
H  VITRO DIGESTION OF MILO AND BARLEY STARCH 

BY RMEN MICROORGANISMS

by

Cesar Angusto^Vargas Lschuga

A Thesis Subm itted to  the  F acu lty  o f the

DEPARTMENT OF ANIMAL SCIENCE

In  P a r t i a l  F u lfillm e n t o f th e  Requirements 
For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA



STATEMENT BY AUTHOR

This th e s is  has been submitted in  p a r tia l fu lf illm en t of 
requirements for an advanced degree a t  The U niversity o f Arizona 
and i s  deposited in  the U niversity Library to be made availab le  
to  borrowers under ru les o f the Library*

B rief quotations from th is  th e s is  are allowable without 
sp e c ia l perm ission, provided that accurate acknowledgment of 
source is  made. Requests for permission for extended quotation  
from or reproduction of th is  manuscript in  whole or in  part may 
be granted by the head of the major department or the Dean of 
the Graduate College when in h is judgment the proposed use of 
the m aterial i s  in  the in ter ests  of scholarship* In a l l  other 
in stan ces, however, permission must be obtained from the author.

SIGNED:

APPROVAL BY THESIS DIRECTOR 

This th esis  has been approved on the date shown below:

WILLIAM H. HALE 
Professor of Animal Science

J o ,
Date



ACKNOWLEDGMENTS

My deepest ap p re c ia tio n  and most h e a r t f e l t  g ra titu d e  go to  

Dr« W illiam  H0 Hale fo r  h is  a t te n t iv e  guidance during  my work on 

th is  t h e s i s 0 As a Peruvian and a s tra n g e r  in  th i s  country, I  can 

more ac u te ly  ap p rec ia te  the help  o f th is  th o u g h tfu l American 

s c ie n t i s t ,  no t only on a p ersonal b a s is ,  bu t a lso  as an a id  to  my 

ora countryo His help  was an extrem ely important fa c to r  in  devel­

oping my th e s is  and my conception of th e  United S ta te s  o f America® 

A lso, I  extend my thanks to  Dre Bruce Taylor whose help  

was invaluab le  to  me, and to  Mrs James K iernat fo r  h is  a s s is ta n c e  

during the chemical p a r t  o f my work.

An a d d itio n a l exp ression  o f g ra titu d e  goes to  the Panamerican 

Union and to  i t s  Technical S e c re ta ry , Dr. Javier Malagon, fo r  the 

economical a s s is ta n c e  which made p o ss ib le  th is  s tu d y .

i i i



TABLE OF CONTENTS

Page

LIST OF TABLES o o o o o o o o o o o o o o o o o o o o o o o o  o V

INTRODUCTION o o e o o o o o o o o o o o o o o o o o O o o o  O O  1

REVIEW OF LITERATURE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  I4

MATERI ALS O O O O O O O O O O O O O O O O O O O O O O O O O O O  12

RESULTS AND DISCUSSION o o o o o o © o o o © o o o o o o o o o o  16

GENERAL DISCUSSION o o o o o o o o o o o o o o o o o o o o o o q  3S

SUMMARY o o o o o o o o o o o o o e o o o o c o o o o o o o o o  

LITERATURE CITED 0 0 0 0  @ o 0 0  <■> © © ©o © © © © © © © © o o o.. . 1̂ 3

iv



LIST OF TABLES

Page
Table

1* Composition o f the  a r t i f i c i a l  s a l iv a  »»« < > ♦ • « .  • 0 e o  15

2 <, The e f f e c t  o f  s u b s tra te  le v e l and a r t i f i c i a l  rumen
volume on s ta rc h  u t i l i z a t io n  from railo and b a r le y  a e e „ 17

3o The e f f e c t  of c e n tr ifu g a tio n  ra te  o f s tra in e d
rumen f lu id  on s ta rc h  u t i l i z a t i o n  from milo
and b a r le y  16

ho The e f f e c t  of the len g th  of time o f d ig e s tio n  in  th e  <
a r t i f i c i a l  rumen upon s ta rc h  u t i l i z a t io n  from m ilo e « • 18

5© The e f f e c t  of the len g th  of time o f d ig e s tio n  in  the
a r t i f i c i a l  rumen upon s ta rc h  u t i l i z a t i o n  from b a r le y  „ . 0 e 19

60 S ta rc h  d ig e s tio n  from Iowa m ilo , Arizona m ilo , popped
Arizona m ilo , and en s iled  Arizona m ilo , . 0 . . . . . . .  20

7® Comparative starch , u t i l i z a t i o n  from C aliforn ia , Texas,
A rizona, and H egari, m ile s , « « > a » « » . ® ® ® ® « e o a . « o  22

8« Comparative s ta rc h  u t i l i z a t i o n  from the A rizona and
C a lifo rn ia  b arley s  e e o e o e o o  o o o o & o o o & o o o  23

9» Comparative s ta rc h  u t i l i z a t i o n  from the  Arizona b a r ­
le y  and the A rizona, C a lifo rn ia , and Hegari irdlos c o c o  23

10o The e f f e c t  o f a r t i f i c i a l  s a l iv a  on th e  u t i l i z a t i o n
of s ta rc h  of Arizona m ilo and b a r le y  . . < , < , 0  21*

l i e  The e f f e c t  o f a r t i f i c i a l  s a l iv a  and urea in  th e
u t i l i z a t i o n  of Arizona milo  ...................... . „ . 0 26

' 12* The e f f e c t  o f a r t i f i c i a l  s a l iv a  and urea in  th e
u t i l i z a t i o n  of the  s ta rc h  of the Arizona b a r le y  « , « . » »  27 ,

I
. ; 13o : R e la tiv e  a c t iv i ty  of the s e le c tiv e  enzyme p rep ara­

t io n s  fu rn ish ed  by the  Rohm & Haas Cod » e . 6 » e e » e a , 30 *

liio The e f f e c t  o f  the s e le c t iv e  enzyme p rep ara tio n s  on
the u t i l i z a t i o n  o f  the  milo s ta rc h  as a f fe c te d  by 

, a r t i f i c i a l  s a l iv a  and u rea ad d itio n s  » • » » » - . . a « » e 31

v



LIST OF TABLES—Continued

Table

X$0 The e f f e c t  of the  s e le c tiv e  enzyme p rep ara tio n s  on the 
u t i l i z a t i o n  of the m ilo s ta rc h , w ith  and w ithout 
a r t i f i c i a l  s a l iv a  and urea  a d d itio n s  e e <, <, 0 <, 0 » 0 0

l 6 0 The e f fe c t  o f the s e le c tiv e  enzyme p rep a ra tio n s  on the 
u t i l i z a t io n  o f milo s ta rc h , w ith  and w ithout 
a r t i f i c i a l  s a liv a  and urea ad d itio n s  o o a o o o o o o o

17o The e f f e c t  of the s e le c t iv e  enzyme p rep ara tio n s  on the
u t i l i z a t io n  o f the b a r le y  s ta rc h , w ith  and w ithout 
a r t i f i c i a l  s a liv a  and u rea  ad d itio n s  0 0 0 0 0 0 0 0 0 0

18o Summary o f s ta rc h  u t i l i z a t i o n  from the milo and the
b a r le y  o o o @ o o o o o o o o o o o @ o @ o 0 o o o o o

v i

Page

o 32 

= 3U

o 35 

o 39



INTRODUCTION

Sorghum g rains a re  among th e  m ajor c e re a l g ra in s  o f the  world®

In  areas o th e r  than  the  United S ta te s s a la rg e  p ro p o rtio n  o f the  so r­

ghum g ra in s i s  consumed d i r e c t ly  by the human population® In  the 

United S ta te s  p r a c t ic a l ly  a l l  of the sorghum g ra in s  produced a re  used 

as l iv e s to c k  feeds® '

During the  l a s t  te n  to  twelve years sorghum g ra in  production  

has in creased  by more than  300 percent® The major p a r t  o f th e  in c rease  

has occurred in  the  southw estern  p a r t  of the  United S ta te s  ® The reason 

, f o r  th i s  in c rease  in  th e  Southwest i s  th a t  sorghum i s  h ig h ly  drought 

r e s i s ta n t  and the g ra in  v a r ie t ie s  a re  very  s u ita b le  to  i r r ig a t io n  as th e  

w ater requirem ents a re  considerab ly  lower than would be fo r  com  in  

o rd er to  o b ta in  s im ila r  g ra in  yields® Furtherm ore# the  sorghums are  

very  adap tab le  to  the high tem peratures o f th e  Southwest®

Commercial c a t t l e  feeding  has increased  by more than  600 p ercen t 

in  th e  Southwest during the l a s t  lit years® Commercially fed  c a t t l e  have 

a h igh requirem ent fo r  grain® In the  Southwest th e  g ra in s  used are  m ilo 

and barley® As the  b a r le y  acreage in  the United S ta te s  has remained 

f a i r l y  co n s ta n t fo r  many years s th e re  has been an in c reas in g  amount of 

sorghum g ra in  used fo r  fa t te n in g  c a t t l e  in  the Southwest®

As the  percentage o f sorghum g ra in s  in creased  in  r e la t io n  to  

b a r le y , the  feeders  were of the opinion th a t  performance of f a t te n in g  

c a t t l e  on high sorghum ra tio n s  was no t as s a t is f a c to ry  as eq u iv a len t 

b a r le y  rations®  These observations were c o n tra ry  to  the  norm ally
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accepted feed ing  values fo r  sorghum g ra in s  and b a r le y »

' : A s e r ie s  of feed  l o t  t r i a l s  i n i t i a t e d  in  I960, a t  th e  Univer­

s i t y  o f A rizona, supported the view of the c a t t l e  feed ers  and fu r th e r

suggested th a t  the n u t r i t io n a l  value o f the two g ra ins should be com­

p le te ly  re -ev a lu a ted  based on c u rre n t r a t io n  form ulation  and n u t r i ­

t io n a l  in fo rm atio n . The U n iv ersity  o f Arizona t r i a l s  suggested  th a t  

d ig e s tio n  o f the  s ta rc h  and p ro te in  o f the sorghum g ra in s  were the 

l im itin g  fa c to rs  in  the lower n u t r i t io n a l  value o f the  g ra in .

E valuation  of the many various g ra in  spec ies  o r  v a r ie t ie s  w ith ­

in  a specie  by f a t te n in g  t r i a l s  o r d ig e s tio n  t r i a l s  becomes p ro h ib itiv e  

from the  s tan d p o in t o f c o s t ,  tim e, and p h y sica l f a c i l i t i e s .  A ' lab o ra ­

to ry  method which w i l l  perm it a ra p id  screen ing  o f g ra in s  would be 

h ig h ly  d e s ira b le .  One approach to  th i s  problem i s  the a r t i f i c i a l  rumen 

technique as se v e ra l samples can be te s te d  in  one day’s s tu d y .

I t  i s  g en era lly  accepted th a t  the major p o r tio n  o f d ig e s tio n  

in  the rum inant occurs in  the  rumen. The r e s u l t s  o f  the a r t i f i c i a l  

rumen technique must be ev en tu a lly  v a lid a te d  w ith  d ig e s tio n  o r feeding  

t r i a l s .  I f  th e  r e s u l t s  between the two methods a re  in  good agreem ent, 

only the  more d e s ira b le  samples would be fu r th e r  te s te d  in  feed  l o t  

t r i a l s .

The purpose o f the s tu d ie s  rep o rted  in  th is  th e s is  was to  de­

velop a procedure w ith  the a r t i f i c i a l  rumen to  ev alu a te  the  u t i l i z a t io n  

o f s ta rc h  from milo and b a r le y .

The p re lim in ary  s tu d ie s  were concerned w ith  the fin d in g  o f the 

optimum cond itions fo r  the a r t i f i c i a l  rumen technique in  o rder to  study



th e  u t i l i z a t i o n  o f s ta rc h  from g ra in s by rumen m icroorganism s0 

The o th e r  a reas  s tu d ied  were as follow ss

lo  Comparative s tudy  o f th e  s ta rc h  u t i l i s a t i o n  o f  m ilos and 

b a rley s  o f various o r ig in s  and trea tm en tso  

2 o E ffe c t o f an a r t i f i c i a l  s a l iv a  and u rea  on the  s ta rc h  

u t i l i s a t i o n  from milo and b a r le y «,

3o E ffe c t o f feed  grade enzymes on the d i g e s t i b i l i t y  o f 

the s ta rc h  o f m ilo and b a r le y  as a f fe c te d  by a r t i f i c i a l  

s a l iv a  and ure&o



REY3M OF LITERATURE

M orrison (27% in  h is  well-known book. Feeds and Feeding3 l i s t s  

milo w ith  d ig e s tio n  c o e f f ic ie n ts  o f  78 p e rcen t fo r  crude p ro te in , 91 

p ercen t n itro g e n -f re e  e x tr a c t ,  and 79oU p e rc en t fo r  t o t a l  d ig e s t ib le  

n u t r ie n ts « For b a r le y  the  corresponding values a re  79 p e rc e n t, 92 p e r­

c e n t,  and 77®7 p e rc en t, respectively®  The sm all d iffe re n c e  in  t o t a l  

d ig e s t ib le  n u tr ie n ts  between th e  two g ra in s  can be accounted fo r  by 

the f a c t  th a t  b a rle y  has 6®2 p e rcen t crude f ib e r  and m ilo has only 

3®3 percent®

Schneider (3 6 ), in  h is  com pilation . Feeds o f the  W orld0 se ­

le c te d  d ig e s tio n  t r i a l s  th a t  could be c r i t i c a l l y  ev a lu a ted , and fu r th e r  

; sep a ra ted  d ig e s t i b i l i t y  va lues o f both  m ilo and b a r le y  fo r  v ario u s  

sp ec ies  o f  l iv e s to c k . With c a t t l e  he gives the fo llow ing  d ig e s tio n  

c o e f f ic ie n ts  f o r  m ilo : Crude p ro te in  57 p e rc e n t, n itro g e n -f re e  e x tra c t

83 p e rc e n t, and t o t a l  d ig e s t ib le  n u tr ie n ts  80 percent® The eq u iv a len t 

values fo r  b a r le y  a re  76  p e rc e n t, 92 p e rc e n t, and 8I4 p e rc e n t, resp ec­

tively®  O bservation o f the above rev ea ls  a  d iscrepancy  between the  

two s e ts  o f v a lu e s , e s p e c ia lly  w ith  n itro g e n -f re e  e x tr a c t  and protein® 

Since n itro g e n -fre e  e x tr a c t  c o n s ti tu te s  the  major p o r tio n  o f both 

g ra in s , the  tru e  d i g e s t i b i l i t y  of th e  f r a c t io n  w i l l  be a  m ajor in f lu ­

ence in  the  o v e ra ll  energy value o f the grain®

The P f iz e r  feed form ulator (30) g ives a m etabo lisab le  energy 

value fo r  milo o f 1H 0 Cal/lb® and 800 Gal/lb® fo r  barley® T itu s (%!), 

f o r  p o u ltry , re p o rts  a somewhat h igher m etabo lisab le  energy value  fo r
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bo th  milo and barley# l i s t i n g  1552 C al/lbo  fo r  jnilo and 9k7 C al/lbo  fo r  

barley* On th e  b a s is  o f m etabo lisab le  energy values# h igher perform­

ance and b e t t e r  feed  e f f ic ie n c y  would be expected from the  ra t io n s  con­

ta in in g  a  h igh le v e l  o f m ilo as compared to  a s im ila r  b a r le y  r a t io n e

Hale (21)# of th e  U n iv ersity  o f  Arizona Experiment S ta tio n #  r e ­

p o rted  th a t  b a rle y  ra t io n s  in creased  gains by 8 p e rcen t and Improved 

feed e f f ic ie n c y  by 11 p ercen t over comparable milo ra t io n s  * Apparently 

the d iffe re n c e  in  gain  between the two g ra in s  becomes h ig h er as the  

g ra in  le v e l  increased  in  th e  r a t io n s « When the g ra in  le v e ls  were below 

60  pe rcen t o f the  ra tio n #  the improvement in  gain was ij. percent# where­

as a t  le v e ls  o f more than  60 p e rcen t th e  improvement reached a  maximum 

o f lU percent* I t  i s  w orth m entioning a t  th i s  tim e th a t  when p ro te in  

was ra is e d  in  th e  m ilo d ie ts  from 10*5 to  13*5 percent# th e  performance 

increased* A s im ila r  p ro te in  r a is e  in  the  b a r le y  ra t io n s  appeared to  

reduce performance*

D ig e s t ib i l i ty  t r i a l s  w ith  milo and b a r le y  (56 p ercen t milo o r 

b a rle y )  ra t io n s  conducted by Cadena ( l5 )  in d ic a ted  th a t  th e  b a rle y  

ra t io n s  were more d ig e s t ib le  th an  the  m ilo ra tio n s*  The crude p ro te in  

and gross energy d ig e s tio n  c o e f f ic ie n t  of th e  b a r le y  ra t io n s  were s ig ­

n i f ic a n t ly  (P«0*05) g re a te r  than  fo r  the m ilo ra tio n s*

Cadena (15) employing the  in  v ivo nylon bag technique showed a  

g re a te r  d isappearance o f b a r le y  dry  m atte r than  fo r  m ilo dry m atter fo r  

the  f i r s t  e ig h t hours in  the rumen* As time progressed  the  d ry  m atter 

d isappearance between the two g ra in s  became s im ila r  and by 2k hours were 

equal* This suggests that the rate of d igestion  of milo i s  slower than 

f o r  barley* With t e s t s  made in  the  a r t i f i c i a l  rumen# b a r le y  s ta rc h



d ig e s tio n  was f iv e  tim es g re a te r  than  th a t  o f m ilo during  th e  f i r s t  

th re e  hours of ferm entation^ At nine hours of fe rm en ta tio n  the  d i f ­

ference  was only two and o n e-h a lf  tim es as great@

Sandsted t e t  a l a (3$)5 using  am ylo ly tic  enzymes in  v i t r o 9 

showed th a t  th e re  was a wide v a r ia t io n  in  the  d i g e s t i b i l i t y  o f  raw 

s ta rc h e s  of various o r ig in s » In  general^ th e re  appeared to  be no 

d i r e c t  r e la t io n s h ip  between d i g e s t i b i l i t y  and amylose con ten t o f th e  

g ra in s s as a 61 percen t amylose corn was no t as r e s i s ta n t  to  d ig e s tio n  

as p o ta to  s ta rc h  w ith  22 p ercen t amylose» The re s is ta n c e  to  s ta rc h  

d ig e s tio n  appeared to  be a  fu n c tio n  o f th e  p a r t ic u la r  amylose in  

"questiono

Ackerson (1 ), working w ith  one day o ld  ch icks,dem onstrated  no 

n o ticeab le  t ra c e  of s ta rc h  granules in  the fe c e s , when th e  d ie t  con­

s is te d  o f normal ground co m . The d ie t  o f h igh amylose type ground 

: corn re s u lte d  in  the d e te c tio n  o f  many in ta c t  s ta rc h  g ranu les  in  the  

feceso B orchers (6 )s working w ith  r a t s ,  found th a t  high amylose co m  

. s ta rc h  had a d i g e s t i b i l i t y  o f  66 p e rce n t to  77 p e rc e n t, whereas normal 

com  s ta rc h  was 95 percen t d ig e s te d 0

The above fin d in g s  suggest t h a t  the  new hybrid  m ilos may be 

high  in  amylose type o f s ta rc h  which i s  more r e s i s t a n t . t o  th e  a c tio n  

o f rumen' microorganisms than  i s  b a r le y  o r the  o ld e r v a r ie t ie s  o f  milo<>. 

Burroughs e t  a l e (12 ), te s t in g  c e llu lo se  d ig e s tio n  in  good and podr 

q u a li ty  roughages, found th a t  a complex m ineral s o lu tio n  d id  no t im- 

prove the  d ig e s tio n  o f the good q u a l i ty  roughage, b u t the  c e llu lo se  

d ig e s tio n  o f the poor q u a l i ty  roughage was improved by th e  a d d itio n .

1 o f a m ineral mixture® .



Burroughs e t  aJL (13)$, s tudying  c e llu lo se  d ig e s tio n  as a f ­

fe c te d  by o th e r  fe e d s , found th a t  a  complex m ineral s o lu tio n  p lu s  n i ­

trogen  improved the d i g e s t i b i l i t y  o f  ground corn , ground o a ts ,  and 

wheat b ran  over th e  c o n tro l which was supplemented only  w ith  n itro g e n 0 

Warner (1*2), compared the  com position o f m inera l so lu tio n s  w ith  

th e  com position of s a l iv a  and rumen l iq u o r  in  sheep and d iscussed  th e  

e f f e c ts  o f m odifying a conventional s a liv a - ty p e  m ixture to  approach 

more c lo se ly  the com position o f the  ra n in a l l iq u id «,

McNaught, Owen, and Smith (25) dem onstrated, in  v i t r o ,  th e  re ­

quirem ents o f  rumen b a c te r ia  fo r  iro n , copper, c o b a lt ,  e tc*  The c r i ­

t e r i a  used in  these  s tu d ie s  was the b a c te r ia l  growth as re la te d  to  th e  

decrease o f no n -p ro te in  n itro g en  in  the ferm en tation  medium* These 

fin d in g s  were l a t e r  confirmed by L i t t l e ,  Cheng, and Burroughs (23)o 

B ryan t, Robinson, and Chu (7 ), working w ith  B actero ides suc- 

cihogehes* determ ined th a t  calcium , phosphorus, magnesium, sodium, 

.potassium , and ammonium ions are  e s s e n t ia l  fo r  th e  normal growth of 

th is  organism* B a rn e tt (3) l i s t s  calcium , magnesium, phosphorus, 

sodium, potassium , su lp h u r, c o b a lt ,  copper, iro n , molybdenum, mangan­

e se , z in c , and ch lo rin e  as being the m inera ls  norm ally involved in  th e  

v ario u s  phases o f the ferm entation  in  th e  rumen*

Burroughs, Gerlaugh, and Bethke (11) found th a t  when c e r ta in  

amounts of the  ash o f a l f a l f a  hay were added to  a high com  cob r a t io n ,  

the  d i g e s t i b i l i t y  of the  f ib e r  was in c reased , concluding, th e re fo re , 

th a t  a l f a l f a  ash and c e r ta in  complex m ineral, m ixtures d e f in i te ly  in ­

creased the  a b i l i t y  of th e  rumen microorganisms to  d ig e s t  c e l lu lo s e ,  

as w e ll as roughage d ry  m a tte r , under la b o ra to ry  co n d itio n s * S w ift



e t  a l 0 (38) co rroborated  Burroughs (11) fin d in g s  by o b ta in in g  an in ­

crease o f 10 p ercen t f ib e r  d i g e s t i b i l i t y  on a  1*0 p ercen t com  cob 

r a t io n  supplemented w ith  a l f a l f a  ash e T illm an, S im y , and MacVicar 

(hO), working w ith  a 60 p e rcen t co ttonseed  h u lls  r a t io n ,  dem onstrated 

th a t  a complex m inera l m ixture based on the  m ineral com position of 

a l f a l f a  ash  gave as good r e s u l t s  as the a l f a l f a  ash i t s e l f «

McDougall (2h) suggested th a t  s a liv a ry  phosphate may have a 

fu n c tio n  in  a d d itio n  to  th a t  o f a  b u f fe r  o f m ain tain ing  the  b a c te r ia l  

populations This view i s  supported by Bryant and, Bur key (8)<,

Pearson and Smith (29), studying the  in  v i t r o  u t i l i s a t i o n  of 

.u rea by rumen microorganisms 9 found th a t  th e  urea s p l i t t i n g  power of 

/. rumen l iq u o r  was no t ap p rec iab ly  a f fe c te d  by bubbling 00g through the 

f la s k ,  b u t the  a d d itio n  o f  s ta rc h  had a  s l i g h t  a c c e le ra tin g  e ffe c to  

Wegner e t  aJU (h 3 ), working w ith  an in  v i t r o  system , found th a t  add- 

. ing  u rea  to  a  sample o f  rumen l iq u id  d id  n o t provide a  s a t i s f a c to ry  in  

v i t r o  system fo r  h is  s tu d ie s ,  fo r  the m ixture became ac id  q u ite  ra p id ly  

M ills  e t  a lp  (2 6 ), working i n  v i t r o , found th a t  u rea  fed  w ith  

. hay alone was slow ly hydrolisedo  tie suggested th i s  as being  in d ic a tiv e  

. o f  low m ic ro b ia l ac tiv ity®  The a d d itio n  o f s ta rc h  a c c e le ra te d  d ig es­

t io n  and p ro te in  synthesis®

Burroughs e t  a l ® (9) used an a r t i f i c i a l  rumen system to  a sse ss  

’ the  e f f e c ts  o f v ario u s  sources o f  energy upon th e  u t i l i s a t i o n  o f  urea® 

Eds r e s u l t s  confirm  M ills ’s (26) observations th a t  th e  a v a ila b le  en­

ergy  i s  o f major im portance in  u rea  u t i l i s a t i o n  invo lv ing  a  ferm enta­

t iv e  system®



Bells, G allup5, and W hitehair (5) used yellow corn5, dehydrated 

sweet p o ta to e s , cracked m ilo , and ro lle d  b a rle y  to  determ ine the  value 

of u rea  as a source of n itro g en  and found th a t  the a d d itio n  o f  u rea  had 

l i t t l e  e f f e c t  on the  apparent d i g e s t i b i l i t y  o f n u t r ie n ts ,  o th er than  

p ro te in ,  which was in creased  in  a l l  r a t io n s  e

Burroughs e t  a l 0 (10), u sing  an a r t i f i c i a l  rumen, added the  sub- 

. t r a t e  ( f i l t e r  paper) to  f la s k s  con ta in ing  (NHj^SO^ o r u re a , w ith  and 

w ithou t a s a l t  m ixture p a tte rn ed  a f t e r  s a l iv a ,  and found th a t  the  com­

p lex  s a l t  m ixture co n trib u ted  to  c e llu lo se  digestion©

B e ll ,  G allup, and White h a ir  (It), working in  feed ing  t r i a l s ,  a s -  

.v.Sessed th e  value o f u rea  in  ra t io n s  con ta in ing  co m , b a r le y , and milo© 

They used s te e r s  o f about 550 pounds w eight in  metabolism t e s t s  to  cpm- 

• pare b a r le y  and milo w ith  co m , and th e  e ffe c tiv e n e ss  of u rea  supple­

m entation in  each ration© The apparent d i g e s t i b i l i t y  o f the n itro g e n - 

f re e  e x tr a c t  fo r  the  s te e rs  rece iv in g  b a r le y  was 6?©81} p e rc e n t5 however, 

when lj.5 grams of u rea were added to  the  r a t io n ,  the apparent d ig e s t i b i l ­

i t y  o f  the n itro g e n -f re e  e x tr a c t  Was 66*97 percent© The s te e rs , re c e iv ­

ing m ilo gave a  n itro g e n -f re e  e x tr a c t  an apparen t d ig e s t i b i l i t y  o f 

66©30 percent© When U5 grams o f u rea were added to  th is  r a t io n ,  the 

apparent d i g e s t i b i l i t y  was 67*58  percent©

C o n flic tin g  evidence i s  obtained  from a review of the  l i t e r ­

a tu re  on the  use of enzymes in  ruminant nu trition©  Burroughs e t  a l ©

(111) s tudying  the value o f a  d r ie d  enzyme m ixture of a  b a c te r ia l  o r ig in  

w ith  both am ylo ly tic  and p ro te o ly t ic  p ro p e r tie s  (Agrozyme) found th a t  

the  a d d itio n  of ©015 lb© p er animal increased  liv ew eig h t gains by 7 

percen t and decreased feed  req u ired  p e r u n it  o f gain  by 6 p e rc e n t;
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however, l i t t l e  o r no d iffe re n c e  was noted in  feed  consumption, d re ss ­

ing  percen tage , and f e d e ra l  carcass  grade@ Dry m a tte r , organic m a tte r, 

p ro te in ,  and c e llu lo se  d i g e s t i b i l i t y  were n o t in fluenced  by the enzyme 

supplementation®

G rainger and Stroud (19), working with ewes, found th a t  a mul­

t ip l e  enzyme p rep a ra tio n  c o n s is tin g  o f gumase, amylase and proteas© ,

and the th ree  sep ara te  enzymes improved apparen t dry  m a tte r , crude 
f ib e r  and crude p ro te in  d ig e s t i b i l i t y ,  and a lso  improved n itro g en  b a l­

ance®

Kercher (22) found no s ig n if ic a n t  d iffe ren ce s  in  the  average 

d a ily  g a in , l iv e  grade, and d ress in g  percentage o f s te e r s  fed  U grams 

of Zymo-pabst enzyme per day, bu t the  s te e r s  fed the  a d d itiv e  had a 

s ig n i f ic a n t ly  h igher d ress in g  percentage than  the controls®  Nelson 

and Catron (28) conducted 8 experim ents w ith  $82 s te e r s  to  compare fo u r  

enzymes: Agrozyme, Zymo-pabst, Rhozyme 6-6*11-39, and Takamine and

th e ir  rela tion sh ip  to  D ie th y ls t ilb e s tr o l (DBS) in  fa tten in g  ra tio n s  and 

found th a t  a l l  enzymes re s u lte d  in  improved gains and feed  conversion 

when fed with DBS, but only one, Agrozyme, improved gains without DBS® 

F u rth e r experim ents by the same researchers demonstrated t h a t  extra  

protein had no e f fe c t  on enzyme response in  th i s  test®  Smith and Kish 

(37), adding Zymo-pabst, Agrozyme, and Dawe-Nzyme to  low moisture com  

r a t io n s  fo r  f in is h in g  s te e r s ,  obtained  a w eight gain improvement rang­

ing  from It® 3 to  11®3 percent and a grain feed e f f ic ie n c y  improvement 

ranging from 2®9 to  9»8 percent® No d ifferen ces in  l iv e  or carcass  

grade were reported®



Dyer and Templeton (18), working w ith  27 s te e r s ,  te s te d  Rhozyme 

F-3C and Rhozyme F-itD and found no s ig n if ic a n t  d iffe re n c e s  in  average 

d a i ly  gain , bu t c o n tro l anim als req u ired  from 5 to  8 p ercen t more feed  

per pound o f gain  than those rece iv in g  the enzymes® C lark , Dyer, and 

; Templeton (16), studying th e  e f fe c ts  of th ree  b a c te r ia l  enzyme p repara­

tio n s  (Rhozyme F-3C, Rhozyme F-ltD and Argrozyme) on the  performance of 

feed l o t  s te e rs  fed c h ie f ly  on b a r le y , observed th a t  a l l  enzymes tended 

to  increase  the average d a i ly  gain o f a l l  tre a te d  groups b u t found no 

d iffe re n ce  in  feed req u ired  p er pound o f gain®

R alston , Church, and O ld fie ld  (31), using the nylon bag te c h ­

n ique, te s te d  P ec tin ase , XC 597, HT P ro tease , and amylase and found no 

d iffe ren ce s  on crude f ib e r ,  c e l lu lo s e ,  or e th e r  e x tr a c t  d ig e s t i b i l i t y  

due to  the treatment® Theurer, Woods, and Burroughs (39) obtained no 

improvement in  feed consumption, r a te  o f gain , o r feed conversion by 

the supplem entation of lamb ra tio n s  w ith  Agrozyme, a b a c te r ia l  prepa­

ra t io n ,  o r F ic in , a p ro te o ly tic  p la n t enzyme. In  v i t r o  s tu d ie s  by 

A the same w orkers, using an a r t i f i c i a l  rumen, in d ica ted  th a t  most o f  

the p ro te o ly tic  a c t iv i ty  o f these  enzyme p rep ara tio n s  was l o s t  in  the 

f i r s t  two or th ree  hours of fermentation® Rea and Ross (32) a lso  r e ­

ported  no apparen t response from enzymes added to  ra t io n s  o f lambs®



MATERIALS

The rumen f lu id  used in  these s tu d ie s  was obtained  from f i s t u ­

l a  ted  s te e r s  fed a l f a l f a  hay® The rumen f lu id  was c o lle c te d  in  the 

e a r ly  morning which was approxim ately lit hours a f t e r  the previous 

evening feeding® I t  was s tra in e d  through a double la y e r  o f cheesec lo th  

and p laced  in  a p rev io u sly  warmed, thermos jug in  o rd er to  p ro te c t th e  

microorganisms of the rumen f lu id  from a sudden change in  tem perature0 

In  the la b o ra to ry  the rumen f lu id  was cen trifu g ed  a t  the speed o f $00 

rpm fo r  th ree  m inutes to  sp in  down sm all p a r t ic le s  o f hay and o th e r 

undesirab le  m aterials®  The su p ern a tan t la y e r  was used as the inoculum® 

One hundred m illigram s o f the sample to  be d ig ested  were p laced  

in  a $0 ml c u ltu re  tube , and 2$ ml o f the  cen trifu g ed  rumen f lu id  was 

added® The tubes were then  placed in  the  w ater b a th  a t  39°C® and C0  ̂

was bubbled in to  each tube in  order to  produce anaerobic cond itions 

and to  s t i r  the  sample®

Our p re lim in ary  in v e s tig a tio n s  in d ica ted  the p roper amount o f 

cen trifu g ed  rumen f lu id  fo r  each tube to  be 2$ ml® S im ila r ly , the p re ­

lim inary  t r i a l s  fo r  c e n tr ifu g a tio n  r a te  o f the  rumen f lu id  showed th a t  

$00 rpm fo r  th re e  minutes gave the  b e s t results®  The r e s u l t s  o f the 

p re lim in ary  t r i a l s  w i l l  be d iscussed  in  a fo llow ing section®

The ferm en tation  process took p lace  in  a w ater ba th  m aintained 

a t  a  co n stan t tem perature of 39°C® by a thermostat® A s t i r r e r  was 

used in  o rder to  minimize any v a r ia t io n  in  the tem perature o f the  

w ater in  various lo ca tio n s  in  the bath®

12
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A fte r a fiv e -h o u r incubation  p e rio d , the tubes were removed 

from the w ater b a th  and 20 ml of a m ixture of 25 p e rcen t bu tano l and 

75 p e rcen t e thano l was added, and the tubes were cen trifu g ed  a t  2000 

rpm fo r  10 m inutese The su p ern a tan t l iq u id  was poured o ff  and U0 ml 

o f the b u tan o l-e th an o l m ixture were added to  the sample and c e n t r i ­

fuged fo r  a second time a The purpose o f the b u tan o l-e th a n o l m ixture 

was to  p r e c ip i ta te  the starch®

The s ta rc h  de term ina tion  of the samples was made by a m odifi­

c a tio n  o f the method o f Dubois e t  al® (17)#. as described  belows

The c u ltu re  tubes were emptied in to  250 ml Erlenmeyer f la s k s ,  

using w ater and a policeman to  make sure th a t  no p a r t ic le  remained in  

th e  c u ltu re  tubes® F if te e n  ml o f 10 M K0H were then added in  o rder to  

g e la tin iz e  the  s ta rc h , and two drops o f  a one percen t s o lu tio n  of 

P henolph talein  in  e th y l a lco h o l were added to  be used l a t e r  as an end 

p o in t in  the n e u tra l iz a t io n  of the  sample® The in d ic a to r  was added a t  

th i s  p o in t r a th e r  than  b efo re  the n e u tra l iz a t io n  because o f i t s  a lcohol 

content® The samples were then b o ile d  fo r  15 minutes to  remove> by v o l-  

a t in iz a t io n ,  the b u tan o l-e th an o l m ix ture, s ince  both  o f th ese  chemicals 

give a p o s itiv e  re a c tio n  fo r  starch®

A fte r the samples were allowed to  co o l, they  were brought to  a 

volume o f 100 ml and f i l t e r e d  through a number 5l5 f i l t e r  paper® A 

f in a l  d i lu t io n  was made w ith  dem ineralized w ater so t h a t  each ml would 

con ta in  about ®05 mg/ml of starch®

To a 10 ml Erlenmeyer f la s k ,  1 ml of the d ilu te d  sample was 

p ip e tte d  and 1 ml of a 1/10 d i lu t io n  o f an 80 percen t s to ck  so lu tio n
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of aqueous phenol and 5 ml of concen tra ted  s u lfu r ic  ac id  from a b u re t 

were a lso  added® The s u lfu r ic  ac id  was added ra p id ly  b u t carefully®  

Three b lanks were prepared in  th e  same manner# using 1 ml of 

w ater in  place of the sample® The blank g iv ing  the g re a te s t  t r a n s ­

m ission in  the  Bausch & Lomb S pectron ic  20 co lo rim e te r was used® This 

was done in  o rder to  minimise the p o s s ib i l i ty  o f contamination® The 

samples were allowed to  cool fo r  a t  l e a s t  f i f te e n  minutes and then 

tra n s fe r re d  to  3/V* Spectron ic  tu b es» The wave len g th  of the S pectron ic  

20 was s e t  a t  U90 mu and the blank a t  100 percen t transmission®

The p ercen t tran sm iss io n  of a l l  the samples were read and r e ­

corded® Since th is  t e s t  i s  extrem ely sen sitiv e#  a l l  samples were s e t  

up in  t r i p l i c a t e  and the two c lo s e s t  readings on the  S pectron ic  20 were 

averaged® Amylopectin was used as a  standard  and t re a te d  as described  

fo r  the unknown samples alone®

The p ercen t tran sm iss io n  readings of the s ta rc h  samples and 

standard  were converted to  o p tic a l  d e n s it ie s  and ap p lied  in  the fo llow ­

ing formulas

Percent starch in  the sample -

The com position o f the a r t i f i c i a l  s a liv a  used in  the a r t i f i c i a l  

rumen s tu d ie s  i s  l i s t e d  in  Table 1 and i s  a m od ifica tion  of the a r t i f i ­

c ia l  s a l iv a  o f McDougall (21*) adapted to  our la b o ra to ry  (conditions®

The a r t i f i c i a l  s a l iv a  was added a t  the ra te  of 2 ml p e r tube in  the 

s tu d ie s  which req u ired  the ad d itio n  o f the  a r t i f i c i a l  saliva®
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Table 1 , Composition of the a r t i f i c ia l  sa liv a a

NaHgPÔ 6.00 gr.

NaHCO. 6.00 gr.

KC1 0.875 gr.

NaCl 0.875 gTo

MgSÔ 0.250 gr.

CaClg 0.0875 gTo

H2° 100 ml.

a . The a r t i f i c ia l  sa liv a  i s  a m odification of McDougall*s 
(2U) a r t i f i c ia l  sa liv a  formula0

When added, a three percent so lu tion  of urea in  demineralized

water was used at the rate of 1 ml per tube.

The enzymes studied were furnished by the Rohm & Haas Company 

and added a t the rate o f 1 percent of the grain sub strate. The en­

zymes were from p ilo t  production and developed for p ossib le  use in the

feed trade.



RESULTS AND DISCUSSION

Only one re fe ren ce  was found th a t  re la te d  to  the type of study  

undertaken in  th is  th e s i s ,  S alsbury  e t  aJL. (31|) measured s ta rc h  d iges­

tio n  in  the a r t i f i c i a l  rumen b u t used a method o f s ta rc h  determ ination  

th a t  d id  n o t lend i t s e l f  to  ro u tin e  u se 0 A considerab le  p o r tio n  o f  the 

research  e f f o r t  was sp en t in  modifying the  method o f Dubois e t  a l . (17) 

so th a t  i t  would be ap p licab le  to  the a r t i f i c i a l  rumen s tudy  and be 

s a t i s f a c to ry  fo r  ro u tin e  d e te rm in a tio n s„ The method developed has been 

described  on the procedure se c tio n  of t h i s  th es iso

The r e s u l ts  p resen ted  in  Tables 2 to  5 re p re sen t p re lim in ary  

observations in  o rder to  e s ta b l is h  c r i t e r i a  to  be used f o r  the remain­

ing s tu d ie s • The p re lim in ary  s tu d ie s  were no t n e c e s sa r ily  conducted 

in  the o rd er they  a re  p resen ted  in  the  fou r ta b le s j  however, the r e ­

s u l t s  became the b a s is  o f o p era tio n  fo r  the main o b jec tiv es  o f the 

s tu d y e '

Table 2 p resen ts  the e f f e c t  of g ra in  le v e l  and volume o f rumen 

f lu id  in  the d ig e s tio n  f la s k .  I t  was necessary  to  add a g ra in  le v e l  

which would perm it s u f f ic ie n t  s ta rc h  fo r  a  determ ination  fo llow ing the 

d ig e s tio n  p e rio d . The r e s u l t s  in  Table 2 suggest th a t  under the con­

d it io n s  of ferm entation  in  th i s  s tudy , both volume of rumen f lu id  and • 

abso lu te  g ra in  le v e l  in  the a r t i f i c i a l  rumen are  im portan te W ith both  

milo and b a r le y , i t  appeared th a t  s ta rc h  d ig e s tio n  was maximum when 

100 mg o f s ta rc h  and 2$ ml of cen trifu g ed  rumen f lu id  were used .

16
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Table 2 0 The e f fe c t  of substrate le v e l  and a r t i f i c ia l  rumen volume on 
starch u t il iz a t io n  from milo and barley.

Percent o f starch u tiliz e d *

MILO BARLEY

Sample mg. Grain 100 100 50 100 100 50

Number ml. Rumen Fluid 25 15 15 25 15 15

1 12.77 10 .Li 7.85 19.71 12.87 15.1L

2 15.37 11.21 10.15 2L.17 17.38 19.09

a . Rumen f lu id  cen trifuged  a t l^OC rpm. fo r  th ree minutes and 
incubated for  f iv e  hours»

During the course of the preliminary work, i t  appeared that the 

centrifugation  speed suggested by most workers could re su lt  in  a large  

number of microorganisms being spun out. Strained rumen liquor was 

spun for three minutes a t speeds ranging from 2$0 to  l£00 rpm and u t i­

liz ed  to  d igest milo and barley samples for f iv e  hours, a fte r  which a 

determination of the starch u t iliz e d  by the microorganisms was made. 

Table 3 suggests that milo and barley starch u t il iz a t io n  was lowest at  

1000 and 1^00 rpm; whereas a t 250 rpm the determinations seemed to  be 

affected  by small feed p a r tic le s  remaining in  the rumen liq u id , 500 

rpm appeared to  give the optimum resu lts  and, therefore, was adopted 

for the remaining part o f the research work.

The e f fe c t  of the length of time of d igestion  in  the a r t i f i c ia l  

rumen upon starch u t il iz a t io n  i s  given in  Tables U and 5, Four t r ia ls  

were conducted with each milo and barley and determinations made a t 2 ,
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Table 3 . The e f f e c t  o f  c en tr ifu g a tio n  rate  o f  stra in ed  rumen f lu id  on 
starch  u t i l iz a t io n  from ndlo and b a r l e y . a

Percent starch  d ig e s tio n

C entrifuge speed*3
2$0 rpm 500 rpm 1000 rpm 1500 rpm

Milo0 9.85 13.00 10.5U 10.5U

Barley0 30.08 . 30.08 19.72 23.87

a 0 Samples d igested  fo r  f iv e  hours, 

b . A ll samples were spun for  three m inutes. 

Co 100 mgs su b stra te  added in  2$ ml volume.

Table Us The e f f e c t  o f the len g th  o f time o f  d ig e s t io n  in  the a r t i f i ­
c i a l  rumen upon starch  u t i l iz a t io n  from milo«

Percent o f  starch  d igested *

T ria l number 2
D igestion  time -  hours

U 6 2U

l b 8.U6 6.00 19.65

2b U.09 7.99 10.U1

3° 6.20 1 9 .1U 19.00 50.16

uc 15.38 23.66 30.65 U5.U5

a 0 Rumen f lu id  cen trifu ged  a t 1500 rpm fo r  three m inutes. 

be Starch determined by the method o f Dubois e t  a l .  (17) 

c e Starch determined by the method o f Folin-Wo (2 ) .
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Table 5* The e f fe c t  of the length of time of d igestion  in  the a r t i f i ­
c ia l  rumen upon starch u t il iz a t io n  from barley

Percent of starch d igestion*

T rial number 2
D igestion time -  hours

h 6 2k

i b 8.3U 10.91 27.90

2b 2.7? 12.77 23.97

f H i.70 26.0k 28.60 65.70

kC 22.07 26.56 13.35 59.k9

a 0 Rumen f lu id  centrifuged a t 1$00 rpm for three minutes.
100 mg of substrate in 25 ml volume.

b . Starch determined by the method of Dubois e t  a l .  (17)•

Co Starch determined by the method of Folin-Wo (2) .

it, 6, and 2it hours o f d ig estio n . The rate o f starch u t il iz a t io n  for 

the grains was very rapid for the f i r s t  it to  6 hours, and considerably  

slower for the 6 to 2it-hour period. I t  was a lso  noticed a t  2it hours o f  

d igestion  that milo and barley approached sim ilar  u t i l iz a t io n .  Subse­

quently, 5 hours o f d igestion  time was selected  because o f convenience 

in  the use o f the laboratory f a c i l i t i e s  and other problems related  to  

a 2it-hour d ig estio n . I t  i s  believed that a rapid rate of d igestion  in  

the rumen i s  desirable as th is  re su lts  in  a more rapid passage of feed­

s tu f f  s ,  thus permitting a greater intake of food by the animal. I f  the 

2k hours of d igestion  were used as the end p o in t, i t  would be d i f f ic u l t  

to  d etect small d ifferen ces between the grains.
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A comparative study of Iowa m ilo, Arizona m ilo, popped Arizona 

m ilo, and ensiled  Arizona milo i s  presented in Table 6 , The popped

Table 6, Starch d igestion  from Iowa m ilo, Arizona m ilo , popped Arizona 
m ilo, and en siled  Arizona m ilo .

T rial
number

Iowa
milo

Arizona
milo

Popped 
Arizona milo

■ ii m iii.iia i.iia  .. i - l  .

Ensiled  ̂
Arizona milo

1

% starch 78.17 77 .1L 78.00 83.92

% u t il iz e d 11.51 15.11 17.37 10.55

2

% starch 77.15 79.21* 76.86 81.73

% u t il iz e d io .L i 12.86 19.59 12.37

a . Popped in  a pan using dry heat.

b . Ensiled in  an a ir t ig h t  container for  21 days a t 30% 
moisture a t room temperature•

Arizona milo was u t iliz e d  more com pletely than the Arizona m ilo, with­

out any treatment. C onflicting  evidence was obtained by Salsbury e t  

a l . (31i), who found no appreciable d ifference in  the d igestion  o f un­

treated and dry heat treated  com  starch during the f i r s t  s ix  hours 

o f d igestion ; however, in  the second h a lf o f  the twelve-hour fermen­

ta tion  period, the dry heat treated com  starch showed s l ig h t ly  more 

rapid d igestion  than the untreated corn starch . The heat treatment
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of the snilo in  th i s  s tu d y  was probably more d r a s t ic  than  th a t  o f S a ls -  

bury e t  a l 6 (3 ii)a

E n silin g  Arizona m ilo d id  not appear to  in c rease  s ta rc h  u t i l i ­

z a tio n  when d ig ested  fo r  f iv e  hours in  the a r t i f i c i a l  rumene This f in d ­

ing  was co n tra ry  to  those o f Saba (33) who found in  nylon bag s tu d ie s  

th a t  e n s il in g  a t  30  p e rcen t m oisture fo r  2 1  days improved the  dry  m atter 

d i g e s t i b i l i t y  o f milo® The in  v i t r o  ferm en tation  appeared normal and 

the  lew s ta rc h  u t i l i s a t i o n  values may be re la te d  to  s ta rc h  determ ination  

w ith  th is  type o f product® As noted in  Table 6 , the  s ta rc h  com position 

value was considerab ly  h ig h er fo r  the  e n s ile d  milo than fo r  the  u n trea ted  

m ilo . The Arizona m ilo showed h igher s ta rc h  u t i l i z a t i o n  than  did  the 

Iowa m ilo , which was grown under d i f f e r e n t  tem perature and m oisture con­

ditions®

The comparative s tu d ie s  on the s ta rc h  u t i l i z a t io n  from C a lifo r­

n ia , Texas, A rizona, and Hegari m ilos p resen ted  in  Table 7 suggest th a t  

the Arizona m ilo s ta rc h  i s  b e t t e r  u t i l iz e d  than th a t  of Texas, C a lifo r ­

n ia ,  and Hegari milos® There seems to  be very  l i t t l e  d iffe re n c e  in  the 

s ta rc h  u t i l i z a t io n  from the C a lifo rn ia  and Texas m ilos, bu t th ere  was 

69o5 p e rcen t increase  in  the s ta rc h  u t i l i z a t io n  from the Arizona milo 

as compared to  H egari, and WieU p ercen t in crease  in  s ta rc h  u t i l i z a t io n  

of the  Arizona milo as compared to  C a lifo rn ia  milo® The in c rease  in  

s ta rc h  u t i l i z a t io n  o f Texas milo was l t l®6 p e rcen t g re a te r  than  from 

the Hegari milo® The reason fo r  th i s  i s  no t known, b u t i t  had been 

suspected  th a t  the s ta rc h  o f the o p en -p o llin a ted  v a r ie t ie s  would be 

more d ig e s t ib le  than the s ta rc h  of the hybrid  v a rie tie s®  In  f a c t ,  in
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Table 7. Comparative starch u t il iz a t io n  from C aliforn ia , Texas, Ari 
zona, and Hegari m ilos,

T rial
number

C alifornia
milo

Texas
milo

Arizona
milo

Hegari
milo*

1

% starch 78.86 79.17 79.17 78.51

% u t il iz e d 17.18 19.61 23.32 15.13

2

% starch 80.17 83.81 83 . m 82.39

% u t il iz e d UioOS 20.15 26.8k l5o lk

3

% starch 80.25 8 1 .U0 79.11 *80.81

% u t il iz e d 16.39 17.57 18.68 10.30

Av. % u t il iz e d 15.08 19.21 22.9k 13.53

a . Hegari i s  an open-pollinated milo variety  grown lo c a lly  in
Arizona.

a recent feeding t r ia l  reported by Hale e t  a l .  (20), i t  appeared that 

Hegari resulted  in  improved performance and feed e f f ic ie n c y  when com­

pared to  an Arizona and a Texas hybrid.

Table 8 gives the resu lts  which compare an Arizona barley with  

a barley variety  grown in  the Sacramento Valley of C aliforn ia . Starch 

u t il iz a t io n  appeared to be sim ilar with both v a r ie t ie s .
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Table 8 , Comparative starch u t il iz a t io n  from the Arizona and C a lifor­
nia b arleys•

T rial
number

Arizona
barley

C alifornia
barley

1

% starcha 71.36 71.09

% u t il iz e d 12.53 U loU

2

% starch8. 7Uo36 71.09

% u t il iz e d 38.U6 12.83

a c The percent starch for  barley was determined only once for
both t r ia l s .

Table 9 i l lu s tr a te s  a comparative study of the starch u t i l iz a ­

tion  from the Arizona barley and the Arizona, C aliforn ia , and Hegari

Table 9o Comparative starch u t il iz a t io n  from the Arizona barley and 
the Arizona, C aliforn ia , and Hegari miloso

Arizona Arizona C alifornia Hegari
barley milo milo milo

% starch 71.61 83.22 8L.35 82.09

% u t il iz e d  28.15 25 .00  21.20 21.80



milos* The starch from the Arizona barley was found to  be u t il iz e d  to 

a greater extent than the starch from the Arizona m ilo. This re su lt  

i s  in  keeping with Cadena (15) who found barley dry matter to be more 

d ig estib le  than that o f m ilo . In th is  study, the starch u t il iz a t io n  

from the Arizona barley was lower than for previous a r t i f i c ia l  rumen 

runs., The reason for th is  i s  unknown* No appreciable d ifference was 

observed between the C alifornia and Hegari milos starch u t il iz a t io n ,  

but in  another study (Table 7 ), C alifornia  milo outperformed Hegari 

m ilo. This variation  can probably be attributed  to the d ifferen ces  

between the a r t i f i c ia l  rumen runs.

There are several sources o f information on mineral mixtures 

related  to a r t i f i c ia l  rumen system s, McDougall (21*) suggested an a r t i ­

f i c i a l  sa liv a  to be used in  th is  type o f study, and the la te  Dr* Farris 

Plubbert, Jr« of the U niversity of Arizona modified McDougall*s a r t i f i ­

c ia l  sa liv a  to make i t  more adequate to  our laboratory conditions* The 

e f fe c t  of th is  modified a r t i f i c ia l  sa liv a  (Table l )  on the starch u t i­

l iz a t io n  from milo and barley by rumen microorganisms was te sted , using 

Arizona milo and Arizona barley as shown in  Table 10. Barley starch

Table 10, The e f fe c t  o f a r t i f i c ia l  sa liv a  on the u t il iz a t io n  o f starch  
of Arizona milo and b arley .a

Barley
alone

Barley + 
sa liv a

Milo
alone

Milo*
sa liv a

% starch 71.1*7 71.1*7 80.87 80.87

% u t il iz e d 1*1*.78 51.36 25.00 31.32

a , The 
2 ml per tube.

a r t i f i c ia l  sa liv a of Table 9 was used a t the rate of
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u t i l i z a t i o n  was improved 14<>7 p e rcen t by the  a d d itio n  o f the  a r t i f i c i a l  

s a l iv a | lik e w ise , milo s ta rc h  u t i l i z a t io n  was increased  2 5 .3  p e rcen t 

by the a d d itio n  o f the same amount o f a r t i f i c i a l  s a l iv a .  This f in d in g  

i s  in  agreement w ith  in  vivo s tu d ie s  o f Burroughs e t  a l .  (11,12) and 

in  v i t r o  s tu d ie s  of B ryant, Robinson, and Chu (?) and McNaught, Owen, 

and Smith (2 5 ).

With the purpose of in v e s tig a tin g  the e f f e c t  of u rea  on the 

s ta rc h  u t i l i z a t io n  from milo and b a r le y , a 3 p ercen t so lu tio n  o f urea 

was prepared and used a t  the r a te  o f  1  ml p e r tu b e . Table 11 p re sen ts  

the r e s u l t s  of s ix  t r i a l s  on the e f fe c t  o f a r t i f i c i a l  s a liv a  and urea 

on the u t i l i z a t io n  o f Arizona m ilo . The a r t i f i c i a l  s a l iv a  proved to  be 

b e n e f ic ia l  to  the m ilo s ta rc h  u t i l i z a t io n  by rumen microorganisms by 

improving i t s  average u t i l i z a t i o n  by 8 5 .0  p e rc en t. The urea a d d itio n  

improved s ta rc h  u t i l i z a t io n  by 23.9 p e rc e n t. Previous d ig e s tio n  t r i a l s  

by Saba (33) in d ica ted  th a t  m ilo p ro te in  was poorly  d ig e s te d , and i t  ap­

peared lo g ic a l  th a t  a sm all ad d itio n  of n on -p ro te in  n itro g en  might sup­

p ly  a r e a d ily  a v a ila b le  source of n itro g en  fo r  the  rumen microorganisms, 

thus p erm ittin g  more ra p id  d ig e s tio n  of th e  g ra in  s ta rc h .  The a d d itio n  

o f both a r t i f i c i a l  s a l iv a  and u rea to  the samples produced an average 

in crease  of 63.U p e rcen t, which was le s s  than w ith  the a r t i f i c i a l  

s a liv a  a lo n e .

The e f f e c t  of the a r t i f i c i a l  s a l iv a  and u rea  on the  s ta rc h  

u t i l i z a t io n  o f Arizona b a r le y  in  the a r t i f i c i a l  rumen i s  p resen ted  in  

Table 12. I t  was found th a t  the a d d itio n  of a r t i f i c i a l  s a l iv a  produced 

an average in crease  of 1*9 .2  percen t over the  c o n tro l,  and th e  a d d itio n  

o f u rea re su lte d  in  only 9 . 5  percen t improvement as compared w ith  the



26

Table 11, The e f fe c t  o f a r t i f i c ia l  sa liv a  and urea on the u t il iz a t io n  
of Arizona m ilo ,a

T ria l
number Milo

Milo ♦ 
sa liv a

Milo + 
urea

Milo + sa liv a  
+ urea

1
% starch 78.61& 78.6k 78.6k 78.6k
% u t il iz e d 17.U9 k7.95 23.87 k6.31

2
% starch 82.0? 82.09 82.09 82.09
% u t il iz e d 37.22 50.5k 33.79 k8.99

3
% starch 78.05 78.05 78.05 78.05
% u t il iz e d 37.75 k9.kk 39 .kk kk.63

k
% starch 79.83 79.83 79.83 79.83
% u t il iz e d 17.18 29.90 17 .k8 ' 12.11

5
% starch 79.78 79.78 79.78 79.78
% u t il iz e d 21 .80 39.10 31.83 k2.55

6
% starch 82.8? 82.87 82.87 82.87
% u t il iz e d 13.52 51.82 33.6k k2.83

Average
% starch 80.21 80.21 80.21 80 .21

% u t il iz e d 2k .21 kk.79 30.00 39.57

a . A 3$ so lu tion  o f urea was used at the rate of 1 ml per
tube*
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Table 12© The e f fe c t  o f a r t i f i c ia l  sa liv a  and urea on the u t il iz a t io n  
of the starch of the Arizona barley

T rial
number Barley

Barley + 
sa liv a

Barley + 
urea

Barley «■ sa liv a  
+ urea

1

% starch 69.17 69.17 69.17 69.17

% u t il iz e d 35.82 60.15 L I.21 61.51

2

% starch 73.17 73.17 73.L7 73.L7

% u t il iz e d 31i.U9 50.92 39.35 50.36

3

% starch 72.71 72.71 72.71 72.71

% u t il iz e d 28.07 35.67 27.18 36.05

Average

% starch 71.78 71.78 71.78 71.78

% u t il iz e d 32.79 18.91 35.92 U9.35

con tro l• When both a r t i f i c ia l  sa liv a  and urea were added, the improve­

ment was $0oB percent, thus confirming the resu lts  obtained w ith m ilo. 

Furthermore, the d ifference between the sa liv a  treated group and the 

samples containing urea was 36.2 percent, and the d ifference between 

the sa liv a  treated samples and the samples containing both a r t i f i c ia l  

sa liv a  and urea was only 0 .9  percent. These data suggest that the



e f f e c t  o f  u rea was very  sm all as compared w ith  the e f f e c t  o f the  a r t i -  

. f i c i a l  saliva® The agreement o f Tables 1 1  and 12 seems to  in d ic a te  

. th a t  the a r t i f i c i a l  s a l iv a  has a d e f in i te ly  b e n e f ic ia l  e f f e c t  on the  

s ta rc h  u t il iz a t io n  from milo and barley, and th a t  th e  a d d itio n  o f urea 

- causes very  l i t t l e  improvement in  the u t i l i z a t i o n  o f  s ta rc h  from e i th e r  

' m ilo  or barley®

The r e s u l t s  p resen ted  above c le a r ly  dem onstrate the e f f e c t iv e -  

• ness of the  a r t i f i c i a l  s a l iv a  in  improving s ta rc h  u t i l i z a t i o n  from milo 

and b a r le y  in  an in  v i t r o  system w ith rumen microorganisms 6 : The reason 

f o r  the  a r t i f i c i a l  s a liv a  e f f e c t  i s  no t known® As th e  m ineral s o lu tio n  

added has a s tro n g  b u ffe rin g  a c tio n , the e f f e c t  observed may have been 

one o f pH c o n tro l in  the  a r t i f i c i a l  rumen ferm entations ® No pH meas­

urements were made follow ing d ig e s tio n  w ith  and w ithou t a r t i f i c i a l  

saliva® In g en e ra l, s tu d ie s  have shown th a t  a b u ffe r in g  so lu tio n  need 

n o t be used when m ild ly  cen trifu g ed  rumen f lu id  i s  used in  sh o rt- te rm  

s tu d ie s ,  such as  the one described  above® The p o s s ib i l i ty  e x is ts  that 

■ ■ c e r ta in  o f the  m ineral ions in  the a r t i f i c i a l  s a liv a  were necessary  

: n u tr ie n ts  fo r  the rumen microorganisms or necessary fo r  c e r ta in  enzyme 

a c t iv ity  re la te d  to s ta rc h  hyd ro ly sis  and glucose u t i l i z a t i o n  by the  

rumen microorganisms ®

S ev era l commercial enzymes fu rn ish ed  by the  Rohm & Haas Co® of 

P h ilad e lp h ia  were te s te d  fo r  th e i r  a b i l i t y  to  hydrolyse s ta rc h  from the 

/. Arizona milo and barley® According to  the  s p e c if ic a tio n s  o f  the manu­

f a c tu re r s ,  the  enzymes were used a t  th e  r a te  o f 1  p e rcen t by w eight of 

the substrate®  I t  i s  necessary  to  p o in t out th a t  the enzymes used are  

ch a ra c te r iz e d  p r im a rily  by th e i r  a b i l i t y  to  hydrolyze p ro te in  ra th e r  

than  s ta rc h  except Rhosyme J-25  and Rhozyme A-I4 which a re ,  in  a d d itio n .
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good sources o f d ia s ta se  a c t iv i ty ?  however^ according to  the  manufac­

tu re rs  $ a l l  enzymes contained some amylase a c t iv ity « The commercial 

name and the enzymatic a c t iv i ty  of the enzymes are  given in  Table 13o 

In  perform ing the a r t i f i c i a l  rumen t r i a l s ^  i t  was n ecessary  

to  make only a few runs a t  a time due to  the  sm all cap ac ity  o f our 

equipment and th e  time involved in  the  determ inations 6 U nfortunately^ 

the  r e s u l t s  so obtained cannot be d i r e c t ly  compared one w ith  ano ther 

b u t must be evaluated  s e p a ra te ly «, The reason fo r  th i s  i s  the v a r ia b i l ­

i t y  o f the a r t i f i c i a l  rumen inoculum from one t r i a l  to  an o th er0

The f i r s t  two enzymes to  be evaluated  were Rhozytte J-2$ and 

Ehozyme H-39 and th e  r e s u l t s  rep o rted  in  Table lij.e N e ith e r o f th e  en­

zymes appeared to  improve s ta rc h  u t i l i z a t i o n  from m ilo, bu t when m ile 

p lus enzymes p lus a r t i f i c i a l  s a liv a  were d ig ested  th e re  was a consid­

erable improvement over the control for both enzymes» I t  i s  probable 

that th i s  improvement was due t o . the a r t i f i c ia l  sa liv a  rather than to  

the  enzyme addition . With the samples containing milo p lus enzymes plus 

urea, a decrease in  the  starch u t il iz a t io n  was n oticed . The reason for  

th is  i s  unknown, . .

. ' The fo llow ing t r i a l  was s e t  up w ith  Rhozyme W-l£, D iastase  70, 

Rhosyme P - l l ,  Rhozyme A-R, Rhozyme S, and Rhozyme 33, Table 1$ p re ­

sen ts  the  r e s u l ts  obtained  using m ilo g ra in . The Rhozyme W-l5 and the 

D iastase 70 produced a  s l ig h t  improvement in  starch u t il iz a t io n  by 

rumen microorganisms over the con tro l, but th i s  increase was not large 

enough to  consider o f im portance, The Rhozymes P - l l ,  A-R, S , and 33 

did not improve the starch  u t il iz a t io n .  On th e  contrary, the Rhozymes 

S and 33 appeared to decrease the starch  u t i l iz a t io n .  The Rhozyme J-2f>
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Table 13* R elative a c t iv ity  of the se le c tiv e  enzyme preparations 
furnished by the Rohm and Haas Co*

Enzyme
Casein

so lu b iliz a tio n
units*

D extrinizing  
units -
SKBb

Rhozyme P - l l 10,000 ISO

Rhozyme A-U 2,000 3,5oo

Rhozyme J-2S 2,250 8,000

Rhozyme B-6 6,000 So

Rhozyme W-lS 3,000 25

Protease 30 5,000 75

Protease hX 7,500 30

Rhozyme T-22 No information availab le

Rhozyme 33 No information availab le

D iastase 70 No information availab le

Rhozyme S No information availab le

Rhozyme H-39 No information availab le

a* An enzyme i s  said to  have 1 ,000  casein so lu b iliz in g  un its  
i f  200 mg o f i t  produces 69 .U mg soluble nitrogen, or i f  i t  so lu b iliz e s  
7SO mg casein  a fter  a reaction period of 1 hour a t U0°C and pH 8 .0 .

b0 Number of grams of beta-amylase treated starch dextrinized  
by 1 gram of enzyme in 1 hour a t 3(^0 and pH L*7.
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Table lit# The e f fe c t  of the s e le c t iv e  enzyme preparations on the u t i l ­
iza tion  o f the milo starch as a ffected  by a r t i f i c ia l  s a liv a  
and urea ad d itions•

Enzyi* control Enzifme ♦ Enzyne ^ 1%  *
name only sa liv a  + urea urea

Rhozyme J-2£>
% starch 81.13 81.13 81.13 81.13 81.13

% u t il iz a t io n  30.08  28.12  33.76  26.15 31.96

Rhozyme H-39 

56 starch  

56 u t i l iz a t io n

81.13 81.13 81.13 81.13

30.08 21.77 31*.10 23.72

81.13

37.1*7
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Table 15* The e f fe c t  of the s e le c t iv e  enzyme preparations on the u t i l ­
iza tio n  o f the milo starch , with and without a r t i f i c ia l
sa liv a  and urea ad d ition s.

Enzyme Enay» •  Enapm Z
sa liv a  ♦ urea urea

Rhozyme W-15 
% starch  
% u t i l iz e d

81.76 81.76
11.71 15.23

81 .76  81 .76  81 .76

23.97 12.83 19.70

D iastase 70 
% starch  
% u t il iz e d

81.76

11.71
81.76
15.23

81.76
33.65

81 .76

15.23
81.76
26.02

Rhozyme P -U  
% starch  
% u t il iz e d

81.76
11.71

81 .76
12.83

81.76
19.69

81 .7 6

17.57
81.76
23.97

Rhozyme A-lt 
% starch  
% u t il iz e d

81.76
11.71

81.76 
10.LO

81.76
29.92

81.76
15.23

81.76
29.92

Rhozyme S 
% starch  
% u t il iz e d

81.76
11.71

81 .76

7.99
81.76
17.17

81 .76

10.U0
81.76
21.94

Rhozyme 33 
% starch  
% u t il iz e d

81.76
11.71

81.76
7.99

81.76
37.36

81.76
29.90

81 .76

17.47
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and Rhozyiae A-k  s tu d ied  d id  not seem to  produce the e f f e c t  rep o rted  by 

the  m anufacturers o f hydrolyzing s ta rc h e s  <> The sample con ta in ing  milo 

p lu s enzymes j, milo p lus u rea and a combination o f the two appeared to  

fo llow  the .same p a t te rn  mentioned in  the  d iscu ss io n  o f  Table l i t .  This 

was5, ag a in , reason to  su sp ec t th a t  the  apparent improvement in  s ta rc h  

u t i l i s a t i o n  from th is  s e r ie s  o f s tu d ie s  was due to  th e  a r t i f i c i a l  s a l i ­

va and no t the enzymes.

In  a  sep a ra te  t r i a l .  P ro tease 1&1, Rhozyme T-22, P ro tease  30, 

and Rhozyme B- 6  were te s te d  using  milo as the s u b s tr a te .  The r e s u l ts  

o f th i s  test* appear in  Table 16. None o f th e  enzymes te s te d  appeared 

to  improve s ta rc h  u t i l i z a t i o n  by the  rumen m icroorganism s, b u t h e re , 

ag a in , the  b e n e f ic ia l  e f f e c t  o f th e  a r t i f i c i a l  s a l iv a  was dem onstrated => 

The ad d itio n  of u re a , in  conjunction  w ith  the enzymes, added l i t t l e - o r 

nothing to  improvement in  the d i g e s t i b i l i t y  o f m ilo s ta rc h .

An ad ap ta tio n  of our a r t i f i c i a l  rumen se t-u p  allowed the  au thor

to  be ab le  to  t e s t  a l l  twelve enzymes a t  the same tim e. The s ta rc h

determ inations were made p ro g re s s iv e ly | fo u r a t  a tim e . The rem ainder 

of th e  d ig ested  samples were s to red  in  a f re e z e r .  This ad ap ta tio n  made 

• it  p o ss ib le  to  compare a l l  the samples one w ith  ano ther and determ ine 

w ith  more p re c is io n  which enzymes are  b e n e f ic ia l  and those th a t  show 

no a c t iv i ty  w ith  b a r le y  as the  s u b s tr a te .

Table 17 gives the r e s u l ts  of the study w ith  b a r le y . Only fo u r

enzymes showed an improvement o f the s ta rc h  u t i l i z a t i o n  f l ,om b a r le y  over 

the c o n tro l.  The Rhozyme T-22 improved the  s ta rc h  u t i l i z a t i o n  by 78.9 

p e rc e n t, w hile the Rhozyme A-U, which has high d ia s ta s e  a c t iv i ty ,  im­

proved th e  s ta rc h  u t i l i z a t io n  from b a r le y  by 21^.7 p e rc e n t. The
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Table l 6 0 The e f f e c t  of the  s e le c tiv e  ©nayroe p re p a ra tio n s  on the u t i l i ­

z a tio n  o f m ilo starchy  w ith  and w ithou t a r t i f i c i a l  s a liv a
and urea a d d it io n s 0

Enzyme COTtooX ^ f s  :u rea

P ro tease hX 

% s ta rc h  

% u t i l i z e d

79,35

19,71

79,35

21,9k

79,35

29,93

79,35

17,18

79,35

k0,70

Hhozyme T-22 

. % s ta rc h  

. % u t i l i s e d

P ro tease  30 

% s ta rc h  

% u tilised-- ,

, Bhozyme B.-6  

' % s ta rc h  

% u t i l i s e d

79,35

19,71

79,35

■19,71:

79,35

19,71

79,35 79,35

19,71 : 19,71

79,35 

1 5 ,2k

79.35 

k0,70

79.35

k8,78

79.35 

k5,65

79,35

21,9k

79.35 

1 5 ,2k

79.35 

17,k8

79.35

ko,7o

79.35 

k0,70

79.35 

31,k5
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Table 17* The e f fe c t  o f the se le c t iv e  enzyme preparations on the u t i ­
l iz a t io n  of the barley starch , with and without a r t i f i c ia l
sa liv a  and urea ad d itions.

Enzyme conu-oi ? sr.

Rhozyme T-22 
% starch

% u t il iz e d

Rhozyme A-li 

% starch  

% u t il iz e d

Rhozyme P - l l  

% starch  

% u t il iz e d

Protease 30 

% starch  

% u t il iz e d

Rhozyme 33 

% starch  

% u t il iz e d

Protease U1 

% starch  

% u t i l iz e d

69.17

35.82

69.17

35.82

69.17

6 lt . l l

69.17 

Uii.65

69.17 

U9.76

69.17

58.66

69.17  

6U.11

69.17 

UU.65

69.17  

51.37

69.17 

58.66

69.17 69.17 69.17 69.17 69.17

35.82 U3.07 51.37 37.72 55.98

69.17 69.17 69.17 69.17 69.17

35.82 U3.07 57.U8 37.72 51.37

69.17 69.17 69.17 69.17 69.17

35.62 U l.23 61.51 39.UU 57.20

69.17 69.17 69.17 69.17 69.17

35.82 39 .UU 57.20 2 8 .1U 58.66

4



36

Table 1 7 .—Continued

Diastase 70

% starch 69.17 69.17 69.17 69.17 69.17

% u t il iz e d  35.82 37.72 52.92 14.32 5U.U7

Rhozyme S

% starch 69.17 69.17 69.17 69.17 69.17

% u t il iz e d  35.82 37.72 1*9 .7 6  14.32 51.37

Rhozyme H-39

% starch 69.17 69.17 69.17 69.17 69.17

% u t il iz e d  35.82 35.82  55.73 14.23 ' 52.71

Rhozyme B-6

% starch 69.17 69.17 69.17 69.17 69.17

% u t il iz e d  35.82 35.82 55.73 35.82 55.73

Rhozyme W-15

% starch 69.17 69.17 69.17 69.17 69.17

I  u t il iz e d  35.82 30.06  55.73 1*1.23 1*6.31

Rhozyme J-25

% starch 69.17 69.17 69.17 69.17 . 69.17

% u t il iz e d  35.82 30.01* 14.32 30.01* 1*1*.79



Rhoayme P -U  and the  P ro tease 30 each Improved th e  s ta rc h  u t il iz a t io n  

by 20,14 p e rc e n t. The r e s t  o f the enzymes f a i le d  to  improve s ta rc h  d i­

g e s t ib i l i t y  to  any ap p rec iab le  e x te n t .  The samples to  which the a r t i ­

f i c i a l  s a l iv a s urea* and a combination o f both was added follow ed the 

same p a t te rn  as shown in  Tables 11* 12* lU, 15* and 16, thus confirm­

ing  once more the suggestion  th a t  the apparen t improvement in  s ta rc h  

d igestion*  so f a r  observed* was due to  the a r t i f i c i a l  s a l iv a  ad d itio n  

r a th e r  than to  the enzymatic a c t iv i ty  o f the added enzymes©

\



GENERAL DISCUSSION

In  order to  o b ta in  se v e ra l comparisons on the  e x te n t o f s ta rc h  

u t i l i z a t io n  from milo and b a rley  by rumen microorganisms s a  summary o f 

a l l  the  t r i a l s  in  which m ilo and b a r le y  were s tu d ied  i s  given in  Table: 

18  e The in d iv id u a l values used in  th is  summary do n o t include samples 

which have been t r e a t e d T h e  29 samples o f m ilo d ig ested  gave an av er­

age s ta rc h  content o f 8 0 * ^ 6  percen t w ith  a s tandard  d ev ia tio n  of *1,99 

as compared w ith  the 1 0  b a r le y  samples th a t  y ie lded  71*8$ percen t o f 

s ta rc h  w ith  a s tandard  d ev ia tio n  ofr|S3U87« The d iffe ren ce  in  s ta rc h  

con ten t between the m ilo and b a r le y  samples can be a t t r ib u te d  to  the  

h igher f ib e r  and p ro te in  con ten t o f b a r le y  as compared to  m ilO o The 

percen t s ta rc h  u t i l i z e d  fo r  a l l  m ilo samples was 1 9 * ^ 6  w ith  a  s tan d ard  

d e v ia tio n  0 f* 7 o0 lt w hile the p e rcen t s ta rc h  u t i l i z a t io n  fo r  the  b a r le y  

samples was o f 37o2U w ith  a  s tandard  d ev ia tio n  o f *5»90». These f in d in g s  

confirm  th e  in  vivo fin d in g s  o f Hale (21 ), Cadena (1 5 )31 and Saba (33)

.. th a t  b a r le y  i s  more d ig e s t ib le  to  c a t t l e  than i s  m ilo . The s tu d ie s  

rep o rted  h e re in  su g g e s t, th a t  th e  r a te  o f s ta rc h  u t i l i z a t i o n  from milo 

i s  slow er than  fo r  b a r le y . On the b a s is  o f the  f iv e -h o u r fe rm en ta tion  

p e r io d , the s ta rc h  u t i l i z a t io n  from b a r le y  was approxim ately tw ice 

th a t  from m ilo . The s tu d ie s  do no t provide an answer as to  why the 

d iffe re n c e  o ccu rs.

The d a ta  c o lle c te d  in d ic a te s  th a t  th e  a d d itio n  o f a r t i f i c i a l  

s a l iv a  considerab ly  improved the s ta rc h  u t i l i z a t io n  from both  m ilo 

and b a r le y . The reason fo r  th i s  improvement i s  not known, b u t i t  may

38



be that the minerals were necessary for  certa in  metabolic processes of 

the rumen micro organisms or perhaps the buffering action  o f the a r t i f i ­

c ia l  sa liv a  prevented the pH changes in  the in v itro  fermentation# I f

Table 18 ,  Summary of starch u t il iz a t io n  from the milo and the barley#

Milo Barley

Number of samples 29 10

Percent of starch 80 .I16 t  l„99a 71.85 ± 1.87

Percent u t il iz e d 19.1i6 i  7.01, 37.21, t  5.90

a0 Standard error o f the mean

the pH in  the fermentation medium changed d r a s tic a lly , the metabolic 

a c t iv ity  of the rumen microorganisms could be slowed considerably# How 

ever, i f  a comparison i s  made between milo and barley samples treated  

with a r t i f i c ia l  sa liv a , the d ifference in the rate of starch u t i l iz a ­

tio n  between the two grains i s  sim ilar to  that noted with untreated 

samples# This suggests that the a r t i f i c ia l  sa liv a  improves starch  

u tiliz a t io n  from both grains and probably does not a lte r  the poor u t i l i  

zation of milo starch r e la tiv e  to barley starch# With reference to  

previous in  vivo t r ia ls  from the Arizona Experiment S ta tion , necessary  

minerals were included in  the ration; yet a marked d ifferen ce between 

milo and barley was observed#
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The a d d itio n  o f  u rea  c o n trib u ted  v e ry  l i t t l e  to  the  improvement 

o f the s ta rc h  u t i l i s a t i o n  from milo and b a r le y a This was e s p e c ia lly  

no ticed  in  the samples when both a r t i f i c i a l  s a l iv a  and urea were addeda 

The percen t s ta rc h  u t i l i s e d  in  such samples was no t d i f f e r e n t  from 

th a t  o f  the  samples w ith  a r t i f i c i a l  s a l iv a  alone e

The ad d itio n  o f th e  commercial feed grade enzymes to  the m ilo 

samples d id  no t produce any apprec iab le  e f f e c t  on the  s ta rc h  u t i l i z a t i o n  

from miloo This i s  in  agreement w ith  Burroughs e t  a l 0 (lij. ) 5 Kercher 

(22),  Dyer and Templeton (1 8 ) ,  R alston , Church, and O ld fie ld  (31), and 

Rea and Ross (32), who rep o rted  th a t  the  in  vivo ad d itio n  o f enzymes 

d id  no t produce any app rec iab le  e f f e c t  on the improvement o f  the d ig es­

t i b i l i t y  o f  various g ra in s »

The a d d itio n  of enzymes to  b a r le y  improved the u t i l i z a t io n  o f 

b a rley  s ta rc h  in  only four c a se s , b u t i t  i s  im portant, to  r e a l is e  th a t  

when the a r t i f i c i a l  s a liv a  and u rea were added to  the samples co n ta in ­

ing  enzyme, s im ila r  r e s u l ts  to  the samples w ithout enzymes were ob ta in ed , 

c a s tin g  a doubt over the  b e n e f ic ia l  e f f e c t  o f these  fo u r enzymes on the  

s ta rc h  u t i l i z a t io n  o f b a r le y e

I t  i s  suggested th a t  th e  a r t i f i c i a l  rumen technique used in  < 

th ese  s tu d ie s  i s  valuab le  in  determ ining s ta rc h  u t i l i z a t i o n  from v a r i ­

ous g rains provided th e re  i s  a marked d iffe ren ce  in  the u t i l i z a t i o n  of 

th e  s ta rch es  in  q u es tio n . The technique appeared to  have l im ita tio n  in  

' measuring sm all d iffe re n c e s  th a t  might occur between v a r ie t ie s  o f one 

g ra in  s p e c ie , A com plicating problem i s  the  d iffe re n c e  in  abso lu te  

v a lues between a r t i f i c i a l  rumen ru n s . This can be a t t r ib u te d  to  the 

rumen l iq u id  obtained on d i f f e r e n t  d a te s e



S evera l d i f f e r e n t  sources o f  milo and b a r le y  were s tu d ie d  b u t

w ith in  each g ra in 3 s ta rc h  u t i l i z a t io n  was similar@ Of p a r t ic u la r  in -
& '

t e r e s t  was the f a c t  th a t  the s ta rc h  from the o p en -p o llin a ted  Hegari 

v a r ie ty  of m ilo was s im ila r  to  th a t  o f the  hybrid  v a r ie t ie s  o f milo@ 

This suggests th a t  th e re  are  in h e ren t p h y s ica l s tru c tu re s  in  m ilo 

s ta rc h  which slow down i t s  r a te  of u t i l i z a t i o n  by rumen microorganisms 

when compared to  b a rle y  starch*

No s a t is f a c to ry  method of s ta rc h  de term ina tion  i s  a v a ila b le  

fo r  determ ination  o f s ta rc h  from g rains which lend i t s e l f  to  rap id  

ro u tin e  use® The s ta rc h  de term ina tion  method used in  th ese  s tu d ie s  

a lso  determ ines glucose, bu t presumably th i s  i s  not a problem in  an 

in  v i t r o  ferm en tation  as glucose cannot be found in  such ferm entations*  

To measure sm all d ifferen ces in  s ta rc h  u t i l i z a t i o n  by rumen micro­

organism s, a d d itio n a l a n a ly t ic a l  techniques must be developed*



SUMMAKT

The a r t i f i c i a l  rumen technique was used to  determ ine th e  d i f ­

ference in  s ta rc h  u t i l i s a t i o n  from milo and b a rle y  and from various 

sources of the  two g ra in s 0 The trea tm en t e f f e c ts  s tu d ied  were prim ar­

i l y  the e f f e c t  of a r t i f i c i a l  s a l iv a ,  u rea , and commercial feed grade 

enzymes on the u t i l i s a t i o n  o f  s ta rc h  from the two g ra in s 0 The i n i t i a l  

s tu d ie s  in d ica ted  the rumen f lu id  obtained from a f i s tu la t e d  s te e r  on 

a l f a l f a  hay should be cen trifu g ed  a t  $00  rpm fo r  th ree  m inutes0 The 

a r t i f i c i a l  rumen volume was 2$ ml o f c en trifu g ed  rumen f lu id  to  which 

: 100 mg of th e  g ra in  in  q u estio n  was added0 The ferm en tation  period  

was $ hourso

Regardless o f sou rce , s ta rc h  u t i l i z a t io n  from b a r le y  was ap­

proxim ately  tw ice th a t  of m ilo during the same fiv e -h o u r ferm entation  

periodo Milo from A rizona, Iowa, C a lifo rn ia , and Texas, to g e th e r w ith  

Hegari m ilo , were compared0 There was l i t t l e  d iffe re n c e  in  s ta rc h  u t i l ­

iz a t io n  from the various m ilosj however, the Arizona m ilo appeared to  

show th e  la r g e s t  s ta rc h  u t i l i s a t i o n  among the  ones tested®

The ad d itio n  o f the a r t i f i c i a l  s a liv a  to  the a r t i f i c i a l  rumen 

improved s ta rc h  u t i l i z a t io n  from both g ra in s , b u t i t  d id  no t change th e  

r e la t iv e  d iffe re n c e  in  s ta rc h  u t i l i z a t i o n  between the  two g ra in s <>

The ad d itio n  of urea had l i t t l e  effect®  Of the 12 commercial 

enzymes te s te d  only two re su lte d  in  improved u t i l i z a t i o n  o f s ta rc h  from6 

milo and fo u r improved the u t i l i z a t io n  of s ta rc h  from b a r le y , when used 

w ithou t a r t i f i c i a l  saliva®

1*2
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