a l y s i s o f p H , t e m p e r a t u r e , a n d m i c r o b i a l p o p u l a t i o n s i n f o r a g e s o r g h u m
s i l a g e e x p o s e d t o a i r i n t e m p e r a t e a n d t r o p i c a l e n v i r o n m e n t s ( C h a p t e r 3 )

E n v Y r F e r T r t D R e p p H Y M T B T e r n

1 9 3 1 1 0 1 3 . 6 0 4 . 8 7 7 . 8 4 2 2 . 7 7
1 9 3 1 1 0 2 3 . 6 0 4 . 6 0 7 . 7 3 2 1 . 1 1
1 9 3 1 1 0 3 N D N D N O 2 2 . 2 2
1 9 3 1 1 1 1 3 . 8 5 4 . 2 4 7 . 5 7 2 3 . 8 8
1 9 3 1 1 1 2 3 . 7 5 6 . 6 9 7 . 8 6 3 6 . 1 1
1 9 3 1 1 1 3 N D N D N O 2 2 . 2 2
1 9 3 1 1 2 1 N D N D N O 2 6 . 1 1
1 9 3 1 1 2 2 N D N D N O 2 7 . 7 7
1 9 3 1 1 2 3 N D N D N O 2 9 . 1 1
1 9 3 1 1 3 1 7 . 1 0 8 . 2 4 8 . 2 3 2 5 . 5 5
1 9 3 1 1 3 2 6 . 9 0 7 . 9 8 8 . 2 9 2 1 . 6 7
1 9 3 1 1 3 3 N D N D N O 2 6 . 1 1
1 9 3 1 1 4 1 N D N D N D 2 3 . 8 8
1 9 3 1 1 4 2 N D N D N O 2 1 . 6 6
1 9 3 1 1 4 3 N D N D N O 2 2 . 2 2
1 9 3 1 1 5 1 7 . 0 0 8 . 2 2 8 . 1 4 2 3 . 3 3
1 9 3 1 1 5 2 7 . 0 0 8 . 0 0 8 . 6 4 2 2 . 2 2
1 9 3 1 1 5 3 N D N D N O 2 2 . 2 2
1 9 3 1 1 6 1 N D N D N O 2 2 . 2 2
1 9 3 1 1 6 2 N D N D N O 2 2 . 2 2
1 9 3 1 1 6 3 N D N D N O 2 2 . 2 2
1 9 3 1 1 7 1 8 . 1 0 7 . 6 6 7 . 9 0 2 2 . 2 2
1 9 3 1 1 7 2 8 . 4 0 7 . 5 8 7 . 2 0 2 2 . 5 0
1 9 3 1 1 7 3 N D N D N O 2 2 . 7 7
1 9 3 1 2 0 1 3 . 6 0 3 8 2 7 . 7 6 1 8 . 8 8
1 9 3 1 2 0 2 3 . 7 0 4 6 6 7 . 7 0 2 3 . 3 3
1 9 3 1 2 0 3 N D N D N O 1 6 . 6 6
1 9 3 1 2 1 1 3 . 7 0 4 . 3 6 7 . 4 9 2 1 . 1 1
1 9 3 1 2 1 2 3 . 8 5 4 . 1 6 7 . 2 2 3 5 . 5 5
1 9 3 1 2 1 3 N D N D N D 2 2 . 7 7
1 9 3 1 2 2 1 N D N D N O 2 8 . 6 6
1 9 3 1 2 2 2 N D N D N O 2 6 . 1 1
1 9 3 1 2 2 3 N D N D N O 2 3 . 8 8
1 9 3 1 2 3 1 6 . 5 0 8 . 4 0 9 . 2 0 2 1 . 1 1
1 9 3 1 2 3 2 7 . 2 0 8 . 6 1 9 . 0 1 2 5 . 5 5
1 9 3 1 2 3 3 N D N D N O 2 0 . 5 5
1 9 3 1 2 4 1 N D N D N O 2 0 . 0 0
1 9 3 1 2 4 2 N D N D N O 2 3 . 8 8
1 9 3 1 2 4 3 N D N D N O 1 8 . 3 3
1 9 3 1 2 5 1 6 . 7 0 7 . 8 1 7 . 1 4 2 0 . 0 0
1 9 3 1 2 5 2 7 . 1 0 8 . 5 2 7 . 7 4 2 3 . 3 3
1 9 3 1 2 5 3 N D N D N O 1 7 . 7 7
1 9 3 1 2 6 1 N D N D N O 2 0 . 0 0
1 9 3 1 2 6 2 N D N D N O 2 4 . 4 4
1 9 3 1 2 6 3 N D N D N O 1 7 . 7 7
1 9 3 1 2 7 1 8 . 9 0 6 . 8 7 8 . 6 0 2 0 . 0 0
1 9 3 1 2 7 2 8 . 5 0 7 . 4 0 8 . 1 3 2 4 . 4 4
1 9 3 1 2 7 3 N D N D N O 1 8 . 3 3
1 9 3 1 3 0 1 3 . 6 0 4 . 4 1 7 . 3 8 2 0 . 5 5
1 9 3 1 3 0 2 3 . 5 8 4 5 1 6 . 6 7 2 1 . 1 1
1 9 3 1 3 0 3 N D N D N O 2 2 . 2 2
1 9 3 1 3 1 1 3 . 7 8 6 . 2 9 7 . 6 4 2 1 . 3 8
1 9 3 1 3 1 2 4 . 4 0 6 . 5 7 6 . 8 5 2 3 . 3 3
1 9 3 1 3 1 3 N D N D N O 3 7 . 2 2
1 9 3 1 3 2 1 N D N D N D 3 0 . 0 0
1 9 3 1 3 2 2 N D N D N O 3 1 . 1 1
1 9 3 1 3 2 3 N D N D N O 3 0 . 5 5
1 9 3 1 3 3 1 4 . 5 0 7 . 4 4 8 . 3 7 2 1 . 1 1
1 9 3 1 3 3 2 6 . 5 0 8 . 6 4 8 . 9 8 2 3 . 8 8
1 9 3 1 3 3 3 N D N D N O 2 3 . 3 3
1 9 3 1 3 4 1 N D N D N O 2 1 . 1 1
1 9 3 1 3 4 2 N D N D N O 2 2 . 7 7
1 9 3 1 3 4 3 N D N D N O 2 2 . 2 2
1 9 3 1 3 5 1 7 . 4 0 7 . 8 5 6 . 6 2 2 1 . 1 1
1 9 3 1 3 5 2 8 . 0 0 7 8 6 7 . 0 2 2 2 . 2 2
1 9 3 1 3 5 3 N D N D N O 2 2 . 2 2
 



2 8 1

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

1 9 3 1 3 6 1 N D N D N O 2 1 . 1 1
1 9 3 1 3 6 2 N D N D N D 2 2 . 2 2
1 9 3 1 3 6 3 N D N D N D 2 2 . 2 2
1 9 3 1 3 7 1 7 . 9 0 8 . 3 0 7 . 6 4 2 1 . 1 1
1 9 3 1 3 7 2 8 . 0 0 7 . 8 0 7 . 7 4 2 2 . 2 2
1 9 3 1 3 7 3 N D N D N O 2 2 . 7 7
1 9 3 1 4 0 1 3 . 6 5 4 . 7 5 6 . 0 5 2 1 . 1 1
1 9 3 1 4 0 2 3 . 6 0 4 . 5 2 6 . 5 7 2 1 . 1 1
1 9 3 1 4 0 3 N D N D N D 2 2 . 2 2
1 9 3 1 4 1 1 4 . 0 0 4 . 2 3 7 . 1 0 2 3 . 3 3
1 9 3 1 4 1 2 3 . 8 0 5 . 5 6 6 . 4 7 3 0 . 5 5
1 9 3 1 4 1 3 N D N D N O 2 5 . 5 5
1 9 3 1 4 2 1 N D N D N O 3 2 . 5 0
1 9 3 1 4 2 2 N D N D N O 2 7 . 2 2
1 9 3 1 4 2 3 N D N D N D 2 8 . 8 8
1 9 3 1 4 3 1 4 . 9 0 6 . 9 8 8 . 0 9 2 3 . 3 3
1 9 3 1 4 3 2 6 . 9 0 7 . 6 3 8 . 6 0 2 4 . 4 4
1 9 3 1 4 3 3 N D N D N D 2 4 . 4 4
1 9 3 1 4 4 1 N D N D N D 2 1 . 6 6
1 9 3 1 4 4 2 N D N D N O 2 2 . 2 2
1 9 3 1 4 4 3 N D N D N O 2 2 . 2 2
1 9 3 1 4 5 1 7 . 6 0 8 . 4 3 6 . 9 5 2 1 . 1 1
1 9 3 1 4 5 2 7 . 6 0 8 . 0 2 6 . 9 0 2 2 . 2 2
1 9 3 1 4 5 3 N D N D N O 2 2 . 2 2
1 9 3 1 4 6 1 N D N D N D 2 1 . 1 1
1 9 3 1 4 6 2 N D N D N D 2 2 . 2 2
1 9 3 1 4 6 3 N D N D N O 2 2 . 7 7
1 9 3 1 4 7 1 7 . 8 0 8 . 2 1 7 . 9 2 2 1 . 1 1
1 9 3 1 4 7 2 7 . 9 0 8 . 1 5 8 . 2 0 2 2 . 7 7
1 9 3 1 4 7 3 N D N D N O 2 3 . 3 3
1 9 3 2 1 0 1 3 . 7 5 5 . 3 5 8 . 2 3 1 7 . 7 7
1 9 3 2 1 0 2 3 . 8 0 4 . 1 5 7 . 4 2 2 0 . 0 0
1 9 3 2 1 0 3 N D N D N D 1 8 . 8 8
1 9 3 2 1 1 1 3 . 6 0 5 . 3 5 6 . 4 6 1 8 . 8 8
1 9 3 2 1 1 2 3 . 6 0 5 . 3 9 6 . 3 5 2 1 . 1 1
1 9 3 2 1 1 3 N D N D N D 1 9 . 4 4
1 9 3 2 1 2 1 N D N D N D 2 0 . 5 5
1 9 3 2 1 2 2 N D N D N O 3 3 . 8 8
1 9 3 2 1 2 3 N D N D N O 2 3 . 3 3
1 9 3 2 1 3 1 3 . 7 0 7 . 0 9 6 . 9 5 3 1 . 2 2
1 9 3 2 1 3 2 4 . 8 0 6 . 8 1 6 . 4 0 2 5 . 0 0
1 9 3 2 1 3 3 N D N D N O 2 5 . 5 5
1 9 3 2 1 4 1 N D N D N D 2 2 . 2 2
1 9 3 2 1 4 2 N D N D N D 2 2 . 7 7
1 9 3 2 1 4 3 N D N D N D 2 2 . 2 2
1 9 3 2 1 5 1 5 . 6 5 7 . 4 2 8 . 2 7 2 2 . 2 2
1 9 3 2 1 5 2 6 . 2 0 7 . 1 1 7 . 3 8 2 3 . 3 3
1 9 3 2 1 5 3 N D N D N O 2 2 . 2 2
1 9 3 2 1 6 1 N D N D N O 2 2 . 2 2
1 9 3 2 1 6 2 N D N D N D 2 3 . 3 3
1 9 3 2 1 6 3 N D N D N D 2 2 . 2 2
1 9 3 2 1 7 1 6 . 4 0 7 . 5 9 7 . 2 3 2 1 . 1 1
1 9 3 2 1 7 2 4 . 5 0 7 . 1 5 6 . 3 9 2 2 . 2 2
1 9 3 2 1 7 3 N D N D N O 2 1 . 1 1
1 9 3 2 2 0 1 3 . 7 0 3 . 6 2 6 . 7 8 1 6 . 6 6
1 9 3 2 2 0 2 3 . 6 5 5 . 1 3 6 . 7 1 1 7 . 7 7
1 9 3 2 2 0 3 N D N D N O 1 8 . 8 8
1 9 3 2 2 1 1 3 . 6 0 5 . 3 2 6 . 0 3 1 7 . 7 7
1 9 3 2 2 1 2 3 . 6 0 5 . 1 2 6 . 2 2 1 9 . 4 4
1 9 3 2 2 1 3 N D N D N O 1 9 . 4 4
1 9 3 2 2 2 1 N D N D N O 1 7 . 7 7
1 9 3 2 2 2 2 N D N D N O 2 0 . 0 0
1 9 3 2 2 2 3 N D N D N D 2 2 . 7 7
1 9 3 2 2 3 1 3 . 7 0 6 . 4 9 6 . 9 8 1 8 . 3 3
1 9 3 2 2 3 2 3 . 7 0 5 . 8 5 6 . 4 0 2 0 . 0 0
1 9 3 2 2 3 3 N D N D N O 2 3 . 8 8
 



 

 

T a b l e A - 1 0 C o n t .

E v n Y r F e r T r t D R e p p H Y M T B T e r n

1 9 3 2 2 4 1 N D N D N D 2 0 . 5 5
1 9 3 2 2 4 2 N D N D N O 2 0 . 5 5
1 9 3 2 2 4 3 N D N D N O 3 7 . 2 2
1 9 3 2 2 5 1 3 . 7 5 6 . 2 0 7 . 0 0 2 5 . 5 5
1 9 3 2 2 5 2 4 . 2 5 4 . 7 7 6 . 9 5 2 3 . 3 3
1 9 3 2 2 5 3 N D N D N O 2 1 . 6 6
1 9 3 2 2 6 1 N D N D N O 2 1 . 6 6
1 9 3 2 2 6 2 N D N D N D 2 5 . 5 5
1 9 3 2 2 6 3 N D N D N O 2 3 . 3 3
1 9 3 2 2 7 1 4 . 3 0 6 . 1 3 6 . 5 1 2 1 . 1 1
1 9 3 2 2 7 2 4 . 7 0 7 . 1 8 7 . 4 3 2 1 . 1 1
1 9 3 2 2 7 3 N D N D N O 2 1 . 6 6
1 9 3 2 3 0 1 3 . 6 0 5 . 0 4 6 . 8 1 1 8 . 8 8
1 9 3 2 3 0 2 3 . 6 5 5 . 6 5 7 . 8 7 1 8 . 8 8
1 9 3 2 3 0 3 N D N D N D 1 5 . 5 5
1 9 3 2 3 1 1 3 . 7 0 5 . 1 9 5 . 4 6 1 8 . 3 3
1 9 3 2 3 1 2 3 . 7 0 4 . 0 0 5 . 9 5 1 5 . 0 0
1 9 3 2 3 1 3 N D N D N O 1 5 . 5 5
1 9 3 2 3 2 1 N D N D N D 2 0 . 0 0
1 9 3 2 3 2 2 N D N D N O 2 2 . 2 2
1 9 3 2 3 2 3 N D N D N O 1 5 . 5 5
1 9 3 2 3 3 1 3 . 7 0 4 . 6 0 6 . 2 2 2 0 . 0 0
1 9 3 2 3 3 2 3 . 6 5 6 . 2 7 6 . 4 1 2 3 . 3 3
1 9 3 2 3 3 3 N D N D N O 1 7 . 2 2
1 9 3 2 3 4 1 N D N D N O 2 0 . 0 0
1 9 3 2 3 4 2 N D N D N O 2 2 . 2 2
1 9 3 2 3 4 3 N D N D N D 1 8 . 3 3
1 9 3 2 3 5 1 3 . 7 5 7 . 1 2 6 . 5 2 2 2 . 7 7
1 9 3 2 3 5 2 3 . 9 0 6 . 9 9 6 . 4 6 2 1 . 6 6
1 9 3 2 3 5 3 N D N D N O 2 2 . 7 7
1 9 3 2 3 6 1 N D N D N O 2 2 . 2 2
1 9 3 2 3 6 2 N D N D N D 2 2 . 2 2
1 9 3 2 3 6 3 N D N D N O 2 0 . 0 0
1 9 3 2 3 7 1 5 . 3 0 6 . 0 3 7 . 0 1 2 1 . 1 1
1 9 3 2 3 7 2 5 . 2 5 7 . 9 9 7 . 3 2 2 1 . 1 1
1 9 3 2 3 7 3 N D N D N O 1 7 . 7 7
1 9 3 2 4 0 1 3 . 6 5 5 . 2 5 7 . 1 4 2 0 . 0 0
1 9 3 2 4 0 2 3 . 6 0 4 . 1 6 6 . 7 8 1 7 . 7 7
1 9 3 2 4 0 3 N D N D N O 1 5 . 5 5
1 9 3 2 4 1 1 3 . 7 0 5 . 3 9 6 . 3 1 2 1 . 1 1
1 9 3 2 4 1 2 3 . 7 0 5 . 4 6 7 . 0 1 1 8 . 8 8
1 9 3 2 4 1 3 N D N D N O 1 6 . 6 6
1 9 3 2 4 2 1 N D N D N O 2 2 . 7 7
1 9 3 2 4 2 2 N D N D N O 1 9 . 4 4
1 9 3 2 4 2 3 N D N D N D 1 7 . 7 7
1 9 3 2 4 3 1 3 . 6 0 6 . 9 8 6 . 3 1 2 2 . 2 2
1 9 3 2 4 3 2 3 . 6 0 6 . 4 1 6 . 5 5 2 2 . 7 7
1 9 3 2 4 3 3 N D N D N O 2 3 . 3 3
1 9 3 2 4 4 1 N D N D N D 2 2 . 2 2
1 9 3 2 4 4 2 N D N D N D 2 5 . 0 0
1 9 3 2 4 4 3 N D N D N O 2 5 . 0 0
1 9 3 2 4 5 1 4 . 0 0 6 . 6 0 7 . 0 8 2 2 . 2 2
1 9 3 2 4 5 2 3 . 7 5 6 . 1 7 6 . 9 7 2 1 . 1 1
1 9 3 2 4 5 3 N D N D N D 2 0 . 0 0
1 9 3 2 4 6 1 N D N D N O 2 2 . 2 2
1 9 3 2 4 6 2 N D N D N O 2 1 . 1 1
1 9 3 2 4 6 3 N D N D N O 2 0 . 0 0
1 9 3 2 4 7 1 4 . 0 0 8 . 0 5 8 . 0 8 2 1 . 6 6
1 9 3 2 4 7 2 5 . 0 0 7 . 5 5 7 . 3 1 2 0 . 5 5
1 9 3 2 4 7 3 N D N D N O 1 8 . 8 8
1 9 4 1 1 0 1 3 . 5 0 4 . 5 6 7 . 4 0 2 1 . 1 1
1 9 4 1 1 0 2 3 . 5 0 4 . 3 0 7 . 2 7 2 2 . 2 2
1 9 4 1 1 0 3 N D N D N O 2 3 . 3 3
1 9 4 1 1 1 1 3 . 5 0 5 . 6 1 7 . 2 3 2 3 . 8 8
1 9 4 1 1 1 2 3 . 5 0 4 . 9 9 7 . 1 6 2 5 . 5 5
1 9 4 1 1 1 3 N D N D N O 2 6 . 1 1
 



2 8 3

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

1 9 4 1 1 2 1 N D N D N O 2 8 . 8 8
1 9 4 1 1 2 2 N D N D N O 2 3 . 3 3
1 9 4 1 1 2 3 N D N D N O 2 5 . 5 5
1 9 4 1 1 3 1 3 . 6 0 5 . 8 2 8 . 1 5 2 4 . 4 4
1 9 4 1 1 3 2 3 . 7 0 6 . 1 0 8 . 0 4 2 2 . 7 7
1 9 4 1 1 3 3 N D N D N O 2 8 . 3 3
1 9 4 1 1 4 1 N D N D N D 2 3 . 3 3
1 9 4 1 1 4 2 N D N D N D 2 5 . 5 5
1 9 4 1 1 4 3 N D N D N D 2 3 . 8 8
1 9 4 1 1 5 1 5 . 8 0 8 . 8 1 8 . 7 3 2 2 . 2 2
1 9 4 1 1 5 2 4 . 0 0 7 . 4 7 8 . 5 1 2 5 . 5 5
1 9 4 1 1 5 3 N D N D N O 2 4 . 4 4
1 9 4 1 1 6 1 N D N D N O 2 2 . 2 2
1 9 4 1 1 6 2 N D N D N O 2 1 . 1 1
1 9 4 1 1 6 3 N D N D N O 2 3 . 3 3
1 9 4 1 1 7 1 6 . 5 0 8 . 6 0 8 . 7 8 2 2 . 2 2
1 9 4 1 1 7 2 6 . 8 0 8 . 7 2 8 . 6 6 2 1 . 1 1
1 9 4 1 1 7 3 N D N D N O 2 3 . 3 3
1 9 4 1 2 0 1 3 . 5 0 5 . 0 1 7 . 3 1 2 2 . 2 2
1 9 4 1 2 0 2 3 . 5 0 4 . 4 6 7 . 5 3 2 1 . 1 1
1 9 4 1 2 0 3 N D N D N D 2 2 . 2 2
1 9 4 1 2 1 1 3 . 5 0 6 . 2 5 7 . 5 1 2 5 . 0 0
1 9 4 1 2 1 2 3 . 6 0 6 . 1 3 7 . 5 3 2 3 . 3 3
1 9 4 1 2 1 3 N D N D N D 2 3 . 8 8
1 9 4 1 2 2 1 N D N D N O 2 2 . 2 2
1 9 4 1 2 2 2 N D N D N O 2 1 . 6 6
1 9 4 1 2 2 3 N D N D N O 2 3 . 8 8
1 9 4 1 2 3 1 5 . 2 0 6 . 3 8 8 . 2 4 2 2 . 2 2
1 9 4 1 2 3 2 3 . 7 0 6 . 3 3 8 . 1 1 2 2 . 7 7
1 9 4 1 2 3 3 N D N D N D 2 7 . 7 7
1 9 4 1 2 4 1 N D N D N O 2 2 . 2 2
1 9 4 1 2 4 2 N D N D N O 2 4 . 4 4
1 9 4 1 2 4 3 N D N D N O 2 3 . 8 8
1 9 4 1 2 5 1 6 . 3 0 8 . 8 4 8 . 2 2 2 2 . 7 7
1 9 4 1 2 5 2 5 . 2 0 8 . 7 4 8 . 4 3 2 3 . 3 3
1 9 4 1 2 5 3 N D N D N O 2 2 . 2 2
1 9 4 1 2 6 1 N D N D N O 2 6 . 6 6
1 9 4 1 2 6 2 N D N D N O 2 2 . 2 2
1 9 4 1 2 6 3 N D N D N O 2 2 . 2 2
1 9 4 1 2 7 1 6 . 6 8 . 7 2 8 . 7 0 2 6 . 6 6
1 9 4 1 2 7 2 6 . 5 0 8 . 3 9 8 . 7 3 2 2 . 2 2
1 9 4 1 2 7 3 N D N D N D 2 1 . 1 1
1 9 4 1 3 0 1 3 . 5 0 4 . 2 2 7 . 3 6 2 2 . 2 2
1 9 4 1 3 0 2 3 . 5 5 4 . 4 9 7 . 0 1 2 2 . 2 2
1 9 4 1 3 0 3 N D N D N O 2 2 . 2 2
1 9 4 1 3 1 1 3 . 5 0 6 . 0 9 8 . 0 3 3 8 . 3 3
1 9 4 1 3 1 2 3 . 7 0 6 . 0 8 8 . 1 6 3 2 . 7 7
1 9 4 1 3 1 3 N D N D N O 4 2 . 2 2
1 9 4 1 3 2 1 N D N D N D 2 6 . 6 6
1 9 4 1 3 2 2 N D N D N O 3 1 . 1 1
1 9 4 1 3 2 3 N D N D N O 3 0 . 0 0
1 9 4 1 3 3 1 6 . 9 0 8 . 2 8 7 . 8 9 2 3 . 3 3
1 9 4 1 3 3 2 6 . 2 0 7 . 7 4 8 . 7 0 2 5 . 5 5
1 9 4 1 3 3 3 N D N D N D 2 4 . 4 4
1 9 4 1 3 4 1 N D N D N O 2 2 . 7 7
1 9 4 1 3 4 2 N D N D N D 2 4 . 4 4
1 9 4 1 3 4 3 N D N D N D 2 4 . 4 4
1 9 4 1 3 5 1 6 . 4 0 8 . 8 0 8 . 8 1 2 3 . 3 3
1 9 4 1 3 5 2 6 . 7 0 8 . 7 1 8 . 8 6 2 5 . 0 0
1 9 4 1 3 5 3 N D N D N O 2 4 . 4 4
1 9 4 1 3 6 1 N D N D N O 2 3 . 3 3
1 9 4 1 3 6 2 N D N D N O 2 4 . 4 4
1 9 4 1 3 6 3 N D N D N O 2 4 . 4 4
1 9 4 1 3 7 1 7 . 4 0 8 . 7 6 8 . 8 1 2 3 . 3 3
1 9 4 1 3 7 2 7 . 5 0 8 . 7 3 8 . 7 2 2 3 . 8 8
1 9 4 1 3 7 3 N D N D N O 2 4 . 4 4
 



 

 

T a b l e A - 1 0 C o n t .

E n v Y r F e r T r t 0 R e p p H Y M T B T o m

1 9 4 1 4 0 1 3 . 5 0 4 . 6 6 7 . 4 9 2 3 . 3 3
1 9 4 1 4 0 2 3 . 5 0 4 . 5 5 7 . 9 4 2 1 . 1 1
1 9 4 1 4 0 3 N D N D N O 2 3 . 3 3
1 9 4 1 4 1 1 3 . 5 0 6 . 2 3 8 . 1 9 4 2 . 2 2
1 9 4 1 4 1 2 3 . 6 0 6 . 1 7 8 . 2 0 3 0 . 0 0
1 9 4 1 4 1 3 N D N D N O 3 6 . 1 1
1 9 4 1 4 2 1 N D N D N O 2 5 . 5 5
1 9 4 1 4 2 2 N D N D N O 2 7 . 2 2
1 9 4 1 4 2 3 N D N D N O 2 6 . 1 1
1 9 4 1 4 3 1 6 . 2 0 8 . 1 0 9 . 1 3 2 2 . 7 7
1 9 4 1 4 3 2 6 . 9 0 7 . 8 1 7 . 8 0 2 3 . 3 3
1 9 4 1 4 3 3 N D N D N O 2 3 . 3 3
1 9 4 1 4 4 1 N D N D N O 2 3 . 3 3
1 9 4 1 4 4 2 N D N D N O 2 2 . 2 2
1 9 4 1 4 4 3 N D N D N O 2 4 . 4 4
1 9 4 1 4 5 1 7 . 0 0 8 . 6 0 8 . 8 1 2 3 . 3 3
1 9 4 1 4 5 2 7 . 3 0 8 . 8 1 8 . 7 2 2 2 . 2 2
1 9 4 1 4 5 3 N D N D N D 2 3 . 3 3
1 9 4 1 4 6 1 N D N D N O 2 3 . 3 3
1 9 4 1 4 6 2 N D N D N O 2 2 . 2 2
1 9 4 1 4 6 3 N D N D N O 2 4 . 4 4
1 9 4 1 4 7 1 8 . 0 0 8 . 7 2 8 . 6 9 2 4 . 5 5
1 9 4 1 4 7 2 7 . 8 0 8 . 8 2 8 . 7 2 2 4 . 4 4
1 9 4 1 4 7 3 N D N D N D 2 4 . 4 4
1 9 4 2 1 0 1 3 . 5 0 4 . 6 0 7 . 3 0 2 0 . 0 0
1 9 4 2 1 0 2 3 . 6 0 4 . 5 0 7 . 4 0 2 1 . 1 1
1 9 4 2 1 0 3 N D N D N O 2 1 . 1 1
1 9 4 2 1 1 1 3 . 5 0 8 . 1 2 7 . 4 2 2 1 . 1 1
1 9 4 2 1 1 2 3 . 5 0 7 . 9 2 7 . 5 0 2 1 . 6 6
1 9 4 2 1 1 3 N D N D N D 2 3 . 8 8
1 9 4 2 1 2 1 N D N D N O 2 2 . 2 2
1 9 4 2 1 2 2 N D N D N D 2 2 . 7 7
1 9 4 2 1 2 3 N D N D N O 3 3 . 3 3
1 9 4 2 1 3 1 3 . 5 0 7 . 4 6 7 . 8 2 2 5 . 5 5
1 9 4 2 1 3 2 3 . 5 0 7 . 3 7 7 . 6 6 2 5 . 5 5
1 9 4 2 1 3 3 N D N D N O 2 1 . 6 6
1 9 4 2 1 4 1 N D N D N O 2 6 . 6 6
1 9 4 2 1 4 2 N D N D N D 2 4 . 4 4
1 9 4 2 1 4 3 N D N D N O 2 4 . 4 4
1 9 4 2 1 5 1 6 . 3 0 8 . 1 2 8 . 1 2 2 5 . 2 7
1 9 4 2 1 5 2 4 . 7 0 7 . 1 0 8 . 2 1 2 5 . 0 0
1 9 4 2 1 5 3 N D N D N O 2 3 . 8 8
1 9 4 2 1 6 1 N D N D N D 2 3 . 3 3
1 9 4 2 1 6 2 N D N D N D 2 5 . 5 5
1 9 4 2 1 6 3 N D N D N O 2 3 . 3 3
1 9 4 2 1 7 1 5 . 6 0 7 . 6 2 7 . 9 8 2 2 . 2 2
1 9 4 2 1 7 2 6 . 1 0 7 . 6 0 7 . 8 0 2 3 . 7 7
1 9 4 2 1 7 3 N D N D N O 2 3 . 6 6
1 9 4 2 2 0 1 3 . 7 0 4 . 8 0 7 . 2 0 2 0 . 0 0
1 9 4 2 2 0 2 3 . 6 0 4 . 6 5 7 . 4 0 2 0 . 0 0
1 9 4 2 2 0 3 N D N D N O 2 0 . 0 0
1 9 4 2 2 1 1 3 . 5 0 7 . 9 5 7 . 5 5 2 1 . 1 1
1 9 4 2 2 1 2 3 . 5 0 8 . 1 5 7 . 3 8 2 1 . 1 1
1 9 4 2 2 1 3 N D N D N D 2 1 . 1 1
1 9 4 2 2 2 1 N D N D N O 2 3 . 3 3
1 9 4 2 2 2 2 N D N D N O 2 1 . 6 6
1 9 4 2 2 2 3 N D N D N O 2 1 . 1 1
1 9 4 2 2 3 1 3 . 5 0 7 . 4 7 7 . 7 2 2 0 . 0 0
1 9 4 2 2 3 2 3 . 5 0 7 . 1 3 7 . 2 8 2 3 . 3 3
1 9 4 2 2 3 3 N D N D N O 2 2 . 7 7
1 9 4 2 2 4 1 N D N D N O 2 3 . 3 3
1 9 4 2 2 4 2 N D N D N O 2 2 . 2 2
1 9 4 2 2 4 3 N D N D N O 2 6 . 6 6
1 9 4 2 2 5 1 3 . 6 0 7 . 7 4 8 . 2 0 2 2 . 2 2
1 9 4 2 2 5 2 3 . 7 0 7 . 1 8 7 . 6 4 2 2 . 2 2
1 9 4 2 2 5 3 N D N D N O 2 3 . 0 5
 



2 8 5

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

1 9 4 2 2 6 1 N D N D N O 2 1 . 6 6
1 9 4 2 2 6 2 N D N D N O 2 4 . 4 4
1 9 4 2 2 6 3 N D N D N O 2 3 . 3 3
1 9 4 2 2 7 1 6 . 5 0 7 . 8 1 8 . 2 2 2 1 . 1 1
1 9 4 2 2 7 2 6 . 3 0 8 . 3 3 8 . 2 9 2 3 . 3 3
1 9 4 2 2 7 3 N D N D N O 2 1 . 6 6
1 9 4 2 3 0 1 3 . 5 5 4 . 7 8 7 . 1 5 2 0 . 0 0
1 9 4 2 3 0 2 3 . 5 0 4 . 6 7 7 . 3 5 2 0 . 0 0
1 9 4 2 3 0 3 N D N D N O 2 2 . 2 2
1 9 4 2 3 1 1 3 . 8 0 8 . 2 7 7 . 5 9 2 5 . 0 0
1 9 4 2 3 1 2 3 . 5 0 8 . 3 7 7 . 3 0 2 1 . 1 1
1 9 4 2 3 1 3 N D N D N O 2 2 . 7 7
1 9 4 2 3 2 1 N D N D N O 2 7 . 2 2
1 9 4 2 3 2 2 N D N D N O 3 3 . 3 3
1 9 4 2 3 2 3 N D N D N O 3 6 . 6 6
1 9 4 2 3 3 1 6 . 1 0 7 . 4 1 7 . 3 5 2 0 . 0 0
1 9 4 2 3 3 2 6 . 4 0 7 . 3 8 7 . 0 2 2 0 . 5 5
1 9 4 2 3 3 3 N D N D N O 2 0 . 0 0
1 9 4 2 3 4 1 N D N D N O 2 1 . 6 6
1 9 4 2 3 4 2 N D N D N O 2 3 . 3 3
1 9 4 2 3 4 3 N D N D N D 2 3 . 3 3
1 9 4 2 3 5 1 6 . 9 0 8 . 2 7 8 . 1 4 2 2 . 7 7
1 9 4 2 3 5 2 6 . 5 0 8 . 5 6 9 . 1 3 2 3 . 3 3
1 9 4 2 3 5 3 N D N D N D 2 3 . 3 3
1 9 4 2 3 6 1 N D N D N O 2 1 . 6 6
1 9 4 2 3 6 2 N D N D N O 2 3 . 3 3
1 9 4 2 3 6 3 N D N D N D 2 3 . 3 3
1 9 4 2 3 7 1 6 . 9 0 8 . 1 2 8 . 2 8 2 2 . 2 2
1 9 4 2 3 7 2 7 . 5 0 8 . 0 3 7 . 8 0 2 1 . 6 6
1 9 4 2 3 7 3 N D N D N O 2 2 . 7 7
1 9 4 2 4 0 1 3 . 5 5 4 . 6 7 7 . 2 3 2 0 . 0 0
1 9 4 2 4 0 2 3 . 5 0 4 . 6 4 7 . 3 5 1 8 . 8 8
1 9 4 2 4 0 3 N D N D N D 2 1 . 1 1
1 9 4 2 4 1 1 3 . 6 0 8 . 2 7 7 . 6 0 2 1 . 3 8
1 9 4 2 4 1 2 3 . 6 0 7 . 8 8 6 . 8 4 2 7 . 2 2
1 9 4 2 4 1 3 N D N D N O 2 1 . 1 1
1 9 4 2 4 2 1 N D N D N O 3 2 . 7 7
1 9 4 2 4 2 2 N D N D N D 2 3 . 3 3
1 9 4 2 4 2 3 N D N D N D 3 0 . 0 0
1 9 4 2 4 3 1 6 . 4 0 7 . 4 3 7 . 8 6 2 0 . 5 5
1 9 4 2 4 3 2 6 . 4 0 7 . 5 8 7 . 1 3 1 8 . 3 3
1 9 4 2 4 3 3 N D N D N O 2 0 . 0 0
1 9 4 2 4 4 1 N D N D N O 2 3 . 3 3
1 9 4 2 4 4 2 N D N D N O 2 1 . 1 1
1 9 4 2 4 4 3 N D N D N O 2 4 . 4 4
1 9 4 2 4 5 1 6 . 2 0 8 . 5 0 8 . 2 9 2 3 . 0 5
1 9 4 2 4 5 2 6 . 9 0 8 . 3 9 8 . 4 6 2 1 . 6 6
1 9 4 2 4 5 3 N D N D N D 2 4 . 4 4
1 9 4 2 4 6 1 N D N D N D 2 2 . 2 2
1 9 4 2 4 6 2 N D N D N O 2 1 . 6 6
1 9 4 2 4 6 3 N D N D N D 2 3 . 8 8
1 9 4 2 4 7 1 7 . 0 0 8 . 4 6 8 . 5 8 2 1 . 6 6
1 9 4 2 4 7 2 7 . 6 0 7 . 7 9 8 . 5 7 2 0 . 5 5
1 9 4 2 4 7 3 N D N D N O 2 3 . 3 3
2 9 3 1 1 0 1 4 . 2 7 6 . 1 0 6 . 4 0 2 8 . 0 5
2 9 3 1 1 0 2 4 . 1 0 7 . 3 8 6 . 0 9 2 8 . 6 1
2 9 3 1 1 0 3 N D N D N O 2 9 . 7 2
2 9 3 1 1 1 1 4 . 0 5 7 . 8 4 7 . 4 5 2 9 . 4 4
2 9 3 1 1 1 2 6 . 1 7 8 . 2 0 7 . 5 8 3 7 . 2 2
2 9 3 1 1 1 3 N D N D N O 4 1 . 6 6
2 9 3 1 1 2 1 N D N D N O 3 4 . 4 4
2 9 3 1 1 2 2 N D N D N O 3 2 . 7 7
2 9 3 1 1 2 3 N D N D N O 3 3 . 3 3
2 9 3 1 1 3 1 6 . 7 9 8 . 0 3 8 . 0 7 3 2 . 2 2
2 9 3 1 1 3 2 7 . 3 9 8 . 3 4 8 . 3 1 3 1 . 6 6
2 9 3 1 1 3 3 N D N D N O 3 2 . 7 7
 



2 8 6

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

2 9 3 1 1 4 1 N D N D N O 3 2 . 2 2
2 9 3 1 1 4 2 N D N D N O 3 1 . 1 1
2 9 3 1 1 4 3 N D N D N O 3 3 . 3 3
2 9 3 1 1 5 1 6 . 8 0 8 . 2 4 8 . 2 3 3 0 . 5 5
2 9 3 1 1 5 2 7 . 2 5 8 . 3 3 8 . 4 4 3 0 . 5 5
2 9 3 1 1 5 3 N D N D N D 3 1 . 6 6
2 9 3 1 1 6 1 N D N D N O 2 8 . 8 8
2 9 3 1 1 6 2 N D N D N O 2 8 . 3 3
2 9 3 1 1 6 3 N D N D N O 3 2 . 2 2
2 9 3 1 1 7 1 6 . 9 7 8 . 3 8 8 . 0 6 2 7 . 7 7
2 9 3 1 1 7 2 7 . 3 7 8 . 4 1 8 . 5 6 2 7 . 5 0
2 9 3 1 1 7 3 N D N D N D 3 2 . 2 2
2 9 3 1 2 0 1 4 . 2 1 5 . 4 1 6 . 4 4 2 8 . 8 8
2 9 3 1 2 0 2 4 . 2 5 7 . 7 0 6 . 1 2 2 8 . 0 5
2 9 3 1 2 0 3 N D N D N O 3 0 . 2 7
2 9 3 1 2 1 1 4 . 9 6 7 . 9 6 8 . 3 2 3 7 . 7 7
2 9 3 1 2 1 2 4 . 0 5 7 . 1 6 8 . 4 6 3 6 . 6 6
2 9 3 1 2 1 3 N D N D N O 4 0 . 0 0
2 9 3 1 2 2 1 N D N D N O 3 2 . 7 7
2 9 3 1 2 2 2 N D N D N O 3 3 . 8 8
2 9 3 1 2 2 3 N D N D N O 3 7 . 7 7
2 9 3 1 2 3 1 6 . 4 8 7 . 7 7 8 . 2 4 3 5 . 5 5
2 9 3 1 2 3 2 6 . 9 1 7 . 9 8 7 . 4 0 3 3 . 8 8
2 9 3 1 2 3 3 N D N D N O 3 3 . 3 3
2 9 3 1 2 4 1 N D N D N O 3 4 . 4 4
2 9 3 1 2 4 2 N D N D N O 3 3 . 3 3
2 9 3 1 2 4 3 N D N D N O 3 3 . 3 3
2 9 3 1 2 5 1 6 . 7 0 7 . 8 1 8 . 3 1 3 3 . 3 3
2 9 3 1 2 5 2 7 . 1 0 8 . 0 0 8 . 0 2 3 2 . 7 7
2 9 3 1 2 5 3 N D N D N O 3 0 . 5 5
2 9 3 1 2 6 1 N D N D N O 2 9 . 4 4
2 9 3 1 2 6 2 N D N D N O 3 0 . 5 5
2 9 3 1 2 6 3 N D N D N O 2 9 . 4 4
2 9 3 1 2 7 1 7 . 4 1 8 . 0 9 8 . 6 5 2 9 . 4 4
2 9 3 1 2 7 2 7 . 5 9 8 . 2 2 8 . 5 7 3 0 . 0 0
2 9 3 1 2 7 3 N D N D N O 2 8 . 8 8
2 9 3 1 3 0 1 4 . 0 3 6 . 4 5 6 . 4 9 2 9 . 4 4
2 9 3 1 3 0 2 4 . 0 5 8 . 4 3 6 . 5 8 2 9 . 4 4
2 9 3 1 3 0 3 N D N D N O 2 8 . 3 3
2 9 3 1 3 1 1 3 . 9 4 7 . 6 4 7 . 4 7 3 3 . 8 8
2 9 3 1 3 1 2 4 . 2 2 7 . 5 5 7 . 4 6 4 0 . 5 5
2 9 3 1 3 1 3 N D N D N O 3 3 . 8 8
2 9 3 1 3 2 1 N D N D N O 3 6 . 6 6
2 9 3 1 3 2 2 N D N D N O 3 2 . 7 7
2 9 3 1 3 2 3 N D N D N O 3 1 . 1 1
2 9 3 1 3 3 1 5 . 8 9 7 . 4 4 7 . 4 0 3 6 . 1 1
2 9 3 1 3 3 2 5 . 9 3 7 . 8 9 7 . 8 7 3 4 . 4 4
2 9 3 1 3 3 3 N D N D N O 3 0 . 5 5
2 9 3 1 3 4 1 N D N D N O 3 3 . 8 8
2 9 3 1 3 4 2 N D N D N O 3 2 . 2 2
2 9 3 1 3 4 3 N D N D N O 3 1 . 1 1
2 9 3 1 3 5 1 6 . 1 7 8 . 0 2 7 . 8 8 3 2 . 7 7
2 9 3 1 3 5 2 6 . 3 4 8 . 2 5 8 . 0 5 3 1 . 1 1
2 9 3 1 3 5 3 N D N D N D 3 0 . 8 3
2 9 3 1 3 6 1 N D N D N D 3 1 . 6 6
2 9 3 1 3 6 2 N D N D N D 3 0 . 0 0
2 9 3 1 3 6 3 N D N D N O 3 0 . 0 0
2 9 3 1 3 7 1 7 . 5 9 8 . 4 8 8 . 4 3 3 1 . 6 6
2 9 3 1 3 7 2 7 . 5 9 8 . 0 7 7 . 9 2 2 8 . 8 8
2 9 3 1 3 7 3 N D N D N D 2 8 . 8 8
2 9 3 1 4 0 1 4 . 0 1 5 . 2 1 5 . 4 5 2 8 . 8 8
2 9 3 1 4 0 2 3 . 9 6 6 . 9 4 5 . 2 9 2 9 . 4 4
2 9 3 1 4 0 3 N D N D N O 3 0 . 0 0
2 9 3 1 4 1 1 3 . 8 9 7 . 8 9 7 . 5 8 3 5 . 5 5
2 9 3 1 4 1 2 5 . 3 5 7 . 9 9 7 . 8 0 3 4 . 4 4
2 9 3 1 4 1 3 N D N D N O 3 8 . 8 8
 



2 8 7

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

2 9 3 1 4 2 1 N D N D N O 3 2 . 2 2
2 9 3 1 4 2 2 N D N D N O 3 2 . 2 2
2 9 3 1 4 2 3 N D N D N O 3 1 . 1 1
2 9 3 1 4 3 1 6 . 2 0 8 . 0 3 8 . 1 1 3 1 . 6 6
2 9 3 1 4 3 2 6 . 0 8 8 . 1 0 8 . 2 1 3 1 . 1 1
2 9 3 1 4 3 3 N D N D N O 3 1 . 1 1
2 9 3 1 4 4 1 N D N D N O 3 2 . 2 2
2 9 3 1 4 4 2 N D N D N O 3 2 . 2 2
2 9 3 1 4 4 3 N D N D N O 3 2 . 2 2
2 9 3 1 4 5 1 6 . 4 6 8 . 3 4 8 . 2 1 3 1 . 1 1
2 9 3 1 4 5 2 6 . 6 4 8 . 2 1 8 . 1 7 3 1 . 6 6
2 9 3 1 4 5 3 N D N D N O 3 1 . 1 1
2 9 3 1 4 6 1 N D N D N O 2 9 . 4 4
2 9 3 1 4 6 2 N D N D N D 2 9 . 4 4
2 9 3 1 4 6 3 N D N D N D 3 1 . 1 1
2 9 3 1 4 7 1 7 . 5 1 8 . 4 7 8 . 8 1 3 0 . 0 0
2 9 3 1 4 7 2 7 . 2 7 8 . 1 6 8 . 6 4 2 7 . 7 7
2 9 3 1 4 7 3 N D N D N D 3 0 . 0 0
2 9 3 2 1 0 1 4 . 1 9 5 . 5 8 6 . 1 2 3 0 . 0 0
2 9 3 2 1 0 2 4 . 1 6 5 . 3 1 5 . 7 7 2 9 . 4 4
2 9 3 2 1 0 3 N D N D N D 3 0 . 5 5
2 9 3 2 1 1 1 4 . 6 1 6 . 5 8 6 . 7 3 3 1 . 1 1
2 9 3 2 1 1 2 5 . 2 2 6 . 3 1 6 . 2 6 3 5 . 5 5
2 9 3 2 1 1 3 N D N D N O 3 4 . 4 4
2 9 3 2 1 2 1 N D N D N O 3 1 . 1 1
2 9 3 2 1 2 2 N D N D N O 3 7 . 5 0
2 9 3 2 1 2 3 N D N D N O 3 5 . 0 0
2 9 3 2 1 3 1 5 . 2 6 6 . 3 5 7 . 0 8 3 1 . 1 1
2 9 3 2 1 3 2 5 . 9 3 5 . 8 5 7 . 0 6 3 6 . 1 1
2 9 3 2 1 3 3 N D N D N O 3 3 . 8 8
2 9 3 2 1 4 1 N D N D N O 3 7 . 7 7
2 9 3 2 1 4 2 N D N D N O 3 3 . 3 3
2 9 3 2 1 4 3 N D N D N D 3 6 . 1 1
2 9 3 2 1 5 1 7 . 2 2 6 . 2 1 7 . 1 2 3 6 . 6 6
2 9 3 2 1 5 2 6 . 9 8 6 . 0 2 6 . 8 9 3 2 . 2 2
2 9 3 2 1 5 3 N D N D N O 3 4 . 4 4
2 9 3 2 1 6 1 N D N D N O 3 3 . 8 8
2 9 3 2 1 6 2 N D N D N O 3 1 . 1 1
2 9 3 2 1 6 3 N D N D N D 3 1 . 6 6
2 9 3 2 1 7 1 6 . 0 3 6 . 4 3 7 . 1 9 3 2 . 2 2
2 9 3 2 1 7 2 6 . 7 0 6 . 2 9 6 . 9 6 3 1 . 1 1
2 9 3 2 1 7 3 N D N D N D 3 1 . 6 6
2 9 3 2 2 0 1 4 . 1 7 5 . 0 3 5 . 0 4 2 6 . 6 6
2 9 3 2 2 0 2 4 . 3 1 5 . 2 1 5 . 8 4 3 3 . 8 8
2 9 3 2 2 0 3 N D N D N O 3 0 . 5 5
2 9 3 2 2 1 1 4 . 9 0 6 . 0 0 6 . 7 2 2 7 . 7 7
2 9 3 2 2 1 2 4 . 8 4 6 . 0 0 6 . 1 8 4 1 . 3 8
2 9 3 2 2 1 3 N D N D N D 3 8 . 8 8
2 9 3 2 2 2 1 N D N D N D 3 5 . 0 0
2 9 3 2 2 2 2 N D N D N D 3 9 . 4 4
2 9 3 2 2 2 3 N D N D N O 3 6 . 1 1
2 9 3 2 2 3 1 5 . 5 9 6 . 2 1 7 . 3 5 3 6 . 6 6
2 9 3 2 2 3 2 5 . 9 8 5 . 7 3 7 . 2 2 3 7 . 2 2
2 9 3 2 2 3 3 N D N D N D 3 6 . 6 6
2 9 3 2 2 4 1 N D N D N O 3 6 . 6 6
2 9 3 2 2 4 2 N D N D N D 3 5 . 0 0
2 9 3 2 2 4 3 N D N D N D 3 5 . 5 5
2 9 3 2 2 5 1 7 . 0 5 6 . 3 0 7 . 0 4 3 3 . 3 3
2 9 3 2 2 5 2 6 . 8 7 6 . 0 9 6 . 9 2 3 2 . 2 2
2 9 3 2 2 5 3 N D N D N O 3 2 . 2 2
2 9 3 2 2 6 1 N D N D N D 3 2 . 2 2
2 9 3 2 2 6 2 N D N D N D 3 2 . 2 2
2 9 3 2 2 6 3 N D N D N D 3 1 . 6 6
2 9 3 2 2 7 1 7 . 1 4 6 . 5 0 7 . 2 5 3 1 . 1 1
2 9 3 2 2 7 2 7 . 0 0 6 . 5 2 6 . 8 4 3 2 . 2 2
2 9 3 2 2 7 3 N D N D N O 3 2 . 2 2
 



 

 

T a b l e A - 1 0 C o n t .

E n v Y r F e r T r t D R e p p H Y M T B T o m

2 9 3 2 3 0 1 4 . 1 5 5 . 5 0 5 . 9 3 3 0 . 5 5
2 9 3 2 3 0 2 4 . 2 1 5 . 8 9 6 . 0 1 3 0 . 0 0
2 9 3 2 3 0 3 N D N D N D 2 9 . 4 4
2 9 3 2 3 1 1 4 . 7 1 6 . 5 0 6 . 0 8 3 7 . 7 7
2 9 3 2 3 1 2 4 . 7 1 6 . 8 9 6 . 7 3 4 1 . 1 1
2 9 3 2 3 1 3 N D N D N O 4 0 . 0 0
2 9 3 2 3 2 1 N D N D N O 3 6 . 1 1
2 9 3 2 3 2 2 N D N D N D 3 2 . 7 7
2 9 3 2 3 2 3 N D N D N O 3 2 . 2 2
2 9 3 2 3 3 1 5 . 8 7 5 . 9 0 7 . 5 9 3 4 . 4 4
2 9 3 2 3 3 2 5 . 9 3 6 . 2 0 7 . 3 7 3 2 . 2 2
2 9 3 2 3 3 3 N D N D N D 3 2 . 2 2
2 9 3 2 3 4 1 N D N D N D 3 3 . 3 3
2 9 3 2 3 4 2 N D N D N D 3 2 . 2 2
2 9 3 2 3 4 3 N D N D N O 3 2 . 2 2
2 9 3 2 3 5 1 7 . 2 9 6 . 2 8 7 . 3 1 3 2 . 7 7
2 9 3 2 3 5 2 7 . 2 5 6 . 3 2 7 . 2 7 3 2 . 2 2
2 9 3 2 3 5 3 N D N D N D 3 2 . 2 2
2 9 3 2 3 6 1 N D N D N D 3 2 . 2 2
2 9 3 2 3 6 2 N D N D N O 3 2 . 2 2
2 9 3 2 3 6 3 N D N D N O 3 2 . 2 2
2 9 3 2 3 7 1 6 . 9 6 6 . 3 9 7 . 0 1 3 1 . 1 1
2 9 3 2 3 7 2 7 . 1 5 6 . 5 8 7 . 0 9 3 1 . 1 1
2 9 3 2 3 7 3 N D N D N D 3 2 . 2 2
2 9 3 2 4 0 1 4 . 0 7 5 . 6 7 5 . 4 1 2 6 . 6 6
2 9 3 2 4 0 2 3 . 9 6 5 . 8 9 5 . 8 9 2 6 . 6 6
2 9 3 2 4 0 3 N D N D N O 2 6 . 6 6
2 9 3 2 4 1 1 4 . 8 2 6 . 6 7 6 . 8 3 2 6 . 6 6
2 9 3 2 4 1 2 4 . 5 1 6 . 8 9 6 . 7 1 3 5 . 5 5
2 9 3 2 4 1 3 N D N D N O 3 8 . 8 8
2 9 3 2 4 2 1 N D N D N D 3 1 . 6 6
2 9 3 2 4 2 2 N D N D N D 3 4 . 4 4
2 9 3 2 4 2 3 N D N D N O 3 3 . 3 3
2 9 3 2 4 3 1 6 . 7 1 6 . 9 5 7 . 9 2 3 3 . 3 3
2 9 3 2 4 3 2 6 . 7 6 7 . 0 4 7 . 0 1 3 1 . 6 6
2 9 3 2 4 3 3 N D N D N O 3 7 . 2 2
2 9 3 2 4 4 1 N D N D N O 3 4 . 4 4
2 9 3 2 4 4 2 N D N D N O 3 1 . 1 1
2 9 3 2 4 4 3 N D N D N O 3 1 . 1 1
2 9 3 2 4 5 1 7 . 0 7 6 . 7 0 7 . 4 2 3 1 . 6 6
2 9 3 2 4 5 2 7 . 1 0 6 . 7 9 7 . 0 0 3 1 . 1 1
2 9 3 2 4 5 3 N D N D N O 3 1 . 1 1
2 9 3 2 4 6 1 N D N D N O 3 2 . 2 2
2 9 3 2 4 6 2 N D N D N O 3 1 . 1 1
2 9 3 2 4 6 3 N D N D N O 3 1 . 1 1
2 9 3 2 4 7 1 7 . 2 3 6 . 5 0 7 . 1 0 3 1 . 1 1
2 9 3 2 4 7 2 7 . 2 4 6 . 4 2 7 . 0 4 3 1 . 1 1
2 9 3 2 4 7 3 N D N D N O 3 1 . 1 1
2 9 4 1 1 0 1 4 . 1 6 5 . 2 5 6 . 8 4 3 0 . 7 5
2 9 4 1 1 0 2 4 . 1 5 5 . 2 8 7 . 0 7 3 0 . 7 5
2 9 4 1 1 0 3 N D N D N D 3 0 . 7 5
2 9 4 1 1 1 1 4 . 2 0 5 . 2 8 6 . 5 7 3 1 . 0 0
2 9 4 1 1 1 2 4 . 2 0 5 . 0 2 6 . 5 7 3 1 . 0 0
2 9 4 1 1 1 3 N D N D N O 3 8 . 0 0
2 9 4 1 1 2 1 N D N D N O 3 0 . 5 0
2 9 4 1 1 2 2 N D N D N D 3 1 . 2 5
2 9 4 1 1 2 3 N D N D N O 3 2 . 7 5
2 9 4 1 1 3 1 4 . 2 0 4 . 1 7 6 . 3 2 3 0 . 3 1
2 9 4 1 1 3 2 4 . 4 0 4 . 0 6 6 . 2 5 3 8 . 0 0
2 9 4 1 1 3 3 N D N D N O 3 7 . 0 0
2 9 4 1 1 4 1 N D N D N D 3 1 . 0 0
2 9 4 1 1 4 2 N D N D N O 3 6 . 2 5
2 9 4 1 1 4 3 N D N D N D 3 4 . 7 5
2 9 4 1 1 5 1 4 . 2 0 4 . 5 0 5 . 9 6 3 0 . 5 0
2 9 4 1 1 5 2 4 . 2 0 4 . 6 6 6 . 2 9 3 3 . 0 0
2 9 4 1 1 5 3 N D N D N O 3 1 . 5 0
 



2 8 9

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

2 9 4 1 1 6 1 N D N D N O 3 5 . 2 5
2 9 4 1 1 6 2 N D N D N O 3 3 . 7 5
2 9 4 1 1 6 3 N D N D N O 3 2 . 5 0
2 9 4 1 1 7 1 4 . 2 0 4 . 4 7 5 . 9 1 3 6 . 0 0
2 9 4 1 1 7 2 4 . 4 0 4 . 1 7 5 . 5 0 3 2 . 0 0
2 9 4 1 1 7 3 N D N D N O 3 2 . 5 0
2 9 4 1 2 0 1 4 . 2 0 5 . 2 3 6 . 4 9 3 0 . 5 0
2 9 4 1 2 0 2 4 . 0 5 5 . 7 7 6 . 0 2 3 0 . 5 0
2 9 4 1 2 0 3 N D N D N D 3 0 . 7 5
2 9 4 1 2 1 1 4 . 2 0 4 . 8 8 6 . 7 0 3 1 . 0 0
2 9 4 1 2 1 2 4 . 2 0 5 . 5 0 6 . 8 4 3 2 . 2 5
2 9 4 1 2 1 3 N D N D N O 3 9 . 5 0
2 9 4 1 2 2 1 N D N D N O 3 8 . 5 0
2 9 4 1 2 2 2 N D N D N O 3 9 . 0 0
2 9 4 1 2 2 3 N D N D N O 3 6 . 0 0
2 9 4 1 2 3 1 4 . 2 5 4 . 3 0 6 . 2 6 3 8 . 0 0
2 9 4 1 2 3 2 4 . 3 0 4 . 5 6 5 . 3 9 3 7 . 2 5
2 9 4 1 2 3 3 N D N D N O 3 5 . 2 5
2 9 4 1 2 4 1 N D N D N D 3 4 . 7 5
2 9 4 1 2 4 2 N D N D N O 3 3 . 7 5
2 9 4 1 2 4 3 N D N D N O 3 3 . 2 5
2 9 4 1 2 5 1 4 . 2 5 4 . 6 9 6 . 3 0 3 1 . 7 5
2 9 4 1 2 5 2 4 . 3 0 4 . 6 0 6 . 8 8 3 2 . 2 5
2 9 4 1 2 5 3 N D N D N D 3 2 . 0 0
2 9 4 1 2 6 1 N D N D N D 3 2 . 5 0
2 9 4 1 2 6 2 N D N D N O 3 2 . 7 5
2 9 4 1 2 6 3 N D N D N D 3 3 . 0 0
2 9 4 1 2 7 1 4 . 3 0 4 . 5 7 6 . 2 0 3 0 . 5 0
2 9 4 1 2 7 2 4 . 4 0 4 . 8 2 5 . 5 5 3 0 . 7 5
2 9 4 1 2 7 3 N D N D N O 3 1 . 0 0
2 9 4 1 3 0 1 4 . 1 4 5 . 1 2 6 . 2 8 3 0 . 7 5
2 9 4 1 3 0 2 4 . 1 0 4 . 7 7 6 . 7 3 3 0 . 7 5
2 9 4 1 3 0 3 N D N D N O 3 0 . 7 5
2 9 4 1 3 1 1 4 . 2 0 5 . 6 2 6 . 0 4 3 7 . 0 0
2 9 4 1 3 1 2 4 . 2 0 5 . 6 9 6 . 0 0 4 7 . 0 0
2 9 4 1 3 1 3 N D N D N D 4 6 . 0 0
2 9 4 1 3 2 1 N D N D N O 3 5 . 0 0
2 9 4 1 3 2 2 N D N D N O 3 5 . 0 0
2 9 4 1 3 2 3 N D N D N O 3 5 . 0 0
2 9 4 1 3 3 1 4 . 4 5 5 . 6 4 6 . 4 1 3 5 . 0 0
2 9 4 1 3 3 2 4 . 4 0 5 . 2 1 6 . 1 9 3 4 . 7 5
2 9 4 1 3 3 3 N D N D N D 3 4 . 7 5
2 9 4 1 3 4 1 N D N D N D 3 2 . 5 0
2 9 4 1 3 4 2 N D N D N D 3 2 . 7 5
2 9 4 1 3 4 3 N D N D N O 3 3 . 0 0
2 9 4 1 3 5 1 4 . 4 5 5 . 3 5 5 . 6 9 3 0 . 5 0
2 9 4 1 3 5 2 4 . 6 0 5 . 0 9 5 . 7 0 3 0 . 7 5
2 9 4 1 3 5 3 N D N D N O 3 2 . 7 5
2 9 4 I 3 6 1 N D N D N O 3 2 . 0 0
2 9 4 1 3 6 2 N D N D N O 3 2 . 5 0
2 9 4 1 3 6 3 N D N D N D 3 3 . 7 5
2 9 4 1 3 7 1 4 . 4 2 4 . 6 6 5 . 5 5 3 0 . 0 0
2 9 4 1 3 7 2 4 . 5 0 4 . 7 2 5 . 4 3 3 0 . 7 5
2 9 4 1 3 7 3 N D N D N D 3 0 . 7 5
2 9 4 1 4 0 1 3 . 9 1 5 . 9 1 6 . 5 7 3 1 . 0 0
2 9 4 1 4 0 2 3 . 8 7 5 . 5 7 6 . 7 8 3 1 . 0 0
2 9 4 1 4 0 3 N D N D N D 3 0 . 5 0
2 9 4 1 4 1 1 4 . 2 0 4 . 8 8 6 . 4 7 3 4 . 0 0
2 9 4 1 4 1 2 4 . 2 0 4 . 8 7 6 . 2 4 4 4 . 0 0
2 9 4 1 4 1 3 N D N D N O 5 0 . 0 0
2 9 4 1 4 2 1 N D N D N O 3 9 . 0 0
2 9 4 1 4 2 2 N D N D N D 3 6 . 0 0
2 9 4 1 4 2 3 N D N D N D 3 7 . 5 0
2 9 4 1 4 3 1 4 . 4 0 4 . 7 0 5 . 5 0 3 8 . 7 5
2 9 4 1 4 3 2 4 . 3 0 5 . 0 2 6 . 0 0 3 4 . 7 5
2 9 4 1 4 3 3 N D N D N O 3 5 . 0 0
 



2 9 0

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

2 9 4 1 4 4 1 N D N D N O 3 5 . 7 5
2 9 4 1 4 4 2 N D N D N O 3 3 . 0 0
2 9 4 1 4 4 3 N D N D N O 3 3 . 0 0
2 9 4 1 4 5 1 4 . 3 5 5 . 1 5 6 . 1 6 3 2 . 5 0
2 9 4 1 4 5 2 4 . 4 5 5 . 2 5 5 . 8 8 3 3 . 0 0
2 9 4 1 4 5 3 N D N D N O 3 2 . 0 0
2 9 4 1 4 6 1 N D N D N O 3 3 . 0 0
2 9 4 1 4 6 2 N D N D N O 3 3 . 5 0
2 9 4 1 4 6 3 N D N D N D 3 2 . 5 0
2 9 4 1 4 7 1 4 . 5 0 4 . 4 9 5 . 5 0 3 0 . 7 5
2 9 4 1 4 7 2 4 . 2 5 5 . 2 1 5 . 6 2 3 0 . 7 5
2 9 4 1 4 7 3 N D N D N D 3 1 . 0 0
2 9 4 2 1 0 1 4 . 1 9 5 . 0 4 6 . 0 5 2 9 . 5 0
2 9 4 2 1 0 2 4 . 0 9 4 . 9 5 6 . 1 5 2 9 . 5 0
2 9 4 2 1 0 3 N D N D N D 3 0 . 0 0
2 9 4 2 1 1 1 4 . 3 0 5 . 0 2 6 . 1 8 2 9 . 0 0
2 9 4 2 1 1 2 4 . 2 5 5 . 3 7 6 . 6 2 3 0 . 0 0
2 9 4 2 1 1 3 N D N D N O 2 9 . 0 0
2 9 4 2 1 2 1 N D N D N O 3 0 . 4 4
2 9 4 2 1 2 2 N D N D N O 2 9 . 3 3
2 9 4 2 1 2 3 N D N D N O 3 2 . 9 4
2 9 4 2 1 3 1 4 . 3 0 5 . 2 7 6 . 1 8 2 9 . 4 4
2 9 4 2 1 3 2 4 . 3 5 5 . 4 0 6 . 4 3 2 8 . 6 1
2 9 4 2 1 3 3 N D N D N O 2 7 . 2 2
2 9 4 2 1 4 1 N D N D N O 2 9 . 4 4
2 9 4 2 1 4 2 N D N D N O 2 8 . 0 5
2 9 4 2 1 4 3 N D N D N O 2 7 . 5 0
2 9 4 2 1 5 1 4 . 5 0 5 . 7 1 6 . 0 0 3 0 . 0 0
2 9 4 2 1 5 2 5 . 5 0 5 . 1 7 6 . 4 6 2 8 . 8 8
2 9 4 2 1 5 3 N D N D N O 2 7 . 7 7
2 9 4 2 1 6 1 N D N D N D 3 1 . 1 1
2 9 4 2 1 6 2 N D N D N O 3 0 . 0 0
2 9 4 2 1 6 3 N D N D N O 2 9 . 1 6
2 9 4 2 1 7 1 4 . 2 8 5 . 7 0 6 . 2 9 3 1 . 3 8
2 9 4 2 1 7 2 4 . 3 3 5 . 5 4 6 . 4 6 2 9 . 7 2
2 9 4 2 1 7 3 N D N D N O 2 9 . 7 2
2 9 4 2 2 0 1 4 . 2 0 4 . 8 8 , 6 . 1 7 2 9 . 5 0
2 9 4 2 2 0 2 4 . 1 2 4 . 7 7 6 . 3 4 2 9 . 5 0
2 9 4 2 2 0 3 N D N D N D 2 9 . 5 0
2 9 4 2 2 1 1 4 . 2 5 5 . 3 9 6 . 1 0 3 7 . 5 0
2 9 4 2 2 1 | 2 4 . 1 5 5 . 4 0 6 . 1 1 3 2 . 0 0
2 9 4 2 2 1 3 N D N D N D 3 1 . 0 0
2 9 4 2 2 2 1 N D N D N O 3 1 . 9 4
2 9 4 2 2 2 2 N D N D N D 2 8 . 8 8
2 9 4 2 2 2 3 N D N D N D 2 8 . 6 1
2 9 4 2 2 3 1 4 . 3 0 5 . 7 7 6 . 3 0 3 1 . 1 1
2 9 4 2 2 3 2 6 . 0 0 5 . 6 6 6 . 2 8 2 9 . 1 6
2 9 4 2 2 3 3 N D N D N O 2 9 . 1 6
2 9 4 2 2 4 1 N D N D N O 3 2 . 2 2
2 9 4 2 2 4 2 N D N D N D 2 8 . 8 8
2 9 4 2 2 4 3 N D N D N O 2 9 . 1 6
2 9 4 2 2 5 1 6 . 5 0 5 . 3 7 6 . 0 9 3 2 . 2 2
2 9 4 2 2 5 2 4 . 3 0 5 . 5 8 6 . 2 4 2 9 . 1 6
2 9 4 2 2 5 2 4 . 3 0 5 . 5 8 6 . 2 4 2 9 . 1 6
2 9 4 2 2 5 2 4 . 3 0 5 . 5 8 6 . 2 4 2 9 . 1 6
2 9 4 2 2 5 3 N D N D N D 3 2 . 7 7
2 9 4 2 2 6 1 N D N D N D 3 3 . 3 3
2 9 4 2 2 6 2 N D N D N D 3 0 . 5 5
2 9 4 2 2 6 3 N D N D N O 2 9 . 1 6
2 9 4 2 2 7 1 4 . 3 0 5 . 4 8 6 . 1 3 3 2 . 5 0
2 9 4 2 2 7 2 4 . 8 0 5 . 6 9 6 . 3 3 3 0 . 8 3
2 9 4 2 2 7 3 N D N D N O 3 4 . 7 2
2 9 4 2 3 0 1 4 . 2 0 5 . 4 0 5 . 4 8 2 9 . 5 0
2 9 4 2 3 0 2 4 . 0 8 5 . 3 2 5 . 3 6 2 9 . 5 0
2 9 4 2 3 0 3 N D N D N O 2 9 . 5 0
2 9 4 2 3 1 1 4 . 1 5 5 . 2 7 6 . 1 9 3 3 . 0 0
 



2 9 1

T a b l e A - 1 0 C o n t .

 

 

E n v Y r F e r T r t D R e p p H Y M T B T o m

2 9 4 2 3 1 2 4 . 2 5 5 . 3 4 6 . 1 7 3 3 . 0 0
2 9 4 2 3 1 3 N D N D N D 3 2 . 0 0
2 9 4 2 3 2 1 N D N D N D 2 8 . 8 8
2 9 4 2 3 2 2 N D N D N D 3 0 . 5 5
2 9 4 2 3 2 3 N D N D N D 2 9 . 5 0
2 9 4 2 3 3 1 4 . 5 0 5 . 2 4 6 . 4 6 3 2 . 8 8
2 9 4 2 3 3 2 4 . 2 5 5 . 4 8 6 . 3 0 3 2 . 2 2
2 9 4 2 3 3 3 N D N D N D 3 1 . 0 5
2 9 4 2 3 4 1 N D N D N D 3 3 . 8 8
2 9 4 2 3 4 2 N D N D N D 3 3 . 6 1
2 9 4 2 3 4 3 N D N D N D 2 8 . 0 5
2 9 4 2 3 5 1 5 . 3 0 5 . 4 9 6 . 3 7 3 1 . 3 8
2 9 4 2 3 5 2 6 . 2 0 5 . 6 1 6 . 4 0 3 0 . 5 5
2 9 4 2 3 5 3 N D N D N D 2 8 . 0 5
2 9 4 2 3 6 1 N D N D N D 3 5 . 5 5
2 9 4 2 3 6 2 N D N D N D 3 1 . 9 4
2 9 4 2 3 6 3 N D N D N D 2 8 . 8 8
2 9 4 2 3 7 1 5 . 8 0 5 . 4 6 6 . 2 6 3 5 . 0 0
2 9 4 2 3 7 2 4 . 2 0 5 . 3 0 6 . 1 3 3 1 . 3 8
2 9 4 2 3 7 3 N D N D N D 2 8 . 8 8
2 9 4 2 4 O 1 4 . 0 7 5 . 2 6 5 . 7 2 3 0 . 0 0
2 9 4 2 4 0 2 3 . 9 6 4 . 8 0 5 . 7 6 3 0 . 0 0
2 9 4 2 4 O 3 N D N D N D 3 0 . 0 0
2 9 4 2 4 1 1 4 . 2 0 5 . 2 2 6 . 1 8 3 3 . 0 0
2 9 4 2 4 1 2 4 . 2 0 5 . 5 7 6 . 3 1 3 8 . 0 0
2 9 4 2 4 1 3 N D N D N D 3 5 . 0 0
2 9 4 2 4 2 1 N D N D N D 3 3 . 8 8
2 9 4 2 4 2 2 N D N D N D 3 1 . 9 4
2 9 4 2 4 2 3 N D N D N D 3 3 . 0 5
2 9 4 2 4 3 1 6 . 8 0 5 . 3 1 6 . 4 6 3 1 . 9 4
2 9 4 2 4 3 2 4 . 4 0 5 . 4 1 6 . 4 5 2 9 . 7 2
2 9 4 2 4 3 3 N D N D N D 4 0 . 0 0
2 9 4 2 4 4 1 N D N D N D 3 2 . 2 2
2 9 4 2 4 4 2 N D N D N D 3 0 . 8 3
2 9 4 2 4 4 3 N D N D N D 3 3 . 3 3
2 9 4 2 4 5 1 6 . 5 0 5 . 3 4 6 . 3 9 3 0 . 8 3
2 9 4 2 4 5 2 4 . 8 0 5 . 4 8 6 . 4 8 3 1 . 1 1
2 9 4 2 4 5 3 N D N D N D 3 2 . 7 7
2 9 4 2 4 6 1 N D N D N D 3 1 . 3 8
2 9 4 2 4 6 2 N D N D N D 3 3 . 3 3
2 9 4 2 4 6 3 N D N D N D 3 4 . 1 6
2 9 4 2 4 7 1 5 . 5 0 5 . 4 9 6 . 2 2 3 1 . 3 8
2 9 4 2 4 7 2 5 . 5 0 5 . 5 2 6 . 3 6 3 2 . 5 0
2 9 4 2 4 7 3 N D N D N D 3 3 . 0 5
 

A b b r e v i a t i o n s :

E n v = E n v i r o n m e n t ; 1 = T e m p e r a t e , 2 = T r o p i c a l
Y r = Y e a r
F e r = F e r m e n t a t i o n l e n g t h ; 1 = 4 0 d ; 2 = 1 0 0 d
T r t =
D = D a y o f a e r o b i c e x p o s u r e
R e p = r e p l i c a t e

Y M = Y e a s t a n d m o l d p o p u l a t i o n ( c f u / g o f f r e s h m a t e r i a l )

T 8 = T o t a l b a c t e r i a p o p u l a t i o n ( c f u / g o f f r e s h m a t e r i a l )
T e m = T e m p e r a t u r e

T r e a t m e t ; 1 = = c o n t r o l , 2 = e n z y m e , 3 = l n o c u l a n t , 4 = E + I



2 9 2

 

 

T a b l e A - 1 1 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n e n d - p r o d u c t s ( g / 1 0 0 g D M ) i n f o r a g e s o r g h u m
e x p o s e d t o a i r i n a t e m p e r a t e e n v i r o n m e n t ( C h a p t e r 3 )

Y e a r F e r T r t D a y L a c A c e P r o E t o h B u t

9 4 1 1 0 8 . 7 4 5 1 . 6 3 2 0 . 0 0 8 0 . 3 7 4 0 . 0 1 5
9 4 1 1 0 7 . 9 4 2 1 . 5 9 2 0 . 0 0 9 0 . 4 8 5 0 . 0 0 9
9 4 1 1 1 3 . 5 4 0 0 . 5 5 8 0 . 0 0 7 0 . 1 9 5 0 . 0 2 5
9 4 1 1 1 2 . 9 4 2 0 . 4 0 0 0 . 0 0 6 0 . 1 3 6 0 . 0 2 7
9 4 1 1 3 2 . 2 9 1 0 . 4 2 9 0 . 0 0 3 0 . 2 2 5 0 . 0 3 0
9 4 1 1 3 1 . 4 3 2 0 . 0 7 7 0 0 . 0 6 4 0 . 0 1 9
9 4 1 1 5 1 . 2 5 8 0 . 1 9 8 0 . 0 0 5 0 . 2 9 3 0 . 0 1 8
9 4 1 1 5 1 . 2 7 9 0 . 0 6 0 0 . 0 0 5 0 . 3 2 5 0 . 0 3 2
9 4 1 1 7 0 . 9 4 8 0 . 2 9 2 0 . 0 0 6 0 . 5 9 0 0 . 0 1 5
9 4 1 1 7 0 . 9 7 1 0 . 2 9 9 0 0 . 5 6 8 0 . 0 2 1
9 4 1 2 0 8 . 4 7 1 1 . 7 4 1 0 . 0 0 1 0 . 3 7 4 0 . 0 1 1
9 4 1 2 0 7 . 5 4 1 1 . 6 5 2 0 . 0 0 0 0 . 3 5 9 0 . 0 0 9
9 4 1 2 1 1 . 5 4 6 0 . 8 3 6 0 . 0 0 4 1 . 2 9 9 0 . 0 5 3
9 4 1 2 1 3 . 4 5 7 0 . 9 7 0 0 . 0 0 3 1 . 3 3 9 0 . 0 4 1
9 4 1 2 3 2 . 6 1 7 0 . 6 0 2 0 . 0 0 6 0 . 8 6 1 0 . 0 4 9
9 4 1 2 3 1 . 8 6 5 0 . 5 9 7 0 . 0 0 1 0 . 5 2 5 0 . 0 5 4
9 4 1 2 5 0 . 7 9 1 0 . 1 4 3 0 . 0 0 6 0 . 4 5 1 0 . 0 4 2
9 4 1 2 5 1 . 8 5 3 0 . 1 3 7 0 . 0 0 4 0 . 5 3 0 0 . 0 5 1
9 4 1 2 7 0 . 8 0 1 0 . 6 0 4 0 0 . 5 6 0 0 . 0 4 4
9 4 1 2 7 1 . 1 0 7 0 . 2 5 8 0 . 0 0 2 0 . 3 6 5 0 . 0 3 1
9 4 1 3 0 8 . 4 8 9 1 . 4 5 6 0 . 0 0 7 0 . 4 1 5 0 . 0 0 9
9 4 1 3 0 8 . 8 7 4 1 . 5 4 7 0 . 0 0 6 0 . 4 0 8 0 . 0 0 7
9 4 1 3 1 7 . 0 6 6 0 . 9 5 5 0 . 0 0 3 0 . 8 3 9 0 . 0 7 2
9 4 1 3 1 4 . 2 4 1 0 . 8 2 0 0 . 0 0 5 0 . 5 4 2 0 . 0 4 4
9 4 1 3 3 0 . 6 6 4 0 . 4 0 3 0 . 0 1 0 0 . 5 2 4 0 . 0 4 3
9 4 1 3 3 0 . 7 9 8 0 . 6 0 7 0 . 0 2 8 0 . 5 1 6 0 . 0 3 1
9 4 1 3 5 0 . 4 0 4 0 . 2 8 2 0 . 0 0 5 0 . 4 4 0 0 . 0 8 4
9 4 1 3 5 0 . 4 0 4 0 . 2 7 3 0 0 . 4 5 9 0
9 4 1 3 7 0 . 2 6 0 0 . 3 0 1 0 0 . 4 3 7 0 . 0 4 5
9 4 1 3 7 0 . 1 1 5 0 . 2 8 2 0 0 . 1 7 2 0 . 0 4 1
9 4 1 4 0 8 . 2 4 6 1 . 4 2 0 0 . 0 0 5 0 . 4 2 5 0 . 0 1 7
9 4 1 4 0 8 . 0 4 9 1 . 3 5 0 0 . 0 0 3 0 . 4 1 9 0 . 0 0 9
9 4 1 4 1 8 . 2 8 5 0 . 1 7 5 0 . 0 0 5 0 . 8 7 7 0 . 0 1 0
9 4 1 4 1 3 . 5 1 8 0 . 1 0 6 0 . 0 0 5 0 . 7 8 7 0 . 0 3 7
9 4 1 4 3 0 . 5 5 3 0 . 8 7 4 0 . 0 1 0 0 . 4 3 0 0 . 0 1 8
9 4 1 4 3 0 . 6 0 3 0 . 4 3 0 0 . 0 0 8 0 . 3 3 1 0 . 0 1 2
9 4 1 4 5 0 . 3 9 4 0 . 2 9 2 0 . 0 0 8 0 . 2 7 2 0 . 0 2 2
9 4 1 4 5 0 . 2 2 1 0 . 3 7 2 0 . 0 0 9 0 . 5 3 0 0 . 0 8 4
9 4 1 4 7 0 . 0 5 6 0 . 3 3 7 0 . 0 0 5 0 . 3 6 2 0 . 0 7 0
9 4 1 4 7 0 . 0 7 7 0 . 3 2 6 0 . 0 0 5 0 . 3 8 6 0 . 0 5 5
9 4 2 1 0 3 . 9 5 3 1 . 3 2 8 0 0 . 5 1 0 0 . 0 0 1
9 4 2 1 0 7 . 8 6 4 0 . 8 0 9 0 . 0 0 3 0 . 4 4 9 0 . 0 1 5
9 4 2 1 1 1 . 7 2 0 0 . 2 6 2 0 . 0 1 2 0 . 2 5 2 0 . 0 0 3
9 4 2 1 1 6 . 8 4 5 0 . 8 9 1 0 . 0 0 8 0 . 4 1 6 0 . 0 7 1
9 4 2 1 3 5 . 7 1 5 0 . 6 1 3 0 . 0 0 6 0 . 4 7 4 0 . 0 7 3
9 4 2 1 3 6 . 8 2 4 0 . 5 9 4 0 . 0 0 9 0 . 6 9 4 0 . 0 7 1
9 4 2 1 5 0 . 8 6 7 0 . 1 5 7 0 . 0 0 8 0 . 2 7 4 0 . 0 2 8
9 4 2 1 5 1 . 9 0 4 0 . 1 4 1 0 . 0 1 1 0 . 1 5 1 0 . 0 8 4
9 4 2 1 7 5 . 6 1 5 0 . 6 0 6 0 . 0 0 6 0 . 2 2 1 0 . 0 7 9
9 4 2 1 7 1 . 3 5 7 0 . 2 4 8 0 . 0 0 7 0 . 1 1 3 0 . 0 4 8
9 4 2 2 0 6 . 4 3 8 1 . 7 4 7 0 . 0 1 1 0 . 5 8 0 0 . 0 0 4
9 4 2 2 O 7 . 6 5 1 1 . 8 0 5 0 . 0 1 2 0 . 6 1 1 0 . 0 1 3
9 4 2 2 1 5 . 1 5 8 1 . 0 6 5 0 . 0 1 1 0 . 9 1 8 0 . 0 2 1
9 4 2 2 1 6 . 2 8 1 1 . 0 4 7 0 . 0 1 2 1 . 0 0 1 0 . 0 9 8
9 4 2 2 3 5 . 5 0 2 0 . 9 8 3 0 . 0 1 0 0 . 7 1 7 0 . 0 1 1
9 4 2 2 3 4 . 3 4 9 1 . 1 2 7 0 . 0 0 9 0 . 6 2 1 0 . 0 8 8
9 4 2 g 5 6 . 7 1 6 0 . 8 4 1 0 . 0 0 8 0 . 0 6 3 0 . 0 8 4
 



2 9 3

 

 

T a b l e A - 1 1 . C o n t .

Y e a r F e r T r t D a y L a c A c e P r o E t o h B u t

9 4 2 2 5 4 . 2 5 7 0 . 1 1 0 0 . 0 1 0 0 . 1 5 1 0 . 0 7 5
9 4 2 2 7 1 . 0 3 0 0 . 2 2 3 0 . 0 0 6 0 . 2 2 2 0 . 0 3 5
9 4 2 2 7 0 . 9 9 4 0 . 2 3 4 0 . 0 0 7 0 . 2 4 1 0 . 0 2 7
9 4 2 3 0 7 . 8 1 8 1 . 6 9 4 0 . 0 0 2 1 . 7 4 7 0 . 0 0 8
9 4 2 3 0 6 . 8 0 2 1 . 8 8 5 0 . 0 1 1 0 . 7 4 8 0 . 0 0 8
9 4 2 3 1 6 . 6 3 8 0 . 5 4 4 0 . 0 1 6 0 . 5 7 1 0 . 0 8 6
9 4 2 3 1 6 . 3 6 1 0 . 7 1 7 0 . 0 1 0 1 . 9 1 2 0 . 0 9 4
9 4 2 3 3 0 . 9 1 7 0 . 1 5 6 0 . 0 0 5 0 . 1 0 3 0 . 0 0 8
9 4 2 3 3 0 . 8 3 5 0 . 1 7 1 0 . 0 0 7 0 . 2 5 8 0 . 0 3 7
9 4 2 3 5 0 . 1 9 0 0 . 0 9 7 0 . 0 0 4 0 . 1 2 7 0
9 4 2 3 5 0 . 3 8 5 0 . 0 9 4 0 . 0 0 4 0 . 1 5 1 0
9 4 2 3 7 0 . 3 7 6 0 . 1 0 4 0 . 0 0 6 0 . 1 2 2 0
9 4 2 3 7 0 . 3 8 5 0 . 1 2 6 0 . 0 0 6 0 . 1 1 3 0
9 4 2 4 0 8 . 7 4 5 1 . 9 0 2 0 . 0 0 3 0 . 3 9 9 0 . 0 1 1
9 4 2 4 0 7 . 2 1 4 1 . 8 3 7 0 . 0 0 4 0 . 4 8 2 0 . 0 1 2
9 4 2 4 1 8 . 1 5 2 0 . 5 7 2 0 . 0 0 6 1 . 1 6 1 0 . 0 1 9
9 4 2 4 1 6 . 6 4 9 0 . 6 3 9 0 . 0 0 9 1 . 4 6 4 0 . 0 9 9
9 4 2 4 3 1 . 5 4 1 0 . 6 4 7 0 . 0 0 8 0 . 4 8 5 0 . 0 8 5
9 4 2 4 3 1 . 6 3 0 0 . 6 1 9 0 . 0 0 7 0 . 4 2 3 0 . 0 2 6
9 4 2 4 5 0 . 4 6 2 0 . 0 9 4 0 . 0 0 4 0 . 2 6 5 0 . 0 7 8
9 4 2 4 5 0 . 4 0 6 0 . 2 2 8 0 . 0 0 4 0 . 1 1 1 0 . 0 0 9
9 4 2 4 7 0 . 5 5 2 0 . 1 3 5 0 . 0 0 5 0 . 1 1 8 0
9 4 2 4 7 0 . 2 1 4 0 . 3 8 9 0 . 2 9 1 0 . 0 0 5 0 . 0 9 1
9 3 1 1 0 7 . 6 5 8 2 . 0 9 6 0 . 0 1 2 1 . 5 1 1 0 . 0 0 8
9 3 1 1 0 9 . 9 1 6 2 . 3 2 3 0 . 0 1 2 1 . 1 7 1 0 . 0 0 9
9 3 1 1 1 5 . 1 8 6 2 . 5 9 4 0 . 0 3 4 0 . 0 6 5 0 . 0 6 0
9 3 1 1 1 4 . 9 4 0 0 . 9 7 5 0 . 0 7 0 0 . 1 4 5 0 . 0 6 7
9 3 1 1 3 0 . 5 6 2 1 . 6 8 2 0 . 0 1 7 0 . 2 6 5 0 . 0 6 4
9 3 1 1 3 0 . 0 5 2 0 . 8 3 6 0 . 1 3 7 0 . 0 8 0 0 . 0 6 6
9 3 1 1 5 0 . 0 2 8 0 . 8 4 4 0 0 . 2 8 8 0 . 0 1 9
9 3 1 1 5 0 . 0 3 5 0 . 3 4 8 0 0 . 3 7 1 0 . 0 4 3
9 3 1 1 7 0 . 0 1 6 0 . 3 0 9 0 . 0 5 0 0 . 4 2 5 0 . 0 4 9
9 3 1 1 7 0 . 0 6 7 0 . 2 9 3 0 0 . 3 5 7 0 . 0 9 8
9 3 1 2 0 7 . 6 0 0 1 . 7 8 8 0 . 0 1 2 1 . 2 0 7 0 . 0 0 8
9 3 1 2 0 8 . 5 6 8 1 . 8 7 8 0 . 0 1 2 1 . 6 1 1 0 . 0 0 9
9 3 1 2 1 7 . 8 8 9 1 . 9 5 3 0 . 1 2 4 0 . 1 0 0 0 . 0 5 7
9 3 1 2 1 4 . 2 3 3 2 . 1 4 8 0 . 0 6 8 0 . 1 7 1 0 . 0 4 7
9 3 1 2 3 0 . 2 2 5 1 . 0 3 3 0 . 1 0 5 0 . 2 1 4 0 . 0 1 6
9 3 1 2 3 0 . 3 1 2 1 . 3 5 0 0 . 0 6 5 0 . 2 4 4 0 . 0 8 9
9 3 1 2 5 0 . 1 1 6 0 . 0 9 2 0 . 1 1 5 0 . 3 0 2 0 . 0 1 2
9 3 1 2 5 0 . 0 1 9 0 . 0 9 1 0 . 0 0 4 0 . 2 4 1 0 . 0 1 5
9 3 1 2 7 0 . 0 1 4 0 . 0 7 1 0 0 . 4 3 1 0 . 0 4 4
9 3 1 2 7 0 . 1 1 4 0 . 0 4 3 0 0 . 3 8 2 0
9 3 1 3 0 8 . 2 0 3 1 . 7 7 8 0 . 0 1 2 1 . 6 4 5 0 . 0 0 9
9 3 1 3 0 7 . 0 4 5 1 . 9 8 0 0 . 0 1 1 1 . 2 3 7 0 . 0 1 6
9 3 1 3 1 3 . 2 9 0 0 . 8 6 0 0 0 . 2 2 4 0 . 0 6 4
9 3 1 3 1 2 . 8 5 8 0 . 7 6 0 0 0 . 1 2 2 0 . 0 5 7
9 3 1 3 3 2 . 3 0 6 2 . 0 2 2 0 . 0 5 1 0 . 4 0 8 0 . 0 4 3
9 3 1 3 3 0 . 2 5 9 1 . 4 4 5 0 . 1 1 4 0 . 4 1 4 0 . 0 6 9
9 3 1 3 5 0 . 0 0 2 0 0 0 . 5 2 6 0
9 3 1 3 5 0 . 0 4 7 0 0 . 0 1 3 0 . 4 9 1 0
9 3 1 3 7 0 . 0 5 3 0 0 . 0 0 9 0 . 3 5 0 0 . 0 9 2
9 3 1 3 7 0 . 0 2 3 0 0 . 0 3 1 1 . 8 4 0 0
9 3 1 4 0 8 . 1 8 3 1 . 8 3 3 0 . 0 1 2 1 . 3 6 1 0 . 0 0 8
9 3 1 4 0 7 . 8 3 7 1 . 3 1 2 0 . 0 1 2 1 . 4 0 1 0 . 0 0 9
9 3 1 4 1 5 . 1 6 0 0 . 3 4 2 0 0 . 6 5 3 0 . 0 2 4
9 3 1 4 1 6 . 8 5 1 0 . 8 0 0 0 1 . 0 2 3 0 . 0 5 8
9 3 1 4 3 0 . 8 6 1 2 . 4 8 0 0 . 0 5 8 0 . 2 8 3 0 . 0 5 1
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T a b l e A - 1 1 . C o n t .

Y e a r F e r T r t D a y L a c A c e P r o E t o h B u t

9 3 1 4 3 0 . 2 8 6 1 . 0 0 2 0 . 0 5 0 0 . 1 8 7 0 . 0 2 2
9 3 1 4 5 0 . 0 0 6 0 . 0 2 0 0 . 0 3 6 0 0 . 0 5 3
9 3 1 4 5 0 . 0 3 0 0 0 . 0 2 4 0 . 0 2 0 0 . 0 1 2
9 3 1 4 7 0 . 0 1 4 0 0 . 0 3 6 0 0 . 0 2 0
9 3 1 4 7 0 . 0 2 3 0 0 0 . 0 0 6 0 . 0 2 3
9 3 2 1 0 5 . 4 8 0 2 . 1 5 2 0 . 0 1 5 1 . 0 7 4 0 . 0 1 3
9 3 2 1 0 6 . 3 8 8 2 . 0 5 0 0 . 0 1 6 1 . 0 3 8 0 . 0 0 8
9 3 2 1 1 8 . 9 3 2 2 . 8 9 2 0 . 0 4 5 1 . 5 2 2 0 . 0 7 0
9 3 2 1 1 8 . 8 8 4 2 . 5 3 4 0 . 0 2 0 1 . 6 8 7 0 . 0 6 4
9 3 2 1 3 7 . 0 3 8 1 . 5 1 9 0 . 0 4 1 0 . 5 6 8 0 . 0 5 6
9 3 2 1 3 3 . 6 0 5 0 . 2 1 8 0 . 0 6 8 0 . 4 6 8 0 . 0 9 0
9 3 2 1 5 1 . 8 8 3 0 . 0 9 4 0 . 0 3 1 0 . 4 9 5 0 . 0 1 0
9 3 2 1 5 1 . 2 3 0 0 . 0 7 4 0 0 . 2 8 6 0 . 0 6 9
9 3 2 1 7 0 . 0 5 7 0 . 0 5 8 0 . 0 1 1 0 . 2 6 9 0 . 0 1 5
9 3 2 1 7 0 . 5 6 1 0 . 0 6 2 0 . 0 4 0 0 . 2 3 4 0 . 0 1 4
9 3 2 2 0 6 . 3 8 3 1 . 8 5 0 0 . 0 1 5 1 . 1 0 3 0 . 0 1 3
9 3 2 2 0 5 . 6 0 6 2 . 0 7 2 0 . 0 1 6 1 . 2 0 3 0 . 0 0 8
9 3 2 2 1 7 . 7 8 3 3 . 2 7 1 0 . 0 4 3 1 . 4 5 7 0 . 0 0 4
9 3 2 2 1 5 . 6 2 2 2 . 6 8 2 0 . 0 2 4 1 . 1 9 9 0 . 0 1 8
9 3 2 2 3 6 . 5 6 2 2 . 6 7 8 0 . 0 5 7 1 . 2 1 7 0 . 0 0 6
9 3 2 2 3 4 . 5 0 4 0 . 6 6 2 0 . 0 7 0 0 . 3 0 4 0 . 0 6 8
9 3 2 2 5 3 . 2 1 8 0 . 9 7 4 0 . 1 0 5 0 . 4 0 0 0 . 0 6 1
9 3 2 2 5 2 . 3 5 7 0 . 2 3 0 0 . 0 1 1 0 . 0 9 2 0
9 3 2 2 7 1 . 2 3 0 0 . 9 2 4 0 . 0 9 0 1 . 0 8 0 0 . 0 3 5
9 3 2 2 7 1 . 1 1 5 0 . 9 1 4 0 . 0 1 6 0 0
9 3 2 3 0 6 . 2 2 3 1 . 8 4 5 0 . 0 1 5 1 . 0 0 3 0 . 0 1 3
9 3 2 3 0 7 . 7 2 1 1 . 6 6 3 0 . 0 1 6 1 . 0 4 5 0 . 0 0 8
9 3 2 3 1 8 . 6 6 3 1 . 9 6 6 0 . 1 1 2 1 . 1 2 3 0
9 3 2 3 1 8 . 3 6 0 1 . 8 8 0 0 . 1 4 1 1 . 1 4 3 0
9 3 2 3 3 4 . 6 2 0 2 . 1 2 3 0 . 0 7 2 0 . 6 4 1 0
9 3 2 3 3 4 . 6 3 0 2 . 0 9 5 0 . 1 0 0 0 . 9 8 8 0
9 3 2 3 5 3 . 2 9 7 0 . 9 6 7 0 . 1 0 3 0 . 1 4 6 0
9 3 2 3 5 2 . 9 2 1 0 . 5 2 3 0 . 1 3 3 0 . 6 2 5 0
9 3 2 3 7 2 . 9 7 5 0 . 0 3 0 0 . 1 2 1 0 . 6 9 6 0
9 3 2 3 7 1 . 0 9 7 0 . 3 2 5 0 . 0 8 2 0 . 6 4 0 0
9 3 2 4 0 7 . 2 0 1 1 . 6 1 8 0 . 0 1 5 1 . 0 4 8 0 . 0 1 3
9 3 2 4 0 6 . 8 2 8 1 . 9 1 8 0 . 0 1 6 1 . 1 9 0 0 . 0 0 8
9 3 2 4 1 4 . 4 5 0 1 . 9 7 5 0 . 0 9 2 1 . 4 6 6 0 . 0 1 4
9 3 2 4 1 6 . 6 0 1 1 . 8 7 3 0 . 1 4 4 1 . 3 8 1 0 . 0 8 5
9 3 2 4 3 3 . 1 8 0 1 . 0 7 0 0 . 1 3 9 0 . 9 7 3 0 . 0 1 9
9 3 2 4 3 3 . 4 1 4 1 . 6 6 3 0 . 0 6 8 0 . 5 1 5 0 . 0 8 5
9 3 2 4 5 2 . 3 8 4 0 . 0 1 9 0 . 0 4 0 0 0 . 0 3 3
9 3 2 4 5 1 . 7 2 9 0 . 3 7 0 0 . 0 6 9 0 . 1 4 1 0 . 0 4 3
9 3 2 4 7 2 . 1 8 6 0 . 3 6 8 0 . 0 7 5 0 . 1 6 3 0 . 0 1 5
9 3 2 4 7 1 . 6 9 4 0 . 0 8 7 0 . 0 8 8 0 0 . 0 3 2
 

A b b r e v i a t i o n s :
F e r = F e r m e n t a t i o n l e n g t h ; 1 = 4 0 d , 2 = 1 0 0 d
T r t = t r e a t m e n t ; 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I

D = = d a y o f a e r o b i c e x p o s u r e
L a c = l a c t i c a c i d ; A c e = a c e t i c a c i d ; P r o = p r o p i o n i c a c i d ; E t o h = e t h a n o l ; B u t = b u t y r i c a c i d
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T a b l e A - 1 2 . D a t a u s e d f o r a n a l y s i s o f w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s ( g / 1 0 0 g D M ) i n f o r a g e s o r g h u m
e x p o s e d t o a i r i n a t e m p e a r a t e e n v i r o n m e n t ( C h a p t e r 3 )
 

 

Y e a r F e r T r t D a y G l u c o s e X y l o s e G a l a c . A r a F r u c t o s e

9 4 1 1 0 2 . 4 3 0 0 . 3 0 5 0 . 2 4 8 0 . 0 9 2 0 . 2 7 6
9 4 1 1 0 1 . 9 5 7 0 . 3 7 5 0 . 3 3 7 0 . 0 8 9 0 . 1 8 7
9 4 1 1 1 0 . 6 7 4 0 . 1 3 9 0 . 1 8 4 0 . 0 2 1 0 . 2 6 9
9 4 1 1 1 0 . 3 2 9 0 . 1 2 9 0 . 1 7 1 0 . 0 1 0 0 . 0 7 0
9 4 1 1 3 0 . 5 7 8 0 . 0 6 9 0 . 0 9 1 0 . 0 8 7 0 . 0 8 9
9 4 1 1 3 0 . 6 2 6 0 . 0 9 6 0 . 1 2 7 0 . 0 1 9 0 . 1 3 2
9 4 1 1 5 0 . 6 2 9 0 0 0 . 1 0 1 0 . 2 6 8
9 4 1 1 5 0 . 4 7 3 0 0 0 . 0 6 1 0 . 3 1 7
9 4 1 1 7 0 . 7 3 1 0 0 0 . 0 4 5 0 . 3 3 3
9 4 1 1 7 0 . 5 9 2 0 0 0 . 0 8 3 0 . 5 4 0
9 4 1 2 0 1 . 9 1 0 0 . 1 9 9 0 . 1 5 4 0 . 0 7 1 0 . 2 4 1
9 4 1 2 0 1 . 6 5 9 0 . 5 6 1 0 . 3 9 7 0 . 0 7 8 0 . 1 6 6
9 4 1 2 1 1 . 4 6 9 0 . 3 2 3 0 . 4 2 8 0 . 1 6 5 0 . 9 1 5
9 4 1 2 1 0 . 7 5 4 0 . 1 7 3 0 . 2 3 0 . 1 4 2 1 . 0 1 0
9 4 1 2 3 0 . 7 3 6 0 . 0 7 3 0 . 0 9 7 0 . 0 1 0 0 . 8 0 6
9 4 1 2 3 0 . 7 4 4 0 . 1 0 3 0 . 1 3 6 0 . 0 9 4 0 . 2 6 6
9 4 1 2 5 0 . 6 4 2 0 0 0 . 0 7 8 0 . 4 7 2
9 4 1 2 5 0 . 5 2 4 0 0 0 0 . 4 5 6
9 4 1 2 7 0 . 5 4 3 0 0 0 . 1 2 5 0 . 4 5 2
9 4 1 2 7 0 0 0 0 0 . 2 5 1
9 4 1 3 0 1 . 1 4 8 0 . 7 3 7 0 . 3 0 9 0 . 0 8 8 1 . 8 9 8
9 4 1 3 0 1 . 2 1 5 0 . 1 3 5 0 . 2 2 2 0 . 0 8 4 1 . 6 5 0
9 4 1 3 1 0 . 7 1 1 0 . 1 8 9 0 . 2 5 0 0 . 0 8 4 0 . 5 7 3
9 4 1 3 1 0 . 6 9 4 0 . 0 7 5 0 . 0 9 9 0 0 . 4 1 0
9 4 1 3 3 0 . 6 5 3 0 0 0 0 . 3 4 6
9 4 1 3 3 0 . 8 0 4 0 0 0 0 . 2 7 5
9 4 1 3 5 0 . 5 8 1 0 0 0 0 . 3 5 8
9 4 1 3 5 0 . 6 2 2 0 0 0 0 . 3 5 9
9 4 1 3 7 0 . 5 9 3 0 0 0 0 . 1 6 5
9 4 1 3 7 0 . 5 6 4 0 . 0 2 2 0 . 0 2 9 0 . 0 8 1 0 . 0 9 3
9 4 1 4 0 1 . 6 8 7 0 . 3 5 1 0 . 3 4 0 0 . 1 7 5 2 . 4 0 0
9 4 1 4 0 1 . 3 4 2 0 . 2 4 3 0 . 3 2 2 0 . 1 0 4 1 . 3 3 8
9 4 1 4 1 0 . 7 3 4 0 . 1 2 7 0 . 1 6 8 0 . 3 7 4 0 . 6 5
9 4 1 4 1 0 . 1 6 7 0 . 1 0 1 0 . 1 3 3 0 . 1 9 7 0 . 6 3 4
9 4 1 4 3 0 . 7 2 7 0 0 0 0 . 1 3 5
9 4 1 4 3 0 . 7 9 0 0 0 0 . 1 1 6 0 . 1 6 0
9 4 1 4 5 0 . 6 2 5 0 0 0 . 1 0 1 0 . 3 1 4
9 4 1 4 5 0 . 6 4 8 0 . 0 3 7 0 . 0 4 9 0 0 . 3 2 4
9 4 1 4 7 0 . 7 2 3 0 0 0 0 . 2 2 7
9 4 1 4 7 0 0 . 0 1 2 0 . 0 1 6 0 0 . 2 7 6
9 4 2 1 0 0 . 5 6 1 0 . 6 0 7 0 . 1 5 6 0 . 1 3 0 0 . 5 3 3
9 4 2 1 0 1 . 6 0 9 0 . 7 7 5 0 . 3 6 9 0 . 1 8 2 0 . 4 5 7
9 4 2 1 1 0 . 6 8 8 0 . 1 6 7 0 . 2 2 2 0 . 0 5 0 0 . 3 2 6
9 4 2 1 1 2 . 3 8 6 0 . 1 5 9 0 . 2 1 0 0 . 0 8 0 0 . 1 6 6
9 4 2 1 3 0 . 6 0 1 0 . 1 2 4 0 . 1 6 4 0 . 0 6 2 0 . 4 8 3
9 4 2 1 3 0 . 5 6 2 0 . 0 5 3 0 . 0 7 1 0 . 0 3 2 0 . 3 0 0
9 4 2 1 5 1 . 1 2 9 0 0 0 0 . 2 0 9
9 4 2 1 5 0 . 4 1 2 0 . 0 7 1 0 . 0 9 4 0 0 . 1 5 1
9 4 2 1 7 0 . 8 9 1 0 . 1 3 1 0 . 1 7 4 0 . 0 7 3 0 . 1 3 6
9 4 2 1 7 0 . 8 9 8 0 0 0 . 0 5 4 0 . 1 2 1
9 4 2 2 0 1 . 0 8 3 0 . 7 9 6 0 . 2 4 3 0 . 1 9 0 0 . 5 3 7
9 4 2 2 0 1 . 0 1 6 0 . 5 0 4 0 . 2 3 0 0 . 0 9 7 0 . 3 7 9
9 4 2 2 1 1 . 1 7 8 0 . 3 7 3 0 . 4 9 4 0 . 1 8 3 0 . 6 1 7
9 4 2 2 1 1 . 4 4 3 0 . 2 2 0 . 2 9 1 0 . 0 5 9 0 . 6 6 2
9 4 2 2 3 0 . 8 9 0 0 . 2 4 3 0 . 3 2 2 0 . 0 9 0 0 . 4 6 6
9 4 2 2 3 0 . 6 5 2 0 . 1 1 4 0 . 1 5 2 0 . 1 4 6 0 . 5 1 5
9 4 2 2 5 0 . 6 5 6 0 . 1 1 9 0 . 1 5 7 0 . 1 0 9 0 . 1 6 9
9 4 2 2 5 0 . 7 4 6 0 . 0 8 2 0 . 1 0 8 0 . 0 6 1 0 . 1 0 8
9 4 2 2 7 1 . 4 0 6 0 0 0 0 . 2 7 4
9 4 2 2 7 1 . 3 9 0 0 . 1 7 0 0 . 2 2 5 0 . 1 3 9 0 . 1 5 6
9 4 2 3 0 1 . 5 1 7 0 . 6 4 4 0 . 2 3 6 0 . 1 4 2 1 . 9 0 7
9 4 2 3 0 0 . 7 3 7 0 . 6 9 7 0 . 1 3 6 0 . 1 8 7 0 . 9 2 9
9 4 2 3 1 0 . 8 9 3 0 . 1 2 7 0 . 1 6 9 0 . 1 7 2 1 . 2 2 1
9 4 2 3 1 2 . 0 8 6 0 . 2 1 2 0 . 2 8 1 0 . 1 9 3 2 . 2 6 9
9 4 2 3 3 1 . 1 2 9 0 . 1 5 0 0 . 1 9 8 0 . 1 9 7 0 . 1 8 3
 



T a b l e A - 1 2 . C o n t .
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Y e a r F e r T r t D a y G l u c o s e X y l o s e G a l a c . A r a F r u c t o s e

9 4 2 3 3 0 . 7 8 5 0 0 0 . 1 2 8 0 . 2 3 7
9 4 2 3 5 0 . 7 7 8 0 0 0 0 . 0 8 6
9 4 2 3 5 1 . 0 4 4 0 . 0 6 3 0 . 0 8 3 0 . 1 2 7 0 . 1 0 3
9 4 2 3 7 0 . 7 9 3 0 . 0 6 7 0 . 0 8 9 0 . 0 8 5 0 . 0 6 2
9 4 2 3 7 0 0 0 0 . 0 1 6 0 . 0 4 3
9 4 2 4 0 0 . 8 5 3 0 . 8 9 3 0 . 2 1 9 0 . 2 2 5 1 . 0 4 3
9 4 2 4 0 1 . 2 2 9 0 . 3 9 5 0 . 2 0 2 1 . 7 5 4 1 . 1 0 4
9 4 2 4 1 1 . 3 2 5 0 . 1 6 7 0 . 2 2 2 0 . 2 8 2 1 . 2 8 3
9 4 2 4 1 1 . 0 2 3 0 . 2 6 8 0 . 3 5 5 0 . 3 6 2 1 . 3 7 8
9 4 2 4 3 0 0 . 0 8 4 0 . 1 1 2 0 . 2 9 2 0 . 3 3 7
9 4 2 4 3 0 0 . 0 4 3 0 . 0 5 7 0 . 2 5 2 0 . 3 5 6
9 4 2 4 5 1 . 0 1 3 0 . 0 5 4 0 . 0 7 2 0 . 2 9 1 0 . 2 5 6
9 4 2 4 5 0 . 6 4 3 0 . 0 3 9 0 . 0 5 2 0 . 0 4 3 0 . 0 7 2
9 4 2 4 7 0 . 8 6 6 0 0 0 . 0 2 5 0 . 0 7 2
9 4 2 4 7 0 0 . 0 4 6 0 . 0 6 1 0 0 . 0 9 9
9 3 1 1 0 1 . 1 4 5 0 . 2 1 3 0 . 0 6 3 0 . 0 9 0 0 . 3 9 6
9 3 1 1 0 1 . 0 1 7 0 . 3 4 3 0 . 0 8 5 0 . 0 3 3 0 . 4 5 2
9 3 1 1 1 0 . 0 5 0 0 . 0 3 0 0 . 0 4 0 0 0 . 5 7 1
9 3 1 1 1 0 . 0 3 8 0 0 0 . 0 3 4 0 . 1 4 1
9 3 1 1 3 0 . 0 5 2 0 0 0 . 0 2 6 0 . 0 2 4
9 3 1 1 3 0 . 0 3 7 0 0 0 0
9 3 1 1 5 0 . 0 1 9 0 . 0 0 3 0 . 0 0 5 0 0
9 3 1 1 5 0 . 0 3 1 0 0 0 0 . 0 1 8
9 3 1 1 7 0 . 0 4 3 0 0 0 0 . 0 2 1
9 3 1 1 7 0 . 0 4 1 0 0 0 0 . 0 2 8
9 3 1 2 0 1 . 0 7 1 0 . 2 7 9 0 . 0 9 7 0 . 1 2 4 0 . 3 5 7
9 3 1 2 0 1 . 0 8 7 0 . 3 1 6 0 . 0 9 4 0 . 0 2 3 0 . 3 0 7
9 3 1 2 1 0 . 1 2 2 0 . 0 6 2 0 . 0 8 2 0 . 0 3 7 0 . 1 9 8
9 3 1 2 1 0 . 0 7 0 0 . 0 2 5 0 . 0 3 3 0 . 0 3 4 0 . 2 1 6
9 3 1 2 3 0 . 0 3 2 0 0 0 0
9 3 1 2 3 0 . 0 5 9 0 O 0 . 0 1 5 0
9 3 1 2 5 0 0 0 0 . 0 2 9 0
9 3 1 2 5 0 . 0 2 1 0 . 0 0 7 0 . 0 1 0 0 0 . 0 1 7
9 3 1 2 7 0 . 0 5 2 0 0 0 0
9 3 1 2 7 0 . 0 3 7 0 0 0 0
9 3 1 3 0 1 . 0 6 1 0 . 1 0 2 0 . 0 7 0 0 . 0 7 5 1 . 2 8 5
9 3 1 3 0 1 . 0 5 0 0 . 2 7 9 0 . 0 5 4 0 . 0 6 4 0 . 6 5 7
9 3 1 3 1 0 . 1 7 2 0 . 0 1 5 0 . 0 1 9 0 0 . 0 5 8
9 3 1 3 1 0 0 0 0 0 . 0 8 0
9 3 1 3 3 0 0 0 0 0 . 0 5 3
9 3 1 3 3 0 0 0 0 0
9 3 1 3 5 0 O 0 0 . 3 7 0 0
9 3 1 3 5 0 0 0 0 0 0 8 6
9 3 1 3 7 0 0 0 0 0
9 3 1 3 7 0 0 0 0 0
9 3 1 4 0 1 . 1 9 3 0 . 2 9 4 0 . 1 0 8 0 . 0 8 7 1 . 0 9 7
9 3 1 4 0 1 . 1 1 8 0 . 3 3 4 0 . 1 1 1 0 . 1 2 2 0 . 4 5 1
9 3 1 4 1 0 0 0 0 0 . 3 4 8
9 3 1 4 1 0 0 0 0 0 . 1 6 1
9 3 1 4 3 0 0 0 0 O 2 1 3
9 3 1 4 3 O 0 0 0 0
9 3 1 4 5 0 0 . 1 5 2 0 . 2 0 2 0 0
9 3 1 4 5 0 0 0 0 0 1 6 3
9 3 1 4 7 0 0 0 0 0
9 3 1 4 7 0 0 0 0 0
9 3 2 1 0 1 . 0 6 9 0 . 5 0 3 0 . 0 6 5 0 . 1 2 5 0 . 5 5 9
9 3 2 1 0 1 . 0 8 1 0 . 5 2 6 0 . 0 5 8 0 . 1 0 8 0 . 2 0 3
9 3 2 1 1 0 . 0 4 9 0 0 0 . 0 7 4 0 . 0 7 9
9 3 2 1 1 0 . 0 4 6 0 0 0 . 1 0 0 0 . 0 9 9
9 3 2 1 3 0 . 0 3 7 0 0 0 . 0 9 8 0 . 0 4 1
9 3 2 1 3 0 . 0 3 7 0 0 0 0 . 1 2 5
9 3 2 1 5 0 0 0 0 . 0 4 3 0 . 0 3 2
9 3 2 1 5 0 . 0 4 1 0 . 0 2 7 0 . 0 3 6 0 0
9 3 2 1 7 0 0 0 0 0
9 3 2 1 7 0 0 0 0 0
9 3 2 2 0 1 . 0 3 7 0 . 7 2 0 0 . 0 4 5 0 . 0 9 1 0 . 3 9 9
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T a b l e A - 1 2 . C o n t .

 

 

Y e a r F e r T r t D a y G l u c o s e X y l o s e G a l a c . A r a F r u c t o s e

9 3 2 2 0 1 . 0 5 6 0 . 4 0 2 0 . 0 5 4 0 . 0 9 4 0 . 4 8 0
9 3 2 2 1 0 0 0 0 . 1 4 1 0 . 5 6 4
9 3 2 2 1 0 0 0 0 . 0 4 9 0 . 1 2 2
9 3 2 2 3 0 . 0 5 7 0 . 0 3 1 0 . 0 4 2 0 . 0 2 4 0 . 0 9 3
9 3 2 2 3 0 . 0 2 4 0 . 0 3 0 0 . 0 4 0 0 . 1 0 2 0 . 1 3 5
9 3 2 2 5 0 . 0 7 1 0 0 0 . 0 6 6 0 . 0 4 0
9 3 2 2 5 0 . 0 1 1 0 0 0 . 0 3 9 0 . 0 7 7
9 3 2 2 7 0 0 . 0 1 7 0 . 0 2 3 0 . 0 5 8 0 . 1 8 4
9 3 2 2 7 0 0 . 0 1 7 0 . 0 2 3 0 . 0 5 8 0 . 0 9 0
9 3 2 3 0 1 . 0 6 4 0 . 6 8 3 0 . 0 5 6 0 . 1 0 5 0 . 7 3 5
9 3 2 3 0 1 . 0 4 3 0 . 6 1 2 0 . 0 7 2 0 . 1 0 4 1 . 2 9 8
9 3 2 3 1 0 0 . 0 3 7 0 . 0 4 9 0 . 0 7 0 0 . 1 0 5
9 3 2 3 1 0 0 0 0 . 0 6 2 0 . 0 5 3
9 3 2 3 3 0 0 0 0 . 1 2 2 0
9 3 2 3 3 0 0 0 0 . 0 6 7 0
9 3 2 3 5 0 0 0 0
9 3 2 3 5 0 0 0 0 . 0 4 8 0
9 3 2 3 7 0 0 0 0 . 0 4 4 0 . 0 5 5
9 3 2 3 7 0 0 0 0 . 0 7 0 . 0 6 8
9 3 2 4 0 1 . 0 5 6 0 . 5 0 1 0 . 0 5 7 0 . 0 7 1 0 . 5 1 8
9 3 2 4 0 1 . 0 7 1 0 . 6 0 3 0 . 0 5 9 0 . 0 9 1 1 . 1 0 9
9 3 2 4 1 0 0 0 0 . 0 5 1 0 . 3 3 3
9 3 2 4 1 0 . 0 2 5 0 0 0 . 1 5 6 0 . 1 5 7
9 3 2 4 3 0 . 0 1 8 0 0 0 . 0 8 6 0 . 1 1 5
9 3 2 4 3 0 0 0 0 . 0 6 5 0 . 0 4 3
9 3 2 4 5 0 0 0 0 . 0 0 5 0
9 3 2 4 5 0 . 0 0 9 0 0 0 0
9 3 2 4 7 0 0 0 0 . 1 0 2 0
9 3 2 4 7 0 0 0 0 . 0 1 9 0 0 2 0
 

A b b r e v i a t i o n s :

Y = Y e a r ; F e r = l e n g t h o f f e r m e n t a t i o n , 1 = 4 0 d , 2 = 1 0 0 d ; T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = e n z y m e , 3 =
i n o c u l a n t , 4 = E + l ; G a l a c = g a l a c t o s e ; A r a = a r a b i n o s e
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T a b l e A - 1 3 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n e n d - p r o d u c t s i n f o r a g e s o r g h u m s i l a g e e x p o s e d
t o a i r i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 3 )

 

 

Y e a r F e r T r t D a y L a c A c e P r o E t o h B u t

9 4 1 1 0 4 . 1 0 9 0 . 8 2 2 0 . 0 2 9 0 . 4 5 3 0 . 0 5 0
9 4 1 1 0 5 . 5 9 3 0 . 7 6 1 0 . 0 3 6 0 . 5 2 9 0 . 0 2 7
9 4 1 1 1 3 . 8 8 1 0 . 5 6 6 0 . 0 0 3 1 . 1 3 2 0 . 1 1 2
9 4 1 1 1 2 . 8 4 1 0 . 4 7 1 0 . 0 0 2 0 . 4 5 3 0 . 1 0 6
9 4 1 1 3 2 . 9 4 9 0 . 4 5 2 0 . 0 0 3 0 . 8 1 6 0 . 1 2 3
9 4 1 1 3 2 . 4 3 4 0 . 3 0 5 0 . 0 0 2 0 . 6 3 2 0 . 1 0 6
9 4 1 1 5 2 . 5 0 1 0 . 3 1 8 0 . 0 0 3 0 . 6 2 4 0 . 0 7 8
9 4 1 1 5 2 . 2 6 2 0 . 2 0 6 0 . 0 0 7 0 . 3 6 5 0 . 0 9 6
9 4 1 1 7 1 . 2 9 4 0 . 4 3 1 0 . 0 0 0 0 . 4 3 9 0 . 1 1 8
9 4 1 1 7 1 . 1 8 9 0 . 7 3 0 0 . 0 0 6 1 . 2 9 8 0 . 1 2 5
9 4 1 2 0 5 . 9 4 4 0 . 5 6 1 0 . 0 2 1 0 . 4 3 1 0 . 0 5 9
9 4 1 2 0 4 . 0 3 8 0 . 3 5 0 0 . 0 0 0 0 . 4 3 1 0 . 0 3 5
9 4 1 2 1 3 . 5 4 4 0 . 4 7 2 0 . 0 0 5 0 . 5 2 6 0 . 1 3 3
9 4 1 2 1 3 . 0 1 0 0 . 3 7 9 0 . 0 0 2 0 . 3 9 7 0 . 0 9 5
9 4 1 2 3 2 . 5 9 6 0 . 3 7 7 0 . 0 0 1 0 . 5 5 6 0 . 1 1 1
9 4 1 2 3 1 . 2 0 9 0 . 2 9 0 0 . 0 0 2 0 . 4 6 6 0 . 1 1 6
9 4 1 2 5 2 . 7 3 9 0 . 3 9 3 0 . 0 0 1 0 . 5 6 5 0 . 1 3 6
9 4 1 2 5 2 . 3 6 3 0 . 2 3 7 0 . 0 0 4 0 . 3 7 2 0 . 0 6 1
9 4 1 2 7 1 . 3 8 1 0 . 6 2 3 0 . 0 0 5 0 . 7 2 7 0 . 0 1 8
9 4 1 2 7 1 . 3 9 4 0 . 3 2 8 0 . 0 0 9 0 . 5 1 1 0 . 1 2 6
9 4 1 3 0 5 . 1 8 0 0 . 8 3 5 0 . 2 5 5 0 . 4 0 6 0 . 0 2 4
9 4 1 3 0 4 . 8 2 3 0 . 7 0 1 0 . 0 0 0 0 . 3 2 7 0 . 0 9 6
9 4 1 3 1 3 . 1 3 0 0 . 6 3 0 0 . 0 0 2 0 . 3 9 2 0 . 0 4 6
9 4 1 3 1 3 . 0 3 2 0 . 5 1 3 0 . 0 0 4 1 . 0 0 1 0 . 0 5 3
9 4 1 3 3 2 . 9 6 1 0 . 4 8 7 0 . 0 0 1 0 . 6 1 2 0 . 1 3 8
9 4 1 3 3 2 . 0 1 3 0 . 4 5 6 0 . 0 0 2 0 . 4 3 9 0 . 0 3 4
9 4 1 3 5 2 . 4 7 5 0 . 2 2 0 0 . 0 0 2 0 . 9 5 1 0 . 0 4 6
9 4 1 3 5 2 . 5 4 8 0 . 3 6 8 0 . 0 0 2 0 . 6 4 3 0 . 0 5 8
9 4 1 3 7 1 . 5 2 1 0 . 1 3 6 0 . 0 0 2 0 . 5 6 4 0 . 0 2 7
9 4 1 3 7 1 . 2 6 1 0 . 1 9 3 0 . 0 0 3 0 . 5 9 4 0 . 0 5 2
9 4 1 4 0 3 . 4 2 1 1 . 3 5 4 0 . 0 0 0 0 . 2 3 5 0 . 0 0 1
9 4 1 4 0 3 . 8 3 4 0 . 8 8 1 0 . 0 9 3 0 . 3 4 6 0 . 0 6 5
9 4 1 4 1 3 . 5 7 9 0 . 9 5 9 0 . 0 0 1 0 . 6 7 7 0 . 0 5 9
9 4 1 4 1 2 . 2 6 8 0 . 3 0 8 0 . 0 0 1 1 . 9 1 4 0 . 0 4 0
9 4 1 4 3 2 . 1 4 6 0 . 7 6 7 0 . 0 0 2 0 . 8 6 6 0 . 0 5 9
9 4 1 4 3 3 . 3 1 1 0 . 1 2 5 0 . 0 0 2 0 . 7 5 5 0 . 0 3 1
9 4 1 4 5 1 . 2 1 5 0 . 2 2 2 0 . 0 0 2 0 . 7 5 5 0 . 0 6 9
9 4 1 4 5 2 . 1 1 4 0 . 1 7 7 0 . 0 0 2 0 . 3 5 4 0 . 0 3 9
9 4 1 4 7 2 . 2 4 0 0 . 4 3 7 0 . 0 0 4 1 . 6 7 9 0 . 1 3 4
9 4 1 4 7 1 . 6 5 2 0 . 2 4 1 0 . 0 0 1 1 . 1 5 7 0 . 0 6 1
9 4 2 1 0 2 . 9 0 2 0 . 7 1 4 0 . 0 2 0 0 . 2 0 2 0 . 0 5 3
9 4 2 1 0 2 . 5 8 8 0 . 8 0 3 0 . 0 4 0 0 . 2 8 3 0 . 0 7 6
9 4 2 1 1 1 . 4 6 0 0 . 8 6 6 0 . 0 0 4 0 . 4 1 8 0 . 1 2 2
9 4 2 1 1 1 . 0 4 4 0 . 5 5 5 0 . 0 0 4 0 . 6 6 1 0 . 0 7 1
9 4 2 1 3 2 . 8 9 9 0 . 4 3 3 0 . 0 0 3 0 . 4 0 7 0 . 0 9 7
9 4 2 1 3 1 . 2 4 2 0 . 4 6 8 0 . 0 0 4 0 . 4 4 8 0 . 0 8 0
9 4 2 1 5 1 . 7 9 4 0 . 5 3 0 0 . 0 0 6 0 . 3 4 5 0 . 0 1 5
9 4 2 1 5 1 . 6 4 3 0 . 4 9 3 0 . 0 0 5 0 . 3 5 0 0 . 0 6 0
9 4 2 1 7 1 . 4 2 4 0 . 4 8 9 0 . 0 0 4 0 . 4 0 5 0 . 0 6 5
9 4 2 1 7 0 . 9 6 4 0 . 4 5 8 0 . 0 0 8 0 . 3 2 2 0 . 0 2 8
9 4 2 2 0 2 . 7 9 1 0 . 7 7 5 0 . 0 2 4 0 . 2 2 7 0 . 0 1 0
9 4 2 2 0 1 . 8 7 5 0 . 7 3 3 0 . 0 2 0 0 . 3 9 6 0 . 0 9 2
9 4 2 2 1 1 . 8 2 7 0 . 4 0 2 0 . 0 0 4 0 . 4 2 1 0 . 0 6 3
9 4 2 2 1 1 . 9 1 8 0 . 5 6 4 0 . 0 0 4 0 . 7 2 8 0 . 0 7 0
9 4 2 2 3 2 . 7 0 6 0 . 4 9 1 0 . 0 0 2 0 . 3 4 5 0 . 0 6 4
9 4 2 2 3 2 . 9 4 5 0 . 6 2 1 0 . 0 0 2 0 . 3 2 4 0 . 1 9 0
9 4 2 2 5 2 . 5 6 2 0 . 3 1 3 0 . 0 0 2 0 . 2 6 8 0 . 1 0 2
 



2 9 9

 

 

T a b l e A - 1 3 . C o n t .

Y e a r F e r T r t D a y L a c A c e P r o E t o h B u t

9 4 2 2 5 2 . 0 5 2 0 . 4 9 7 0 . 0 0 2 0 . 2 3 2 0 . 0 8 4
9 4 2 2 7 1 . 1 8 3 0 . 2 9 5 0 . 0 0 2 0 . 2 3 7 0 . 0 8 4
9 4 2 2 7 1 . 2 7 9 0 . 3 7 0 0 . 0 0 3 0 . 2 5 1 0 . 0 6 0
9 4 2 3 0 3 . 2 8 7 0 . 8 1 9 0 . 0 3 9 0 . 2 9 6 0 . 0 1 9
9 4 2 3 O 5 . 1 0 2 0 . 7 9 5 0 . 0 2 0 0 . 3 3 1 0 . 0 1 4
9 4 2 3 1 2 . 5 8 9 0 . 3 6 4 0 . 0 0 2 0 . 7 5 9 0 . 1 1 9
9 4 2 3 1 3 . 9 4 9 0 . 6 2 3 0 . 0 0 2 0 . 4 4 2 0 . 0 6 5
9 4 2 3 3 1 . 7 0 7 0 . 2 9 3 0 . 0 0 2 0 . 2 0 2 0 . 1 1 1
9 4 2 3 3 1 7 2 8 0 . 4 4 9 0 . 0 0 1 0 . 1 9 8 0 . 1 1 5
9 4 2 3 5 1 5 4 8 0 . 2 4 2 0 . 0 0 5 0 . 1 2 4 0 . 0 6 0
9 4 2 3 5 1 4 0 0 0 . 1 6 2 0 . 0 0 1 0 . 0 3 2 0 . 0 5 6
9 4 2 3 7 1 . 4 3 9 0 . 2 5 9 0 . 0 0 3 0 . 0 4 5 0 . 0 3 7
9 4 2 3 7 0 . 9 3 8 0 . 2 7 6 0 . 0 0 2 0 . 0 5 2 0 . 1 3 6
9 4 2 4 0 4 . 2 6 3 0 . 7 8 2 0 . 0 2 1 0 . 4 0 1 0 . 0 6 5
9 4 2 4 0 4 . 2 2 4 0 . 7 9 3 0 . 0 2 0 0 . 3 2 8 0 . 0 3 6
9 4 2 4 1 2 . 6 3 4 0 . 6 2 0 0 . 0 0 2 0 . 6 9 2 0 . 0 4 9
9 4 2 4 1 2 . 8 9 6 0 . 4 1 3 0 . 0 0 3 0 . 7 1 4 0 . 0 7 0
9 4 2 4 3 1 7 0 2 0 . 1 4 7 0 . 0 0 1 0 . 2 3 4 0 . 0 4 1
9 4 2 4 3 1 5 6 8 0 . 3 5 6 0 . 0 0 1 0 . 1 9 6 0 . 0 5 7
9 4 2 4 5 1 7 6 7 0 . 1 7 5 0 . 0 0 4 0 . 1 4 5 0 . 0 9 8
9 4 2 4 5 1 . 8 7 0 0 . 2 4 7 0 . 0 0 2 0 . 1 4 3 0 . 1 4 4
9 4 2 4 7 0 . 7 0 9 0 . 1 9 0 0 . 0 0 1 0 . 0 4 1 0 . 1 0 0
9 4 2 4 7 0 . 9 7 2 0 . 4 4 6 0 . 0 0 1 0 . 0 4 5 0 . 0 6 7
9 3 1 1 0 1 4 8 4 0 . 3 5 2 0 . 0 8 4 0 . 9 3 7 0 . 1 0 7
9 3 1 1 0 1 . 3 9 0 0 . 2 9 8 0 . 0 0 0 0 . 0 9 0 0 . 1 3 2
9 3 1 1 1 0 . 8 6 0 0 . 0 9 8 0 . 0 0 3 1 . 2 9 0 0 . 0 9 9
9 3 1 1 1 0 . 9 0 8 0 . 0 8 0 0 . 0 0 2 0 . 4 0 0 0 . 1 1 7
9 3 1 1 3 0 . 3 6 1 0 . 2 9 0 0 . 0 0 1 0 . 5 3 0 0 . 0 7 3
9 3 1 1 3 0 . 3 0 6 0 . 4 6 3 0 . 0 0 1 0 . 2 1 1 0 . 0 6 6
9 3 1 1 5 0 . 2 5 5 0 . 0 1 9 0 0 . 2 3 4 0 . 0 1 5
9 3 1 1 5 0 . 2 4 3 0 . 0 1 8 0 0 . 2 2 2 0 . 0 1 5
9 3 1 1 7 0 . 1 2 1 0 . 0 1 8 0 0 . 1 9 0 0 . 0 3 6
9 3 1 1 7 0 . 1 2 0 0 . 0 1 9 0 0 . 1 9 3 0 . 0 1 2
9 3 1 2 0 1 . 7 0 2 0 . 3 4 2 0 . 0 6 0 0 . 4 5 9 0 . 0 6 0
9 3 1 2 0 2 . 4 0 7 0 . 4 5 2 0 . 0 5 6 1 . 0 9 0 0 . 0 6 6
9 3 1 2 1 1 . 2 8 1 0 . 0 3 1 0 . 0 0 2 1 . 2 8 5 0 . 0 5 7
9 3 1 2 1 1 . 8 4 7 0 . 0 4 2 0 . 0 0 1 1 . 2 1 3 0 . 0 8 9
9 3 1 2 3 1 . 0 0 6 0 . 2 6 7 0 0 . 1 3 9 0 . 0 3 9
9 3 1 2 3 1 . 3 3 6 0 . 2 2 3 0 . 0 0 0 0 . 1 3 6 0 . 0 6 4
9 3 1 2 5 0 . 7 7 7 0 . 1 1 7 0 . 0 0 3 0 . 0 7 7 0 . 0 9 5
9 3 1 2 5 0 . 9 3 8 0 . 1 8 6 0 . 0 0 2 0 . 0 1 6 0 . 0 6 6
9 3 1 2 7 0 . 2 4 7 0 . 1 3 5 0 . 0 0 0 0 . 0 1 4 0 . 0 5 2
9 3 1 2 7 0 . 0 4 5 0 . 0 7 0 0 . 0 0 0 0 . 0 1 2 0 . 0 1 3
9 3 1 3 0 1 9 7 9 0 . 4 8 8 0 . 0 2 7 0 . 5 2 1 0 . 0 7 7
9 3 1 3 0 1 . 3 1 8 0 . 6 3 4 0 . 0 6 0 0 . 4 9 0 0 . 0 8 6
9 3 1 3 1 0 . 8 8 2 0 . 0 4 3 0 0 . 8 4 6 0 . 0 9 4
9 3 1 3 1 0 . 4 6 2 0 . 0 6 3 0 0 . 9 8 9 0 . 0 2 0
9 3 1 3 3 1 2 8 3 0 . 2 8 9 0 . 0 0 2 0 . 7 4 5 0 . 0 3 8
9 3 1 3 3 1 . 0 3 0 0 . 2 9 9 0 . 0 0 2 0 . 6 9 2 0 . 0 5 1
9 3 1 3 5 0 . 6 8 3 0 . 1 3 3 0 . 0 0 1 0 . 1 6 4 0 . 0 1 3
9 3 1 3 5 2 . 2 2 4 0 . 1 0 3 0 . 0 0 2 0 . 1 4 2 0 . 0 1 7
9 3 1 3 7 0 . 1 2 9 0 . 2 8 1 0 . 0 0 1 0 . 0 1 2 0 . 0 3 2
9 3 1 3 7 0 . 1 5 4 0 . 1 1 0 0 . 0 0 1 0 . 0 0 8 0 . 0 0 8
9 3 1 4 0 1 . 0 1 1 0 . 4 5 3 0 . 0 6 0 0 . 3 6 6 0 . 0 7 2
9 3 1 4 0 1 . 3 6 7 0 . 3 8 0 0 . 0 3 2 0 . 6 1 8 0 . 0 5 0
9 3 1 4 1 0 . 7 8 4 0 . 4 2 5 0 . 0 1 6 0 . 9 8 7 0 . 0 9 0
9 3 1 4 1 0 . 6 4 7 0 . 2 1 6 0 . 0 2 6 1 . 9 4 1 0 . 0 8 6
9 3 1 4 3 0 . 9 6 2 0 . 1 2 2 0 . 0 0 6 0 . 7 8 4 0 . 0 1 8
 



3 0 0

 

 

 

T a b l e A - 1 3 . C o n t .

Y e a r F e r T r t D a y L a c A c e P r o E t o h B u t

9 3 1 4 3 1 . 1 4 9 0 . 2 2 4 0 . 0 0 2 0 . 4 3 2 0 . 0 7 3

9 3 1 4 5 0 . 2 9 9 0 . 1 6 4 0 . 0 0 1 0 . 2 3 1 0 . 0 6 1

9 3 1 4 5 0 . 1 3 5 0 . 1 8 6 0 . 0 0 2 0 . 3 4 0 0 . 0 8 2

9 3 1 4 7 0 . 1 2 7 0 . 2 3 2 0 . 0 0 2 0 . 3 1 1 0 . 0 7 3

9 3 1 4 7 0 . 1 4 1 0 . 1 1 5 0 . 0 0 2 0 . 1 7 2 0 . 0 8 6

9 3 2 1 0 1 . 7 6 7 0 . 7 2 4 0 . 0 3 9 0 . 4 6 3 0 . 0 4 7

9 3 2 1 0 1 . 1 6 5 0 . 4 5 9 0 . 0 6 0 0 . 4 7 0 0 . 0 3 9

9 3 2 1 1 1 . 4 7 2 1 . 4 8 4 0 . 0 0 4 1 . 0 6 9 0 . 1 7 0

9 3 2 1 1 1 . 0 8 3 0 . 9 6 7 0 . 0 0 4 0 . 8 2 6 0 . 1 0 9

9 3 2 1 3 1 . 0 2 2 1 . 5 1 0 0 . 0 0 5 0 . 0 5 6 0 . 0 8 7

9 3 2 1 3 0 . 9 2 5 1 . 2 5 4 0 . 0 0 1 0 . 1 3 4 0 . 1 2 5

9 3 2 1 5 0 . 6 1 9 0 . 4 6 6 0 . 0 0 1 0 . 1 6 1 0 . 1 1 1

9 3 2 1 5 0 . 8 2 0 0 . 7 6 7 0 . 0 0 2 0 . 2 0 9 0 . 1 4 3

9 3 2 1 7 0 . 1 1 4 0 . 6 7 0 0 . 0 0 1 0 . 0 5 4 0 . 1 0 7

9 3 2 1 7 0 . 1 1 2 0 . 3 6 5 0 . 0 0 1 0 . 0 4 5 0 . 0 5 7

9 3 2 2 0 1 . 8 5 0 0 . 2 6 9 0 . 0 8 8 0 . 3 1 3 0 . 0 4 7

9 3 2 2 0 1 . 4 6 6 0 . 7 3 3 0 . 0 8 0 0 . 9 6 9 0 . 0 5 7

9 3 2 2 1 2 . 8 6 2 1 . 5 8 0 0 . 0 0 2 1 . 0 7 6 0 . 0 8 8

9 3 2 2 1 0 . 1 1 3 1 . 3 2 2 0 . 0 0 2 0 . 9 9 0 0 . 0 9 7

9 3 2 2 3 1 . 3 9 7 1 . 6 2 7 0 . 0 0 1 0 . 7 6 6 0 . 0 8 9

9 3 2 2 3 1 . 1 2 1 1 . 1 2 9 0 . 0 0 2 0 . 9 3 9 0 . 0 7 3

9 3 2 2 5 0 . 5 3 4 1 . 0 8 0 0 . 0 0 2 0 . 0 6 1 0 . 0 2 8

9 3 2 2 5 0 . 4 2 3 1 . 3 7 9 0 . 0 0 3 0 . 0 4 7 0 . 0 3 9

9 3 2 2 7 0 . 1 2 1 0 . 7 0 4 0 . 0 0 1 0 . 1 0 0 0 . 0 3 0

9 3 2 2 7 0 . 1 1 2 0 . 2 6 5 0 . 0 0 1 0 . 0 3 9 0 . 0 1 6

9 3 2 3 0 1 . 2 0 6 0 . 4 0 9 0 . 0 4 4 0 . 9 0 3 0 . 0 3 7

9 3 2 3 0 1 . 5 9 2 0 . 7 2 1 0 . 0 7 1 0 . 5 5 8 0 . 0 2 8

9 3 2 3 1 0 . 7 7 0 1 . 3 5 2 0 . 0 0 2 0 . 6 2 2 0 . 0 2 9

9 3 2 3 1 1 . 4 7 4 1 . 1 9 5 0 . 0 0 5 0 . 9 5 8 0 . 0 6 7

9 3 2 3 3 1 . 1 3 9 1 . 3 6 0 0 . 0 0 1 0 . 2 4 3 0 . 1 5 3

9 3 2 3 3 0 . 6 8 6 1 . 4 5 6 0 . 0 0 2 0 . 0 5 4 0 . 0 8 7

9 3 2 3 5 0 . 4 1 7 0 . 6 4 8 0 . 0 0 2 0 . 0 2 4 0 . 1 0 6

9 3 2 3 5 0 . 2 1 6 0 . 9 0 2 0 . 0 0 4 0 . 0 1 5 0 . 1 1 5

9 3 2 3 7 0 . 1 0 6 0 . 8 2 2 0 . 0 0 1 0 . 0 1 1 0 . 0 6 0

9 3 2 3 7 0 . 1 0 2 0 . 9 0 4 0 . 0 0 2 0 . 0 5 8 0 . 0 8 8

9 3 2 4 0 1 . 5 8 1 0 . 4 8 5 0 . 0 1 9 0 . 6 5 2 0 . 0 5 0

9 3 2 4 0 1 . 9 1 5 0 . 6 4 1 0 . 0 4 5 0 . 7 3 5 0 . 0 2 0

9 3 2 4 1 0 . 2 5 1 0 . 3 5 3 0 . 0 0 1 1 . 3 6 5 0 . 1 5 0

9 3 2 4 1 1 . 2 0 9 2 . 2 4 1 0 . 0 0 2 0 . 5 9 6 0 . 0 8 7

9 3 2 4 3 0 . 8 3 5 1 . 5 0 6 0 . 0 0 3 0 . 0 9 0 0 . 0 8 0

9 3 2 4 3 0 . 4 6 5 1 . 2 8 1 0 . 0 0 3 0 . 0 7 9 0 . 0 4 0

9 3 2 4 5 0 . 3 2 3 0 . 9 6 9 0 . 0 0 3 0 . 0 4 0 0 . 0 7 7

9 3 2 4 5 0 . 1 2 5 0 . 6 0 3 0 . 0 0 2 0 . 0 6 1 0 . 1 0 1

9 3 2 4 7 0 . 3 1 6 0 . 2 3 1 0 . 0 0 2 0 . 0 4 9 0 . 1 6 3

9 3 2 4 7 0 . 2 4 7 1 . 0 9 2 0 . 0 0 2 0 . 0 7 0 0 . 0 8 7

A b b r e v i a t i o n s :

F e r = F e r m e n t a t i o n l e n g t h , 1 = 4 0 d , 2 = 1 0 0 d ; T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = e n z y m e , 3 =

i n o c u l a n t , 4 = E + I ; D = d a y o f a e r o b i c e x p o s u r e ; L a c = l a c t i c a c i d ; A c e = a c e t i c a c i d ; P r o = p r o p i o n i c

a c i d . E t o h = e t h a n o l , B u t = b u t y r i c a c i d .



3 0 1

' T a b l e a - a a . D a t a u s e d f o r a n a l y s i s o f w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s i n a e r o b i c s t a b i l i t y s t u d i
e s f r o m C h a p t e r

3 ( T r o p i c a l E n v i r o n m e n t )

 

 

Y F e r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a b F r u c t o s e

9 4 1 1 0 0 . 5 0 2 2 0 . 3 0 2 2 0 . 2 1 8 2 0 . 1 0 6 0 . 2 8 2 4

9 4 1 1 0 0 . 4 9 6 2 0 . 2 4 1 5 0 . 1 5 8 2 0 . 0 9 4 0 . 3 3 6 6

9 4 1 1 1 0 . 4 5 3 9 0 . 1 4 4 3 0 . 1 5 9 8 0 . 0 8 4 0 . 2 4 8

9 4 1 1 1 0 . 5 4 6 2 0 . 1 3 7 9 0 . 1 5 2 7 0 . 0 8 1 0 . 1 7 4 3

9 4 1 1 3 0 . 2 1 3 7 0 . 1 1 9 6 0 . 1 3 2 4 0 . 0 6 9 9 0 . 2 7 4 3

9 4 1 1 3 0 . 3 4 7 2 0 . 1 1 6 8 0 . 1 2 9 4 0 . 1 1 2 1 0 . 1 5 7

9 4 1 1 5 0 . 2 8 7 7 0 . 1 3 4 3 0 . 1 4 8 7 0 . 1 1 0 3 0 . 1 5 4 4

9 4 1 1 5 0 . 2 1 4 0 . 0 9 4 7 0 . 1 0 4 9 0 . 0 8 7 3 0 . 1 2 2 2

9 4 1 1 7 0 . 5 9 9 0 . 1 1 5 9 0 . 1 2 8 3 0 . 1 4 4 0 . 2 0 1 7

9 4 1 1 7 0 . 1 4 6 2 0 0 0 0

9 4 1 2 0 0 . 2 7 4 7 0 . 2 1 9 5 0 . 1 8 5 7 0 . 1 3 8 1 0 . 1 9 3 2

9 4 1 2 0 0 . 4 9 5 7 0 . 1 8 7 8 0 . 2 1 0 4 0 . 1 1 2 5 0 . 2 4 6 5

9 4 1 2 1 0 . 4 3 9 2 0 . 2 4 9 4 0 . 2 1 6 2 0 . 0 7 4 6 0 . 2 4 4 5

9 4 1 2 1 0 . 3 8 2 8 0 . 1 4 9 1 0 . 1 6 5 1 0 . 1 3 0 5 0 . 1 8 2 8

9 4 1 2 3 0 . 5 0 8 5 0 . 0 9 6 6 0 . 1 0 7 0 . 1 5 0 9 0 . 2 1 1 3

9 4 1 2 3 0 . 5 3 8 8 0 . 1 4 1 9 0 . 1 5 7 2 0 . 1 5 1 8 0 . 2 1 2 6

9 4 1 2 5 0 . 3 5 0 7 0 . 0 9 2 2 0 . 1 0 2 1 0 . 1 4 9 6 0 . 2 0 9 6

9 4 1 2 5 0 . 1 9 8 7 0 . 2 5 4 0 . 1 4 5 4 0 0

9 4 1 2 7 0 . 2 3 4 7 0 . 1 4 6 6 0 . 1 6 2 3 0 . 2 0 6 0 . 2 8 8 4

9 4 1 2 7 0 . 1 0 7 3 0 . 1 7 5 0 . 1 9 3 8 0 . 1 7 7 8 0 . 2 4 9

9 4 1 3 0 0 . 4 1 9 0 . 1 1 7 7 0 . 1 2 2 8 0 . 0 5 8 0 . 2 3 2 9

9 4 1 3 0 0 . 3 9 2 0 . 1 0 3 8 0 . 1 3 3 2 0 . 0 6 8 0 . 1 6 8 9

9 4 1 3 1 0 . 6 4 4 5 0 . 1 3 0 7 0 . 1 4 4 7 0 . 1 6 3 1 0 . 2 2 8 4

9 4 1 3 1 0 . 2 2 2 3 0 . 1 3 1 7 0 . 1 4 5 8 0 . 0 4 2 7 0 . 2 3 9 9

9 4 1 3 3 0 . 5 2 7 7 0 . 0 9 8 0 . 1 0 8 6 0 . 1 4 5 2 0 . 2 0 3 3

9 4 1 3 3 0 . 3 0 0 4 0 . 1 2 9 2 0 . 1 4 3 1 0 . 1 4 7 0 . 2 0 5 9

9 4 1 3 5 0 . 1 6 3 2 0 . 1 0 9 6 0 . 1 2 1 4 0 . 2 4 0 9 0 . 3 3 7 4
9 4 1 3 5 0 . 2 5 8 9 0 . 1 1 3 9 0 . 1 2 6 2 0 . 1 9 6 4 0 . 2 7 5
9 4 1 3 7 0 . 4 3 1 9 0 . 0 7 6 1 0 . 0 8 4 3 0 . 1 4 0 6 0 . 1 9 6 9
9 4 1 3 7 0 . 2 8 7 8 0 . 0 8 9 6 0 . 0 9 9 3 0 . 1 5 9 6 0 . 2 2 3 5
9 4 1 4 0 0 . 4 1 1 1 0 . 1 4 9 6 0 . 1 2 5 1 0 . 1 3 4 8 0 . 4 1 4 8
9 4 1 4 0 0 . 1 1 7 5 0 . 1 8 8 2 0 . 1 5 7 6 0 . 1 1 2 9 0 . 2 0 8 7
9 4 1 4 1 0 . 5 8 0 5 0 . 1 2 2 7 0 . 1 3 5 9 0 . 1 5 8 3 0 . 2 2 1 7
9 4 1 4 1 0 . 6 2 4 1 0 . 1 9 7 1 0 . 2 1 8 2 0 . 4 4 5 2 0 . 3 2 3 4
9 4 1 4 3 0 . 6 3 2 3 0 . 1 8 0 2 0 . 1 9 9 6 0 . 2 4 8 8 0 . 3 4 8 4
9 4 1 4 3 0 . 4 6 3 5 0 . 1 1 5 4 0 . 1 2 7 8 0 . 1 8 2 4 0 . 2 5 5 4
9 4 1 4 5 0 . 3 5 0 9 0 . 1 3 5 7 0 . 1 5 0 2 0 . 1 4 1 9 0 . 2 9 8 7
9 4 1 4 5 0 . 0 5 2 6 0 . 0 7 5 4 0 . 0 8 3 5 0 . 0 7 9 2 0 . 1 1 1
9 4 1 4 7 0 . 6 2 8 6 0 . 1 6 7 8 0 . 1 8 5 8 0 . 3 5 4 5 0 . 1 9 6 4
9 4 1 4 7 0 . 5 1 5 1 0 . 1 2 5 1 0 . 1 3 8 6 0 . 2 2 8 0 . 1 1 9 3
9 4 2 1 0 0 . 2 8 9 6 0 . 1 7 0 4 0 . 0 8 6 0 . 0 4 2 7 0 . 1 0 1 2
9 4 2 1 0 0 . 4 2 1 1 0 . 2 4 3 2 0 . 2 2 6 4 0 . 0 9 8 0 . 0 7 1 8
9 4 2 1 1 0 . 2 2 2 0 . 0 5 4 4 0 . 0 6 0 3 0 . 1 1 1 3 0 . 1 5 5 9
9 4 2 1 1 0 . 2 8 5 3 0 . 4 0 0 5 0 . 4 4 3 5 0 . 1 9 4 9 0 . 0 7 2 9
9 4 2 1 3 0 . 3 6 7 7 0 . 1 1 0 2 0 . 1 2 2 0 . 1 0 8 5 0 . 1 5 1 9
9 4 2 1 3 0 . 1 7 8 8 0 . 3 4 5 3 0 . 3 8 2 4 0 . 1 5 5 2 0 . 1 1 7 3
9 4 2 1 5 0 0 0 0 0
9 4 2 1 5 0 . 4 2 8 0 . 2 6 3 5 0 . 2 9 1 8 0 . 1 6 5 6 0 . 2 3 1 9
9 4 2 1 7 0 . 2 1 0 3 0 . 2 9 3 7 0 . 3 2 5 2 0 . 1 4 9 5 0 . 1 0 9 3
9 4 2 1 7 0 . 3 4 9 5 0 . 1 3 7 4 0 . 1 5 2 2 0 . 0 1 3 9 0 . 0 1 9 4
9 4 2 2 0 0 . 2 1 2 1 0 . 1 6 2 8 0 . 1 2 7 5 0 . 0 8 6 2 0 . 0 7 6 8
9 4 2 2 0 0 . 3 3 2 7 0 . 1 9 7 9 0 . 1 4 8 6 0 . 1 4 4 1 0 . 0 6 8 6
9 4 2 2 1 0 . 3 5 9 5 0 . 2 7 9 2 0 . 3 0 9 2 0 . 1 2 7 2 0 . 0 7 8 1
9 4 2 2 1 0 . 2 9 5 3 0 . 2 5 6 3 0 . 2 8 3 8 0 . 2 4 5 6 0 . 0 4 3 9
9 4 2 2 3 0 . 4 9 0 5 0 . 1 7 4 1 0 . 1 9 2 8 0 . 0 6 7 4 0 . 0 9 4 4
9 4 2 2 3 0 . 0 6 3 3 0 . 1 7 2 3 0 . 1 9 0 8 0 . 0 2 7 7 0 . 0 3 8 7
9 4 2 2 5 0 . 2 8 6 5 0 . 2 9 1 3 0 . 3 2 2 6 0 0
9 4 2 2 5 0 . 1 4 8 7 0 0 0 0
9 4 2 2 7 0 . 2 4 9 1 0 . 0 9 9 4 0 . 1 1 0 . 0 8 1 6 0 . 1 1 4 2
9 4 2 2 7 0 . 1 9 0 2 0 . 3 2 4 5 0 . 3 5 9 4 0 0
9 4 2 3 0 0 . 3 7 6 1 0 . 1 0 3 8 0 . 0 9 1 9 0 . 0 8 8 4 0 . 3 9 6 4
9 4 2 3 0 0 . 2 5 7 5 0 . 1 5 3 7 0 . 1 2 5 8 0 . 1 2 0 9 0 . 1 0 8 4
9 4 2 3 1 0 . 1 4 9 4 0 . 1 1 8 3 0 . 1 3 1 0 . 1 1 5 5 0 . 1 6 1 7
9 4 2 3 1 0 . 3 8 6 6 0 . 1 2 6 9 0 . 1 4 0 5 0 . 1 2 4 6 0 . 1 7 4 5
 



T a b l a a - a a . C o n t .

3 0 2

 

 

Y F e r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a F r u c t o s e

9 4 2 3 3 0 . 2 5 3 2 0 . 1 7 3 1 0 . 1 9 1 7 0 . 2 3 3 9 0 . 1 2 7 6

9 4 2 3 3 0 . 4 2 2 0 . 1 7 0 8 0 . 1 8 9 2 0 . 0 9 3 8 0 . 1 3 1 4

9 4 2 3 5 0 . 2 2 7 9 0 . 0 9 1 9 0 . 1 0 1 7 0 . 0 4 1 9 0 . 0 5 8 6

9 4 2 3 5 0 . 3 5 3 8 0 . 1 4 2 2 0 . 1 5 7 4 0 . 0 3 5 2 0 . 0 4 9 3

9 4 2 3 7 0 . 2 1 2 c ' 0 0 . 0 9 3 3 0 . 1 3 0 7

9 4 2 3 7 0 . 1 0 8 7 0 . 1 0 9 8 0 . 1 2 1 6 0 0

9 4 2 4 0 0 . 2 9 0 4 0 . 3 1 2 1 0 . 1 8 6 6 0 . 1 7 5 0 0 . 2 2 0 0

9 4 2 4 0 0 . 1 4 8 9 0 . 2 0 4 8 0 . 1 5 9 4 0 . 1 5 8 0 0 . 2 0 8 8

9 4 2 4 1 0 . 1 1 3 7 0 . 2 7 9 0 . 3 0 9 0 . 1 0 3 1 0 . 1 4 4 4

9 4 2 4 1 0 . 2 4 7 4 0 . 3 3 0 6 0 . 3 6 6 1 0 . 1 6 3 3 0 . 2 2 8 7

9 4 2 4 3 0 . 1 7 4 4 0 . 1 3 3 9 0 . 1 4 8 2 0 . 0 8 8 3 0 . 1 2 3 6

9 4 2 4 3 0 0 . 2 8 6 8 0 . 0 9 2 8 0 0

9 4 2 4 5 0 0 . 3 4 2 9 0 . 9 3 3 4 0 0

9 4 2 4 5 0 . 4 2 3 6 0 . 0 7 2 5 0 . 0 8 0 3 0 . 0 3 5 3 0 . 0 4 9 4

9 4 2 4 7 0 . 0 9 5 4 0 0 0 . 0 4 0 4 0 . 0 5 6 6

9 4 2 4 7 0 . 2 2 1 1 0 . 0 9 2 5 0 . 1 0 2 4 0 . 0 2 7 9 0 . 0 3 9 1

9 3 1 1 0 0 . 1 2 2 9 0 . 0 9 9 0 0 . 0 5 6 7 0 . 0 1 7 1 0 0 1 7 5

9 3 1 1 0 0 . 1 0 6 4 0 . 0 7 2 3 0 . 0 3 0 7 0 . 0 2 0 7 0 0 7 8 4

9 3 1 1 1 0 0 0 0 . 0 1 5 8 0 0 2 2 2

9 3 1 1 1 0 0 0 0 0

9 3 1 1 3 0 0 0 0 . 0 7 2 5 0 . 1 0 1 6

9 3 1 1 3 0 . 0 6 8 5 0 0 0 0

9 3 1 1 5 0 . 0 9 9 2 0 0 0 0

9 3 1 1 5 0 . 0 6 6 9 0 0 0 0

9 3 1 1 7 0 . 0 2 2 4 0 0 0 0

9 3 1 1 7 0 . 0 7 4 8 0 0 0 0

9 3 1 2 0 0 . 1 7 3 5 0 . 1 0 6 6 0 . 1 7 9 5 0 . 1 4 4 2 0 . 0 7 6 0

9 3 1 2 0 0 . 1 1 4 5 0 . 2 0 3 2 0 . 0 6 9 9 0 . 1 1 9 8 0 1 1 5 1

9 3 1 2 1 0 . 0 1 0 3 0 . 2 8 4 3 0 . 3 1 4 8 0 . 1 5 3 4 0 0 9 4 8

9 3 1 2 1 0 . 0 3 7 3 0 0 0

9 3 1 2 3 0 . 0 3 8 5 0 0 0 . 0 8 0 1 0 . 1 1 2 2

9 3 1 2 3 0 . 0 5 0 4 0 0 0 . 0 1 6 1 0 . 0 2 2 5

9 3 1 2 5 0 . 0 4 6 1 0 . 0 1 2 5 0 . 0 1 3 9 0 0

9 3 1 2 5 0 0 0 0 0

9 3 1 2 7 0 0 0 3 3 2 0 . 0 3 6 8 0 . 0 1 8 8 0 . 0 2 6 3

9 3 1 2 7 0 . 0 0 5 9 0 . 0 5 1 7 0 . 0 5 7 3 0 . 0 1 5 0 . 0 2 1

9 3 1 3 0 0 . 0 8 2 6 0 . 1 2 8 2 0 . 0 5 8 5 0 . 0 8 1 3 0 . 2 6 6 5

9 3 1 3 0 0 . 0 9 0 2 0 . 1 1 0 9 0 . 0 9 0 1 0 . 0 3 4 2 0 . 2 5 3 7

9 3 1 3 1 0 0 0 0 . 0 3 4 0 . 0 4 7 6

9 3 1 3 1 0 0 0 0 0

9 3 1 3 3 0 . 0 5 4 3 0 0 0 0

9 3 1 3 3 0 0 . 0 3 5 3 0 . 0 3 9 1 0 . 0 4 8 4 0 . 0 6 7 8

9 3 1 3 5 0 . 0 1 0 2 0 . 0 3 9 1 0 . 0 4 3 3 0 . 0 7 4 0 . 1 0 3 7

9 3 1 3 5 0 . 0 3 2 9 0 0 0 . 0 2 9 5 0 . 0 4 1 3

9 3 1 3 7 0 . 0 3 3 6 0 0 0 0

9 3 1 3 7 0 . 0 5 4 8 0 0 0 0

9 3 1 4 0 0 . 0 4 8 7 0 . 1 6 6 3 0 . 0 6 7 1 0 . 0 9 8 0 0 . 1 3 0 2

9 3 1 4 0 0 . 0 3 0 9 0 . 1 2 2 1 0 . 0 7 8 2 0 . 0 6 1 7 0 . 1 6 5 1

9 3 1 4 1 0 . 0 2 3 1 0 0 0 0

9 3 1 4 1 0 . 0 3 8 0 0 0 0

9 3 1 4 3 0 0 0 0 0

9 3 1 4 3 0 . 0 5 9 3 0 . 0 6 0 . 0 6 6 5 0 . 0 4 7 9 0 . 0 6 7

9 3 1 4 5 0 . 0 0 9 7 0 . 0 4 0 8 0 . 0 4 5 2 0 . 0 3 7 1 0 . 0 5 2

9 3 1 4 5 0 . 0 0 9 9 0 . 0 1 7 2 0 . 0 1 9 0 0

9 3 1 4 7 0 . 0 8 5 9 0 . 0 1 9 7 0 . 0 2 1 8 0 0

9 3 1 4 7 0 . 0 0 9 6 0 . 0 1 9 7 0 . 0 2 1 8 0 . 0 2 7 0 . 0 3 7 9

9 3 2 1 0 0 . 0 5 5 2 0 . 0 3 4 0 . 0 1 2 5 0 . 1 4 4 3 0 0 1 9 9

9 3 2 1 0 0 . 0 3 3 5 0 . 0 7 2 9 0 . 0 4 3 2 0 . 1 8 8 4 0 . 0 1 7 5

9 3 2 1 1 0 . 0 2 1 3 0 . 0 3 7 7 0 . 0 4 1 8 0 . 1 7 6 1 0 . 5 2 6 6

9 3 2 1 1 0 . 0 3 3 8 0 . 0 3 8 5 0 . 0 4 2 6 0 . 0 6 2 3 0 . 0 8 7 3

9 3 2 1 3 0 . 0 5 5 3 0 . 0 2 7 8 0 . 0 3 0 8 0 . 0 2 0 2 0 . 0 2 8 3

9 3 2 1 3 0 . 0 7 9 3 0 . 0 4 1 9 0 . 0 4 6 4 0 . 0 2 4 6 0 . 0 3 4 4

9 3 2 1 5 0 . 0 8 0 4 0 . 0 5 9 3 0 . 0 6 5 7 0 . 0 1 8 8 0 . 0 2 6 3

9 3 2 1 5 0 . 5 1 9 3 0 . 0 7 3 7 0 . 0 8 1 6 0 . 0 1 7 3 0 . 0 2 4 2
 



T a b l e a - a a . C o n t .

3 0 3

 

 

 

Y F e r T r t D a y G l u c o s e X y l o s e G a l a c t o s e A r a F r u c t o s e

9 3 2 1 7 0 0 . 0 5 6 7 0 . 0 6 2 8 0 . 0 5 8 9 0 . 1 3 0 3
9 3 2 2 0 0 . 0 8 0 8 0 . 0 3 9 2 0 . 0 6 3 9 0 . 1 3 4 2 0 . 1 0 8 3
9 3 2 2 1 0 . 0 8 8 1 0 . 1 5 7 1 0 . 1 7 4 0 . 0 7 4 2 0 . 1 0 3 9
9 3 2 2 1 0 . 0 1 4 3 0 . 0 7 4 1 0 . 0 8 2 1 0 . 4 2 0 1 0 . 5 8 8 2
9 3 2 2 3 0 . 0 1 5 8 0 . 0 1 7 8 0 . 0 1 9 7 0 . 0 1 9 7 0 . 0 2 7 7
9 3 2 2 3 0 . 0 4 2 4 0 . 0 2 7 8 0 . 0 3 0 8 0 . 0 3 0 1 0 . 0 4 2 1
9 3 2 2 5 0 . 0 9 7 8 0 . 0 3 6 3 0 . 0 4 0 1 0 . 0 1 8 2 0 . 0 2 5 4
9 3 2 2 5 0 . 0 7 4 1 0 . 0 4 7 9 0 . 0 5 3 0 . 0 1 5 9 0 . 0 2 2 3
9 3 2 2 7 0 . 0 0 1 6 0 . 0 3 6 3 0 . 0 4 0 2 0 . 0 1 2 6 0 . 0 1 7 7
9 3 2 2 7 0 . 0 0 1 9 0 . 0 3 1 6 0 . 0 3 5 0 . 0 1 1 4 0 . 0 1 6
9 3 2 3 0 0 . 0 2 6 7 0 . 0 3 2 5 0 . 0 3 0 6 0 . 1 2 7 9 0 . 0 6 2 7
9 3 2 3 0 0 . 0 6 8 6 0 . 2 1 9 3 0 . 0 3 0 6 0 . 1 2 8 3 0 . 1 0 1 4
9 3 2 3 1 0 . 0 6 8 7 0 . 0 4 6 6 0 . 0 5 1 6 0 . 0 9 0 . 1 2 6
9 3 2 3 1 0 . 0 4 5 9 0 . 1 4 3 4 0 . 1 5 8 8 0 . 1 3 5 0 . 1 8 9
9 3 2 3 3 0 . 0 9 8 9 0 . 0 2 0 . 0 2 2 1 0 . 1 8 6 0 . 2 6 0 5
9 3 2 3 3 0 . 0 9 9 5 0 . 0 2 6 6 0 . 0 2 9 5 0 . 0 8 7 7 0 . 1 2 2 8
9 3 2 3 5 0 . 0 3 2 4 0 . 0 3 7 4 0 . 0 4 1 5 0 . 0 1 7 3 0 . 0 2 4 3
9 3 2 3 5 0 . 0 3 0 1 0 . 0 3 7 3 0 . 0 4 1 3 0 . 0 1 6 1 0 . 0 2 2 5
9 3 2 3 7 0 . 0 8 5 6 0 0 0 . 0 2 0 8 0 . 0 2 9 1
9 3 2 3 7 0 . 0 3 3 2 0 . 0 7 1 9 0 . 1 3 5 0 . 0 2 2 6 0 . 0 3 1 7
9 3 2 4 0 0 . 0 4 5 6 0 . 1 4 1 1 0 . 0 4 3 7 0 . 1 3 8 4 0 . 0 5 1 8
9 3 2 4 0 0 . 0 2 3 4 0 . 0 5 1 1 0 . 1 5 1 3 0 . 0 2 6 0 0 . 0 3 4
9 3 2 4 1 0 . 0 1 2 4 0 . 0 9 7 2 0 . 1 0 7 7 0 . 3 4 4 4 0 . 4 8 2 3
9 3 2 4 1 0 . 0 2 0 0 0 . 0 5 5 2 0 . 0 6 1 1 0 . 1 0 9 9 0 . 1 5 3 9
9 3 2 4 3 0 . 0 6 2 4 0 . 0 1 8 8 0 . 0 2 0 8 0 . 1 7 4 7 0 . 2 4 4 6
9 3 2 4 3 0 . 0 7 9 4 0 . 0 3 7 1 0 . 0 4 1 1 0 0
9 3 2 4 5 0 . 0 5 4 4 0 . 0 3 1 3 0 . 0 3 4 7 0 . 0 1 3 4 0 . 0 1 8 7
9 3 2 4 5 0 . 0 1 6 3 0 . 0 4 3 0 . 0 4 7 6 0 0
9 3 2 4 7 0 . 0 1 6 6 0 0 0 0
9 3 2 4 7 0 . 0 0 7 7 0 0 0 . 0 2 1 9 0 . 0 3 0 7

A b b r e v i a t i n s :

Y - y e a r . F e r - l e n g t h o f f e r m e n t a t i o n ; 1 - 4 0 d ; 2 - 1 0 0 d ; t r t - t r e a t m e n t ; 1 - c o n t r o l , 2 = e n z y m e . 3 :
i n o c u l a n t . 4 - E + I ; A r a b 3 a r a b i n a s e



3 0 4

T a b l e A - 1 5 . D a t a u s e d f o r a n a l y s i s o f o r g a n i c a c i d c o n t e n t s ( g / 1 0 0 g D M ) o f f o r a g e s o r g h u m
e n s i l e d a t t w o s t a g e s o f m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 4 )
 

 

M a t T r t D a y C i t r i c M a l i c O x a l S u c c i n i c

9 0 1 0 0 . 8 7 5 4 . 2 7 7 1 . 0 7 6 4 . 4 1 6
9 0 1 0 0 . 7 4 2 4 . 9 1 8 1 . 1 5 0 2 . 2 1 2
9 0 1 0 0 . 9 6 8 4 . 4 9 1 1 . 1 4 7 2 . 0 0 6
9 0 1 1 0 . 2 6 5 2 . 8 0 5 1 . 2 7 5 3 . 5 1 3
9 0 1 1 0 . 3 2 1 3 . 6 9 7 1 . 3 0 1 3 . 1 0 9
9 0 1 1 0 . 2 8 5 2 . 4 0 7 1 . 1 2 2 2 . 5 3 7
9 0 1 3 0 . 2 8 2 . 9 8 1 . 1 7 1 3 . 2 3 6
9 0 1 3 0 . 1 8 8 3 . 6 6 3 1 . 1 3 5 1 . 8 3 3
9 0 1 3 0 . 2 7 9 1 . 3 5 3 1 . 7 4 1 2 . 0 0 6
9 0 1 7 0 . 2 0 4 2 . 7 5 5 1 . 4 7 1 2 . 8 8 0
9 0 1 7 0 . 4 1 2 2 . 3 1 5 0 . 2 5 4 2 . 2 1 7
9 0 1 7 0 . 3 3 6 3 . 0 0 7 1 . 2 2 4 3 . 3 5 9
9 0 1 2 1 0 . 5 0 9 3 . 7 5 3 1 . 0 4 7 3 . 1 3 8
9 0 1 2 1 0 . 2 8 7 2 . 9 2 2 1 . 0 7 4 2 . 6 3 0
9 0 1 2 1 0 . 3 7 9 2 . 2 2 5 1 . 1 6 3 1 . 8 6 7
9 0 1 1 0 0 0 . 1 2 5 1 . 0 3 3 0 . 9 1 4 1 . 0 7 8
9 0 1 1 0 0 0 . 1 0 8 1 . 1 6 7 0 . 4 7 9 0 . 8 3 1
9 0 1 1 0 0 0 . 1 7 3 1 . 3 6 9 0 . 5 2 7 1 . 1 9 8
9 0 2 0 0 . 7 9 8 4 . 7 0 0 1 . 6 7 8 3 . 4 3 1
9 0 2 0 0 . 6 1 2 4 . 7 7 3 1 . 0 8 5 3 . 7 2 4
9 0 2 O 0 . 7 4 4 5 . 6 1 2 1 . 1 6 0 2 . 8 4 4
9 0 2 1 0 . 3 5 9 2 . 8 3 8 1 . 8 3 1 4 . 2 8 9
9 0 2 1 0 . 7 8 5 2 . 1 6 3 1 . 4 8 6 4 . 4 1 9
9 0 2 1 0 . 4 0 7 2 . 3 8 6 0 . 4 2 4 2 . 8 2 4
9 0 2 3 0 . 2 3 7 2 . 0 9 1 1 . 1 3 8 3 . 2 7 5
9 0 2 3 0 . 1 6 9 3 . 9 8 8 1 . 1 1 1 2 . 5 6 0
9 0 2 3 0 . 4 0 3 1 . 9 3 7 1 . 1 4 8 2 . 9 1 0
9 0 2 7 0 . 3 9 3 1 . 8 4 9 1 . 5 8 0 3 . 7 6 1
9 0 2 7 0 . 5 0 7 2 . 2 8 2 1 . 7 0 1 3 . 3 6 6
9 0 2 7 0 . 3 5 4 2 . 1 0 1 1 . 0 7 2 2 . 0 9 7
9 0 2 2 1 0 . 4 5 6 1 . 1 0 2 1 . 0 7 4 2 . 5 0 9
9 0 2 2 1 0 . 3 8 7 2 . 4 1 4 1 . 2 5 0 1 . 0 0 5
9 0 2 2 1 0 . 3 0 8 1 . 0 5 2 0 . 7 5 5 1 . 8 5 8
9 0 2 1 0 0 0 . 3 4 7 1 . 3 4 4 1 . 0 6 5 1 . 0 4 5
9 0 2 1 0 0 0 . 1 8 4 1 . 3 9 6 0 . 5 2 9 1 . 1 3 4
9 0 2 1 0 0 0 . 2 3 7 2 . 0 4 7 0 . 5 0 7 1 . 2 5 1
9 0 3 0 0 . 5 1 1 4 . 5 6 0 1 . 1 9 3 . 6 0 7
9 0 3 0 . 8 0 2 4 . 3 4 5 1 . 3 8 0 3 . 5 5 3
9 0 3 0 0 . 3 7 1 3 . 9 9 8 1 . 1 2 3 2 . 6 8 5
9 0 3 1 0 . 1 6 3 2 . 5 4 8 1 . 3 6 6 3 . 3 2 2
9 0 3 1 0 . 8 2 4 3 . 6 1 1 1 . 2 3 5 2 . 4 7 4
9 0 3 1 0 . 7 9 7 2 . 3 9 3 1 . 0 1 0 3 . 2 5 8
9 0 3 3 0 . 7 9 9 2 . 5 9 2 1 . 4 1 0 2 . 4 8 4
9 0 3 3 0 . 7 2 8 2 . 7 2 4 0 . 9 9 5 2 . 5 3 6
9 0 3 3 0 . 7 3 0 2 . 5 8 3 1 . 2 6 6 2 . 4 8 8
9 0 3 7 0 . 6 3 8 3 . 6 8 5 1 . 1 2 3 2 . 7 4 0
9 0 3 7 0 . 7 7 3 3 . 0 8 1 1 . 2 2 4 2 . 0 4 3
9 0 3 7 0 . 2 4 9 2 . 8 2 9 1 . 1 6 9 0 . 9 3 0
9 0 3 2 1 0 . 1 7 7 2 . 2 4 7 1 . 2 2 5 1 . 7 3 4
9 0 3 2 1 0 . 3 0 4 2 . 7 0 8 1 . 0 6 8 1 . 9 3 2
9 0 3 2 1 0 . 1 8 1 1 . 7 9 5 0 . 9 8 3 1 . 4 3 3
9 0 3 1 0 0 0 . 1 2 4 1 . 7 5 3 0 . 9 4 3 1 . 3 1 6
9 0 3 1 0 0 0 . 1 7 7 1 . 9 9 8 0 . 8 5 2 1 . 9 1 9
9 0 3 1 0 0 0 . 1 6 9 1 . 9 3 4 0 . 9 8 7 1 . 4 5 9
9 0 4 0 0 . 7 2 0 5 . 0 0 1 1 . 0 3 4 3 . 5 6 5
9 0 4 0 0 . 3 0 6 4 . 5 6 7 1 . 3 1 1 2 . 9 6 6
9 0 4 0 0 . 9 8 7 4 . 2 2 1 1 . 3 5 5 4 . 8 5 6
9 0 4 1 0 . 4 9 7 3 . 0 8 0 1 . 5 8 2 . 2 8 2
9 0 4 1 0 . 3 3 6 2 . 8 8 9 1 . 3 1 8 2 . 6 5 8
9 0 4 1 0 . 3 0 6 2 . 1 4 3 1 . 5 7 2 . 4 4 5
9 0 4 3 0 . 2 8 3 3 . 0 3 5 1 . 6 9 1 2 . 5 6 7
9 0 4 3 0 . 6 3 9 2 . 6 0 3 0 . 9 4 8 3 . 8 2 1
9 0 4 3 0 . 1 2 1 3 . 8 3 9 1 . 3 5 3 1 . 8 7 9
9 0 4 7 0 . 7 3 6 3 . 5 1 5 1 . 1 0 8 1 . 9 2 3
 



3 0 5

 

 

T a b l e A - 1 5 . C o n t .

M a t T r t D a y C i t r i c M a l i c O x a l S u c c i n i c

9 0 4 7 0 . 4 6 9 3 . 1 0 4 1 . 7 0 5 2 . 1 8 7
9 0 4 7 0 . 5 1 6 2 . 8 5 8 0 . 9 4 7 1 . 9 8 4
9 0 4 2 1 0 . 3 1 4 3 . 9 3 4 1 . 2 9 6 1 . 8 7 3
9 0 4 2 1 0 . 3 1 2 3 . 4 3 0 0 . 9 8 4 1 . 8 5 8
9 0 4 2 1 0 . 1 1 0 2 . 4 5 3 1 . 4 3 6 1 . 2 5 3
9 0 4 1 0 0 0 . 1 3 7 1 . 9 4 9 0 . 9 1 4 1 . 8 7 0
9 0 4 1 0 0 0 . 1 0 4 1 . 0 0 6 0 . 7 6 8 1 . 6 5 6
9 0 4 1 0 0 0 . 1 0 4 2 . 3 2 9 0 . 9 0 5 0 . 9 9 6
1 1 0 1 0 2 . 4 2 4 4 . 8 1 0 0 . 1 4 1 3 . 1 1 4
1 1 0 1 0 1 . 6 4 0 5 . 1 3 4 0 . 1 4 8 4 . 8 3 3
1 1 0 1 0 1 . 1 9 8 4 . 8 6 3 0 . 1 4 7 2 . 7 3 9
1 1 0 1 1 1 . 2 9 7 4 . 9 1 7 0 . 2 3 7 2 . 7 6 4
1 1 0 1 1 1 . 9 4 7 4 . 7 6 3 0 . 2 3 5 2 . 6 8 8
1 1 0 1 1 0 . 9 7 3 4 . 8 9 2 0 . 2 4 7 1 . 7 2 3
1 1 0 1 3 1 . 6 5 6 4 . 8 7 6 0 . 3 3 6 1 . 5 3 4
1 1 0 1 3 1 . 1 0 8 4 . 1 5 1 0 . 2 5 7 1 . 1 9 9
1 1 0 1 3 1 . 0 7 7 4 . 9 0 5 0 . 2 9 7 1 . 1 7 4
1 1 0 1 7 1 . 2 1 0 4 . 8 6 7 0 . 3 4 2 1 . 0 1 5
1 1 0 1 7 0 . 8 1 6 4 . 6 0 0 0 . 2 9 2 1 . 8 2 8
1 1 0 1 7 0 . 8 4 4 3 . 9 8 4 0 . 2 6 0 1 . 9 5 5
1 1 0 1 2 1 0 . 8 3 6 4 . 1 4 4 0 . 1 9 3 1 . 7 5 7
1 1 0 1 2 1 0 . 7 4 5 3 . 5 5 9 0 . 1 9 4 1 . 2 2 2
1 1 0 1 2 1 0 . 6 7 3 4 . 4 0 7 0 . 2 7 2 1 . 0 6 1
1 1 0 1 1 0 0 0 . 7 9 0 4 . 2 9 3 0 . 4 0 0 1 . 3 1 9
1 1 0 1 1 0 0 0 . 3 7 4 . 3 3 3 0 . 0 9 4 1 . 4 8 9
1 1 0 1 1 0 0 0 . 9 9 6 3 . 0 3 1 0 . 1 2 8 1 . 0 6 4
1 1 0 2 0 1 . 3 7 0 4 . 9 5 3 0 . 1 4 5 2 . 2 2 4
1 1 0 2 0 1 . 5 8 2 4 . 7 7 0 0 . 1 5 7 4 . 7 2 6
1 1 0 2 0 1 . 3 6 3 4 . 9 5 1 0 . 1 8 7 4 . 9 6 2
1 1 0 2 1 1 . 8 3 4 4 . 9 8 0 0 . 0 5 4 . 9 2 5
1 1 0 2 1 1 . 2 2 0 4 . 0 4 1 0 . 1 6 9 3 . 5 4 3
1 1 0 2 1 1 . 8 8 5 . 1 2 1 0 . 0 9 7 1 . 9 3 1
1 1 0 2 3 1 . 4 7 4 . 7 3 5 0 . 3 5 7 1 . 7 9 9
1 1 0 2 3 0 . 9 6 8 4 . 8 2 4 0 . 3 7 3 1 . 3 9 2
1 1 0 2 3 1 . 4 8 4 . 7 5 5 0 . 3 2 1 1 . 2 1 3
1 1 0 2 7 1 . 0 7 9 4 . 5 6 2 0 . 5 2 6 1 . 4 0 6
1 1 0 2 7 0 . 8 8 6 4 . 7 6 2 0 . 2 5 3 1 . 2 5 5
1 1 0 2 7 0 . 7 1 0 4 . 7 6 4 0 . 2 2 8 1 . 1 1 4
1 1 0 2 2 1 0 . 3 6 5 4 . 5 2 9 0 . 2 2 8 1 . 6 9 0
1 1 0 2 2 1 0 . 1 5 8 4 . 4 3 6 0 . 4 5 2 1 . 5 9 0
1 1 0 2 2 1 0 . 6 2 9 4 . 3 2 8 0 . 2 3 2 0 . 9 0 8
1 1 0 2 1 0 0 1 . 0 5 6 2 . 1 2 7 0 . 1 0 4 1 . 4 5 0
1 1 0 2 1 0 0 0 . 4 0 0 3 . 3 6 0 0 . 0 5 6 1 . 6 3 1
1 1 0 2 1 0 0 0 . 7 2 4 3 . 7 1 1 0 . 2 9 8 1 . 6 1 1
1 1 0 3 0 1 . 4 3 1 5 . 0 1 8 0 . 1 7 1 4 . 0 9 0
1 1 0 3 0 1 . 3 8 7 4 . 8 1 4 0 . 1 2 8 3 . 7 6 4
1 1 0 3 0 1 . 0 5 3 4 . 6 8 0 0 . 1 4 5 4 . 0 7 4
1 1 0 3 1 1 . 1 6 7 4 . 7 6 6 0 . 1 1 2 3 . 8 6 5
1 1 0 3 1 1 . 8 2 5 4 . 9 3 0 0 . 1 2 3 3 . 4 8 4
1 1 0 3 1 0 . 9 8 9 5 . 5 5 6 0 . 1 3 5 2 . 6 4 1
1 1 0 3 3 1 . 0 3 2 5 . 2 2 0 0 . 2 8 1 1 . 9 9 5
1 1 0 3 3 0 . 8 5 6 4 . 2 6 9 0 . 2 1 9 1 . 9 0 2
1 1 0 3 3 1 . 3 9 0 5 . 1 2 6 0 . 3 4 6 1 . 3 2 7
1 1 0 3 7 1 . 1 0 2 3 . 4 4 2 0 . 3 1 6 1 . 7 8 0
1 1 0 3 7 1 . 6 4 9 4 . 7 0 1 0 . 1 8 9 1 . 2 3 2
1 1 0 3 7 1 . 4 9 6 4 . 0 1 3 0 . 2 5 2 0 . 9 4 1
1 1 0 3 2 1 0 . 9 0 0 3 . 3 3 0 0 . 3 2 8 1 . 3 4 7
1 1 0 3 2 1 1 . 2 1 8 3 . 8 8 1 0 . 3 9 1 . 7 6 8
1 1 0 3 2 1 1 . 1 5 5 4 . 1 4 2 0 . 1 9 9 1 . 2 4 8
1 1 0 3 1 0 0 0 . 6 8 1 4 . 2 9 0 . 1 1 9 0 . 8 5 5
1 1 0 3 1 0 0 0 . 8 6 3 3 . 3 4 2 0 . 1 4 4 0 . 9 3 3
1 1 0 3 1 0 0 0 . 8 6 8 3 . 3 4 4 0 . 1 4 4 0 . 9 3 3
1 1 0 4 0 0 . 6 3 0 4 . 8 6 8 0 . 1 1 5 3 . 1 5 4
1 1 0 4 0 1 . 9 1 1 5 . 0 4 8 0 . 1 2 6 2 . 5 6 3
1 1 0 4 0 1 1 . 3 2 3 3 . 3 9 8 9 , 1 9 5 3 . 4 5 4
  



3 0 6

 

 

T a b l e A - 1 5 . C o n t .

M a t T r t D a y C i t r i c M a l i c O x a l S u c c i n i c

1 1 0 4 1 1 . 6 8 8 4 . 7 1 4 0 . 1 2 0 4 . 2 0 6
1 1 0 4 1 1 . 5 5 4 5 . 4 3 7 0 . 1 9 4 3 . 9 5 0
1 1 0 4 1 1 . 5 5 4 5 . 4 7 3 0 . 1 9 4 3 . 9 5 0
1 1 0 4 3 0 . 7 0 7 4 . 7 2 1 0 . 0 7 9 1 . 0 5 7
1 1 0 4 3 1 . 0 0 3 4 . 5 4 7 0 . 0 9 8 1 . 4 2 1
1 1 0 4 3 1 . 4 6 7 5 . 0 5 1 0 . 0 5 3 1 . 0 2 8
1 1 0 4 7 1 . 0 8 3 4 . 6 6 4 0 . 2 3 9 1 . 7 6 8
1 1 0 4 7 1 . 1 4 6 4 . 1 8 3 0 . 2 1 3 1 . 4 7 5
9 0 4 7 1 . 0 0 9 4 . 2 5 6 0 . 0 8 7 1 . 2 0 1
9 0 4 2 1 0 . 8 3 8 4 . 9 0 9 0 . 2 5 3 1 . 4 2 9
9 0 4 2 1 1 . 4 0 9 3 . 5 7 3 0 . 2 4 1 1 . 4 0 9
9 0 4 2 1 0 . 6 8 1 3 . 8 9 1 0 . 2 7 2 1 . 5 5 5
9 0 4 1 0 0 0 . 9 1 8 3 . 8 5 9 0 . 2 2 3 0 . 8 9 4
9 0 4 1 0 0 0 . 8 9 0 3 . 7 3 0 0 . 2 1 1 0 . 8 1 4
9 0 4 1 0 0 1 . 0 9 3 2 . 1 5 0 0 . 2 1 9 0 . 7 7 8

 

A b b r e v i a t i o n s : .
M a t = m a t u r i t y ( d a y s ) ; T r t = t r e a t m e n t , 1 = c o n t r o l . 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I ; O x a l =
O x a l o a c e t i c a c i d



3 0 7

D a t a u s e d f o r a n a l y s i s o f p H a n d m i c r o b i a l s u c c e s s i o n i n f o r a g e s o r g h u m
e n s i l e d a t t w o s t a g e s o f m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 4 )

T a b l e A - 1 6 . 

L A B E n t Y M L A Yp HT r tM a t 
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C o n nT a b l e A - 1 6 . 

L A B E n t Y M L A Yp HT r tM a t 

r.
.
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3 0 9

 

 

T a b l e A - 1 6 . C o n t .

M a t T r t D p H L A B E n t Y M L A Y

1 1 0 4 1 4 . 4 5 8 . 9 4 7 . 1 6 . 7 8 6 . 8 4
1 1 0 4 1 4 . 4 9 9 . 0 3 7 . 0 7 6 . 8 9 6 . 9 1
1 1 0 4 3 4 . 1 1 9 . 2 4 . 9 2 7 . 0 1 7 . 2
1 1 0 4 3 4 . 0 7 9 . 0 9 5 . 7 7 6 . 4 5 6 . 1 3
1 1 0 4 3 4 . 1 9 . 9 5 3 . 1 9 7 . 2 3 6 . 6 4
1 1 0 4 7 4 . 0 7 8 . 0 3 4 7 . 1 5 7 . 1 8
1 1 0 4 7 4 . 0 6 8 . 4 6 5 . 5 3 6 . 8 8 7 . 1 2
1 1 0 4 7 4 . 0 9 8 . 2 9 5 . 0 9 7 . 3 7 6 . 9 5
1 1 0 4 2 1 4 . 1 4 5 . 9 5 3 . 0 7 5 . 6 9 5 . 1 7
1 1 0 4 2 1 4 . 1 4 6 . 8 9 3 . 2 7 6 . 3 2 6 . 1 6
1 1 0 4 2 1 4 . 1 7 . 1 2 3 . 3 2 6 . 2 3 6 . 3
1 1 0 4 1 0 0 4 . 1 4 6 . 5 5 3 . 5 9 5 . 5 2 5 . 4 8
1 1 0 4 1 0 0 4 . 0 6 6 . 4 5 3 . 4 1 5 . 9 5 . 6 9
1 1 0 4 1 0 0 4 . 1 8 6 . 7 9 3 . 3 1 5 . 9 8 5 . 6 9
 

A b b r e v i a t i o n s :
M a t = m a t u r i t y ( d a y s ) ; T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + I ;
L A B = L a c t i c a c i d - p r o d u c i n g b a c t e r i a . E n t = E n t e r o b a c t e r i a c e a e , Y M = y e a s t s a n d m o l d s , L A Y
= l a c t a t e a s s i m i l a t i n g y e a s t .



T a b l e A - 1 7 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n e n d - p r o d u c t s ( g / 1 0 0 g D M ) i n f o r a g e s o r g h u m e n s i l e d a t t w o
s t a g e s o f m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 4 )

 

 

M T D A c e L a c P r o E t h a n o l B u t

1 1 O 0 . 0 8 3 0 . 1 4 6 0 0 . 0 6 1 O
1 1 O 0 . 0 2 7 0 . 0 5 3 O 0 . 0 5 7 0
1 1 0 0 . 1 2 6 0 . 0 2 7 O 0 . 1 3 2 0
1 1 1 0 . 1 2 8 1 . 3 4 8 0 . 0 0 5 0 . 4 8 0 0 . 0 2 0
1 1 1 0 . 2 5 6 1 . 2 6 8 0 . 0 0 0 0 . 5 1 0 0 . 0 3 0
1 1 1 0 . 2 3 0 1 . 2 9 8 O 0 . 4 6 6 0 . 0 3 0
1 1 3 0 . 9 1 7 5 . 5 5 0 0 . 0 0 7 0 . 5 1 6 0 . 0 8 6
1 1 3 0 . 6 0 6 6 . 8 0 9 0 . 0 0 3 0 . 6 5 9 0 . 0 3 3
1 1 3 0 . 6 5 6 3 . 4 8 5 0 . 0 0 6 0 . 5 4 6 0 . 0 7 7
1 1 7 0 . 7 9 5 5 . 8 9 0 0 . 0 0 0 0 . 6 6 5 0 . 0 5 0
1 1 7 0 . 6 4 2 8 . 9 9 1 0 . 0 0 6 0 . 8 5 6 0 . 0 4 8
1 1 7 0 . 8 5 0 6 . 5 9 6 0 . 0 0 8 0 . 9 3 4 0 . 0 7 3
1 1 2 1 0 . 6 1 4 5 . 8 3 0 0 . 0 3 9 0 . 6 2 7 0 . 0 5 2
1 1 2 1 0 . 9 0 7 6 . 8 5 0 0 . 0 4 1 0 . 7 0 4 0 . 0 1 8
1 1 2 1 0 . 5 9 9 5 . 4 0 1 0 . 0 4 2 0 . 4 1 3 0 . 0 7 1
1 1 1 0 0 0 . 7 1 4 2 . 9 0 2 0 . 0 2 0 0 . 2 0 2 0 . 0 5 3
1 1 1 0 0 0 . 8 0 3 2 . 5 8 5 0 . 0 4 0 0 . 2 8 3 0 . 0 7 6
1 1 1 0 0 0 . 7 3 2 2 . 1 2 5 O 0 . 1 0 3 0 . 0 1 1
1 2 O 0 . 0 3 7 0 . 0 7 7 O 0 . 0 9 6 O
1 2 O 0 . 0 8 2 0 . 0 9 9 O 0 . 0 2 9 O
1 2 O 0 . 0 8 9 0 . 0 9 2 O 0 . 0 9 9 O
1 2 1 0 . 2 2 3 1 . 0 8 1 O 0 . 5 4 0 0 . 0 2 4
1 2 1 0 . 2 5 9 1 . 2 4 9 0 . 0 0 5 0 . 6 2 7 0 . 0 3 1
1 2 1 0 . 1 7 2 1 . 2 4 2 O 0 . 4 7 8 0 . 0 6 7
1 2 3 0 . 6 0 9 4 . 8 7 7 0 . 0 0 3 0 . 7 1 5 0 . 0 7 1
1 2 3 1 . 1 4 1 6 . 6 1 4 0 . 0 0 9 0 . 6 2 3 0 . 0 7 7
1 2 3 0 . 7 9 5 6 . 7 1 7 0 . 0 0 3 0 . 8 3 1 0 . 0 4 9
1 2 7 1 . 1 7 5 6 . 5 4 0 . 0 0 4 1 . 0 8 9 0 . 0 0 3
1 2 7 0 . 8 8 6 7 . 3 7 4 0 . 0 0 6 0 . 8 8 4 0 . 0 5 3
1 2 7 0 . 5 3 4 6 . 9 2 6 0 . 0 0 7 0 . 8 3 5 0 . 0 5 2
1 2 2 1 0 . 7 2 2 5 . 5 4 1 0 . 0 3 8 0 . 8 5 1 0 . 0 9 7
1 2 2 1 0 . 7 6 7 6 . 4 1 1 0 . 0 3 8 0 . 6 3 8 0 . 0 3 1
1 2 2 1 0 . 6 8 6 5 . 9 4 5 0 . 0 3 6 0 . 7 4 0 0 . 0 4 2
1 2 1 0 0 0 . 7 7 5 2 . 7 9 1 0 . 0 2 4 0 . 2 2 7 0 . 0 0 0
1 2 1 0 0 0 . 7 3 3 1 . 8 7 5 0 . 0 2 0 0 . 3 9 1 0 . 0 9 2
1 2 1 0 0 0 . 8 7 4 2 . 5 1 4 0 . 0 4 0 0 . 1 2 6 0 . 0 7 9
1 3 O 0 . 1 0 6 0 . 0 9 2 O 0 . 0 8 1 O
1 3 O 0 . 0 8 2 0 . 0 2 3 O 0 . 1 5 4 O
1 3 O 0 . 1 1 7 0 . 1 5 8 0 . 0 0 1 0 . 0 2 2 O
1 3 1 0 . 2 8 8 2 . 2 8 1 0 . 0 0 0 0 . 1 4 8 0 . 0 2 9
1 3 1 0 . 4 0 6 1 . 2 8 9 0 . 0 0 0 0 . 1 9 1 0 . 0 5 6
1 3 1 0 . 3 1 2 1 . 2 3 7 0 . 0 0 5 0 . 9 6 2 0 . 0 5 2
1 3 3 0 . 5 5 6 9 . 3 1 8 0 . 0 0 5 0 . 5 9 4 0 . 0 8 5
1 3 3 0 . 5 7 3 8 . 7 2 0 0 . 0 0 7 0 . 7 1 5 0 . 0 6 0
1 3 3 0 . 7 9 2 8 . 6 9 2 0 . 0 0 7 0 . 7 4 9 0 . 0 7 8
1 3 7 0 . 7 0 5 8 . 7 3 0 0 . 0 0 6 0 . 8 1 1 0 . 0 9 1
1 3 7 0 . 7 5 6 7 . 8 7 4 0 . 0 0 5 0 . 8 1 7 0 . 0 3 7
1 3 7 0 . 7 8 6 5 . 8 5 0 O 0 . 8 3 0 . 0 9 9
1 3 2 1 0 . 7 2 6 5 . 6 1 7 O 0 . 4 3 6 0 . 0 8 0
1 3 2 1 0 . 4 6 9 7 . 2 8 2 0 . 0 6 1 0 . 5 8 8 0 . 0 4 7
1 3 2 1 0 . 6 2 8 6 . 2 0 1 O 0 . 5 9 5 0 . 0 3 8
1 3 1 0 0 0 . 3 1 9 3 . 2 8 7 0 . 0 3 9 0 . 2 9 6 0 . 0 1 9
1 3 1 0 0 0 . 7 9 5 5 . 1 0 2 0 . 0 2 0 0 . 3 3 1 0 . 0 1 4
1 3 1 0 0 0 . 7 6 9 3 . 4 6 0 O 0 . 2 5 0 0 . 0 7 1
1 4 O 0 . 0 2 3 0 . 1 5 8 O 0 . 0 5 5 O
1 4 O 0 . 1 0 5 0 . 1 4 9 0 0 . 1 3 9 0
1 4 0 0 . 1 2 7 0 . 0 4 1 0 . 0 0 7 0 . 0 7 2 O
1 4 1 0 . 2 0 5 2 . 2 5 5 0 . 0 0 0 0 . 9 3 6 0 . 0 6 0
1 4 1 0 . 2 1 5 1 . 3 2 9 0 . 0 0 9 0 . 0 0 9 0 . 0 5 0
1 4 1 0 . 3 4 2 1 . 5 1 9 O 0 . 4 0 2 0 . 0 3 4
1 4 3 0 . 7 7 4 9 . 4 6 3 0 . 0 0 2 0 . 8 2 2 0 . 0 0 7
1 4 3 0 . 7 5 9 8 . 5 1 7 0 . 0 0 4 0 . 6 6 9 0 . 0 0 8
1 4 3 0 . 3 5 4 8 . 1 6 1 0 . 0 0 7 0 . 5 5 3 0 . 0 9 7
1 4 7 0 . 5 5 7 7 . 6 4 2 0 . 0 0 9 0 . 6 3 9 0 . 0 9 8
 



T a b l e A - 1 7 . C o n t .

3 1 1

 

 

M T 0 A c e L a c P r o E t h a n o l B u t

1 4 7 0 . 4 4 7 7 . 8 7 7 0 0 . 8 5 9 0 . 0 5 7
1 4 7 0 . 8 4 4 6 . 5 0 9 0 . 0 0 7 0 . 5 7 1 0 . 0 1 5
1 4 2 1 0 . 6 7 2 6 . 9 2 3 0 . 0 2 8 0 . 6 6 6 0 . 0 6 4
1 4 2 1 0 . 7 7 6 6 . 2 6 9 0 . 0 6 0 0 . 6 9 4 0 . 0 9 7
1 4 2 1 0 . 7 5 5 4 . 3 3 5 0 0 . 0 9 0 0 . 0 8 9
1 4 1 0 0 0 . 7 8 2 4 . 2 6 3 0 . 0 2 1 0 . 4 0 1 0 . 0 6 5
1 4 1 0 0 0 . 7 9 3 4 . 2 2 4 0 . 0 2 0 . 3 2 8 0 . 0 3 6
1 4 1 0 0 0 . 6 3 7 3 . 2 7 4 0 0 . 1 4 9 0 . 0 3 2
2 1 0 0 . 0 4 0 0 . 0 7 3 0 0 . 0 3 3 0
2 1 0 0 . 0 1 2 0 . 0 7 2 0 0 . 1 1 4 0
2 1 0 0 . 0 7 3 0 . 1 0 4 0 0 . 3 4 1 0
2 1 1 0 . 2 9 1 0 . 1 6 0 0 . 0 0 6 0 . 2 6 9 0 . 0 6 7
2 1 1 0 . 3 7 8 0 . 2 1 3 0 . 0 0 8 0 . 3 2 1 0 . 0 7 8
2 1 1 0 . 2 6 1 0 . 2 3 2 0 . 0 0 9 0 . 4 1 3 0 . 0 4 4
2 1 3 0 . 4 4 0 5 . 2 7 1 0 . 0 0 1 1 . 4 6 5 0 . 0 1 2
2 1 3 0 . 4 9 1 6 . 4 2 2 0 . 0 0 4 1 . 4 4 0 0 . 0 1 2
2 1 3 0 . 5 7 2 6 . 3 7 4 0 . 0 0 1 1 . 5 5 8 0 . 0 1 2
2 1 7 0 . 2 8 1 3 . 8 1 4 0 . 0 0 8 1 . 0 9 9 0 . 0 5 3
2 1 7 0 . 3 2 7 3 . 4 8 4 0 1 . 4 0 0 0 . 0 7 0
2 1 7 0 . 4 5 1 4 . 1 7 0 0 . 0 0 0 2 . 0 0 9 0 . 0 1 2
2 1 2 1 0 . 3 4 5 4 . 9 4 7 0 1 . 2 6 0 0 . 0 8 2
2 1 2 1 0 . 3 3 3 4 . 9 5 4 0 1 . 3 4 9 0 . 0 8 0
2 1 2 1 0 . 3 4 1 4 . 8 3 5 0 . 0 3 3 1 . 6 2 6 0 . 0 7 7
2 1 1 0 0 0 . 1 4 9 3 . 0 5 7 0 . 0 2 2 0 . 6 2 2 0 . 0 9 2
2 1 1 0 0 0 . 2 4 3 3 . 4 3 1 0 . 0 3 2 0 . 9 5 5 0 . 0 5 4
2 1 1 0 0 0 . 2 1 3 3 . 2 9 9 0 . 0 3 0 0 . 8 5 3 0 . 0 9 3
2 2 0 0 . 0 7 3 0 . 1 0 5 0 0 . 0 6 1 0
2 2 0 0 . 0 3 1 0 . 0 9 2 0 0 . 1 5 5 0
2 2 0 0 . 0 5 6 0 . 0 5 6 0 0 . 0 2 0 0
2 2 1 0 . 2 9 0 0 . 4 0 7 0 . 0 0 6 0 . 3 9 9 0 . 0 4 0
2 2 1 0 . 2 5 6 0 . 3 2 1 0 . 0 0 5 0 . 4 5 4 0 . 0 2 7
2 2 1 0 . 1 2 1 0 . 9 5 3 0 . 0 0 5 0 . 5 8 6 0 . 0 3 8
2 2 3 0 . 5 7 3 5 . 8 8 6 0 . 0 0 4 1 . 2 8 5 0 . 0 8 8
2 2 3 0 . 4 4 8 5 . 8 1 8 0 . 0 0 3 1 . 6 6 3 0 . 0 7 0
2 2 3 0 . 2 5 3 6 . 4 8 6 0 . 0 0 3 1 . 5 1 8 0 . 0 8 6
2 2 7 0 . 3 2 8 4 . 1 7 8 0 . 0 0 9 2 . 9 0 4 0 . 0 0 1
2 2 7 0 . 2 2 4 3 . 3 2 3 0 1 . 1 8 1 0 . 0 6 6
2 2 7 0 . 2 4 5 4 . 8 5 7 0 1 . 6 6 8 0 . 0 8 6
2 2 2 1 0 . 2 4 6 4 . 4 0 0 0 . 0 1 6 1 . 7 5 7 0 . 0 8 2
2 2 2 1 0 . 2 7 5 3 . 7 3 2 0 . 0 2 1 2 . 1 8 0 0 . 0 6 1
2 2 2 1 0 . 1 4 9 4 . 0 1 1 0 1 . 6 3 6 0 . 0 4 1
2 2 1 0 0 0 . 3 6 6 3 . 3 4 8 0 . 0 3 5 0 . 7 2 7 0 . 0 3 0
2 2 1 0 0 0 . 2 3 6 3 . 7 1 6 0 . 0 2 6 0 . 7 2 7 0 . 0 2 2
2 2 1 0 0 0 . 2 5 5 3 . 7 7 9 0 . 0 2 3 0 . 7 5 2 0 . 0 4 9
2 3 0 0 . 0 4 9 0 . 0 8 1 0 0 . 0 5 3 0 . 0 0 0
2 3 0 0 . 0 3 2 0 . 0 6 4 0 0 . 0 4 0 0 . 0 0 5
2 3 0 0 . 0 4 2 0 . 0 2 6 0 . 0 0 6 0 . 1 4 0 0 . 0 0 2
2 3 1 0 . 2 3 1 1 . 6 7 9 0 . 0 0 4 0 . 4 4 6 0 . 0 3 2
2 3 1 0 . 2 3 1 1 . 6 9 1 0 . 0 0 8 0 . 9 8 4 0 . 0 4 2
2 3 1 0 . 2 1 6 1 . 7 5 0 0 . 0 0 6 0 . 8 0 4 0 . 0 2 8
2 3 3 0 . 6 5 9 5 . 9 5 4 0 . 0 0 3 1 . 0 6 7 0 . 0 4 3
2 3 3 0 . 5 4 0 4 . 7 0 5 0 . 0 0 4 1 . 1 5 8 0 . 0 2 6
2 3 3 0 . 5 6 9 4 . 8 4 1 0 . 0 0 3 1 . 9 9 5 0 . 0 4 9
2 3 7 0 . 3 0 0 5 . 3 8 6 0 3 . 1 4 9 0 . 0 5 4
2 3 7 0 . 2 0 0 4 . 8 8 3 0 1 . 0 0 6 0 . 0 4 5
2 3 7 0 . 3 5 7 5 . 6 1 5 0 1 . 2 7 0 0 . 0 3 9
2 3 2 1 0 . 3 1 7 3 . 7 5 1 0 1 . 1 3 0 0 . 0 2 2
2 3 2 1 0 . 2 3 4 3 . 6 6 1 0 . 0 2 4 1 . 9 1 4 0 . 0 4 9
2 3 2 1 0 . 3 7 7 4 . 5 5 4 0 . 0 0 8 1 . 7 9 7 0 . 0 4 9
2 3 1 0 0 0 . 2 0 2 2 . 7 1 9 0 . 0 1 5 0 . 3 1 2 0 . 0 1 7
2 3 1 0 0 0 . 2 1 7 3 . 0 4 4 0 . 0 2 0 0 . 2 7 5 0 . 0 5 1
2 3 1 0 0 0 . 2 6 3 3 . 4 3 4 0 . 0 6 9 0 . 9 5 6 0 . 0 5 1
2 4 0 0 . 0 4 2 0 . 0 4 4 0 0 0 . 0 0 1
2 4 0 0 . 0 5 0 0 . 2 7 8 0 0 . 0 8 7 0 . 0 0 5
2 4 0 0 . 0 8 7 0 . 3 0 5 0 0 . 0 8 8 0 . 0 0 6
2 4 1 0 . 2 1 7 1 . 6 7 5 0 . 0 0 4 0 . 4 1 9 0 . 0 0 4
 



T a b l e A — 1 7 C o n t .

3 1 2

 

 

M T D A c e L a c P r o E t h a n o l B u t

2 4 1 0 . 2 5 7 2 . 2 4 6 0 . 0 0 8 0 . 6 0 5 0 . 0 6 4
2 4 1 0 . 3 2 6 2 . 5 9 1 0 . 0 0 6 0 . 9 4 2 0 . 0 6 6
2 4 3 0 . 4 2 8 5 . 2 9 6 0 1 . 2 5 6 0 . 0 4 8
2 4 3 0 . 5 5 0 6 . 0 4 6 0 . 0 0 5 1 . 2 5 6 0 . 0 5 7
2 4 3 0 . 5 9 1 5 . 6 7 4 0 . 0 0 2 1 . 3 1 9 0 . 0 4 7
2 4 7 0 . 3 0 0 4 . 7 1 6 0 1 . 7 7 7 0 . 0 7 7
2 4 7 0 . 4 5 1 4 . 8 2 8 0 2 . 5 0 7 0 . 0 5 0
2 4 7 0 . 3 3 4 5 . 0 2 3 0 2 . 3 1 6 0 . 0 7 3
2 4 2 1 0 . 3 7 5 4 . 7 7 8 0 2 . 1 7 6 0 . 0 5 7
2 4 2 1 0 . 2 4 0 3 . 8 2 5 0 . 0 3 2 2 . 0 4 9 0 . 0 6 4
2 4 2 1 0 . 2 3 4 4 . 1 1 8 0 . 0 5 6 2 . 7 4 2 0 . 0 5 5
2 4 1 0 0 0 . 2 4 3 3 . 4 8 9 0 . 0 4 7 0 . 2 5 8 0 . 0 6 0
2 4 1 0 0 0 . 2 6 0 3 . 3 5 5 0 . 0 1 2 0 . 4 4 5 0 . 0 7 0
2 4 1 0 0 0 . 2 7 9 3 . 5 9 2 0 . 0 4 6 0 . 5 8 9 0 . 0 6 8
 

A b b r e v i a t i o n s :

M = s t a g e o f m a t u r i t y ( 1 = 9 0 d ; 2 = 1 1 0 d ) , T = t r e a t m e n t ( 1 , c o n t r o l ; 2 , e n z y m e . 3 , i n o c u l a n t . 4 E + I ) , A c e
a c e t i c a c i d , L a c = l a c t i c a c i d , P r o = p r o p i o n i c a c i d . B u t = b u t y r i c a c i d
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T a b l e A - 1 8 . D a t a u s e d f o r a n a l y s i s o f w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s ( g / 1 0 0 g D M ) i n f o r a g e

s o r g h u m e n s i l e d a t 1 1 0 d i n a t r o p i c a l e n v i r o n m e n t . ( C h a p t e r 4 )

T r t D a y G l u c o s e X y l o s e G a l . A r a b . F r u c t o s e

1 0 7 . 8 2 6 1 0 0 . 0 8 6 9 5 0 4 . 0 1 5 9

1 0 6 . 0 5 5 8 0 . 0 8 7 1 8 0 . 0 9 3 1 1 0 3 . 7 3 4 1

1 0 7 . 6 6 6 1 0 . 0 8 8 5 3 0 . 1 0 3 5 0 3 . 5 7 8 4

1 1 1 . 0 6 1 3 0 . 1 1 3 9 3 0 . 7 0 9 5 7 0 1 . 3 9 0 9

1 1 2 . 0 9 3 3 0 . 1 2 2 9 8 0 . 4 3 6 5 5 0 1 . 1 7 1 2

1 1 0 . 8 4 5 9 0 . 0 7 8 8 8 0 0 1 . 2 9

1 3 0 . 4 9 6 9 0 . 1 3 9 5 9 0 0 0 . 6 5 3 6

1 3 0 . 3 5 8 2 0 . 0 4 0 0 5 0 0 0 . 5 9 5 4

1 3 0 . 5 1 3 6 0 . 1 5 4 0 4 0 0 . 0 3 6 8 0 . 5 4 0 4

1 7 0 . 6 0 2 9 0 . 0 9 0 2 2 0 . 8 3 2 3 3 0 0 . 8 2 2 2

1 7 0 . 2 0 9 0 . 1 3 3 5 1 0 0 0 . 5 3 0 4

1 7 0 . 4 1 1 1 0 . 1 5 2 4 9 0 0 0 . 6 9 1 6

1 2 1 0 . 9 8 7 7 0 . 2 1 5 8 3 1 . 0 6 1 4 7 0 0 . 2 3 0 8

1 2 1 0 . 6 3 2 2 0 . 2 6 9 1 2 2 . 6 9 3 2 7 0 1 6 7 2 0 . 0 4 4 6

1 2 1 1 . 1 6 3 6 0 . 2 4 7 9 1 1 . 3 5 5 4 3 0 0 . 4 2 4 3

1 1 0 0 0 . 9 3 9 4 0 . 2 5 0 8 8 1 . 4 4 6 4 4 0 1 7 1 7 0 . 6 9 8 5

1 1 0 0 1 . 0 4 6 2 0 . 3 7 4 2 0 0 . 1 6 5 2 0 . 7 9 7 1

1 1 0 0 0 . 9 7 4 3 0 . 3 0 4 7 1 0 . 7 5 0 6 7 0 . 1 7 0 4 0 . 7 1 5 7

2 0 6 . 1 4 1 7 0 . 0 8 2 6 6 0 . 1 3 1 4 4 0 3 . 3 3 2 2

2 0 7 . 9 5 7 9 0 . 1 2 0 6 8 0 . 1 8 0 3 3 0 3 . 6 9 5 4

2 0 7 . 6 1 0 8 0 . 0 7 5 1 0 . 1 2 7 1 5 0 3 . 4 0 7 7

2 1 1 . 1 9 1 0 . 0 7 9 4 2 0 . 5 3 7 4 6 0 0 . 9 5 9 8

2 1 0 . 6 8 6 1 0 . 1 0 7 9 8 1 . 1 3 3 5 8 0 1 . 6 8 5 6

2 1 0 . 8 6 0 9 0 . 1 4 1 4 8 0 0 2 . 3 6 7

2 3 0 . 6 1 5 0 . 0 7 1 7 9 0 0 0 . 7 2 8 7

2 3 0 . 5 8 7 2 0 . 1 0 6 0 9 0 . 9 0 6 8 0 0 . 6 3 1 5

2 3 0 . 4 9 2 8 0 . 1 0 1 2 3 0 . 7 7 2 4 2 0 0 . 5 7 3 9

2 7 0 . 4 9 3 5 0 . 1 1 6 7 1 . 4 5 7 8 0 0 5 4 8 0 . 8 9 8 2

2 7 0 . 4 4 2 8 0 . 1 0 6 3 1 . 5 2 0 0 4 0 . 0 5 4 6 0 . 6 8 3 7

2 7 0 . 7 3 6 2 0 . 1 1 9 4 0 0 0 . 5 6 0 4

2 2 1 0 . 2 9 2 6 0 . 0 7 2 1 9 1 . 5 0 0 4 1 0 . 0 5 1 2 0 . 5 4 9

2 2 1 0 . 6 0 4 0 . 0 9 9 9 5 1 . 1 1 4 2 4 0 . 0 7 5 6 0 . 7 9 7 3

2 2 1 0 . 4 9 1 8 0 . 0 8 4 0 8 1 . 1 4 6 5 2 0 . 0 6 2 2 0 . 6 7 4 6

2 1 0 0 1 . 3 1 3 9 0 . 3 4 1 5 8 2 . 1 6 8 5 9 0 2 0 7 6 0 . 2 4 9

2 1 0 0 0 . 2 7 1 3 0 . 3 5 9 1 4 2 . 4 5 1 2 0 2 3 3 2 0 . 5 7 6

2 1 0 0 0 . 9 3 0 2 0 . 3 2 1 3 2 1 . 9 2 7 8 1 0 . 1 4 2 8 0 . 3 0 2

3 0 7 . 9 4 1 5 0 . 0 5 9 9 0 . 0 7 1 1 0 3 . 1 2 5 8

3 0 7 . 8 9 3 5 0 . 0 4 0 2 5 0 . 0 3 3 6 3 0 3 . 1 3 2 1

3 0 6 . 0 5 8 0 . 0 2 4 1 8 0 0 3 . 8 6 1 6

3 1 0 . 6 9 8 1 0 . 0 9 1 7 1 0 0 1 . 9 7 6 8

3 1 0 . 7 0 2 7 0 . 1 3 4 4 6 1 . 3 2 9 8 4 0 1 . 1 0 4 3

3 1 0 . 6 9 8 9 0 . 1 4 0 2 0 0 1 . 3 8 9 7

3 3 0 . 4 5 1 5 0 . 1 3 2 0 9 0 0 1 . 9 5 5 6

3 3 0 . 5 1 6 6 0 . 1 4 4 8 6 0 0 0 . 9 6 5 1

3 3 0 . 5 0 0 3 0 . 1 8 0 3 8 0 0 1 0 5 5 1 . 1 1 7

3 7 0 . 5 9 7 8 0 . 1 9 5 1 0 0 . 0 9 8 9 0 . 9 7 4 6

3 7 0 . 4 2 3 0 . 1 2 6 6 9 0 0 0 . 8 1 2 4

3 7 0 . 5 9 1 8 0 . 1 4 4 3 8 1 . 6 7 2 9 9 0 . 0 6 0 2 1 . 0 6 6 6

3 2 1 0 . 4 1 4 6 0 . 1 2 0 6 8 1 . 3 6 9 1 1 0 . 0 6 8 2 0 . 7 3 4 8

3 2 1 0 . 7 1 5 3 0 . 1 2 8 3 1 1 . 6 3 4 9 0 . 0 6 1 6 0 . 6 3 8 7

3 2 1 0 . 4 4 0 . 0 6 9 4 2 0 . 6 7 6 3 7 0 0 . 7 8 5 4

3 1 0 0 0 . 4 6 5 5 0 . 1 9 4 9 2 . 0 5 8 1 1 0 1 0 7 2 0 . 2 2 1 8

3 1 0 0 0 . 4 7 7 1 0 . 1 9 4 7 6 1 . 8 2 9 2 4 0 1 2 0 7 0 . 2 6 5 6

3 1 0 0 0 . 4 1 6 5 0 . 1 4 6 8 1 0 0 . 1 3 5 9 0 . 4 9 0 6

4 0 6 . 3 1 4 0 0 . 1 1 3 4 0 5 . 8 2 8 9

4 0 7 . 8 3 7 5 0 . 0 7 4 4 2 0 . 1 1 1 3 5 0 4 . 5 1 5 6

4 0 7 . 7 8 6 4 0 . 0 5 7 4 7 0 . 0 7 7 0 3 0 1 . 1 7 9 9

4 1 0 . 8 9 5 0 . 0 8 7 4 5 0 . 9 4 9 0 5 0 2 . 0 9 0 4
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T a b l e A - 1 8 . C o n t .

T r t D a y G l u c o s e X y l o s e G a l . A r a b . F r u c t o s e

4 1 0 . 9 0 3 1 0 . 0 7 2 5 3 0 . 3 6 3 7 4 0 1 . 2 1 4 8

4 1 0 . 6 5 1 0 . 1 1 2 9 1 1 . 3 6 6 3 8 0 . 0 7 8 8 1 . 4 6 6 4

4 3 0 . 2 5 2 0 . 0 4 5 7 9 0 0 1 . 5 5 1 6

4 3 0 . 3 1 4 4 0 . 0 9 8 3 9 0 0 1 . 4 8 4

4 3 0 . 5 6 6 4 0 . 0 9 3 8 0 . 8 8 7 3 2 0 . 0 6 1 9 1 . 5 8 5 8

4 7 0 . 9 2 4 7 0 . 0 9 7 0 4 0 . 5 0 8 6 9 0 . 1 0 4 1 1 . 3 5 3 3

4 7 0 . 8 4 5 8 0 . 0 9 6 4 4 0 . 3 5 0 1 1 0 . 0 7 8 4 0 . 9 6 5 5

4 7 0 . 4 8 6 9 0 . 1 1 4 6 7 1 . 4 0 6 8 3 0 . 0 8 7 9 0 . 8 0 2 3

4 2 1 1 . 0 5 2 1 0 . 1 0 5 6 9 0 . 4 8 0 7 9 0 . 1 0 7 9 0 . 9 6 7

4 2 1 0 . 8 0 1 6 0 . 1 2 6 7 6 0 . 7 5 1 0 9 0 . 0 9 8 8 1 . 1 7 6 4

4 2 1 0 . 2 0 7 3 0 . 0 9 6 1 0 . 8 3 3 2 0 . 1 1 3 7 0 . 9 3 3 7

4 1 0 0 0 . 4 3 1 7 0 . 1 5 0 1 2 1 . 7 2 0 0 3 0 . 1 3 1 4 0 . 1 8 4 9

4 1 0 0 0 . 5 4 0 . 1 7 5 3 8 1 . 4 6 7 9 0 . 1 5 2 4 0 . 1 3 9 5

4 1 0 0 0 . 3 3 6 4 0 . 1 8 8 8 9 1 . 4 9 1 2 5 0 . 1 6 4 4 0 . 1 4 4 8
 

A b b r e v i a t i o n s :

D a y = D a y o f e n s i l i n g

T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = e n z y m e , 3 =

a r a b i n o s e

i n o c u l a n t , 4 = E + I ; G a l = g a l a c t o s e , A r a b =
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T a b l e A - 1 9 . D a t a u s e d f o r a n a l y s i s o f s t r u c t u r a l c a r b o h y d r a t e c o n t e n t ( g / 1 0 0 g D M ) i n f o r g a e

s o r g h u m e n s i l e d a t t w o s t a g e s o f m a t u r i t y i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r 4 )

 

 

 

M a t u r i t y T r t D a y N D F A D F H e m i C e l l u l o s e

9 0 1 0 6 6 . 5 7 3 4 0 . 1 3 6 2 6 . 4 3 8 3 2 . 1 4 8
9 0 1 0 6 5 . 3 6 9 3 9 . 9 9 2 2 6 . 3 7 7 3 1 . 6 7 1
9 0 1 0 6 7 . 3 4 4 4 1 . 3 8 7 2 5 . 4 5 7 3 4 . 5 4 7
9 0 2 0 6 4 . 5 3 3 3 8 . 0 5 4 2 6 . 4 7 9 2 8 . 9 8 0
9 0 2 0 6 4 . 8 9 4 3 8 . 7 7 4 2 6 . 1 2 1 3 2 . 0 3 0
9 0 2 0 6 5 . 7 1 6 3 8 . 8 3 8 2 6 . 8 7 8 3 1 . 8 5 7
9 0 3 0 6 3 . 1 8 7 3 7 . 3 3 3 2 5 . 8 5 5 2 9 . 7 7 4
9 0 3 0 6 5 . 0 4 5 3 8 . 8 8 2 2 6 . 1 6 4 3 1 . 4 3 8
9 0 3 0 6 6 . 8 6 7 3 8 . 8 7 5 2 7 . 9 9 3 3 1 . 7 1 1
9 0 4 0 6 6 . 9 3 4 3 9 . 9 5 8 2 6 . 9 7 7 3 2 . 9 7 7
9 0 4 0 6 6 . 1 4 0 4 0 . 9 5 8 2 5 . 1 8 3 3 3 . 5 1 2
9 0 4 0 6 7 . 5 5 3 4 2 . 2 6 8 2 5 . 2 8 6 3 6 . 4 1 0
9 0 1 1 0 0 6 4 . 7 6 2 4 2 . 1 1 9 2 3 . 6 4 4 3 4 . 4 0 6
9 0 1 1 0 0 5 7 . 8 5 1 4 3 . 4 3 5 2 4 . 4 1 6 3 3 . 3 5 5
9 0 1 1 0 0 6 3 . 0 8 8 4 0 . 8 1 7 2 4 . 2 7 1 3 4 . 1 8 3
9 0 2 1 0 0 6 1 . 7 9 2 3 9 . 2 4 8 2 2 . 5 4 5 3 2 . 9 5 0
9 0 2 1 0 0 6 2 . 8 3 4 3 8 . 9 4 6 2 3 . 8 8 9 3 2 . 4 1 1
9 0 2 1 0 0 6 3 . 7 3 1 3 9 . 7 3 3 2 3 . 9 9 8 3 3 . 5 2 0
9 0 3 1 0 0 6 4 . 9 8 1 4 0 . 2 5 6 2 4 . 7 2 5 3 3 . 9 1 8
9 0 3 1 0 0 6 4 . 0 6 6 3 9 . 3 8 6 2 4 . 6 8 1 3 1 . 7 1 8
9 0 3 1 0 0 6 3 . 7 0 4 3 9 . 2 6 9 2 4 . 4 3 5 3 1 . 4 6 6
9 0 4 1 0 0 6 3 . 2 9 4 3 9 . 0 5 3 2 4 . 2 4 1 3 3 . 2 6 5
9 0 4 1 0 0 6 2 . 6 6 8 3 8 . 2 4 3 2 4 . 4 2 6 3 2 . 3 7 8
9 0 4 1 0 0 6 3 . 7 6 8 3 8 . 7 7 8 2 4 . 9 9 0 3 2 . 0 2 9
1 1 0 1 0 6 4 . 4 7 3 5 . 9 5 2 8 . 5 2 3 1 . 2 2
1 1 0 1 0 6 7 . 3 9 3 8 . 6 2 2 8 . 7 7 3 8 . 6 2
1 1 0 1 0 6 6 . 5 4 3 7 . 8 5 2 8 . 6 9 3 7 . 8 5
1 1 0 2 0 7 1 . 0 9 4 2 . 2 2 2 8 . 8 9 4 2 . 2
1 1 0 2 0 6 9 . 8 1 4 1 . 0 5 2 8 . 7 6 4 1 . 0 5
1 1 0 2 0 6 6 . 6 6 3 8 . 3 4 2 8 . 3 2 3 8 . 3 4
1 1 0 3 0 6 6 . 7 4 3 8 . 3 6 2 8 . 3 7 3 8 . 3 6
1 1 0 3 0 6 6 . 1 4 3 7 . 7 4 2 8 . 4 1 3 7 . 7 4
1 1 0 3 0 6 9 . 0 7 3 8 . 2 0 3 0 . 8 8 3 8 . 2
1 1 0 4 0 6 9 . 2 4 3 8 . 0 4 3 1 . 2 3 8 . 0 4
1 1 0 4 0 6 6 . 7 7 3 7 . 9 2 2 8 . 8 5 3 7 . 9 2
1 1 0 4 0 7 2 . 4 3 4 5 . 2 9 2 7 . 1 4 4 5 . 2 9
1 1 0 1 1 0 0 6 4 . 2 3 9 . 4 6 2 4 . 7 5 3 9 . 4 6
1 1 0 1 1 0 0 6 9 . 6 2 4 4 . 2 1 2 5 . 4 1 4 4 . 2 1
1 1 0 1 1 0 0 6 4 . 7 2 3 9 . 8 2 2 4 . 9 3 9 . 8 2
1 1 0 2 1 0 0 6 1 . 8 2 3 8 . 0 7 2 3 . 7 5 3 8 . 0 7
1 1 0 2 1 0 0 6 0 . 1 3 5 . 9 6 2 4 . 1 4 3 5 . 9 6
1 1 0 2 1 0 0 6 5 . 5 4 4 3 . 4 8 2 2 . 0 6 4 3 . 4 8
1 1 0 3 1 0 0 6 4 . 1 4 2 . 8 2 2 1 . 2 8 4 2 . 8 2
1 1 0 3 1 0 0 6 2 . 1 5 3 7 . 4 3 2 4 . 7 2 3 7 . 4 3
1 1 0 3 1 0 0 6 5 . 9 1 4 0 . 5 2 2 5 . 3 9 3 0 . 5 2
1 1 0 4 1 0 0 6 1 . 7 9 3 7 . 2 2 2 4 . 5 7 3 7 . 2 2
1 1 0 4 1 0 0 6 2 . 4 6 3 4 . 7 7 2 7 . 6 9 3 4 . 7 7
1 1 0 4 1 0 0 6 3 . 1 5 3 3 . 9 6 2 9 . 1 9 3 3 . 9 6

A b b r e v i a t i o n s :
T r t = t r e a t m e n t ; 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t . 4 = E + I ,
D a y = d a y o f e n s i l i n g
H e m i = h e m i c e l l u l a s e
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T a b l e A - 2 0 . D a t a u s e d f o r a n a l y s i s o f p H a n d t e m p e r a t u r e i n f o r a g e s o r g h u m

e n s i l e d a t t w o s t a g e s o f m a t u r i t y a n d e x p o s e d t o a i r i n a t r o p i c a l

e n v i r o n m e n t . ( C h a p t e r 4 )
 

.q 3 D a y p H T e m
 

4 . 1 9 3 0
4 . 1 4 2 8 . 8 8 8

. 2 9 . 4 4 4
2 8 . 8 8 8
2 8 . 8 8 8
3 0

4 . 3 3 1 . 1 1 1
4 . 2 5 3 0 . 5 5 5

3 0
2 8 . 8 8 8
3 0
2 9 . 4 4 4
2 8 . 8 8 8
2 8 . 8 8 8
2 8 . 8 8 8
2 8 . 8 8 8
2 9 . 4 4 4
2 9 . 4 4 4
2 8 . 8 8 8
3 0
3 1 . 1 1 1
3 0

3 3 2 . 2 2 2
. 2 5 3 1 . 1 1 1
. 3 1 . 1 1 1

3 0
2 9 . 4 4 4
2 9 . 4 4 4
2 8 . 8 8 8
2 8 . 8 8 8

4 . 4 5 2 9 . 4 4 4
4 . 6 5 2 8 . 8 8 8
4 . 1 4 2 8 . 8 8 8
4 . 1 2 2 8 . 8 8 8

3 1 . 1 1 1
3 4 . 4 4 4
3 5 . 5 5 5
3 4 . 4 4 4
3 5 . 5 5 5
3 3 . 3 3 3
3 1 . 1 1 1
3 2 . 2 2 2
3 1 . 1 1 1
3 1 . 1 1 1
3 0
3 1 . 1 1 1
3 0
2 8 . 8 8 8
2 9 . 4 4 4
2 9 . 4 4 4
3 0 . 5 5 5
3 1 . 1 1 1
3 6 . 6 6 6

. 3 4 . 4 4 4
5 . 6 3 5 . 5 5 5
5 . 9 5 3 4 . 4 4 4
. 3 4 . 4 4 4

3 4 . 4 4 4
3 3 . 3 3 3
3 2 . 2 2 2
3 1 . 1 1 1
3 0 . 5 5 5

0
1

a
?
?
?

o
o
d
#
#
e
o
e
u
e
e

m
—
l

a
s

0
5
0
1

N
V

G
k

+
9

0
3
0
)
U
1
0
1
$
¢
w
w
N
N
-
'
-
'
O
O
fl
fl
m
m
m
m
#
h
w
w
N
N
d
-
‘
O
O
V
N
O
m
m
m
b
4
9
w
w
N
N
-
l
-
‘
O
O
fl
fl
m
m
m
m
#
h
w
w
N
N
d
-
‘
O
O

o
o
d
m
m
e

o
e

e
e

a

#
#
h
h
a
b
a
a
h
h
h
a
h
b
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
w
N
N
N
N
N
N
N
-
N
N
~
N
N
~
N
a
d
d
a
d
a
d
d
d
d
d
d
d
a
a
a
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T a b l e A - 2 0 . C o n t .

T r t D a y p H T o m

4 7 5 . 9 3 1 . 1 1 1
4 7 6 . 0 5 3 0

 

A b b r e v i a t i o n s :
T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = e n z y m e , 3 = i n o c u l a n t , 4 = E + l

( . ) N o d e t e r m i n e d
T e m = t e m p e r a t u r e
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T a b l e A - 2 1 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n e n d - p r o d u c t s i n f o r a g e s o r g h u m e n s i l e d

a t t w o s t a g e s o f m a t u r i t y a n d e x p o s e d t o a i r i n a t r o p i c a l e n v i r o n m e n t ( C h a p t e r

4 )

M T D L a c A c e P r o p E t h a n o l B u t

s o 1 0 2 . 9 0 2 0 . 7 1 4 0 . 0 2 0 0 . 0 2 0 0 . 0 5 3
9 0 1 o 2 . 5 8 8 0 . 8 0 3 0 . 0 4 0 0 . 2 8 3 0 . 0 7 6
s o 1 3 2 . 2 9 1 0 . 4 2 9 0 . 0 0 3 0 . 2 2 5 0 . 0 3 0
9 0 1 3 1 . 4 3 2 0 . 0 7 7 0 0 . 0 6 4 0 . 0 1 9
s o 1 7 0 . 9 4 8 0 . 2 9 2 0 . 0 0 6 0 . 5 9 0 0 . 0 1 5
s o 1 7 0 . 9 7 1 0 . 2 9 9 0 0 . 5 6 8 0 . 0 2 1
9 0 2 0 2 . 7 9 1 0 . 7 7 5 0 . 0 2 4 0 . 2 2 7 0 . 0 0 0
s o 2 0 1 . 8 7 5 0 . 7 3 3 0 . 0 2 0 0 . 3 9 6 0 . 0 9 2
s o 2 3 2 . 6 1 7 0 . 6 0 2 0 . 0 0 6 0 . 8 6 1 0 . 0 4 9
s o 2 3 2 . 2 6 5 0 . 5 9 7 0 . 0 0 1 0 . 5 2 5 0 . 0 5 4
s o 2 7 1 . 6 1 1 0 . 6 0 4 0 0 . 5 6 0 0 . 0 4 4
s o 2 7 1 . 4 0 7 0 . 2 5 8 0 . 0 0 2 0 . 3 6 5 0 . 0 3 1
9 0 3 0 3 . 2 8 7 0 . 3 1 9 0 . 0 3 9 0 . 2 9 6 0 . 0 1 9
s o 3 o 5 . 1 0 2 0 . 7 9 5 0 . 0 2 0 0 . 3 3 1 0 . 0 1 4
s o 3 3 0 . 6 6 4 0 . 4 0 3 0 . 0 1 0 0 . 5 2 4 0 . 0 4 3
s o 3 3 0 . 9 0 7 0 . 2 8 1 0 . 0 0 9 0 . 5 1 6 0 . 0 3 1
9 0 3 7 0 . 2 6 0 0 . 3 0 1 0 0 . 4 3 7 0 . 0 4 5
s o 3 7 0 . 1 1 5 0 . 2 8 2 0 0 . 1 7 2 0 . 0 4 1
s o 4 0 4 . 2 6 3 0 . 7 8 2 0 . 0 2 1 0 . 4 0 1 0 . 0 6 5
s o 4 0 4 . 2 2 4 0 . 7 9 3 0 . 0 2 0 0 . 3 2 8 0 . 0 3 6
s o 4 3 0 . 5 5 3 0 . 3 7 4 0 . 0 1 0 0 . 4 3 0 0 . 1 8 9
s o 4 3 0 . 6 0 3 0 . 4 3 0 0 . 0 0 8 0 . 3 3 1 0 . 1 2 1
s o 4 7 0 . 0 5 6 0 . 3 3 7 0 . 0 0 5 0 . 3 6 2 0 . 1 7 0
9 0 4 7 1 . 3 7 5 0 . 2 8 4 0 . 0 0 1 1 . 1 5 7 0 . 0 6 1
1 1 0 1 0 3 . 0 5 7 0 . 1 4 9 0 . 0 2 2 0 . 6 2 2 0 . 0 9 2
1 1 0 1 0 3 . 4 3 1 0 . 2 4 3 0 . 0 3 2 0 . 9 5 5 0 . 0 5 4
1 1 0 1 3 2 . 1 4 0 0 . 0 8 6 0 . 0 0 1 0 . 1 6 8 0 . 0 9 4
1 1 0 1 3 2 . 0 4 8 0 . 1 6 5 0 . 0 0 1 0 . 2 5 1 0 . 0 3 4
1 1 0 1 7 1 . 1 4 3 0 . 0 7 2 0 . 0 0 1 0 . 1 6 4 0 . 0 4 8
1 1 0 1 7 2 . 2 6 7 0 . 1 6 5 0 . 0 0 1 0 . 2 3 9 0 . 0 6 7
1 1 0 2 0 3 . 3 4 6 0 . 3 6 6 0 . 0 3 5 0 . 7 2 7 0 . 0 3 0
1 1 0 2 0 3 . 7 1 6 0 . 2 3 6 0 . 0 2 6 0 . 7 2 7 0 . 0 2 2
1 1 0 2 3 1 . 8 7 2 0 . 0 6 9 0 . 0 0 2 0 . 2 1 5 0 . 0 6 1
1 1 0 2 3 2 . 2 0 2 0 . 0 9 5 0 . 0 0 1 0 . 0 8 3 0 . 1 0 7
1 1 0 2 7 2 . 5 0 3 0 . 1 4 4 0 . 0 0 1 0 . 1 8 5 0 . 0 2 5
1 1 0 2 7 0 . 3 2 5 0 . 0 3 3 0 . 0 0 3 0 . 1 5 6 0 . 0 2 8
1 1 0 3 o 2 . 7 1 9 0 . 2 0 2 0 . 0 1 5 0 . 3 1 2 0 . 0 1 7
1 1 0 3 0 3 . 0 4 4 0 . 2 1 7 0 . 0 2 0 0 . 2 7 5 0 . 0 5 1
1 1 0 3 3 0 . 4 8 7 0 . 1 3 6 0 . 0 0 2 0 . 4 2 2 0 . 0 4 8
1 1 0 3 3 0 . 0 9 2 0 . 1 6 3 0 . 0 0 4 0 . 0 9 0 0 . 0 4 1
1 1 0 3 7 3 . 1 2 1 0 . 1 2 2 0 . 0 0 2 0 . 1 4 1 0 . 0 6 3
1 1 0 3 7 0 . 0 7 6 0 . 1 0 2 0 . 0 0 2 0 . 1 8 4 0 . 0 6 5
1 1 0 4 0 3 . 4 8 9 0 . 2 4 3 0 . 0 4 7 0 . 2 5 8 0 . 0 6 0
1 1 0 4 0 3 . 5 5 5 0 . 2 6 0 0 . 0 1 2 0 . 4 4 5 0 . 0 7 0
1 1 0 4 3 2 . 9 2 1 0 . 1 1 4 0 . 0 0 1 0 . 0 7 2 0 . 0 8 7
1 1 0 4 3 0 . 2 0 7 0 . 1 4 7 0 . 0 0 1 0 . 0 6 8 0 . 0 2 7
1 1 0 4 7 0 . 3 2 1 0 . 0 4 4 0 . 0 0 7 0 . 1 3 4 0 . 0 8 2
1 1 0 4 7 0 . 0 6 4 0 . 1 0 5 0 . 0 0 1 0 . 1 4 1 0 . 0 6 0
 

A b b r e v i a t i o n s :

M = s t a g e o f m a t u r i t y , T = t r e a t m e n t , D = d a y o f a e r o b i c e x p o s u r e , L a c = l a c t i c a c i d , A c e = a c e t i c a c i d , P r o =
p r o p i o n i c . B u t = b u t u r y c a c i d .
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T a b l e A - 2 2 . D a t a u s e d f o r a n a l y s i s o f w a t e r s o l u b l e c a r b o h y d r a t e c o n t e n t s ( g l 1 0 0 g D M ) i n f o r a g e
s o r g h u m e n s i l e d a t t w o s t a g e s o f m a t u r i t y a n d e x p o s e d t o a i r i n a t r o p i c a l e n v i r o n m e n t . ( C h a p t e r 4 )

 

 

M T D G l u c o s e X y l o s e G a l a c t o s e A r a b i n o s e F r u c t o s e

9 0 1 0 0 . 2 8 9 6 0 . 1 7 0 4 0 . 0 8 6 0 . 0 4 2 7 0 . 1 0 1 2
9 0 1 0 0 . 4 2 1 1 0 . 2 4 3 2 0 . 2 2 6 4 0 . 0 9 8 0 . 0 7 1 8
9 0 1 3 0 . 6 6 7 7 0 . 1 1 0 2 0 . 1 2 2 0 . 1 0 8 5 0 . 1 5 1 9
9 0 1 3 0 . 8 7 8 8 0 . 3 4 5 3 0 . 3 8 2 4 0 . 1 5 5 2 0 . 2 1 7 3
9 0 1 7 0 . 7 1 0 3 0 . 2 9 3 7 0 . 3 2 5 2 0 . 1 4 9 5 0 . 2 0 9 3
9 0 1 7 0 . 5 4 9 5 0 . 1 3 7 4 0 . 1 5 2 2 0 . 0 1 3 9 0 . 0 1 9 4
9 0 2 0 0 . 2 1 2 1 0 . 1 6 2 8 0 . 1 2 7 5 0 . 0 8 6 2 0 . 0 7 6 8
9 0 2 0 0 . 3 3 2 7 0 . 1 9 7 9 0 . 1 4 8 6 0 . 1 4 4 1 0 . 0 6 8 6
9 0 2 3 0 . 5 9 0 5 0 . 1 7 4 1 0 . 1 9 2 8 0 . 0 6 7 4 0 . 0 9 4 4
9 0 2 3 0 . 0 6 3 3 0 . 1 7 2 3 0 . 1 9 0 8 0 . 0 2 7 7 0 . 0 3 8 7
9 0 2 7 0 . 6 4 9 1 0 . 0 9 9 4 0 . 1 1 0 . 0 8 1 6 0 . 1 1 4 2
9 0 2 7 0 . 1 9 0 2 0 . 3 2 4 5 0 . 3 5 9 4 0 0
9 0 3 0 0 . 3 7 6 1 0 . 1 0 3 8 0 . 0 9 1 9 0 . 0 8 8 4 0 . 3 9 6 4
9 0 3 0 0 . 2 5 7 5 0 . 1 5 3 7 0 . 1 2 5 8 0 . 1 2 0 9 0 . 1 0 8 4
9 0 3 3 0 . 2 5 3 2 0 . 1 7 3 1 0 . 1 9 1 7 0 . 2 3 3 9 0 . 3 2 7 6
9 0 3 3 0 . 2 2 2 0 . 1 7 0 8 0 . 1 8 9 2 0 . 0 9 3 8 0 . 1 3 1 4
9 0 3 7 0 . 1 1 2 0 0 0 . 0 9 3 3 0 . 1 3 0 7
9 0 3 7 0 . 2 0 8 7 0 . 1 0 9 8 0 . 1 2 1 6 0 0
9 0 4 0 0 . 2 9 0 4 0 . 3 1 2 1 0 . 1 8 6 6 0 . 1 7 5 0 0 . 2 2 0 0
9 0 4 0 0 . 1 4 8 9 0 . 2 0 4 8 0 . 1 5 9 4 0 . 1 5 8 0 0 . 2 0 8 8
9 0 4 3 0 . 6 7 4 4 0 . 1 3 3 9 0 . 1 4 8 2 0 . 0 8 8 3 0 . 1 2 3 6
9 0 4 3 0 0 . 2 8 6 8 0 . 0 9 2 8 0 0
9 0 4 7 0 . 2 9 5 4 0 . 0 1 0 0 0 0 . 0 4 0 4 0 . 0 5 6 6
9 0 4 7 0 . 1 2 1 1 0 . 0 9 2 5 0 . 1 0 2 4 0 . 0 2 7 9 0 . 0 3 9 1
1 1 0 1 0 0 . 9 3 9 1 0 . 2 5 0 8 0 . 0 0 0 0 . 1 6 7 0 . 7 9 7 1
1 1 0 1 0 0 . 9 7 4 3 0 . 3 7 0 0 0 . 7 5 0 6 0 . 1 7 0 4 0 . 7 1 5 7
1 1 0 1 3 0 . 5 5 6 1 0 . 0 6 5 2 0 . 0 7 2 2 0 . 1 0 0 9 0 . 3 4 3 3
1 1 0 1 3 0 . 5 8 4 4 0 . 0 3 5 0 . 0 3 8 8 0 . 1 0 5 7 0 . 3 4 6 5
1 1 0 1 7 0 . 5 4 0 3 0 0 0 . 1 0 3 2 0 . 2 1 2 2
1 1 0 1 7 0 . 6 2 3 6 0 . 0 5 3 6 0 . 0 5 9 4 0 . 1 3 2 6 0 . 3 1 3 9
1 1 0 2 0 1 . 3 1 3 9 0 . 3 4 1 5 1 . 9 2 7 0 0 . 2 0 7 6 0 . 2 4 9
1 1 0 2 0 0 . 2 7 1 3 0 . 3 5 9 1 2 1 6 8 0 0 . 2 3 3 2 0 . 5 7 6
1 1 0 2 3 0 . 8 2 1 9 0 . 0 7 0 6 0 . 0 7 8 2 0 . 1 4 1 1 0 . 1 7 8
1 1 0 2 3 0 . 7 5 2 1 0 . 0 8 0 8 0 . 0 8 9 4 0 . 1 3 6 7 0 . 1 0 5 5
1 1 0 2 7 0 . 8 0 1 8 0 0 0 . 1 8 5 9 0 . 0 6 5 8
1 1 0 2 7 0 . 6 5 5 7 0 0 0 . 0 7 4 7 0
1 1 0 3 0 0 . 4 6 5 0 . 1 9 4 9 1 . 0 5 8 0 . 1 0 7 2 0 . 2 2 1 8
1 1 0 3 0 0 . 4 7 7 1 0 . 1 9 4 7 1 . 2 2 9 0 . 1 2 0 7 0 . 2 6 5 0
1 1 0 3 3 0 . 4 6 3 4 0 0 0 0 . 1 0 0 8
1 1 0 3 3 0 . 4 4 9 1 0 0 0 . 0 7 5 8 0 . 0 4 7 5
1 1 0 3 7 0 . 5 1 1 3 0 0 0 0
1 1 0 3 7 0 . 7 7 2 6 0 . 0 7 5 0 . 0 8 3 1 0 . 1 1 4 9 0 . 1 0 6
1 1 0 4 0 0 . 4 3 1 7 0 . 1 5 0 2 1 . 0 2 0 0 . 1 5 2 4 0 . 1 3 9 5
1 1 0 4 0 0 . 5 4 0 0 0 . 1 7 5 4 1 . 4 6 7 0 . 1 6 4 4 0 . 1 4 4 8
1 1 0 4 3 0 . 4 8 7 0 0 0 . 0 2 3 2 0 . 0 1 3 3
1 1 0 4 3 0 . 4 7 8 4 0 0 0 0
1 1 0 4 7 0 . 5 0 6 6 0 0 0 . 0 5 6 1 0
1 1 0 4 7 0 . 5 6 5 3 0 . 0 6 3 1 0 . 0 6 9 8 0 . 1 1 2 4 0 . 0 8 6 9
 

A b b r e v i a t i o n s :
M = s t a g e o f m a t u r i t y , T = t r e a t m e n t , d = d a y o f a e r o b i c e x p o s u r e



3 2 0

T a b l e A - 2 3 . D a t a u s e d f o r a n a l y s i s o f p H a n d l a c t i c a c i d - p r o d u c i n g b a c t e r i a l p o p u l a t i o n s i n

J o h n s o n g r a s s e n s i l e d a t t w o r e g r o w t h p e r i o d s . ( C h a p t e r 5 ) .

 

 

R T r t D p H L A B

1 1 0 5 . 8 5 4 . 2 5
1 1 0 5 . 6 6 3 . 7 3
1 1 0 5 . 6 6 5
1 1 1 4 . 7 2 6 . 8 2
1 1 1 4 . 7 9 7 . 2 5
1 1 1 4 . 9 7 7 . 6 1
1 1 3 5 . 0 3 7 . 5 8
1 1 3 4 . 7 7 7 . 5 1
1 1 3 5 . 1 7 . 8 1
1 1 7 5 . 1 7 7 . 0 6
1 1 7 4 . 7 9 7 . 1 3
1 1 7 4 . 8 6 . 9 3
1 1 1 4 4 . 8 6 7 . 1 4
1 1 1 4 4 . 9 1 7 . 0 5
1 1 1 4 4 . 8 5 6 . 9 1
1 1 2 1 4 . 5 7 7 . 1 2
1 1 2 1 4 . 7 1 6 . 9 4
1 1 2 1 4 . 7 7 . 2 8
1 1 1 0 0 4 . 8 1 7 . 0 2
1 1 1 0 0 4 . 9 2 6 . 6 9
1 1 1 0 0 4 . 7 3 7 . 3 6
1 2 0 5 . 7 4 . 6 5
1 2 0 5 . 6 3 5 . 6 6
1 2 0 5 . 6 9 5 . 1 5
1 2 1 4 . 8 3 8 . 7 3
1 2 1 4 . 5 2 9 . 0 9
1 2 1 4 . 4 6 9 . 0 1
1 2 3 4 . 4 2 8 . 3 3
1 2 3 4 . 4 5 8 . 3 5
1 2 3 4 . 4 7 8 . 5 9
1 2 7 4 . 4 1 7 . 4 4
1 2 7 4 . 4 7 . 4 3
1 2 7 4 . 2 9 7 . 4 9
1 2 1 4 4 . 6 5 7 . 0 7
1 2 1 4 4 . 6 8 7 . 2 1
1 2 1 4 4 . 7 1 7 . 0 1
1 2 2 1 4 . 7 5 7 . 4 9
1 2 2 1 4 . 6 6 7 . 4 3
1 2 2 1 4 . 6 6 7 . 1 9
1 2 1 0 0 3 . 8 5 6 . 5 7
1 2 1 0 0 4 . 8 6 . 5 8
1 2 1 0 0 4 . 7 8 6 . 6 9
2 1 0 5 . 6 7 3 . 8 2
2 1 0 5 . 9 7 3 . 3 8
2 1 0 5 . 9 4 . 6 6
2 1 1 5 . 2 2 7 . 0 4
2 1 1 5 . 5 7 6 . 9 1
2 1 1 5 . 5 4 6 . 8 2
2 1 3 5 . 6 7 . 0 3
2 1 3 5 . 6 6 7 . 1 1
2 1 3 5 . 4 9 7 . 0 7
2 1 7 5 . 4 6 7 . 0 9
2 1 7 5 . 1 5 8 . 0 8
2 1 7 5 . 4 1 7 . 8 1
2 1 1 4 5 . 2 8 7 . 3 1
2 1 1 4 5 . 2 5 6 . 9 4
2 1 1 4 5 . 2 4 7 . 3 1
 



3 2 1

T a b l e A — 2 3 . C o n t .

 

 

R T r t D p H L A B

2 1 2 1 5 . 7 2 7 . 2 1
2 1 2 1 4 . 7 1 7 . 4 1
2 1 2 1 4 . 8 2 7 . 6
2 1 1 0 0 5 . 0 3 6 . 5 3
2 1 1 0 0 4 . 9 7 6 . 3 8
2 1 1 0 0 4 . 9 3 6 . 3 6
2 2 0 5 . 8 8 5 . 4 4
2 2 0 5 . 8 5 5 . 2 1
2 2 0 5 . 8 4 5 . 4 9
2 2 1 4 . 5 5 8 . 6 4
2 2 1 4 . 3 3 8 . 6 6
2 2 1 4 . 7 1 8 . 7 6
2 2 3 4 . 6 4 7 . 4 7
2 2 3 4 . 4 8 7 . 5 3
2 2 3 5 7 . 4 3
2 2 7 4 . 7 6 7 . 9 7
2 2 7 4 . 4 7 . 9 8
2 2 7 4 . 4 2 7 . 9
2 2 1 4 4 . 4 3 6 . 1
2 2 1 4 4 . 3 6 5 . 9
2 2 1 4 4 . 4 2 6 . 2 6
2 2 2 1 4 . 1 4 6 . 7 1
2 2 2 1 3 . 9 3 5 . 6 4
2 2 2 1 3 . 9 8 6 . 3 6
2 2 1 0 0 5 . 0 6 6 . 4 2
2 2 1 0 0 5 . 1 5 6 . 4 2
2 2 1 0 0 4 . 9 9 6 . 2 2
 

A b b r e v i a t i o n s :
R = r e g r o w t h p e r i o d , 1 = 4 5 d , 2 = 1 1 0 d ; T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = E + I ,
L A B = l a c t i c a c i d - p r o d u c i n g b a c t e r i a



3 2 2

T a b l e A — 2 4 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n e n d - p r o d u c t s ( g / 1 0 0 g D M ) i n J o h n s o n g r a s s
e n s i l e d a t t w o r e g r o w t h p e r i o d s ( C h a p t e r 5 ) .

 

 

R T D L a c A c e E t o h B u t

4 5 1 0 0 0 . 0 1 5 0 9 0 0
4 5 1 0 0 0 0 0
4 5 1 0 0 0 0 . 0 0 5 7 2 0
4 5 1 1 0 . 6 1 3 0 . 0 4 2 6 7 0 0 . 0 0 4
4 5 1 1 0 . 9 2 2 3 0 . 1 8 4 8 1 0 . 0 2 7 2 6 0 . 0 6 0 8
4 5 1 1 0 . 3 1 1 8 0 . 1 9 5 3 1 0 . 0 6 7 6 2 0 . 0 6 4 1
4 5 1 3 0 . 1 4 9 9 0 0 0 . 0 0 5 8
4 5 1 3 0 . 3 5 3 7 0 . 1 2 7 7 2 0 . 0 1 8 3 8 0
4 5 1 3 0 . 2 3 8 3 0 0 . 0 7 0 8 8 0
4 5 1 7 0 . 1 9 5 1 0 . 7 7 7 3 3 0 . 1 2 1 5 3 0 . 5 0 5 1
4 5 1 7 0 . 2 4 2 1 0 0 . 0 3 0 4 3 0 . 2 0 2
4 5 1 7 0 0 0 . 0 4 6 4 3 0
4 5 1 1 4 0 . 1 0 4 5 0 . 8 2 2 7 4 0 . 0 7 7 6 5 0 . 9 3 3 9
4 5 1 1 4 0 . 0 5 6 4 0 . 5 1 1 6 1 0 . 0 5 5 1 4 0 . 5 0 9 9
4 5 1 1 4 0 . 2 7 4 5 0 . 5 4 1 2 2 0 . 0 4 5 7 1 0 . 6 1 3
4 5 1 2 1 0 . 0 7 2 8 0 . 7 0 2 1 2 0 . 0 4 7 4 8 0 . 6 9 0 6
4 5 1 2 1 0 0 0 . 0 3 5 3 5 0
4 5 1 2 1 0 . 0 6 2 2 0 . 6 6 3 4 4 0 . 0 6 7 1 8 0 . 1 0 9 5
4 5 1 1 0 0 0 . 0 5 1 9 0 . 6 0 1 7 6 0 . 0 6 5 6 0 . 0 8
4 5 1 1 0 0 0 . 0 5 4 3 0 . 6 3 8 2 9 0 . 0 6 5 0 7 0 . 1 7 2 7
4 5 1 1 0 0 0 . 0 4 8 2 0 . 6 1 0 5 6 0 . 0 5 0 5 6 0
4 5 2 0 0 0 . 0 1 6 4 9 0 0
4 5 2 0 0 0 0 0
4 5 2 0 0 0 0 0
4 5 2 1 0 . 3 8 0 3 0 . 1 2 9 7 9 0 . 0 6 4 3 7 0
4 5 2 1 0 . 9 9 9 2 0 . 1 2 2 9 1 0 . 0 4 0 2 7 0 . 0 1 7 4
4 5 2 1 0 0 0 0
4 5 2 3 1 . 7 7 8 8 0 . 2 7 0 6 7 0 . 0 5 0 1 2 0 . 0 4 5
4 5 2 3 1 . 4 2 1 2 0 2 7 4 8 1 0 . 0 5 7 9 5 0 . 0 4 0 8
4 5 2 3 1 . 4 8 0 9 0 2 5 0 8 5 0 . 0 4 9 1 6 0 . 0 3 6 1
4 5 2 7 0 . 7 9 1 6 0 . 2 8 4 9 4 0 . 0 5 7 8 6 0 . 0 4 5 9
4 5 2 7 0 . 7 6 6 8 0 . 2 7 5 3 3 0 . 0 6 0 6 7 0 . 0 4 5 3
4 5 2 7 0 . 8 0 7 3 0 . 2 9 8 2 6 0 . 0 3 9 8 3 0 . 0 3 4 1
4 5 2 1 4 0 . 7 6 4 9 0 . 3 2 3 6 2 0 . 0 4 9 2 4 0 . 0 2 2 3
4 5 2 1 4 0 . 7 6 7 6 0 . 3 0 4 9 1 0 . 0 5 8 1 2 0 . 0 2
4 5 2 1 4 0 . 9 6 8 0 . 3 4 4 0 3 0 . 0 6 8 7 6 0 . 0 4 2 7
4 5 2 2 1 0 . 7 2 6 5 0 . 4 9 8 8 2 0 . 3 5 1 7 4 0 . 0 4 6 2
4 5 2 2 1 0 . 6 4 2 1 0 . 5 2 1 7 4 0 . 1 1 3 9 6 0 . 0 3 1
4 5 2 2 1 0 . 6 8 0 2 0 . 4 6 9 4 6 0 . 0 4 2 9 1 0 . 0 4 2 7
4 5 2 1 0 0 0 . 2 7 0 4 0 . 5 4 1 7 1 0 . 0 3 5 0 9 0 . 0 2 9 9
4 5 2 1 0 0 0 . 3 0 7 2 0 . 4 8 7 5 8 0 . 0 3 7 6 4 0 . 0 2 2 7
4 5 2 1 0 0 0 . 2 8 4 6 0 . 4 8 3 5 1 0 . 0 4 0 1 9 0 . 0 2 0 8
1 1 0 1 0 0 0 0 0
1 1 0 1 0 0 0 . 1 0 1 4 0 0
1 1 0 1 0 0 . 3 8 9 6 0 . 0 3 3 6 0 0
1 1 0 1 1 0 . 6 8 8 8 0 . 2 3 8 3 0 . 0 4 6 6 4 0
1 1 0 1 1 0 . 5 0 2 2 0 . 2 0 2 1 0 . 1 2 5 8 8 0
1 1 0 1 1 0 . 4 0 1 2 0 . 0 8 7 2 0 . 0 8 7 6 8 0 . 0 6 0 9
1 1 0 1 3 0 . 0 2 5 1 0 . 0 4 3 3 0 . 0 2 1 5 6 0 . 0 2 2 3
1 1 0 1 3 0 . 3 0 4 5 0 . 1 3 4 6 0 . 1 7 7 1 2 0 . 1 2 2 7
1 1 0 1 3 0 . 3 2 7 9 0 . 0 2 7 9 0 . 1 9 6 8 4 0 . 0 5 0 1
1 1 0 1 7 0 . 2 0 6 0 . 0 4 4 8 0 . 1 5 5 4 7 0 . 0 3 0 5
1 1 0 1 7 0 . 2 3 9 1 0 . 0 7 3 4 0 . 0 3 8 2 8 0
1 1 0 1 7 0 . 2 6 2 3 0 . 0 8 1 9 0 . 0 9 2 8 6 0
1 1 0 1 1 4 0 . 9 0 2 0 . 1 4 6 7 0 . 0 9 5 2 9 0 . 1 7 5
1 1 0 1 1 4 0 . 8 2 3 1 0 . 1 5 5 2 0 . 0 8 3 6 7 0 . 1 4 1 4
1 1 0 1 1 4 0 . 8 2 1 0 . 1 5 0 4 0 . 0 9 1 3 6 0 . 1 4 2 7
1 1 0 1 2 1 0 . 2 7 1 0 . 0 7 4 6 0 . 0 7 2 1 3 0 . 0 2 3 2
1 1 0 1 2 1 0 . 2 3 8 6 0 . 0 3 8 1 0 . 0 5 2 9 9 0 . 0 2 2 1
1 1 0 1 2 1 0 . 2 2 5 9 0 . 0 4 7 3 0 . 0 6 5 1 1 0 . 0 2 1 6
1 1 0 1 1 0 0 0 . 1 5 7 0 . 0 3 6 6 0 . 0 2 2 4 0 . 0 1 1 4
1 1 0 1 1 0 0 0 . 1 3 3 1 0 . 0 1 6 2 0 . 0 2 7 7 5 0 . 0 2 2 3
1 1 0 1 1 0 0 0 . 1 0 8 6 0 . 0 2 4 9 0 . 0 2 6 0 8 0 . 0 2 1 3
 



T a b l e A - 2 4 . C o n t .

3 2 3

 

 

R T D L a c A c e E t o h B u t

1 1 0 2 0 0 . 0 2 4 3 0 0 0
1 1 0 2 0 0 . 0 1 7 7 0 . 0 1 8 7 0 0
1 1 0 2 0 0 . 0 3 9 5 0 . 0 1 5 4 0 0
1 1 0 2 1 0 . 3 9 1 9 0 . 0 9 2 0 0
1 1 0 2 1 0 . 9 7 8 3 0 . 1 0 . 0 1 8 9 7 0
1 1 0 2 1 0 . 8 5 8 9 0 . 1 0 2 8 0 . 0 5 9 8 5 0 . 0 5 1 5
1 1 0 2 3 1 . 1 4 2 5 0 . 1 6 5 7 0 . 0 8 1 3 3 0 . 0 8 0 8
1 1 0 2 3 1 . 4 1 4 9 0 . 1 2 6 1 0 . 0 7 1 0 5 0 . 0 7 2 2
1 1 0 2 3 1 . 1 5 9 8 0 . 1 2 9 5 0 . 0 7 1 0 5 0 . 0 6 7 8
1 1 0 2 7 0 . 3 5 3 0 0 0 . 0 1 1 2
1 1 0 2 7 0 . 8 9 3 9 0 . 1 1 7 9 0 . 0 7 9 8 2 0 . 0 3 2 5
1 1 0 2 7 1 . 3 5 7 0 . 1 6 4 5 0 . 0 7 0 4 6 0 . 0 4 3 2
1 1 0 2 1 4 1 . 3 9 2 8 0 . 1 1 6 3 0 . 0 4 3 1 3 0 . 0 4 3 1
1 1 0 2 1 4 0 . 9 6 8 1 0 . 0 8 9 0 . 0 7 3 4 7 0 . 0 3 2 1
1 1 0 2 1 4 1 . 1 3 7 9 0 . 0 6 6 6 0 . 0 5 7 9 2 0 . 0 2 6 9
1 1 0 2 2 1 0 . 6 9 1 5 0 . 0 6 8 6 0 . 0 3 3 1 8 0 . 0 0 6 6
1 1 0 2 2 1 0 . 6 3 7 4 0 . 0 6 7 5 0 . 0 4 6 5 6 0
1 1 0 2 2 1 0 . 4 0 8 9 0 . 0 4 3 3 0 . 0 4 8 9 0 . 0 1 9 3
1 1 0 2 1 0 0 0 . 2 0 7 9 0 . 0 3 7 4 0 . 0 3 1 4 3 0 . 0 1 4 1
1 1 0 2 1 0 0 0 . 1 5 7 0 . 0 5 4 9 0 . 0 3 9 1 2 0 . 0 1 3 1
1 1 0 2 1 0 0 0 . 0 9 6 7 0 . 0 2 4 3 0 . 0 5 2 7 4 0 . 0 1 3 5
 

A b b r e v i a t i o n s :
R = r e g r o w t h p e r i o d , T = t r e a t m e n t ( 1 = c o n t r o l ; 2 = e n x y m e p l u s i n o c u l a n t ) , D = d a y o f e n s i l i n g , L a c = l a c t i c
a c i d , A c e = a c e t i c a c i d . E t o h = e t h a n o l , B u t = b u t i r y c a c i d .

 



3 2 4

T a b l e A - 2 5 . D a t a u s e d f o r a n a l y s i s o f w a t e r s o l u b l e c a r b o h y d r a t e s i n J o h n s o n g r a s s e n s i l e d a t

t w o r e g r t h p e r i o d s i n a t r o p i c a l e n v i r o n m e n t . ( C h a p t e r 5 )

 

 

R T D G l u c o s e X y l o s e A r a b i n o s e F r u c t o s e

4 5 1 0 0 . 6 7 9 0 . 8 5 4 8 9 0 . 0 3 7 0 5 0 . 0 1 0 4 4
4 5 1 0 0 . 7 4 5 3 0 . 9 2 3 2 8 0 . 0 5 2 3 8 0 . 0 2 0 5 7
4 5 1 0 0 . 7 8 6 5 0 . 7 2 8 1 2 0 0 . 0 3 9 3 6
4 5 1 1 0 . 2 1 3 0 . 6 6 9 1 5 0 0
4 5 1 1 0 . 1 1 1 6 0 . 3 1 3 7 8 0 0 . 0 3 5 9 3
4 5 1 1 0 . 0 2 2 6 0 . 3 1 3 7 8 0 0 . 0 6 6 3 4
4 5 1 3 0 . 0 8 2 6 0 . 0 9 7 7 3 0 0 . 1 0 1 8 2
4 5 1 3 0 . 0 1 5 9 0 0 0 . 0 8 6 9 1
4 5 1 3 0 . 0 7 2 8 0 . 0 9 9 9 7 0 0 . 0 3 5 1 8
4 5 1 7 0 . 6 7 4 0 0 0 . 0 9 1 2 3
4 5 1 7 0 . 1 9 7 4 0 0 0 . 0 4 0 8 5
4 5 1 7 0 0 . 1 0 8 8 6 0 0 . 0 2 6 6 8
4 5 1 1 4 0 . 1 3 2 4 0 . 1 4 4 5 9 0 0 . 0 9 2 8 7
4 5 1 1 4 0 . 1 7 7 6 0 . 1 4 3 7 1 0 0 . 0 5 5 3 1
4 5 1 1 4 0 . 5 1 9 9 0 . 1 5 3 9 6 0 0 . 0 1 9 5 3
4 5 1 2 1 0 . 2 0 3 0 0 0 . 0 3 6 8 2
4 5 1 2 1 0 0 0 . 1 2 2 2 1 0 . 0 9 3 4 7
4 5 1 2 1 0 . 0 2 3 4 0 0 0 . 0 2 9 6 7
4 5 1 1 0 0 0 . 0 4 6 8 0 0 . 1 0 0 6 0 . 0 1 9 2 3
4 5 1 1 0 0 0 . 0 3 9 5 0 . 0 0 4 3 9 0 . 0 4 8 5 5 0 . 0 3 1 3 1
4 5 1 1 0 0 0 . 0 2 1 2 0 . 0 1 2 1 1 0 . 0 5 0 8 9 0 . 0 1 6 1
4 5 2 0 0 . 8 3 8 8 0 . 9 5 6 6 0 0 . 1 4 5 9 5
4 5 2 0 0 . 6 9 2 5 0 8 7 3 5 9 0 0 . 0 5 0 2 4
4 5 2 0 0 . 5 9 1 4 0 . 7 5 6 4 0 o
4 5 2 1 0 . 1 3 3 5 0 . 1 6 5 9 7 0 0 . 0 5 8 5 9
4 5 2 1 0 . 1 2 7 6 0 . 1 4 7 9 1 0 0 . 0 4 6 3 6
4 5 2 1 0 . 1 5 7 8 0 . 1 5 7 9 6 0 0 . 0 8 9
4 5 2 3 0 . 1 2 4 8 0 . 1 4 1 7 6 0 0 . 1 1 4 3 4
4 5 2 3 0 . 1 2 0 2 0 . 1 5 2 3 0 0 . 0 4 4 7 2
4 5 2 3 0 . 1 5 2 0 0 0 . 0 6 3 5 1
4 5 2 7 0 0 . 1 2 2 8 2 0 0
4 5 2 7 0 . 1 2 9 3 0 . 1 5 1 9 1 0 0 . 0 8 0 0 5
4 5 2 7 0 . 0 1 4 4 0 0 0 . 0 8 5 2 7
4 5 2 1 4 0 . 1 3 5 0 . 1 5 6 9 9 0 0 . 1 1 8 5 2
4 5 2 1 4 0 . 1 7 0 6 0 . 1 8 3 2 5 0 0 . 0 6 6 7 9
4 5 2 1 4 0 0 . 1 3 8 2 4 0 0 . 0 6 9 1 7
4 5 2 2 1 0 . 1 6 0 4 0 . 1 6 2 6 5 0 0 . 1 1 9 1 1
4 5 2 2 1 0 . 1 9 6 8 0 . 1 4 7 8 1 0 0 . 0 8 5 1 2
4 5 2 2 1 0 . 0 8 1 8 0 . 1 2 1 5 5 0 . 0 4 8 5 5 0 . 0 4 7 8 5
4 5 2 1 0 0 0 . 0 8 7 6 0 . 1 4 2 1 5 0 . 0 5 4 5 1 0 . 0 4 2 9 3
4 5 2 1 0 0 0 . 0 8 9 2 0 . 1 2 8 8 7 0 . 0 7 3 1 4 0 . 0 3 3 3 9
4 5 2 1 0 0 0 . 0 8 4 6 0 . 1 0 7 7 8 0 . 0 5 8 2 3 0 . 0 4 6 5 1
1 1 0 1 0 0 . 0 8 6 0 . 0 9 8 3 7 0 0 . 1 7 8 9 9
1 1 0 1 0 0 . 1 8 9 7 0 . 1 1 5 1 0 0 . 0 7 9 7 6
1 1 0 1 0 0 . 1 9 0 0 . 1 0 2 4 0 0 . 0 7 5 2 9
1 1 0 1 1 0 . 1 2 2 9 0 0 0 . 0 9 4 7 7
1 1 0 1 1 0 . 1 0 4 8 0 . 1 1 3 5 9 0 0 . 0 9 0 6 1
1 1 0 1 1 0 . 0 8 0 7 0 . 0 8 0 4 2 0 0 . 1 1 8 4 8
1 1 0 1 3 0 . 1 0 0 5 0 . 1 0 3 7 6 0 . 0 7 0 3 2 0 . 0 7 9 6 8
1 1 0 1 3 0 0 . 1 0 3 8 6 0 0 . 0 4 3 4 2
1 1 o 1 3 0 . 1 0 9 3 0 . 0 8 3 9 5 0 0 . 0 4 4 0 4
1 1 0 1 7 0 . 0 6 9 5 0 . 0 7 4 0 1 0 . 0 4 7 2 8 0 . 0 4 5 4 2
1 1 0 1 7 0 . 0 4 3 4 0 0 0 . 0 2 1 4
1 1 0 1 7 0 . 0 2 1 1 0 0 . 0 5 0 5 8 0 . 0 2 6 9 5
1 1 0 1 1 4 0 . 0 0 9 7 0 0 . 0 6 9 3 8 0 . 0 4 3 0 4
1 1 0 1 1 4 0 0 . 1 4 4 2 5 0 0 . 0 7 3 4 4
1 1 0 1 1 4 0 . 0 9 3 1 0 . 1 2 7 6 6 0 0 . 0 2 2 1 7
1 1 0 1 2 1 0 0 . 1 7 0 1 1 0 . 0 4 5 6 9 0 . 0 6 9 9 8
1 1 0 1 2 1 0 0 . 0 8 8 0 3 0 0 . 0 3 9 8
1 1 0 1 2 1 0 . 0 0 8 5 0 0 0 . 0 4 5 4 2
1 1 o 1 1 0 0 0 . 0 0 6 3 0 0 0 . 0 4 2 1 9
1 1 0 1 1 0 0 0 . 0 0 7 1 0 0 0 . 0 3 5 2 6
1 1 0 1 1 0 0 0 . 0 0 7 3 0 0 0 . 0 4 7 1 2
1 1 0 2 0 0 . 2 1 2 0 0 0 . 1 9 8 5 5
 



T a b l e A - 2 5 . C o n t .

3 2 5

 

 

R T D G l u c o s e X y l o s e A r a b i n o s e F r u c t o s e

1 1 0 2 0 0 . 1 8 3 1 0 0 0 . 0 7 4 2 1
1 1 0 2 0 0 . 0 3 1 0 . 1 1 8 0 3 0 . 0 6 3 4 4 0 . 0 7 9 9 9
1 1 0 2 1 0 . 0 7 2 5 0 . 0 8 5 0 6 0 0 . 0 6 7 5 9
1 1 0 2 1 0 . 0 8 1 6 0 . 1 0 0 4 3 0 0 . 0 8 3 4 5
1 1 0 2 1 0 . 0 2 7 3 0 . 0 9 3 7 3 0 0 . 0 9 1 9 2
1 1 0 2 3 0 . 0 9 6 1 0 . 1 3 0 4 3 0 0 . 0 5 5 8 1
1 1 0 2 3 0 0 . 0 6 3 9 8 0 0 . 0 8 8 8 4
1 1 0 2 3 0 . 0 9 7 6 0 . 0 7 8 3 5 0 0 . 0 5 1 1 2
1 1 0 2 7 0 . 0 1 5 6 0 . 0 9 8 1 1 0 0 . 0 3 5 3 4
1 1 0 2 7 0 . 0 2 9 6 0 . 0 7 1 4 9 0 0 . 0 6 5 8 2
1 1 0 2 7 0 . 1 4 7 9 0 . 1 6 4 8 7 0 0 . 0 8 3 9 9
1 1 0 2 1 4 0 . 0 7 9 3 0 . 1 2 4 9 9 0 0 . 0 7 1 1 4
1 1 o 2 1 4 0 . 1 0 4 2 0 . 0 8 0 7 2 0 0 . 0 7 3 6 8
1 1 0 2 1 4 0 . 1 1 1 3 0 . 1 5 4 1 8 0 . 0 7 3 0 1 0 . 0 8 2 9 1
1 1 0 2 2 1 0 . 0 8 0 6 0 . 0 9 8 1 6 0 0 . 0 6 4 7 5
1 1 0 2 2 1 0 . 0 8 5 1 0 . 1 0 0 1 3 0 0 . 0 6 8 9
1 1 0 2 2 1 0 . 1 6 8 1 0 . 1 5 8 3 1 0 . 0 7 9 6 1 0 . 0 8 3 4 5
1 1 0 2 1 0 0 0 . 0 8 5 4 0 . 1 8 0 1 3 0 1 1 7 1 0 . 1 6 3 9 8
1 1 0 2 1 0 0 0 . 0 8 7 7 0 . 1 3 1 3 1 0 . 1 0 5 0 7 0 . 1 4 7 1 4
1 1 0 2 1 0 0 0 . 0 8 7 6 0 . 1 4 2 3 4 0 . 0 8 9 9 6 0 . 1 4 0 8 8
 

A b b r e v i a t i o n s ;

r e g r o w t h p e r i o d , T = t r e a t m e n t ( 1 = c o n t r o l , 2 = e n z y m e p l u s i n o c u l a n t ) , D = d a y o f e n s i l i n g



3 2 6

T a b l e A - 2 6 . D a t a u s e d f o r a n a l y s i s o f s t r u c t u r a l c a r b o h y d r a t e s i n J o h n s o n g r a s s e n s i l e d a t t w o r e g r o w t h
p e r i o d s i n a t r o p i c a l e n v i r o n m e n t . ( C h a p t e r 5 )

 

 

R T r t D N D F H e m i . A D F C e l l u l o s e

4 5 1 0 7 0 . 1 1 0 3 2 . 9 0 9 3 7 . 2 0 0 9 1 3 3 . 1 3 7

4 5 1 0 6 8 . 6 2 6 3 1 . 2 6 2 3 7 . 3 6 4 0 5 3 2 . 9 7 6

4 5 1 0 6 8 . 8 1 2 2 9 . 8 1 8 3 8 . 9 9 3 8 3 3 2 . 5 1 7

4 5 2 0 6 6 . 4 1 5 2 7 . 8 2 3 3 8 . 5 9 2 0 8 3 3 . 4 7 9

4 5 2 0 6 6 . 7 1 3 2 8 . 6 6 9 3 8 . 0 4 4 1 3 3 3 . 6 9 1

4 5 2 0 6 8 . 2 8 1 2 8 . 6 2 1 3 9 . 6 5 9 1 1 3 4 . 6 0 8

4 5 1 1 0 0 6 5 . 0 6 5 2 4 . 5 1 4 4 0 . 5 5 1 0 4 3 2 . 2 1 4

4 5 1 1 0 0 6 8 . 1 0 1 2 5 . 1 9 2 4 2 . 9 0 9 3 0 3 6 . 2 4 1

4 5 1 1 0 0 6 7 . 0 2 3 2 4 . 4 6 4 4 2 . 5 5 8 8 8 3 6 . 1 7 0

4 5 2 1 0 0 6 6 . 1 2 4 2 6 . 1 9 0 3 9 . 9 3 4 1 8 3 2 . 7 5 2

4 5 2 1 0 0 6 6 . 7 0 0 2 5 . 6 2 9 4 1 . 0 7 1 4 2 3 5 . 1 2 5

4 5 2 1 0 0 6 6 . 0 5 8 2 6 . 0 8 9 3 9 . 9 6 8 5 9 2 9 . 3 6 7

1 1 0 1 0 7 2 . 0 5 5 3 3 . 6 2 5 3 8 . 4 2 9 3 4 3 2 . 7 8 8

1 1 0 1 0 7 0 . 6 7 5 2 9 . 3 6 1 4 1 . 3 1 3 1 6 3 5 . 2 6 3

1 1 0 1 0 7 0 . 5 5 2 3 1 . 0 4 9 3 9 . 5 0 2 5 2 3 3 . 3 0 5

1 1 0 2 0 6 9 . 5 9 5 2 7 . 6 1 6 4 1 . 9 7 8 8 3 3 5 . 5 7 8

1 1 0 2 0 6 8 . 5 7 5 2 7 . 0 8 9 4 1 . 4 8 6 0 1 3 5 . 1 6 7

1 1 0 2 0 6 9 . 9 6 7 2 7 . 2 4 5 4 2 . 7 2 1 1 3 3 3 . 9 9 6

1 1 0 1 1 0 0 7 0 . 6 7 6 2 7 . 0 1 5 4 3 . 6 6 0 9 5 3 1 . 0 7 3

1 1 0 1 1 0 0 6 9 . 6 0 9 2 5 . 3 7 4 4 4 . 2 3 4 8 8 3 4 . 8 4 3

1 1 0 1 1 0 0 7 1 . 4 2 5 2 6 . 4 0 0 4 5 . 0 2 4 9 2 3 7 . 4 2 7

1 1 0 2 1 0 0 6 2 . 4 0 8 2 3 . 1 5 4 3 9 . 2 5 4 3 8 2 8 . 4 9 0

1 1 0 2 1 0 0 7 6 . 9 9 8 2 8 . 9 2 0 4 8 . 0 7 8 0 9 3 7 . 7 8 7

1 1 0 2 1 0 0 7 0 . 4 2 2 2 7 . 1 2 1 4 3 . 3 0 0 8 3 3 5 . 9 1 5
 

A b b r e v i a t i o n s :

R = r e g r o w t h p e r i o d ( d a y s ) , T r t = t r e a t m e n t , 1 = c o n t r o l , 2 = E + I ; D = d a y o f e n s i l i n g ; H e m i . = h e m i c e l l u l a s e



3 2 7

 

 

T a b l e A - 2 7 . D a t a u s e d f o r s t a t i s t i c s a n a l y s i s i n C h a p t e r 6 .

F 8 E a p R e p N D F D A D F D H C D C E L D

J 4 5 0 1 6 . 0 0 4 0 . 3 8 1 6 . 3 8 6 . 5 0 1 2

J 4 5 0 2 7 . 5 5 3 0 . 0 8 6 7 . 4 6 5 1 . 2 3 4

J 4 5 0 3 6 . 1 7 9 0 . 4 3 8 6 . 6 1 8 . 2 4 7 9

J 4 5 1 1 8 . 3 7 4 0 . 7 8 3 7 . 5 9 0 1 . 2 2 4

J 4 5 1 2 5 . 8 0 5 4 . 4 3 3 6 . 4 3 0 3 . 9 7 1

J 4 5 1 3 7 . 8 6 1 5 . 7 9 5 6 . 0 6 0 6 . 8 3 6

J 4 5 4 1 7 . 5 8 0 4 . 8 7 1 4 . 4 5 2 5 . 5 0 4

J 4 5 4 2 7 . 2 1 6 4 . 4 8 7 6 . 7 2 9 2 . 6 0 7

J 4 5 4 3 1 1 . 7 6 3 . 1 7 4 8 . 5 9 3 4 . 5 2 5

J 4 5 8 1 1 1 . 5 9 3 . 5 7 4 8 . 0 1 8 4 . 4 9 5

J 4 5 8 2 1 6 . 5 2 6 . 7 9 1 9 . 7 3 2 7 . 7 9 5

J 4 5 8 3 1 7 . 1 8 6 . 9 9 8 1 0 . 1 9 8 . 0 2 2

J 1 1 0 0 1 3 . 6 2 3 0 . 4 4 1 4 . 0 6 4 . 0 0 0 3

J 1 1 0 0 2 4 . 0 8 2 0 . 0 3 8 4 . 1 2 1 . 0 0 0 4

J 1 1 0 0 3 4 . 2 6 3 0 . 4 5 9 4 . 7 1 4 . 1 1 7 3

J 1 1 0 1 1 4 . 3 0 9 0 . 9 6 5 5 . 2 7 5 . 3 1 1 6

J 1 1 0 1 2 4 . 7 2 1 0 . 2 8 0 5 . 0 0 2 1 . 0 7 4

J 1 1 0 1 3 4 . 7 7 9 0 . 7 1 9 5 . 4 9 8 . 3 6 6 6

J 1 1 0 4 1 8 . 4 4 0 0 . 4 4 3 7 . 9 9 7 1 . 3 6 3

J 1 1 0 4 2 5 . 4 3 5 1 . 5 5 7 7 . 0 1 0 . 1 3 2 5

J 1 1 0 4 3 6 . 7 6 4 0 . 7 1 0 7 . 4 7 4 . 3 7 6 9

J 1 1 0 8 1 1 1 . 1 2 1 . 9 2 9 9 . 1 9 1 2 . 3 6 0

J 1 1 0 8 2 8 . 3 7 5 0 . 2 4 2 8 . 1 3 2 . 6 6 1 0

J 1 1 0 8 3 7 . 9 9 3 0 . 2 4 5 8 . 2 3 8 . 6 4 4 4

F 8 9 0 0 1 3 . 8 3 3 0 . 8 7 2 4 . 7 0 6 . 0 0 0 5

F 8 9 0 0 2 3 . 6 7 9 0 . 3 0 5 4 . 9 7 7 . 0 0 0 4

F 8 9 0 0 3 3 . 7 5 7 0 . 2 3 2 4 . 9 8 9 . 0 0 0 3

F 8 9 0 1 1 7 . 4 9 9 1 . 1 1 8 6 . 3 8 1 . 7 4 5 9

F 8 9 0 1 2 6 . 7 2 9 0 . 4 9 4 6 . 2 3 5 . 5 1 1 2

F 8 9 0 1 3 7 . 1 7 2 0 . 8 1 7 6 . 3 5 4 . 6 8 6 0

F 8 9 0 4 1 9 . 1 2 7 2 . 1 9 1 6 . 9 3 6 2 . 1 9 7

F 8 9 0 4 2 8 . 0 7 5 1 . 9 8 8 6 . 0 8 6 1 . 4 7 6

F 8 9 0 4 3 7 . 3 9 5 2 . 0 8 5 5 . 3 0 9 1 . 9 4 1

F 8 9 0 8 1 1 0 . 7 6 3 . 4 3 8 7 . 3 3 0 3 . 4 0 1

F 8 9 0 8 2 1 1 . 7 8 4 . 5 1 8 7 . 2 6 4 4 . 3 0 4

F 8 9 0 8 3 1 0 . 2 0 3 . 7 6 1 6 . 4 4 7 3 . 8 6 7
 

A b b r e v i a t i o n s :

f o r a g e S p e c i e ; J 4 5 - J o h n s o n g r a s s h a r v e s t e d a t 4 5 d o f r e g r o w t h , J 1 1 0 - j o h n s o n g r a s s

h a r v e s t e d a t 1 1 0 d o f r e g r o w t h , F 8 9 0 - f o r a g e s o r g h u m h a r v e s t e d a t 9 0 d o f g r o w t h .

E a r = e n z y m e a p p l i c a t i o n r a t e . M u l t i p l e s o f r a t e r e c o m m e n d e d b y m a n u f a c t u r e r

F 8 =

R e p =

N D F D
A D F D
H C D

R e p l i c a t e

= N D F d i s a p p e a r a n c e

= A D F d i s a p p e a r a n c e

h e m i c e l l u l a s e d i s a p p e a r a n c e

C E L D = c e l l u l o s e d i s a p p e a r a n c e



3 2 8

T a b l e A - 2 8 . D a t a u s e d f o r a n a l y s i s i n c h a p t e r 7 ( E x p . 1 )

 

E n z y m e a p p l i c a t i o n r a t e F o r a g e p r e p a r a t i o n N D F - D i s a p p e a r a n c e ‘
6 . 6 4
5 . 1 7
6 . 9 1
8 . 4 5
7 . 6 9
7 . 0 8
9 . 1 0
1 0 . 3 9
1 0 . 8 5
1 1 . 6 6
1 1 . 0 6
1 0 . 2 9
3 . 2 7
4 . 5 0
2 . 7 3
3 . 5 5
5 . 3 0
4 . 0 8
4 . 1 8
5 . 5 0
4 . 5 0
4 . 7 0
4 . 8 3
8 . 1 9'

n
'
n
'
n
m
m
'
n
'
n
'
n
'
n
'
n
'
n
m
'
n
o
o
o
o
o
o
o
o
o
o
o

a
a
c
a
a
u
h
h
h
o
o
o
¢
¢
¢
a
a
a
h
h
h
o
o
o

 

A b b r e v i a t i o n s :

F r e e z e - d r i e d

0
F

a g / 1 0 0 9 D M



3 2 9

T a b l e A - 2 9 D a t a u s e d f o r a n a l y s i s i n C h a p t e r 7 ( E x p . 2 )
 

 

p H E n z y m e A p l i c a t i o n R a t e ' N D F D ”

3 . 5 0 3 . 6 0 1
3 . 5 0 4 . 2 0 2
3 . 5 0 3 . 0 1 8
3 . 5 1 8 . 8 4 3

3 . 5 1 8 . 9 1 4

3 . 5 1 9 . 4 8 6

3 . 5 2 9 . 3 4 9
3 . 5 2 1 0 . 3 8
3 . 5 2 1 1 . 2 4

3 . 5 4 1 0 . 1 1

3 . 5 4 1 0 . 5 4
3 . 5 4 1 0 . 7 0
3 . 5 8 1 1 . 6 0
3 . 5 8 1 3 . 2 6

3 . 5 8 9 . 5 7 2

4 . 5 0 6 . 7 3 5

4 . 5 0 5 . 3 8 6

4 . 5 0 8 . 4 3 3
4 . 5 1 1 0 . 9 4

4 . 5 1 1 0 . 7 8

4 . 5 1 1 3 . 3 4

4 . 5 2 1 1 . 1 6

4 . 5 2 1 2 . 5 2

4 . 5 2 1 1 . 5 1

4 . 5 4 1 0 . 2 3

4 . 5 4 5 . 4 0 7

4 . 5 4 1 1 . 5 3

4 . 5 8 1 0 . 7 4

4 . 5 8 1 1 . 1 3

4 . 5 8 1 0 . 9 3
5 . 5 0 6 . 7 2 6

5 . 5 0 6 . 1 8 1

5 . 5 0 6 . 3 5 0

5 . 5 1 1 1 . 6 4

5 . 5 1 1 0 . 7 0
5 . 5 1 1 2 . 3 1
5 . 5 2 1 1 . 9 2

5 . 5 2 1 1 . 1 3

5 . 5 2 1 0 . 4 9

5 . 5 4 1 1 . 5 4

5 . 5 4 1 1 . 4 5

5 . 5 4 1 1 . 7 0

5 . 5 8 1 1 . 3 0

5 . 5 8 1 1 . 3 5

5 . 5 8 1 0 . 9 4
 

N D F D = N D F d i s a p p e a r a n c e

a = m u l t i p l e s o f r a t e r e c o m m e n d e d b y m a n u f a c t u r e r

b = N D F d i s a p p e a r a n c e ( g / 1 0 0 g D M )



3 3 0

T a b l e A - 3 0 . D a t a u s e d f o r a n a l y s i s i n C h a p t e r 7 ( E x p . 3 )
 

 

R a t i o E n z y m e A p l i c a t i o n r a t e ( g / t o n D M ) N D F D

2 : 1 0 4 . 7 7 2

2 : 1 0 3 . 7 2 8

2 : 1 0 5 . 7 4 1

2 2 1 2 7 . 6 3 3

2 : 1 2 6 . 7 1 1

2 : 1 2 5 . 8 1 8

2 : 1 5 6 . 7 2 0

2 : 1 5 6 . 2 7 5

2 : 1 5 6 . 0 7 2

2 : 1 1 0 7 . 0 8 4

2 : 1 1 0 6 . 2 8 5

2 : 1 1 0 6 . 6 7 0

4 : 1 0 4 . 7 2 8

4 : 1 0 3 . 7 2 8

4 : 1 0 5 . 7 4 1

4 : 1 2 6 . 2 6 5

4 : 1 2 9 . 6 8 8

4 : 1 2 6 . 7 5 7

4 : 1 5 6 . 3 4 4

4 : 1 5 6 . 4 0 1

4 : 1 5 6 . 6 8 6

4 : 1 1 0 5 . 8 8 5

4 : 1 1 0 5 . 8 4 5

4 : 1 1 0 7 . 1 3 4

6 : 1 0 4 . 7 7 2

6 : 1 0 3 . 7 2 8

6 : 1 0 5 . 7 4 1

6 : 1 2 6 . 5 2 6

6 : 1 2 8 . 1 6 7

6 2 1 2 5 . 4 6 7

6 : 1 5 6 . 8 0 8

6 : 1 5 8 . 5 2 9

6 : 1 5 7 . 2 3 4

6 : 1 1 0 5 . 7 6 1

6 : 1 1 0 7 . 1 3 3

6 : 1 1 0 6 . 8 7 5
 

A b b r e v i a t i o n :

N D F D = N e u t r a l d e t e r g e n t f i b e r d i s a p p e a r a n c e



3 3 1

T a b l e A - 3 1 D a t a u s e d f o r a n a l y s i s i n C h a p t e r 7 ( E x p . 4 )

 

 

E n z y m e A p l i c a t i o n R a t e N D F D '

0 6 . 0 3 5

0 6 . 9 1 6

0 5 . 8 1 8

. 0 8 6 . 7 2 0

. 0 8 6 . 2 7 5

. 0 8 6 . 0 7 2

. 1 6 7 . 0 8 4

. 1 6 6 . 2 8 5

. 1 6 6 . 6 7 0
 

a = N D F d i s a p p e a r a n c e ( g / 1 0 0 g D M )

T a b l e A - 3 2 D a t a u s e d f o r a n a l y s i s i n C h a p t e r 7 ( E x p . 5 )
 

 

E n z y m e A p p l i c a t i o n R a t e N D F D '

0 6 . 0 3 5

0 6 . 0 0 6

0 6 . 3 1 5

. 2 5 1 3 . 0 6

. 2 5 1 2 . 5 6

. 2 5 1 3 . 6 0

. 5 0 1 2 . 3 4

. 5 0 1 3 . 4 0

. 5 0 1 3 . 1 9
 

a = N D F d i s a p p e a r a n c e ( g / 1 0 0 g D M )



T a b l e A - 3 3 .

3 3 2

D a t a u s e d f o r a n a l y s i s o f e n z y m e c o m p a r i s o n i n C h a p t e r 7

 

 

E n z y m e P r e p a r a t i o n N D F D '

V i s c o z y m e 2 . 2 1 3

V i s c o z y m e 2 . 2 8 4

V i s c o z y m e 2 . 8 5 6

V i s c o z y m e 2 . 7 1 9

V i s c o z y m e 3 . 7 5 8

V i s c o z y m e 4 . 6 1 5

V i s c o z y m e 3 . 4 8 2

V i s c o z y m e 3 . 9 1 2

V i s c o z y m e 4 . 0 7 4

V i s c o z y m e 4 . 9 7 1

V i s c o z y m e 6 . 6 3 2

V i s c o z y m e 2 . 9 4 2

V i s c o z y m e 4 . 3 1 2

V i s c o z y m e 4 . 1 5 7

V i s c o z y m e 6 . 7 1 2

V i s c o z y m e 4 . 5 3 8

V i s c o z y m e 5 . 8 9 1

V i s c o z y m e 4 . 8 8 8

V i s c o z y m e 3 . 6 0 8

V i s c o z y m e 4 . 9 0 7

V i s c o z y m e 4 . 1 1 4

V i s c o z y m e 4 . 5 0 2

V i s c o z y m e 4 . 3 0 4

V i s c o z y m e 5 . 0 1 8

V i s c o z y m e 4 . 0 7 0

V i s c o z y m e 5 . 6 8 5

V i s c o z y m e 5 . 2 9 3

V i s c o z y m e 4 . 5 0 0

V i s c o z y m e 3 . 8 6 3

V i s c o z y m e 4 . 9 1 3

V i s c o z y m e 4 . 8 2 9

V i s c o z y m e 5 . 0 7 7

V i s c o z y m e 4 . 9 1 3

V i s c o z y m e 4 . 8 2 9

V i s c o z y m e 5 . 0 7 7

V i s c o z y m e 4 . 6 7 4

V i s c o z y m e 4 . 7 2 2

V i s c o z y m e 4 . 3 1 4

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 8 9 3

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 9 7 1

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 0 7 8

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 9 8 0

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 5 3 5

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 3 3 2

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 3 4 4

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 5 4 5
 



T a b l e A - 3 3 . C o n t .

3 3 3

 

 

E n z y m e P r e p a r a t i o n N D F D

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 9 3 0

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 5 2 5

B i o c e l l u l a s e A : B i o x y l a n a s e A 4 . 9 4 8

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 0 1 7

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 6 0 4

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 6 6 1

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 9 4 6

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 1 4 5

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 1 0 5

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 3 9 4

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 7 8 6

B i o c e l l u l a s e A : B i o x y l a n a s e A 3 . 4 2 7

B i o c e l l u l a s e A : B i o x y l a n a s e A 0 . 7 2 7

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 0 6 8

B i o c e l l u l a s e A : B i o x y l a n a s e A 3 . 7 8 9

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 4 9 4

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 0 2 1

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 3 9 3

B i o c e l l u l a s e A : B i o x y l a n a s e A 2 . 1 3 5

B i o c e l l u l a s e A : B i o x y l a n a s e A 0 . 0 3 2

B i o c e l l u l a s e A : B i o x y l a n a s e A 1 . 0 0 1

E c o g r a n 0 . 4 7 0

E c o g r a n 0 . 0 2 5

E c o g r a n 0 . 8 3 4
E c o g r a n 0 . 0 3 5

E c o g r a n 0 . 4 2 0

E c o g r a n 0 . 6 1 6

C e l l u l o s e G 7 . 9 5 6

C e l l u l o s e G 6 . 4 5 5

C e l l u l o s e G 7 . 4 9 8

C e l l u l o s e G 6 . 2 3 0

C e l l u l o s e G 7 . 0 3 5

C e l l u l o s e G 7 . 0 8 3
 

a = N D F d i s a p p e a r a n c e



3 3 4

 

 

T a b l e A - 3 4 . D a t a u s e d f o r a n a l y s i s o f f e r m e n t a t i o n - e n d p r o d u c t s ( g / 1 0 0 g D M ) a n d p H i n f o r a g e
s o r g h u m e n s i l e d w i t h c o m m e r c i a l e n z y m e m i x t u r e s ( C h a p t e r 8 )

E n z D a y A c e L a c P r o E t o h B u t p H

1 0 0 . 1 4 8 0 . 3 3 6 0 . 0 0 2 0 . 0 7 5 0 . 0 0 6 5 . 3
1 0 0 . 3 8 5 1 . 0 8 4 0 . 0 0 2 0 . 1 8 3 0 . 0 0 8 5 . 1
1 0 0 . 2 3 4 0 . 9 1 6 0 . 0 0 3 0 . 1 3 5 0 . 0 0 6 5 . 3
2 0 0 . 1 8 2 0 . 6 0 8 0 . 0 0 2 0 . 3 7 7 0 . 0 0 0 5 . 3
2 0 0 . 2 6 6 0 . 5 4 0 0 . 0 0 1 0 . 1 7 3 0 . 0 0 0 5 . 4
2 0 0 . 1 8 0 0 . 6 7 2 0 . 0 0 1 0 . 1 5 0 0 . 0 0 0 5 . 4
3 0 0 . 1 4 7 0 . 7 2 7 0 . 0 0 3 0 . 0 6 9 0 5 . 4
3 0 0 . 1 2 4 0 . 5 3 0 0 . 0 0 2 0 . 0 5 9 0 . 0 0 7 5 . 1
3 0 0 . 1 1 3 0 . 4 0 9 0 . 0 0 7 0 . 0 7 1 0 5 . 2
4 0 0 . 0 8 4 0 . 4 7 5 0 . 0 0 1 0 . 0 4 8 0 . 0 0 4 5 . 2
4 0 0 . 1 1 6 0 . 6 7 3 0 . 0 0 2 0 . 0 7 1 0 5 . 3
4 0 0 . 1 2 8 0 . 4 2 3 0 . 0 0 2 1 . 1 8 4 0 . 0 0 4 5 . 4
5 0 0 . 2 3 6 0 . 9 0 9 0 . 0 0 3 0 . 0 9 4 0 5 . 2
5 0 0 . 1 4 0 0 . 6 0 7 0 . 0 0 1 0 . 0 5 4 0 . 0 0 5 5 . 1
5 0 0 . 1 9 4 0 . 6 1 2 0 . 0 0 2 0 . 0 5 6 0 . 0 0 7 5 . 2
6 0 0 . 1 2 7 0 . 4 9 8 0 . 0 0 7 0 . 0 6 5 0 . 0 0 4 5 . 2
6 0 0 . 2 1 3 0 . 8 3 5 0 . 0 0 3 0 . 0 7 8 0 . 0 0 4 5 . 3
6 0 0 . 1 4 4 0 . 2 7 4 0 . 0 0 3 0 . 0 6 9 0 . 0 0 9 5 . 2
1 4 0 1 . 6 3 2 8 . 7 4 5 0 . 0 0 4 0 . 3 7 4 0 . 0 1 5 3 . 5
1 4 0 1 . 5 9 2 7 . 9 4 0 0 . 0 0 5 0 . 9 8 5 0 . 0 0 9 3 . 5
1 4 0 1 . 6 0 1 8 . 1 2 0 0 . 0 0 6 0 . 8 5 4 0 . 0 1 4 3 . 6
2 4 0 1 . 7 8 8 7 . 6 0 0 0 . 0 0 2 1 . 2 0 7 0 . 0 0 8 3 . 5 5
2 4 0 1 . 6 7 8 8 . 5 6 8 0 . 0 0 2 1 . 1 6 1 0 . 0 0 9 3 . 6
2 4 0 1 . 5 8 8 7 . 3 6 4 0 . 0 0 1 1 . 2 5 3 0 . 0 1 6 3 . 5 5
3 4 0 1 . 3 7 8 8 . 6 1 2 0 . 0 0 4 0 . 6 4 4 0 . 0 4 7 3 . 5
3 4 0 1 . 7 8 8 6 . 1 2 2 0 . 0 0 5 0 . 8 5 2 0 . 0 2 5 3 . 6
3 4 0 1 . 6 4 3 5 . 3 9 5 0 . 0 0 6 0 . 8 2 9 0 3 . 5
4 4 0 1 . 5 8 3 9 . 9 8 6 0 . 0 0 5 1 . 7 0 1 0 . 0 0 5 3 . 6
4 4 0 1 . 8 2 3 9 . 9 0 8 0 . 0 0 4 0 . 6 5 6 0 . 0 2 0 3 . 5
4 4 0 1 . 3 6 2 8 . 7 3 4 0 . 0 0 3 0 . 8 3 1 0 . 0 0 3 3 . 5
5 4 0 1 . 2 9 8 8 . 3 8 0 0 . 0 0 3 0 . 6 8 6 0 . 0 0 2 3 . 6
5 4 0 1 . 7 1 4 8 . 6 1 0 0 . 0 0 4 0 . 5 6 1 0 . 0 0 8 3 . 5
5 4 0 1 . 7 8 2 8 . 0 1 2 0 . 0 0 0 0 . 4 4 8 0 . 0 0 5 3 . 5 5
6 4 0 1 . 5 7 7 7 . 3 7 1 0 . 0 0 2 0 . 7 5 2 0 . 0 0 2 3 . 5
6 4 0 1 . 6 5 8 5 . 5 2 9 0 . 0 0 5 0 . 8 4 2 0 . 0 0 4 3 . 6
6 4 0 1 . 3 2 4 8 . 0 8 4 0 . 0 0 6 0 . 9 3 2 0 . 0 0 2 3 . 6
1 1 0 0 1 . 3 2 8 2 . 9 3 5 0 0 . 9 1 0 0 . 0 0 1 3 . 7 0
1 1 0 0 1 . 8 0 9 7 . 8 6 4 0 . 0 0 3 0 . 3 4 9 0 . 0 1 5 3 . 6
1 1 0 0 1 . 9 3 1 8 . 0 6 2 0 . 0 0 4 0 . 5 7 3 0 . 0 0 4 3 . 7 5
2 1 0 0 1 . 8 5 0 6 . 3 8 3 0 . 0 0 5 1 . 1 0 3 0 . 0 1 3 3 . 7
2 1 0 0 1 . 6 7 2 5 . 6 0 6 0 . 0 0 6 1 . 0 0 3 0 . 0 0 8 3 . 6 5
2 1 0 0 1 . 8 1 7 6 . 0 3 3 0 . 0 0 5 0 . 8 4 1 0 . 0 0 6 3 . 6 5
3 1 0 0 1 . 5 8 1 8 . 3 9 4 0 . 0 0 5 0 . 6 9 8 0 . 0 3 1 3 . 6 5
3 1 0 0 1 . 2 8 1 7 . 4 5 7 0 . 0 0 2 0 . 4 3 5 0 . 0 5 0 3 . 5
3 1 0 0 1 . 3 8 7 7 . 6 1 4 0 . 0 0 7 0 . 5 9 7 0 . 0 2 1 3 . 5
4 1 0 0 1 . 2 6 8 7 . 1 9 8 0 . 0 0 2 0 . 4 7 5 0 . 0 0 7 3 . 5
4 1 0 0 1 . 4 0 2 6 . 7 3 3 0 . 0 0 6 0 . 7 3 6 0 . 0 0 7 3 . 5
4 1 0 0 1 . 3 2 9 8 . 8 6 0 0 . 0 0 5 1 . 6 7 8 0 . 0 0 9 3 . 4 5
5 1 0 0 1 . 2 8 4 7 . 9 7 9 0 . 0 0 0 0 . 6 0 3 0 . 0 0 7 3 . 6
5 1 0 0 1 . 2 3 9 7 . 7 6 3 0 . 0 0 8 0 . 9 4 9 0 . 0 1 0 3 . 6 5
5 1 0 0 1 . 1 3 5 6 . 3 2 2 0 . 0 0 7 0 . 5 4 5 0 . 0 1 8 3 . 5
6 1 0 0 1 . 4 1 6 3 . 2 1 8 0 . 0 0 4 0 . 4 8 4 0 . 0 0 6 3 . 6 5
6 1 0 0 1 . 9 9 8 6 . 8 8 9 0 . 0 0 3 0 . 5 0 5 0 . 0 0 3 3 . 5
6 1 0 0 1 . 1 6 5 7 . 3 0 5 0 . 0 0 5 0 . 8 0 8 0 . 0 1 5 3 . 5 5
 

A b b r e v i a t i o n s :
E n z = e n z y m e , 1 = n o e n z y m e , 2 = V i s c o z y m e , 3 = E c o g r a m ( 1 X ) , 4 : E c o g r a m ( 2 X ) , 5 : C e l l u l a s e G
( 1 X ) , 6 = C e l l u l a s e G ( 2 X ) : L a c = l a c t i c a c i d , A c e = a c e t i c a c i d , P r o = p r o p i o n i c a c i d , E t o h = e t h a n o l ,

B u t = b u t y r i c a c i d .



3 3 5



3 3 6

 

 

T a b l e A - 3 6 . D a t a u s e d f o r a n a l y s i s o f s t u c t u r a l c a r b o h y d r a t e c o n t e n t s ( 9 / 1 0 0 9 D M ) i n f o r a g e

s o r g h u m e n s i l e d w i t h c o m m e r c i a l e n z y m e m i x t u r e s ( C h a p t e r 8 )

E n z D a y N D F H e m i A D F C e l l u l o s e

1 0 6 3 . 7 1 3 5 5 2 5 . 1 5 6 9 3 8 . 5 5 6 7 3 3 . 0 9 3 3 9
1 0 6 1 . 5 9 4 0 6 2 4 . 5 3 6 3 7 . 0 5 8 3 2 . 6 6 2 6 3
1 0 5 9 . 6 2 2 1 5 2 3 . 2 8 2 1 3 6 . 3 4 0 1 3 1 . 7 4 6 6 2
2 0 6 2 . 2 4 7 3 9 2 3 . 2 0 5 6 3 9 . 0 4 1 8 3 3 . 3 1 0 1
2 0 6 4 . 3 4 5 8 7 2 4 . 9 8 6 3 9 . 3 5 9 9 3 5 . 2 0 4 9 4
2 0 6 2 . 5 4 3 5 9 2 4 . 6 1 3 7 . 9 3 3 6 3 4 . 4 8 3 3 9
3 0 6 0 . 9 1 9 7 5 2 5 . 1 3 9 8 3 5 . 7 8 3 0 . 0 9 9 1 9
3 0 5 9 . 3 3 5 0 9 2 4 . 5 0 8 4 3 4 . 8 2 6 7 3 0 . 3 8 7 1 9
3 0 5 4 . 6 1 9 5 2 2 2 . 7 4 2 2 3 1 . 8 7 7 3 2 8 . 5 6 6 4 8
4 0 5 5 . 6 1 2 4 4 2 3 . 1 3 2 3 3 2 . 4 8 0 1 2 9 . 3 7 0 5
4 0 5 7 . 3 4 8 4 8 2 5 . 7 3 8 6 3 1 . 6 0 9 8 2 7 . 9 7 3 4 8
4 0 5 6 . 6 6 3 7 4 2 3 . 5 1 1 9 3 3 . 1 5 1 9 2 7 . 6 5 5 8 4
5 0 5 4 . 2 3 0 0 5 2 1 . 3 8 1 3 2 . 8 4 9 1 2 8 . 7 8 1 4
5 0 5 7 . 6 3 6 2 5 2 2 . 0 8 0 3 3 5 . 5 5 6 3 1 . 5 2 3 2 6
5 0 5 8 . 2 5 0 2 1 2 2 . 2 5 6 9 3 5 . 9 9 3 3 3 1 . 2 9 6 7 6
6 0 5 4 . 7 9 0 3 6 2 0 . 9 2 5 8 3 3 . 8 8 4 5 2 9 . 4 0 6 1 8
6 0 5 9 . 5 6 8 5 1 2 7 . 7 7 6 6 3 2 . 7 9 1 9 2 8 . 6 2 6 0 3
6 0 5 4 . 2 4 9 5 8 2 2 . 5 5 9 3 1 . 6 9 0 5 2 7 . 9 5 2 3 9
1 4 0 5 7 . 2 0 9 3 2 1 . 8 6 0 5 3 5 . 3 4 8 8 3 1 . 4 8 6 3 5
1 4 0 5 7 . 9 5 1 3 2 2 2 . 4 3 4 1 3 5 . 5 1 7 2 3 1 . 1 7 6 4 7
1 4 0 5 9 . 0 9 4 2 3 2 2 . 5 7 1 2 3 6 . 5 2 3 3 2 . 4 6 8 9 6
2 4 0 5 4 . 5 0 3 2 2 2 0 . 5 8 6 1 3 3 . 9 1 7 1 2 8 . 2 9 5 2 1
2 4 0 5 9 . 4 5 2 0 5 2 2 . 5 2 4 5 3 6 . 9 2 7 6 3 3 . 4 2 4 6 6
2 4 0 5 4 . 3 5 6 1 9 2 1 . 9 7 3 4 3 2 . 3 8 2 8 2 9 . 3 7 3 6 9
3 4 0 5 9 . 5 7 5 1 7 2 5 . 1 6 0 5 3 4 . 4 1 4 6 2 9 . 4 7 4 7 2
3 4 0 5 7 . 4 3 5 2 2 1 . 2 8 1 9 3 6 . 1 5 3 3 3 2 . 6 1 3 9 5
3 4 0 5 5 . 3 2 4 5 1 9 . 4 4 0 3 3 5 . 8 8 4 2 3 1 . 9 2 4 7 2
4 4 0 5 8 . 7 6 2 1 6 2 1 . 5 9 1 5 3 7 . 1 7 0 6 3 3 . 3 5 1 0 2
4 4 0 5 7 . 9 0 7 8 7 2 1 . 6 8 9 1 3 6 . 2 1 8 8 3 2 . 0 9 2 1 3
4 4 0 5 6 . 7 8 6 5 1 8 . 9 2 4 9 3 7 . 8 6 1 6 3 4 . 1 6 7 3 2
5 4 0 5 7 . 1 1 5 9 3 2 2 . 4 6 9 4 3 4 . 6 4 6 6 3 0 . 0 0 9 4 3
5 4 0 5 8 . 8 9 0 8 3 2 2 . 7 6 5 2 3 6 . 1 2 5 7 3 1 . 3 9 4 2 2
5 4 0 5 8 . 5 2 7 6 1 2 2 . 0 8 5 9 3 6 . 4 4 1 7 3 2 . 4 9 4 8 9

6 4 0 5 5 . 7 8 1 2 2 2 0 . 2 6 9 5 3 5 . 5 1 1 8 3 1 . 4 0 9 6 1
6 4 0 5 8 . 0 2 0 3 4 2 2 . 0 4 6 2 3 5 . 9 7 4 2 3 1 . 6 7 0 5 8
6 4 0 5 8 . 2 2 6 8 3 2 . 1 2 5 2 6 . 1 0 1 8 2 0 . 4 9 0 2 7
1 1 0 0 6 0 . 7 2 0 9 6 2 4 . 1 1 2 8 3 6 . 6 0 8 1 3 2 . 3 1 2 2 9
1 1 0 0 5 9 . 0 8 7 3 2 2 3 . 2 9 1 2 3 5 . 7 9 6 1 3 2 . 2 7 9 7 3
1 1 0 0 5 8 . 8 0 5 4 2 2 2 . 8 4 4 8 3 5 . 9 6 0 6 3 0 . 9 7 2 9 1
2 1 0 0 5 6 . 4 9 6 9 8 2 5 . 9 7 0 7 3 0 . 5 2 6 3 2 7 . 5 2 3 7 3
2 1 0 0 5 5 . 8 7 4 0 9 1 9 . 1 6 8 1 3 6 . 7 0 6 3 3 . 3 7 0 8 1
2 1 0 0 5 6 . 6 2 9 3 5 2 3 . 1 5 8 5 3 3 . 4 7 0 8 2 8 . 8 7 4 4 8
3 1 0 0 5 5 . 3 3 0 0 5 2 0 . 8 4 7 3 3 4 . 4 8 2 8 2 9 . 3 3 9 9
3 1 0 0 5 9 . 1 6 9 2 9 2 2 . 1 6 8 3 3 7 . 0 0 1 3 2 . 6 2 4 9 6
3 1 0 0 5 9 . 8 6 4 0 8 2 4 . 7 7 5 1 3 5 . 0 8 9 3 0 . 6 1 1 6 9
4 1 0 0 5 8 . 2 2 0 8 7 2 2 . 2 0 1 1 3 6 . 0 1 9 8 3 1 . 1 1 5 7 6
4 1 0 0 5 7 . 4 5 3 9 7 2 2 . 9 2 6 2 3 4 . 5 2 7 8 3 0 . 4 0 9 8 2
4 1 0 0 5 6 . 5 9 1 4 5 2 2 . 7 2 3 7 3 3 . 8 6 7 8 2 9 . 3 7 4 5 1
5 1 0 0 5 9 . 5 8 1 9 5 2 4 . 1 6 4 9 3 5 . 4 1 7 1 3 1 . 0 9 9 8 2
5 1 0 0 5 8 . 8 2 0 0 6 2 3 . 0 4 5 1 3 5 . 7 7 5 3 1 . 8 8 1 1 9
5 1 0 0 5 8 . 1 2 5 6 2 2 3 . 3 1 0 1 3 4 . 6 1 5 6 3 0 . 4 6 8 5 9
6 1 0 0 5 5 . 8 9 0 5 8 2 1 . 9 4 6 6 3 3 . 9 4 4 2 9 . 7 1 0 7 7
6 1 0 0 5 6 . 3 4 3 5 9 2 1 . 4 5 2 2 3 3 . 8 9 1 4 2 9 . 6 2 8 1 9
6 1 0 0 5 8 . 2 1 5 0 5 2 2 . 6 5 2 1 3 5 . 5 6 2 9 3 0 . 1 5 7 5
 

A b b r e v i a t i o n s :
E n z = e n z y m e , 1 = n o e n z y m e , 2
( 1 X ) , 6 = C e l l u l a s e G ( 2 X ) , H e m i . = h e m i c e l l u l a s e

V i s c o z y m e , 3 = E c o g r a m ( 1 X ) , 4 = E c o g r a m ( 2 X ) , 5 = C e l l u l a s e G
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A g u i l e r a , G R . 1 9 7 5 . D y n a m i c s o f t h e f e r m e n t a t i o n o f t r o p i c a l g r a s s s i l a g e

- l . E l e p h a n t g r a s s ( P . p u r p u r e u m ) w i t h o u t a d d i t i v e s . C u b a n J . o f A g r i c . S c i .

9 : 2 2 7 .

A O A C . 1 9 9 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 5 ‘ “ . E d . A s s o c i a t i o n o f
O f f i c i a l A n a l y t i c a l C h e m i s t s , A r l i n g t o n , V A .

B e c k e r , R . B . , J . M . W i n g , P . T . D . A r n o l d , J . T . M c C a l l , a n d C . J . W i l c o x .

1 9 7 0 . S i l a g e i n v e s t i g a t i o n i n F l o r i d a . B u l l . 7 3 4 . F l o r i d a A g r i c . E x p . S t a . ,

G a i n s v i l l e .

B a r n n e t t , A . J . 1 9 5 4 . S i l a g e F e r m e n t a t i o n . A c a d e m i c P r e s s , N Y .

B r a d y , C . J . 1 9 6 6 . O n t h e n i t r o g e n n u t r i t i o n o f s i l a g e s t r a i n s o f l a c t i c a c i d

b a c t e r i a . A u s t . J . B i o l . S c i . 1 9 : 1 0 5 .

B a t h u r s t , N D . a n d M i t c h e l l , K . J . 1 9 5 8 . T h e e f f e c t o f l i g h t a n d t e m p e r a t u r e

o n t h e c h e m i c a l c o m p o s i t i o n o f p a s t u r e p l a n t s . N e w Z e a l a n d J . A g r i c . R e s .

1 : 5 4 0 .

B e c k , T . 1 9 7 8 . F e r m e n t a t i o n o f S i l a g e - a r e v i e w . M . C . M c C u l l o u g h , E d .

N a t i o n a l F e e d I n g r e d i e n t s A s s o c i a t i o n , I o w a .

B e r t i n , G . , P . H e l l i n g s , a n d M . V a n b e l l e . 1 9 8 5 . T h e e f f e c t o f c e l l u l o l y t i c

e n z y m e p r e p a r a t i o n s a s i n v i t r o i m p r o v e m e n t f o r f o r a g e d i g e s t i b i l i t y . P r o c .

1 5 t h I n t . G r a s s l a n d C o n g r e s s , K y o t o . p p . 9 3 9 .

B l a c k , J . R . , L . 0 . E l y , M . E . M c C u l l o u g h , a n d E M . S u d w e e k s . 1 9 8 0 . E f f e c t

o f s t a g e o f m a t u r i t y a n d s i l a g e a d d i t i v e s u p o n t h e y i e l d o f g r o s s a n d

d i g e s t i b l e e n e r g y i n s o r g h u m s i l a g e . J . A n i m . S c i . 5 0 : 6 1 7 .

B o l s e n , K . K . , C . L i n , B . E . B r e n t , A . M . F e y e r h e r m , J . E . U r b a n , a n d W . R .

A i m u t i s . 1 9 9 2 . E f f e c t s o f s i l a g e a d d i t i v e s o n t h e m i c r o b i a l s u c c e s s i o n a n d

f e r m e n t a t i o n p r o c e s s o f a l f a l f a a n d c o r n s i l a g e s . J . D a i r y S c i . 7 5 : 3 0 3 6 .

P i o n e e r H i - B r e d I n t e r n a t i o n a l , I n c .

B u c h a n a n , R . E . a n d N E . G i b b o n s . ( E d s . ) . 1 9 7 4 . B e r g e y ' s M a n u a l o f

D e t e r m i n a t i v e B a c t e r i o l o g y . W i l l i a m s a n d W i l k i n s , 8 t h e d . , B a l t i m o r e .

3 3 7
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B u x t o n , D . R . a n d S . L . F a l e s . 1 9 9 4 . P l a n t e n v i r o n m e n t a n d q u a l i t y . I n :

F o r a g e Q u a l i t y , E v a l u a t i o n , a n d U t i l i z a t i o n . G . C . F a h e y , J r . , M . C o l l i n s , D . R .

M e r t e n s , a n d L E . M o s e r ( E d s ) . N a t i o n a l C o n f e r e n c e o n F o r a g e Q u a l i t y ,

E v a l u a t i o n , a n d U t i l i z a t i o n . U n i v e r s i t y o f N e b r a s k a , L i n c o l n .

C a n a l e , A . , M . E . V a l e n t e , a n d A . C i o t t i . 1 9 8 4 . D e t e r m i n a t i o n o f v o l a t i l e

c a r b o x y l i c a c i d s ( C 1 - C 5 i ) a n d l a c t i c a c i d i n a q u e o u s e x t r a c t s o f s i l a g e b y

h i g h p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h y . J . S c i . F o o d A g r i c . 3 5 : 1 1 7 8 .

C a p i e l , M . a n d R . J . C a l v e s b e r t . 1 9 7 6 . O n t h e c l i m a t e o f P u e r t o R i c o a n d

i t s A g r i c u l t u r a l W a t e r B a l a n c e . J . U n i v . P R . 6 0 ( 2 ) : 1 3 9 .

C a s t l e , M E . a n d J . N . W a t s o n . 1 9 8 5 . S i l a g e a n d m i l k p r o d u c t i o n s t u d i e s

w i t h m o l a s s e s a n d f o r m i c a c i d a s a d d i t i v e s f o r g r a s s s i l a g e s . G r a s s a n d

F o r a g e S c i . 4 0 : 8 5 .

C a t c h p o o l e , V . R . 1 9 7 0 . L a b o r a t o r y e n s i l a g e o f t h r e e t r o p i c a l p a s t u r e

l e g u m e - P h a s e o l u s a t r o p u r p u r e u s , D e s m o d i u m i n t o r t u m , a n d L o t o n o n i s

b a i n e s i i . A u s t . J . E x p . A g r i c . a n d A n i m . H u s b . 1 0 : 5 6 8 .

C a t c h p o o l e , V . R . a n d E . F . H e n z e l l . 1 9 7 1 . S i l a g e a n d s i l a g e m a k i n g f r o m

t r o p i c a l h e r b a g e s p e c i e s . H e r b a g e A b s t r a c t s 4 1 : 3

C a t c h p o o l e , V . R . 1 9 7 2 . L a b o r a t o r y e n s i l a g e o f S e t a r i a s p h a c e l a t a c v .

N a n d i a n d C h l o r i s g a y a n a c v . p i o n e e r a t a r a n g e o f d r y m a t t e r c o n t e n t s .

A u s t . J . E x p . A g r i c . a n d A n i m H u s b . 1 2 : 2 6 9 .

C h e n , J . , M . R . S t o k e s , a n d G R . W a l l a c e . 1 9 9 4 . E f f e c t s o f e n z y m e -

i n o c u l a n t s y s t e m o n p r e s e r v a t i o n a n d n u t r i t i v e v a l u e o f h a y c r o p a n d c r o p

s i l a g e . J . D a i r y S c i . 7 7 : 5 0 1 .

C l e a r e , I V . , R . M . , J . L . F i r k i n s , F . V a n D e r B e e k , J . H . C l a r k , E . H . J a s t e r , G . C .

M c C o y , a n d T . H . K l u s m e y e r . 1 9 9 0 . E f f e c t o f i n o c u l a t i o n o f w h o l e p l a n t

c o r n w i t h P e d i o c o c c u s a c i d i l a c t i c i a n d L a c t o b a c i l / u s x y l o s u s o n p r e s e r v a t i o n

o f s i l a g e a n d h e i f e r g r o w t h . J . D a i r y S i c . 7 3 : 7 1 1 .

C o u r t i n , M . G . a n d S F . S p o e l t r a . 1 9 9 0 . A s i m u l a t i o n m o d e l o f t h e

m i c r o b i o l o g i c a l a n d c h e m i c a l c h a n g e s a c c o m p a n y i n g t h e i n i t i a l s t a g e o f

a e r o b i c d e t e r i o r a t i o n o f s i l a g e . G r a s s a n d F o r a g e S c i . 4 5 : 1 5 3 .

C r o w d e r , L . V . a n d H . R . C h h e d a . 1 9 8 2 . T r o p i c a l G r a s s l a n d H u s b a n d r y . 1 " t

e d . L o n g m a n I n c . N e w Y o r k , N . Y .
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D a w s o n , T . E . 1 9 8 9 . E f f e c t s o f m i c r o b i a l i n o c u l a t i o n o n t h e s i l a g e q u a l i t y o f

r o u n d b a l e b e r m u d a g r a s s s i l a g e . T h e s i s , M S . U n i v e r s i t y o f F l o r i d a .

D a w s o n , T . E . 1 9 9 4 . P r o p i o n i c a c i d - p r o d u c i n g b a c t e r i a a s b i o i n o c u l a n t f o r

t h e p r e s e r v a t i o n o f e n s i l e d h i g h - m o i s t u r e c o r n . D i s s e r t a t i o n , P h . D . M i c h i g a n

S t a t e U n i v e r s i t y .

D e i n u m , B . 1 9 8 4 . C h e m i c a l c o m p o s i t i o n a n d n u t r i t i v e v a l u e o f h e r b a g e i n

r e l a t i o n t o c l i m a t e . I n : H . R i l e y a n d A . S k j e l v a g , E d s . T h e I m p a c t o f C l i m a t e

o n G r a s s P r o d u c t i o n a n d Q u a l i t y . P r o c . 1 0 t h G e n e r a l M t g . E u r o p e a n G r a s s l .

F e d e r a t i o n . N o r w a y .

D e n n i s , S M . a n d C . Z i m m e r m a n . 1 9 8 9 . S e l e c t i o n o f s p e c i f i c s t r a i n s o f

s i l a g e b a c t e r i a f o r d i f f e r e n t e n v i r o n m e n t a l n i c h e s . P r o c . S e c o n d F o r a g e

S y m p o s i u m b y M i c r o b i a l G e n e t i c s . A D i v i s i o n o f P i o n e e r H i - B r e d l n t ' l , I n c .

p p . 2 7 .

E d w a r d s , R A . a n d P . M c D o n a l d . 1 9 7 8 . T h e c h e m i s t r y o f s i l a g e

f e r m e n t a t i o n . I n : M . E . M c C u l l o u g h ( E d ) . F e r m e n t a t i o n o f S i l a g e a R e v i e w .

N a t i o n a l F e e d I n g r e d i e n t s A s s o c i a t i o n . W e s t D e s M o i n e s , I A . p p 2 7 - 6 0 .

E l y , L . 0 . , N . J . M o o n , a n d E M . S u d w e e k s . 1 9 8 2 . C h e m i c a l e v a l u a t i o n o f

L a c t o b a c i l l u s a d d i t i o n t o a l f a l f a , c o r n , s o r g h u m , a n d w h e a t f o r a g e a t

e n s i l i n g . J . d a i r y S c i . 6 5 : 1 0 4 1 .
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k i k u y o g r a s s q u a l i t y . J . A g r i c . S c i . , C a m b r . 1 2 2 : 5 3 .

F e n t o n , M P . 1 9 8 7 . A n i n v e s t i g a t i o n i n t o s o u r c e s o f l a c t i c a c i d b a c t e r i a i n

g r a s s s i l a g e . J . A p p l . B a c t . 6 2 : 1 8 1 .

F i t z s i m o n s , A . a n d M . O ' C o n n e l l . 1 9 9 4 . C o m p a r a t i v e a n a l y s i s o f a m y l o l y t i c

l a c t o b a c i l l i a n d L a c t o b a c i l l u s p l a n t a r u m a s p o t e n t i a l s i l a g e i n o c u l a n t s . F E M S

M i c r o b . L e t t e r s 1 1 6 : 1 3 7 .

F r e d e e n , A . H . a n d R . E . M c Q u e e n . 1 9 9 3 . E f f e c t o f e n z y m e a d d i t i v e o n

q u a l i t y o f a l f a l f a / g r a s s s i l a g e a n d d a i r y c o w p e r f o r m a n c e . C a n . J . A n i m .

S c i . 7 3 : 5 8 1 .

G r a n t , M . A . , J . H . H a r r i s o n , S . R . R i n k , a n d K . A . L o n e y . 1 9 9 4 . N o v e l u s e o f
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G r a y , M L . a n d A . H . K i l l i n g e r . 1 9 6 6 . L i s t e r i a m o n o c y t o g e n e s a n d I i s t e r i c
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J . 7 4 : 5 7 3 .

H e n d e r s o n , A . R . , P . M c D o n a l d , a n d D . A n d e r s o n . 1 9 8 2 . T h e e f f e c t o f a

c e l l u l a s e p r e p a r a t i o n d e r i v e d f r o m T r i c h o d e r m a v i r i d e o n t h e c h e m i c a l

c h a n g e s d u r i n g e n s i l a g e o f g r a s s , l u c e r n e , a n d c l o v e r . J . S c i . F o o d A g r i c .

3 3 : 1 6

H e r o n , S . J . E . , R . A . E d w a r d s a n d P . M c D o n a l d . 1 9 8 8 . T h e e f f e c t s o f

i n o c u l a t i o n , a d d i t i o n o f g l u c o s e a n d m i n c i n g o n f e r m e n t a t i o n a n d p r o t e o l y s i s



3 4 1

i n r y e g r a s s e n s i l e d i n l a b o r a t o r y s i l o s . A n i m . F e e d S c i a n d T e c h . 1 9 : 8 5 .

H i l l , H . A . 1 9 8 9 . M i c r o b i a l e c o l o g y o f l a c t o b a c i l l i i n s i l a g e . I n : F o o d f o r
T h o u g h t . P r o c . 2 " d F o r a g e S y m p . P i o n e e r H i - B r e d l n t ' l I n c . J o h n s t o n , I A .

p p . 4 7 .

H o f f m a n , P . C . , D . A . W e l c h , N . M . B r e h m , a n d T R . D r e n d e l . 1 9 9 5 .

P o t e n t i a l o f c e l l - w a l l d e g r a d i n g e n z y m e s t o i m p r o v e d s i l a g e q u a l i t y . J . D a i r y

S c i . 7 8 ( S u p p l . 1 ) : 2 7 0 .

H o n n i n g , H a n d M K . W o o l f o r d . 1 9 7 9 . C h a n g e s i n s i l a g e o n e x p o s u r e t o

a i r . I n : C . T h o m a s . ( E d ) . F o r a g e C o n s e r v a t i o n i n t h e 8 0 ' s . B r . G r a s s . S o c .

O c c a s i o n a l S y m p . N o 1 1 , B r i g h t o n , U K .

H o p k i n g , J R . a n d R N . B a s s . 1 9 8 7 . E n z y m e s - T h e i r c o n t r i b u t i o n a s a

s i l a g e a d d i t i v e . P r o c . 8 t h S i l a g e C o n f e r e n c e . H u r l e y , E n g l . p p . 2 3 .

H u n t , C . W . , P . F e n g , R . T r e a c h e r , a n d G . T . P r i t c h a r d . 1 9 9 5 . E f f e c t o f
f i b r i l y t i c e n z y m e a d d i t i v e s o n i n v i t r o d e g r a d a b i l i t y o f a l f a l f a a n d t a l l f e s c u e .

J . A n i m . S c i . 7 3 : 3 4 1 . ( A b s t r . ) .

J a a k k o l a , 8 . , P . H u n t a n e n , a n d K . H i s s a . 1 9 9 1 . T h e e f f e c t s o f c e l l w a l l

d e g r a d i n g e n z y m e s o r f o r m i c a c i d o n f e r m e n t a t i o n q u a l i t y a n d o n d i g e s t i o n

o n g r a s s s i l a g e b y c a t t l e . G r a s s F o r a g e S c i . 4 6 : 7 5 .

J a s t e r , E . H . a n d K . J . M o o r e . 1 9 8 8 . F e r m e n t a t i o n c h a r a c t e r i s t i c s a n d

f e e d i n g v a l u e o f e n z y m e t r e a t e d a l f a l f a h a y l a g e . J . D a i r y S c i . 7 1 : 7 0 5 .

J a s t e r , E . H . a n d K . J . M o o r e . 1 9 9 0 . Q u a l i t y a n d f e r m e n t a t i o n o f e n z y m e -

t r e a t e d a l f a l f a s i l a g e s a t t h r e e m o i s t u r e c o n c e n t r a t i o n s . A n i m . F e e d S c i .

T e c h n o l . 3 1 : 2 6 1 .

J e r g e n s , M . H . 1 9 9 3 . A n i m a l F e e d i n g a n d N u t r i t i o n . 7 " ‘ e d . K e n d a l l - H u n t
P u b l . C o .

J o n e s , G . M . , D . M . M o w a t t , J . | . E l l i o t , a n d E T . E l l i o t , a n d E T . M o r a n .

1 9 7 4 . O r g a n i c a c i d p r e s e r v a t i o n o f h i g h - m o i s t u r e c o r n a n d o t h e r g r a i n s a n d

t h e n u t r i t i o n a l v a l u e : a r e v i e w . C a n . J . A n i m . S c i . 5 4 : 4 9 9 .

J o n e s , B . A . , R . E . M u c k , a n d S C . R i c k e . 1 9 9 1 . S e l e c t i o n a n d a p p l i c a t i o n o f
S t r e p t o c o c c u s b o v i s a s a s i l a g e i n o c u l a n t . A p p l . E n v . M i c r o b i o l . 5 7 : 3 0 0 0 .

K o h n , R . A . a n d M S . A l l e n . 1 9 9 2 . S t o r a g e o f f r e s h a n d e n s i l e d f o r a g e s b y
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f r e e z i n g a f f e c t s f i b r e a n d c r u d e p r o t e i n f r a c t i o n s . J . S c i . F o o d A g r i c .

5 8 : 2 1 5

K u n g , L . J r . a n d R . W . S t a n l e y . 1 9 8 2 . E f f e c t o f s t a g e o f m a t u r i t y o n t h e

n u t r i t i v e v a l u e o f w h o l e - p l a n t s u g a r c a n e p r e s e r v e d a s s i l a g e . J . A n i m . S c i .

5 4 : 6 8 9 .

K u n g , L . J r . , D . B . G r i e v e , J . W . T h o m a s , a n d J . T . H u b e r . 1 9 8 4 . A d d e d

a m m o n i a o r m i c r o b i a l i n o c u l a n t f o r f e r m e n t a t i o n a n d n i t r o g e n o u s

c o m p o u n d s o f a l f a l f a e n s i l e d a t v a r i o u s p e r c e n t s o f d r y m a t t e r . J . D a i r y S c i .

6 7 : 2 9 9 .

K u n g , L . J r . , B . R . C a r m e a n , a n d R 8 . T u n g . 1 9 9 0 . M i c r o b i a l i n o c u l a n t o r
c e l l u l a s e e n z y m e t r e a t m e n t o f b a r l e y a n d v e t c h s i l a g e h a r v e s t e d a t t h r e e

m a t u r i t i e s . J . D a i r y S c i . 7 3 : 1 3 0 4 .

K u n g , L . J r . , R . S . T u n g , K . G . M a c i o r o w s k i , K . B u f f u m , K . K n u t s e n , a n d

W . R . A i m u t i s . 1 9 9 1 . E f f e c t s o f p l a n t c e l l - w a l l d e g r a d i n g e n z y m e s a n d

l a c t i c a c i d b a c t e r i a o n s i l a g e f e r m e n t a t i o n a n d c o m p o s i t i o n . J . D a i r y S c i .

7 4 : 4 2 8 4 .

K u n g , J . R . , J . H . C h e n , E . M . K r e c k , a n d K . K n u t s e n . 1 9 9 3 . E f f e c t s o f

m i c r o b i a l i n o c u l a n t o n t h e n u t r i t i v e v a l u e o f c o r n s i l a g e f o r l a c t a t i n g d a i r y

c o w s . J . D a i r y S c i . 7 6 : 3 7 6 3 .

L a n i g a n , G . W . 1 9 6 1 . S t u d i e s o n e n s i l a g e . I . A c o m p a r a t i v e l a b o r a t o r y
s t u d y o f m o l a s s e s a n d s o d i u m m e t a b i s u l p h i t e a s a i d s t o t h e c o n s e r v a t i o n o f

l u c e r n e . A u s t r . J . o f A g r i c . R e s . 1 2 : 1 0 2 3 .

L e a t h e r w o o d , J . M . , R . D . M o c h i e , a n d W E . T h o m a s . 1 9 5 9 . C h e m i c a l

c h a n g e s p r o d u c e d b y a c e l l u l a s e p r e p a r a t i o n a d d e d t o s i l a g e s . J . A n i m S c i .

1 8 : 1 5 3 9 .

L i n , C . , K . K . B o l s e n , B . E . B r e n t , a n d D . Y . C . F u n g . 1 9 9 2 8 . E p i p h y t i c l a c t i c

a c i d b a c t e r i a s u c c e s s i o n d u r i n g t h e p r e - e n s i l i n g a n d e n s i l i n g p e r i o d s o f

a l f a l f a a n d m a i z e . J . A p p l . B a c t . 7 3 : 3 7 5 .

L i n , C . , K . K . B o l s e n , B . E . B r e n t , R . A . H a r t , a n d J . T . D i c k e n s o n . 1 9 9 2 0 .

E p i p h y t i c m i c r o f l o r a o n a l f a l f a a n d w h o l e - p l a n t c o r n . J . D a i r y S c i . 7 5 : 2 4 8 4 .

L i n d g r e n , S . E . , K . P e t t e r s o n , A . J o h n s o n , P . L i n g v a l l , a n d A . K a s p e r s s o n .

1 9 8 5 . S i l a g e i n o c u l a t i o n - s e l e c t e d s t r a i n s , t e m p e r a t u r e , w i l t i n g a n d

p r a c t i c a l a p p l i c a t i o n s . S w e d . J . A g r i c . R e s . 1 5 : 9 .
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L i n d g r e n , 8 . , A . B r o m a n d e r , a n d K . P e t t e r s s o n . 1 9 8 8 . E v a l u a t i o n o f s i l a g e

a d d i t i v e s u s i n g s c a l e - m o d e l s i l o s . S w e d i s h J . A g r i c . R e s . 1 8 : 4 1 .

L o n d o n , J . 1 9 7 6 . T h e e c o l o g y a n d t a x o n o m i c s t a t u s o f t h e l a c t o b a c i l l i .

A n n . R e v . M i c r o b i o l . 3 0 : 2 7 9 .

M a h a n n a , C . W . 1 9 9 3 . S i l a g e f e r m e n t a t i o n a n d a d d i t i v e u s e i n N o r t h

A m e r i c a . I n : S i l a g e P r o d u c t i o n ; f r o m s e e d t o a n i m a l . P r o c . N a t i o n a l S i l a g e

P r o d . C o n f e r e n c e . S y r a c u s e , N e w Y o r k . p p . 8 5 .

M a r t i n s s o n , K . 1 9 9 2 . A s t u d y o f t h e e f f i c a c y o f a b a c t e r i a l i n o c u l a n t a n d

f o r m i c a c i d a s a d d i t i v e s f o r g r a s s s i l a g e i n t e r m s o f m i l k p r o d u c t i o n . G r a s s

a n d F o r a g e S c i . 4 7 : 1 8 9 .

M a y n e , O S . 1 9 9 3 . T h e e f f e c t o f f o r m i c a c i d , s u l f u r i c a c i d , a n d a b a c t e r i a l

i n o c u l a n t o n s i l a g e f e r m e n t a t i o n a n d t h e f o o d i n t a k e a n d m i l k p r o d u c t i o n o f

l a c t a t i n g d a i r y c o w s . A n i m P r o d 5 6 : 2 9

M c C u l l o u g h , M E . 1 9 7 8 . S i l a g e : s o m e g e n e r a l c o n s i d e r a t i o n s . I n : M . E .
M c C u l l o u g h ( E d . ) F e r m e n t a t i o n o f S i l a g e - A R e v i e w . p p 3 - 2 8 . N a t i o n a l

F e e d I n g r e d i e n t s A s s o c i a t i o n . W e s t D e s M o i n e s , I A .

M c D o n a l d , P . , A . R . H e n d e r s o n , a n d S . J . E . H e r o n . 1 9 9 1 . T h e B i o c h e m i s t r y

o f S i l a g e . 2 t h e d . C h a l c o m b e P u b l . C a m b r i a m P r i n t e r s L t d . , A b e r y s t w y t h ,
U K .

M c l l r o y , R . J . 1 9 6 7 . C a r b o h y d r a t e o f g r a s s l a n d . H e r b a g e A b s t . 3 7 : 7 9 .

M e l v i n , J . F . a n d M A . S u t h e r l a n d . 1 9 6 1 . E f f e c t o f s h a d i n g d u r i n g g r o w t h

o n t h e s o l u b l e s u g a r s c o n t e n t s o f s h o r t r o t a t i o n r y e g r a s s . A u s t . J . E x p .

A g r i c . a n d A n i m . H u s b . 1 : 1 5 3

M i n s o n , D J . a n d M M . M c L e o d . 1 9 7 0 . T h e d i g e s t i b i l i t y o f t e m p e r a t e a n d

t r o p i c a l g r a s s e s . P r o c . o f t h e 5 t h I n t n . G r a s s l . C o n g r . , S u r f e r s P a r a d i s e ,

A u s t r a l i a .

M i n s o n , D J . 1 9 9 0 . F o r a g e i n R u m i n a n t N u t r i t i o n . A c a d e m i c P r e s s ,
l n c . , 8 a n D i e g o , C A .

M o o n , N . J . 1 9 8 3 . I n h i b i t i o n o f t h e g r o w t h o f a c i d t o l e r a n t y e a s t s b y

a c e t a t e , l a c t a t e , a n d p r o p i o n a t e a n d t h e i r s y n e r g i s t i c m i x t u r e s . J . A p p l .

B a c t e r i o l . 5 5 : 4 5 3 .
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M u c k , R . E . 1 9 8 8 . F a c t o r s i n f l u e n c i n g s i l a g e q u a l i t y a n d t h e i r i m p l i c a t i o n s

f o r m a n a g e m e n t . J . D a i r y S c i . 7 1 : 2 9 9 2 .

M u c k , R . E . 1 9 8 9 . I n i t i a l b a c t e r i a l n u m b e r s o n l u c e r n e p r i o r t o e n s i l i n g .

G r a s s F o r a g e S c i . 4 4 : 1 9 .

M u c k , R . E . 1 9 9 1 . P r e d i c t i n g l a c t i c a c i d b a c t e r i a l n u m b e r s o n l u c e r n e .

G r a s s a n d F o r a g e S c i . 4 5 : 2 7 3 .

M u c k , R . E . a n d K . K . B o l s e n . 1 9 9 2 . S i l a g e p r e s e r v a t i o n a n d s i l a g e a d d i t i v e

p r o d u c t s . N F I A F i e l d G u i d e f o r H a y a n d S i l a g e M a n a g e m e n t i n N o r t h

A m e r i c a . N F I A , W e s t D e s M o i n e s , I A . p p . 1 0 5 .

M u c k , R . E . a n d R . E . P i t t . 1 9 9 3 . E n s i l i n g a n d i t s e f f e c t o n c r o p q u a l i t y . I n :

S i l a g e P r o d u c t i o n ; f r o m s e e d t o a n i m a l . P r o c . N a t i o n a l S i l a g e P r o d .

C o n f e r e n c e . S y r a c u s e , N e w Y o r k . p p . 5 7 .

M u c k , R . E . 1 9 9 3 . T h e r o l e o f s i l a g e a d d i t i v e s i n m a k i n g h i g h q u a l i t y s i l a g e .

I n : S i l a g e P r o d u c t i o n ; f r o m s e e d t o a n i m a l . P r o c . N a t i o n a l S i l a g e P r o d .

C o n f e r e n c e . S y r a c u s e , N e w Y o r k . p p . 1 0 6 .

N a r a s i m h a l u , P . , L . J . H a l l i d a y , J . B . S a n d e r s o n , H . T . K u n e l i u s , a n d K . A .

W i n t e r . 1 9 9 2 . T h e c o m p o s i t i o n , i n t a k e , a n d d i g e s t i b i l i t y o f t i m o t h y s i l a g e

p r e s e r v e d u n t r e a t e d o r t r e a t e d w i t h f o r m i c a c i d o r a c e l l u l a s e - h e m i c e l l u l a s e

p r e p a r a t i o n . C a n J . A n i m . S c i . 7 2 : 4 3 1 .

N e l s o n , C . J . a n d L E . M o s e r . 1 9 9 4 . P l a n t f a c t o r s a f f e c t i n g f o r a g e q u a l i t y .

I n : F o r a g e O u a l i t y , E v a l u a t i o n , a n d U t i l i z a t i o n . G . C . F a h e y , J r . , M . C o l l i n s ,

D . R . M e r t e n s , a n d L E . M o s e r , E d s . N a t i o n a l C o n f e r e n c e o n F o r a g e O u a l i t y ,

E v a l u a t i o n , a n d U t i l i z a t i o n . U n i v e r s i t y o f N e b r a s k a , L i n c o l n .

N e l s o n , M . L . a n d M . J . B o z i c h . 1 9 9 5 . E f f e c t o f s t o r a g e t e m p e r a t u r e a n d
t i m e o n f i b e r c o n t e n t o f f r e s h e n d e n s i l e d a l f a l f a . J . A n i m . S c i .

7 3 : 3 3 9 ( A b s t r . ) .

N o b l e , A . a n d K . F . L o w e . 1 9 7 4 . A l c o h o l s o l u b l e c a r b o h y d r a t e s i n v a r i o u s

t r o p i c a l a n d t e m p e r a t e p a s t u r e s s p e c i e s . T r o p . G r a s s l a n d s . 8 : 1 7 9 .

O ' L e a r y , J . a n d R . W . H e m k e m . 1 9 8 5 . E f f e c t o f i n o c u l a t i o n w i t h d i f f e r e n t

l a c t i c a c i d b a c t e r i a l t y p e s o n c o r n s i l a g e f e r m e n t a t i o n . J . D a i r y S c i .

6 8 ( S u p p l . 1 ) : 1 2 5 .

O ‘ N e i l , K . A . , M . S . A l l e n . 1 9 9 2 . E f f e c t s o f t e m p e r a t u r e a n d d u r a t i o n o f
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s a m p l e s t o r a g e b e f o r e o v e n - d r y i n g o n f o r a g e f i b e r a n a l y s e s . J . D a i r y S c i .

7 6 : 5 3 5 .

O h y a m a , Y . a n d P . M c D o n a l d . 1 9 7 5 . T h e e f f e c t o f s o m e a d d i t i v e s o n

a e r o b i c d e t e r i o r a t i o n o f s i l a g e s . J . S c i . F o o d A g r i c . 2 6 : 9 4 1 .

O h y a m a , Y . , M o r i c h i , T , a n d M a s a c h i , S . 1 9 7 5 8 . T h e e f f e c t o f i n o c u l a t i o n

w i t h L a c t o b a c i l l u s p l a n t a r u m a n d t h e e f f e c t o f g l u c o s e a t e n s i l i n g o n t h e

q u a l i t y o f a e r a t e d s i l a g e s . J . o f t h e S c i . o f F o o d a n d A g r i c . 2 6 : 1 0 0 1 .

O h y a m a , Y . , 8 . M a s a k i , a n d S . H a r a . 1 9 7 5 b . F a c t o r s i n f l u e n c i n g a e r o b i c
d e t e r i o r a t i o n o f s i l a g e s a n d c h a n g e s i n c h e m i c a l c o m p o s i t i o n a f t e r o p e n i n g

s i l o s . J . S c i . F o o d A g r i c . 2 6 : 1 1 3 7 .

O j e d a , F . , R . F e r n a n d e z , y F . C a fi i z a l e s . 1 9 8 7 . P a s t o s y F o r r a g e s . R e v i s t a

d e l a E E P F " l n d i o H a t u e y " . M a t a n z a s , C u b a . 3 : 4 8 1 .

O s t l i n g , O E . a n d S E . L i n d g r e e n . 1 9 9 1 . B a c t e r i a i n m a n u r e a n d o n N P K -

f e r t i l i z e d s i l a g e c r o p s . J . S c i . F o o d A g r i c . 5 5 : 5 7 9 .

P a n d i t h a r a t n e , 8 . , V . G . A l l e n , J . P . F o n t e n o t , a n d M . C . N . J a y a s u r i y a . 1 9 8 6 .

E n s i l i n g c h a r a c t e r i s t i c s o f t r o p i c a l g r a s s e s a s i n f l u e n c e d b y s t a g e o f g r o w t h ,

a d d i t i v e s a n d c h o p p i n g l e n g t h . J . A n i m . S c i . 6 3 : 1 9 7 .

P a n d i t h a r a t n e , 8 . , V . G . A l l e n , J . P . F o n t e n o t , a n d M . C . N . J a y a s u r i y a . 1 9 8 8 .

E f f e c t o f s t a g e o f g r o w t h a n d c h o p p i n g l e n g t h o n d i g e s t i b i l i t y a n d

p a l a t a b i l i t y 0 f g u i n e a - A g r a s s s i l a g e . J . A n i m . S c i . 6 6 : 1 0 0 5 .

P e l c z a r , M . J . a n d R D . R e e d . 1 9 7 2 . M i c r o b i o l o g y . M c G r a w H i l l B o o k C o .

N e w Y o r k , N Y .

P h i l l i p , L . E . , L . U n d e r h i l l , a n d H . G a r i n o . 1 9 9 0 . E f f e c t s o f t r e a t i n g l u c e r n e

w i t h a n i n o c u l a n t o f l a c t i c a c i d b a c t e r i a a n d f o r m i c a c i d u p o n c h e m i c a l

c h a n g e s d u r i n g f e r m e n t a t i o n , a n d u p o n t h e n u t r i t i v e v a l u e o f t h e s i l a g e f o r

l a m b s . G r a s s a n d F o r a g e S c i . 4 5 : 3 3 7 .

P l a y n e , M . J . a n d P . M c D o n a l d . 1 9 6 6 . T h e b u f f e r i n g c o n s t i t u e n t s o f

h e r b a g e a n d s i l a g e . J . S c i . F o o d A g r i c . 1 7 : 2 6 4 .

P i t t , R . E . 1 9 8 6 . D r y m a t t e r l o s s e s d u e t o o x y g e n i n f i l t r a t i o n i n s i l o s . J .

A g r i c . E n g . R e s . 3 5 : 1 9 3 .

P i t t , R . E . 1 9 9 1 . A m o d e l o f c e l l u l a s e a n d a m y l a s e a d d i t i v e s i n s i l a g e . J .
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D a i r y S c i . 7 3 : 1 7 8 8 .

P i t t , R . E . , R . E . M u c k , a n d N B . P i c k e r i n g . 1 9 9 1 a . A m o d e l o f a e r o b i c

f u n g a l g r o w t h i n s i l a g e . 2 . A e r o b i c S t a b i l i t y . G r a s s a n d F o r a g e S c i . 4 6 :

3 0 1 .

P i t t , R . E . , Y . L i u , a n d R . E . M u c k . 1 9 9 1 b . S i m u l a t i o n o f t h e e f f e c t o f

a d d i t i v e s o n a e r o b i c s t a b i l i t y o f a l f a l f a a n d c o r n s i l a g e s . T r a n s . A S A E .

3 4 : 1 6 3 3 .

R a e k e r , M . O . , C . J . B e r n , L . A . J o h n s o n , a n d B A , G l a t z . 1 9 9 2 .

P r e s e r v a t i o n o f h i g h - m o i s t u r e m a i z e b y v a r i o u s p r o p i o n a t e t r e a t m e n t s .

C e r e a l C h e m . 6 9 : 6 6 .

R a u r a m a a , A . , J . S e t a l a , a n d T . M o i s i o . 1 9 8 7 a . T h e e f f e c t o f i n o c u l a n t s
a n d c e l l u l a s e o n t h e f e r m e n t a t i o n a n d m i c r o b i o l o g i c a l c o m p o s i t i o n o f g r a s s

s i l a g e . I . B i o c h e m i c a l c h a n g e s i n t h e s i l a g e s . J . A g r i c . S c i . i n F i n l a n d .

5 9 : 3 7 1 .

R a u r a m a a , A . , J . S e t a l a , T . M o i s i o , a n d S . S i v e l a . 1 9 8 7 b . T h e e f f e c t o f

i n o c u l a n t s a n d c e l l u l a s e o n t h e f e r m e n t a t i o n a n d m i c r o b i o l o g i c a l c o m p o s i t i o n

o f g r a s s s i l a g e . l l . M i c r o b i o l o g i c a l c h a n g e s i n t h e s i l a g e . J . A g r i c . S c i . i n

F i n l a n d . 5 9 : 3 7 1 .

R o d r i g u e z , A . A . , 8 . R . R u s t , M . T . Y o k o y a m a , a n d E D . R i q u e l m e . 1 9 9 4 .

M i c r o b i a l i n o c u l a n t a n d e n z y m e s i n f o r a g e s o r g h u m e n s i l e d u n d e r t e m p e r a t e

a n d t r o p i c a l e n v i r o n m e n t s . I . M i c r o b i a l S u c c e s s i o n . J . A n i m . S c i . 7 2 : 3 0 1

( A b s t r . ) .

R o d r i g u e z , A . A . , S . R . R u s t , M . T . Y o k o y a m a , a n d E . O . R i q u e l m e . 1 9 9 5 .

C o m p a r i s o n o f c o m m e r c i a l e n z y m e p r e p a r a t i o n s 0 n N D F d i s a p p e a r a n c e f r o m

f o r a g e s o r g h u m . J . A n i m . S c i . 7 3 : 1 0 2 ( A b s t r . ) .

R o o k e , J . A . 1 9 9 0 . T h e n u m b e r s o f e p i p h y t i c b a c t e r i a o n g r a s s a t e n s i l a g e

o n c o m m e r c i a l f a r m s . J . S c i . F o o d A g r i c . 5 1 : 5 2 5 .

R u s s e l , J . B . a n d R . J . W a l l a c e . 1 9 8 8 . E n e r g y y i e l d i n g a n d c o n s u m i n g

r e a c t i o n s . I n : T h e R u m e n M i c r o b i a l E c o s y s t e m . P . N . H o l z e n d , e d . E l s e v i e r

A p p l i e d S c i e n c e , N e w Y o r k .

R u s t , S . R . , H . S . K i m , a n d G . L . E n d e r s . 1 9 8 9 . E f f e c t s o f a m i c r o b i a l

i n o c u l a n t o n f e r m e n t a t i o n c h a r a c t e r i s t i c s a n d n u t r i t i v e v a l u e o f c o r n s i l a g e .

J . P r o d . A g r i c . 2 : 2 3 5 .
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R u s t , S R . a n d M T . Y o k o y a m a . 1 9 9 2 . F e r m e n t a t i o n c h a r a c t e r i s t i c s

a s s o c i a t e d w i t h a e r o b i c i n s t a b i l i t y o f h i g h - m o i s t u r e c o r n . J . P r o d . A g r i c .

5 : 4 5 4 .

S a l i s b u r y , R . l . , R . E . M a t h e r , a n d C . B . B e n d e r . 1 9 4 9 . V a r i o u s

c a r b o h y d r a t e s a s e n e r g y s o u r c e s f o r m s o m e m i x e d c u l t u r e s o f s i l a g e s

o r g a n i s m s . J . D a i r y S c i . 3 2 : 9 0 1 .

S a n d e r s o n , M A . 1 9 9 3 . A e r o b i c s t a b i l i t y a n d i n v i t r o f i b e r d i g e s t i b i l i t y 0 n

m i c r o b i a l l y i n o c u l a t e d c o r n a n d s o r g h u m s i l a g e . J . A n i m . S c i . 7 1 : 5 0 5 .

S A S / S T A T . 1 9 9 0 . S A S U s e r ' s G u i d e ( V e r s i o n 6 ) . S A S l n s t . , I n c . , C a r y ,

N C .

S a t t e r , L . D . , R . E . , M u c k , B . A . J o n e s , T . R . D h i m a n , J . A . W o o l f o r d , a n d O M .
W a c e k . 1 9 9 1 . E f f i c a c y o f b a c t e r i a l i n o c u l a n t s f o r l u c e r n e s i l a g e . I n :

F o r a g e C o n s e r v a t i o n T o w a r d s 2 0 0 0 . P a h l o w , G . a n d H . H o n i g . ( E d s . ) I n s t .

G r a s s l . F o r a g e R e s . , B r a u n s c h w e i g , G e r m a n y . p p . 3 4 2 .

S c h a e f e r , D . M . , P . G . B r o t z , S . C . A r p . , a n d D . K . C o o k . 1 9 8 9 . I n o c u l a t i o n o f

c o r n s i l a g e a n d h i g h m o i s t u r e c o r n w i t h l a c t i c a c i d b a c t e r i a a n d i t s e f f e c t s

o n t h e s u b s e q u e n t f e r m e n t a t i o n a n d o n f e e d l o t p e r f o r m a n c e o f b e e f s t e e r s .

A n i m . F e e d S c i . T e c h . 2 5 : 2 3 .

S e a l e , D . R . 1 9 8 6 . B a c t e r i a l i n o c u l a n t s a s s i l a g e a d d i t i v e s . J . A p p l i .

B a c t e r i o l . S y m p . S u p p . 9 8 .

S e a l e , D . R . , A . R . H e n d e r s o n , K . O . P e t t e r s s o n , a n d J . F . L o w e . 1 9 8 6 . T h e

e f f e c t o f a d d i t i o n o f s u g a r a n d i n o c u l a t i o n w i t h t w o c o m m e r c i a l i n o c u l a n t s

o n t h e f e r m e n t a t i o n o f l u c e r n e s i l a g e i n l a b o r a t o r y s i l o s . G r a s s a n d F o r a g e

S c i . 4 1 : 6 1 .

S h a v e r , R . D . , R . A . E r d m a n , A . M . O ' C o n n e r , a n d J . H . V a n d e r s a l l . 1 9 8 5 .
E f f e c t s o f s i l a g e p H o n v o l u n t a r y i n t a k e o f c o r n s i l a g e a n d a l f a l f a h a y l a g e .

J . D a i r y S c i : 6 8 : 3 3 8 .

S h e p e r d , A . C . a n d L . K u n g , J r . 1 9 9 4 . E f f e c t o f a n e n z y m e a d d i t i v e o n c o r n

s i l a g e e n s i l e d a t v a r i o u s s t a g e s o f m a t u r i t y . J . A n i m . S c i . 7 2 ( S u p p l . 1 ) : 6 7 .

S h e p e r d , A . C . , M . M a s l a n k a , D . Q u i n n , a n d L . K u n g , J r . 1 9 9 5 . A d d i t i v e s
c o n t a i n i n g b a c t e r i a a n d e n z y m e s f o r a l f a l f a s i l a g e . J . D a i r y S c i , 7 8 : 5 6 5 .

S h o c k e y , W . L . , B . A . D e h o r i t y , a n d H . R . C o n r a d . 1 9 8 5 . E f f e c t s o f m i c r o b i a l
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i n o c u l a n t o n f e r m e n t a t i o n o f a l f a l f a a n d c o r n . J D a i r y S c i . 6 8 : 3 0 7 6 .

S h o c k e y , W . L . , a n d D . C . B o r g e n . 1 9 9 1 . E f f e c t o f s a l t o n f e r m e n t a t i o n o f

a l f a l f a . 2 . T r e a t m e n t w i t h s o d i u m c h l o r i d e , C l o s t r i d i u m b u t y r i c u m , a n d

l a c t i c a c i d b a c t e r i a . J . D a i r y S c i . 7 4 : 1 6 0 .

S m i t h , D . 1 9 7 3 . C h e m i s t r y a n d B i o c h e m i s t r y o f H e r b a g e . G . W . B u t l e r a n d
R . W . B a i l e y ( E d s . ) A c a d e m i c P r e s s , N e w Y o r k . V o l 1 : 1 0 6 .

S m i t h , E . J . , A . R . H e n d e r s o n , J . D . O l d m a n , D . A . W h i t a k e r , K . A i t c h i s o n ,

D . H . H e n d e r s o n , a n d J . M . K e l l y . 1 9 9 3 . T h e i n f l u e n c e o f a n

i n o c u l a n t / e n z y m e p r e p a r a t i o n a s a n a d d i t i v e f o r g r a s s s i l a g e o f f e r e d i n

c o m b i n a t i o n w i t h t h r e e l e v e l s o f c o n c e n t r a t e s u p p l e m e n t a t i o n o n

p e r f o r m a n c e o f l a c t a t i n g d a i r y c o w s . A n i m . P r o d . 5 6 : 3 0 1 .

S o d e r l u n d , S . 1 9 8 8 . S i l a g e a d d i t i v e u s e i n U S . P r o c . o f t h e 1 1 t h A n n u a l
V i r g i n i a F o r a g e a n d G r a s s l a n d C o u n c i l M e e t i n g . S t a u n t o n , V A .

S p o e l t r a , S . F . , M . G . C o u r t i n , a n d J . A . V a n B e e r s . 1 9 8 8 . A c e t i c a c i d

b a c t e r i a c a n i n i t i a t e a e r o b i c d e t e r i o r a t i o n o f w h o l e - c o r n m a i z e s i l a g e . J .

A g r i c . S c i . 1 1 1 : 1 2 7 .

S p o e l t r a , S F . a n d P . G . v a n W i k s e l a a r . 1 9 9 2 . T h e e f f e c t s o f e n s i l i n g c r o p

m a i z e w i t h a m u l t i - e n z y m e p r e p a r a t i o n o n 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

r e s u l t i n g s i l a g e . J . S c i . F o o d a g r i c . 6 0 : 2 2 3 .

S t e e l , R . G . D . a n d J . H . T o r r i e . 1 9 9 0 . P r i n c i p l e s a n d P r o c e d u r e s o f

S t a t i s t i c s ; A B i o m e t r i c a l A p p r o a c h . 2 M I E d . M c G r a w H i l l , N e w Y o r k , N Y .

S t i r l i n g , A . C . a n d R . W h i t t e n b u r y . 1 9 6 3 . S o u r c e s o f t h e l a c t i c a c i d b a c t e r i a

o c c u r r i n g i n s i l a g e . J . A p p l . B a c t . 2 6 : 8 6 .

S t o k e s , M R . 1 9 9 2 . E f f e c t s o f a n e n z y m e m i x t u r e , a n i n o c u l a n t , a n d t h e i r

i n t e r a c t i o n o n s i l a g e f e r m e n t a t i o n a n d d a i r y p r o d u c t i o n . J . D a i r y S c i .

7 5 : 7 6 4 .

S t o k e s , M R . a n d J . C h e n . 1 9 9 4 . E f f e c t s o f a n e n z y m e - i n o c u l a n t m i x t u r e

o n t h e c o u r s e o f f e r m e n t a t i o n o f c o r n s i l a g e . J . D a i r y S c i . 7 7 : 3 4 0 1 .

T j a n d r a a t m a d j a , M . , B . W . N o r t o n , a n d L C . M a c R a e . 1 9 9 0 . A n u m e r i c a l

t a x o n o m i c s t u d y o f l a c t i c a c i d b a c t e r i a f r o m t r o p i c a l s i l a g e s . J . A p p l i e d

B a c t . 6 6 8 : 5 4 3 .
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T j a n d r a a t m a d j a , M . , B . W . N o r t o n , a n d L C . M a c R a e . 1 9 9 1 . F e r m e n t a t i o n

p a t t e r n s o f f o r a g e s o r g h u m e n s i l e d u n d e r d i f f e r e n t e n v i r o n m e n t a l c o n d i t i o n s .

W o r l d J . M i c r o b . a n d B i o t e c h . 7 : 2 0 6 .

T j a n d r a a t m a d j a , M . , B . W . N o r t o n , a n d L C . M a c R a e . 1 9 9 4 a . E n s i l a g e o f

t r o p i c a l g r a s s e s m i x e d w i t h l e g u m e s a n d m o l a s s e s . W o r l d J . M i c r o b a n d

B i o t e c h . 1 0 : 8 2 .

T j a n d r a a t m a d j a , M . , B . W . N o r t o n , a n d L C . M a c R a e . 1 9 9 4 b . E n s i l a g e

c h a r a c t e r i s t i c s o f t h r e e t r o p i c a l g r a s s e s a s i n f l u e n c e d b y s t a g e o f g r o w t h

a n d a d d i t i o n o f m o l a s s e s . W o r l d J . M i c r o b a n d B i o t e c h . 1 0 : 7 4 .

U m a fi a , R . , C . R . S t a p l e s , D . B . B a t e s , C . J . W i l c o x , a n d W . C . M a h a n n a .

1 9 9 1 . E f f e c t s o f a m i c r o b i a l i n o c u l a n t a n d ( o r ) s u g a r c a n e m o l a s s e s o n t h e

f e r m e n t a t i o n , a e r o b i c s t a b i l i t y , a n d d i g e s t i b i l i t y o f b e r m u d a g r a s s e n s i l e d a t

t w o m o i s t u r e c o n t e n t s . J . D a i r y S c i . 6 9 : 4 5 8 8 .

V a n S o e s t , P . J . 1 9 6 8 . S t r u c t u r a l a n d c h e m i c a l c h a r a c t e r i s t i c s w h i c h l i m i t

t h e n u t r i t i v e v a l u e o f f o r a g e s . I n : C . M . h a r r i s o n ( E d . ) . F o r a g e E c o n o m i c s -

O u a l i t y . A S A S . S p e c . P u b l . , A S A , M a d i s o n , W I .

V a n S o e s t , P . J . 1 9 9 4 . F o r a g e C o n s e r v a t i o n . I n : P . J . V a n S o e s t ( e d ) .

N u t r i t i o n a l E c o l o g y o f t h e R u m i n a n t . 2 “ d E d i t i o n . C o r n e l l U n i v e r s i t y P r e s s .

V a n S o e s t , P . J . , J . R . R o b e r t s o n , a n d B . A . L e w i s . 1 9 9 1 . M e t h o d s f o r

d i e t a r y f i b e r , n e u t r a l d e t e r g e n t f i b e r , n o n - s t a r c h p o l y s a c c h a r i d e i n r e l a t i o n t o

a n i m a l n u t r i t i o n . J . D a i r y S c i . 7 4 : 3 5 8 3 .

V a n V u u r e n , A . M . , K . B e r g s m a , F . F r o I - K r a m e r , a n d J . A . C . v a n B e e r s .

1 9 8 9 . E f f e c t s o f a d d i t i o n o f c e l l w a l l d e g r a d i n g e n z y m e s o n t h e c h e m i c a l

a n d i n s a c c o d e g r a d a t i o n o f g r a s s s i l a g e . G r a s s a n d F o r a g e S c i . 4 4 : 2 2 3 .

V i c e n t e - C h a n d l e r , J . A b r u fi a , R . C a r o - C o s t a s y S . S i l v a . 1 9 8 3 . P r o d u c c i d n

y u t i l i z a c i é n i n t e n s i v a d e l a s f o r r a j e r a s e n P u e r t o R i c o . B o l . 2 7 1 . U n i v . o f

P R . , E E A , R P , P R .

V o l o n e c , J . J . , a n d C . J . N e l s o n . 1 9 8 4 . C a r b o h y d r a t e m e t a b o l i s m i n l e a f

m e r i s t e m s o f t a l l f e s c u e . I . R e l a t i o n s h i p t o g e n e t i c a l l y a l t e r e d l e a f

e l o n g a t i o n r a t e s . P l a n t P h y s i o l / 7 4 : 5 9 0 .

V o u g h , L R . a n d G . C . M a r t e n . 1 9 7 1 . I n f l u e n c e o f s o i l m o i s t u r e a n d

a m b i e n t t e m p e r a t u r e o n y i e l d a n d q u a l i t y o f a l f a l f a f o r a g e . A g r o n . J . 6 3 : 4 0 .
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W a t s o n , S J . a n d M . J . N a s h . 1 9 6 0 . T h e C o n s e r v a t i o n o f G r a s s a n d F o r a g e

C r o p s . O l i v e r a n d B o y d , E d i n b u r g h .

W a r d y n s k y , F . A . , S . R . R u s t , a n d M T . Y o k o y a m a . 1 9 9 3 . E f f e c t s o f

m i c r o b i a l i n o c u l a t i o n o f h i g h m o i s t u r e c o r n o n f e r m e n t a t i o n c h a r a c t e r i s t i c s ,

a e r o b i c s t a b i l i t y a n d c a t t l e p e r f o r m a n c e . J . A n i m . S c i . 7 1 : 2 2 4 6 .

W e i n b e r g , 2 . , 6 . 6 . A s h b e l l , Y . H e n , a n d A . A z r i e l i . 1 9 9 3 . T h e e f f e c t o f

a p p l y i n g l a c t i c a c i d b a c t e r i a a t e n s i l i n g o n t h e a e r o b i c s t a b i l i t y o f s i l a g e s . J .

A p p l . B a c t . 7 5 : 5 1 2 .

W i l k i n s o n , J . M . , R . F . W i l s o n , a n d T N . B a r r y . 1 9 7 6 . F a c t o r s a f f e c t i n g t h e
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