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I NTRODUCTION 

Th e me thods o f  d e t e rmining the nutritiv e  v alue of feeds c an 

v ary in c omp lexi ty from a singl e  digestibility measurement to  a 

comp l e t e  appraisal o f  the ene rgy balanc e o f  animals as measure d  in a 

re spiration c alorime t e r . I t  is generally b e l i ev ed that the nutritive  

value  of  any feed  can be  assessed  fully only in terms o f  animal 

response . Response , as  measured by such fac tors as w e i gh t  gain or milk 

p ro duc tion , i s  control l e d  largely by intake and by the net energy 

c omponents o f  the fee d .  Although the n e t  energy i s  the most prec i s e  

measure o f  fe eding value , i t  is d i fficult to  measure . 

The feeding v alue o f  pas ture has b e en expressed by many 

w o rkers in t e rms of the  voluntary intake o f  digestible  dry matter , 

organi c mat t e r  or ene rgy p e r  uni t  o f  feed .  A s  Wal t e r  (1959) states , 

there  i s  l i t t le doubt that the most use ful single measure o f  th e 

nutri t iv e v alue o f  a roughage i s  the p e r  c ent digestibility o f  the dry 

matter . 

A new feeding sys t em proposed by Blax t e r  (1962, 1965), i s  

based o n  the me tabolizab l e  energy which c an b e  calculated from 

digestible  e nergy by mult iplying by the fac tor 0 . 82 . 

S w i f t  (1957) c onc luded that dige s t ible  ene rgy may p rov ide a 

s a t i s fac tory criteri on o f  forage quality as di gestible  energy i s  h i ghly 

correlated to T . D . N . , D . D . M . , and m etabolizable energy . The digestibl e  

energy i s  c l osely c orrelated with the dry matt e r  and organi c mat t er 

d i gestib i li ty ,  and i t  was sugges ted that thi s  relation could  be u s e d  

for predi c ting digestible energy from the more readily determine d  dry 

mat ter digestibility ( Mqi r , 1961; Heaney and P igden , 1963) • 

.... 

. .. . . 
_. 



R e gression equations calcula t e d  from data pub l ished  b y  

Armst rong (1964) show t h a t  the net  energy v alues f o r  maintenan c e  and 

produc tion , and digestible  energy content  are highly c orrelate d .  Also  

n e t  energy c an b e  predi c t e d  w i th a smal l  s tandard error from the  

di gestib l e  energy c ontent  o f  herbage . Mil ford and Minson (1966) 
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sugge s t  tha t  when fac i l i t i es for m easuring net  energy are not  avai lab le, 

there app ears to  b e  no advantage i n  using metab olizabl e  ene rgy in  

p re ference t o  dige s t i b l e  energy as  an index o f  the ene rgy value of  

pas ture . 

Sin c e  the t e chnique inv olv e d  in c onduc ting di gestib i l i ty 

e xperiments requi res the  use o f  a t  l e a s t  three animals , a period  o f  

about 20 days in whi ch t o  c ondu c t  the experiment , and a l arge amount o f  

f e e d ,  numerous a t t empts hav e  been made t o  evolve simp l e  m e thods for the 

p redi c t i on of digestibi li ty from readily de termined charac t e r i s t i c s  o f  

forage . 

I ndire c t  methods o f  determining digestibi l i ty using fae c al 

nitrogen and lignin hav e  b e en c arri e d  out by many workers  such as 

Lanc aster (1959) , Raymond (1959) , B ri sson (1960) and C orb e t t  (1960) . 

The use o f  other c r i t e ri a  such as date o f  c u t ting , l e a f  

c ontent a n d  dry matt e r  c ont ent a t  time  o f  harvest  i s  sugge s t e d  b y  Reid 

et al (1959) . C orrelation between  l e a f  percentage and d i ge s ti b i l i ty i s  

a l s o  discussed b y  o th e r  workefs such as  S otola (1946) , and Minson , 

Raymond and Harris ( 1960) . 

Many a ttemp t s  hav e been made to relate chem i c a l  c omposi tion 

o f  fe eds t o  digestib i l i ty .  As has b e e n  shown by Raymond e t  a l  ( 1959, 

1960) , the s tandard e rror o f  the se mathematical relati onships for the 

predic tion of the digestibility of h e rbages from the i r  c ontents o f  
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nitrogen , c rude fib r e , c el lulose , l i gnin or  chromogen , e tc . , i s  large , 

par t i cularly b e tween spec i e s , and this mak e s  them o f  l i t t l e  u s e  for 

es tab lishing di ffe renc es b etween feeds . Simi lar observati ons were also  

made  by other  workers such as  Forb e s  (1950), Minson and  Kemp (1961) and 

Kiv imae (1960) . 

C onsi derab l e  interest  has dev e loped rec ently in the  u s e  o f  

the  i n  vitro rumen fermentation t echniques for the evaluation o f  forage 

quality .  Although l arge di f ferenc es  among data published by di f fe rent 

lab oratori es exi s t , i t  has been sugge s t e d  that in v i t ro di ge s t i on 

proc edures may give more reliab l e  estima te s  o f  in viv o  digestibi l i ty 

t han other short c u t  measure me thods . Pigden and Bell  (1955), in a 

s tudy using 1 1  forages , obtained a sat i s fa c t o ry regre ssion o f  p e r  c en t  

organic mat t e r  digested by sheep on p e r  c ent " anthrone c a rb ohydrate"  

fermented in v i tro . Belasco  e t  al  (1958) used  c ellulose  di ges t i on i n  

v i t ro as a c r i t erion in assessing the  e f fec t o f  fert i l i z e r  appl i c a t i ons 

of urea on pasture and forage quali ty , and Kamst ra et al ( 1958) applied  

thi s  technique i n  a study o f  the fac tors related to th e d e c reased 

digestibility of a forage , associated  with  advancing maturi ty . 

Using a t wo s tage i n  v i t ro fermentation m e th o d , Til l ey and 

Te rry (1963) predic ted  dry matter  digestibility in v i v o  from that of in 

v i tro with an a c c u racy o f  � 2 . 0  digestibility uni t s .  

Drew ( 1966), using t h e  same me thod with a s l i gh t  modi fication, 

presented a r e gr e s sion equati on with a s tandard error o f  1 . 06 as 

follows : 

y = 
+ 

1 . 0 14X ( S . E . - 1 . 06), 

where Y i s  the  digestibil i ty o f  the o rganic matter  in v iv o  and X i s  the 

digestibility  o rganic matt e r  i n  vi t ro .  



Oh e t  al (1966) also reporte d  that two stage in v i tro 

fermentation gav e the most reliab l e  predi c tion of in v i v o  digestible  

dry mat t er c ompared with  chemi c al c onsti tuents such  a s  c rude pro t ein , 

a c i d  d e t erge nt fibre , a c i d  detergent lignin and c ellulose  solub i li ty .  

4 

Whi l s t  these reports are enc ouraging , a numb er o f  workers 

hav e mentioned the need for caution in the interpre tation of resul t s .  

C learly the i n  v i tro method measures a basic attrib u t e  o f  a fe e d ;  i t  

c an n o t  take i n to ac c ount c hange s i n  diges tibility i n  vivo  under 

d i f ferent regimes of feeding . De spi t e  th e c lose agre ement b e tween i n  

v i tro and in v iv o  values shown abov e ,  the relati onship c annot b e  used 

t o  giv e a re l i able  predi c ti on of  the  ext ent t o  which a giv en animal 

will  digest a giv en herbage fe e d .  I t  can howev er b e  v ery us e fu l  i f  one 

realizes  its limi tations , and may b e  use d succ essfu l ly for agronomi c 

w ork . I t  is also sui tab l e  for es ti mating the diges t i b i l i ty o f  small 

sampl e s  of h erbage colle c ted  in o esophageal fistula e , ( Grimes ,  Watkin 

and Gallagher , 1966) or in p lant breeding s tudies and v ariety t e sting 

( Dent , 1963). Thus i t  was c o nsi dered worthwhile to c ondu c t  i n  v i v o  and 

in v i tro exp eriments to d e termine relati onships under local c ondi t i ons . 

Thi s  th esis inc lude s two. parts .  I n  the firs t part , determi ­

nation o f  four different  hay dige stibi l i t i e s  using sheep , results and 

probl ems are present e d .  I n  the s e c ond part , attemp t s  are made t o  

e xamine fac t ors affec ting i n  v i tro  fermentation studi e s , estab li shment 

o f  repeatabl e  t e c hnique and relati onship b e tween in v iv o  and i n  v i tro 

resul t s .  



PART I 

THE ESTI MATI ON OF APPARENT DIGESTIBILITY 

,, 

• .. 
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CHAPTER 1 .  REV I EW OF LITERATURE 

I n t ro duction  

The general principles  o f  c onduc ting digestibi l i ty t rials  are 

simple b u t  the  prac t i c al details  are more complicat e d , and various 

fac t ors such as level of i ntake , di fferences b e tween sp e c i e s  o f  animal , 

l e n gth o f  the experimental p eriod , and numb er o f  animals t o  u s e , hav e 

t o  b e  taken into  ac c oun t .  

I n  this c hap t e r  some o f  the fac tors affe c t ing dige st i b i l i ty , 

a s  well  as me thods o f  c ondu c ting dige s t ib i l i ty trials , are rev i ew e d .  

1 . 1 .  Be tween spe c i e s  v ariati on i n  apparent dige stibility i n  

ruminants : sheep v s  cat t l e .  

There is  a c onsiderab l e  div ergence  o f  opinion a s  t o  the 

v a l i di ty o f  applying resu l t s  obtained from sheep digestib i l i ty t rials 

to those for cat tle . 

J o rdan and Stapler ( 1 95 1 ) found that sh eep dige s t e d  roughage 

b e t t e r  than cattle ; similar results were also reported  by I v ins  ( 1 960 ) 

at  the  8 th I nternat i o nal G rasslands C ongress ( s e e  tabl e  1 . 1 . ) . 

U n fortunat e ly i n  nei ther case were i ntake figures or numb e r  o f  animals 

used availab l e .  

Tab l e  1.1. C omparison o f  abi l i t i e s  o f  dairy c ows and sheep to digest  

herbage (% D .M. dige s t e d ) . Adapted  from I v i ns ( 1 960 ) . 

Dairy c ows 

Wether she ep 

A 

57 . 8  

59 · 7 

HERBAGE 
B c D 
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I n  c ont rast to these resu lt s ,  other work ers hav e reported  the 

rev e rse . Morrison (1951) report ed that cattle  di gested  low grade 

roughage to a greater  extent than sheep and that there was a s l i gh t  

adv antage i n  p ro t ein diges t i b i l i ty b y  sheep . 

Analysing the  data whi ch c on t ained 1912 dige s t ion  t rials from 

386 authors ( S chneider , 1947), Cipolloni et al (1951) reported  that the 

mean square s  a ft e r  c ov arian c e  a d j us tment for c omposi tion revealed 

s i gni fican t  di fferenc es  b etween sp e c i es of  animals for the digest ib i l-

i ty o f  O . M . , c rude fib r e , and N . F . E .  I n  the c ase  of  s ilages  and 

c onc entrat e s , although sign i fi c an t  di f ference b e tween the two ruminant 

s p e c ies was found only with ether extra c t ,  the sp e c i e s  mean squares for 

O.M., N . F . E .  and T . D . N .  were large enough c ompared  to the i r  errors to 

indi cate a trend . They c on cluded  as  fol lows : 

" I n  gene ral , more a c c urat e asse ssment  o f  nutri t i v e  
value  will b e  ob t ai ne d i f ,  w h e n  working w i t h  c a t t le , 
o n e  uses digestion c o e f fi c ients  ob tained with c a t t l e , 
and i f  when working wi th sheep , those obtaine d w i th 
sheep are used".  

Their  resu l t s  are summari z e d  i n  tab l e  1 . 2 .  

Tab le 1 . 2 .  The av erage di fferenc e s  in  dige stibi l i ty b y  c a t t l e  and 

she ep o f  three classes  o f  feeds after  a d j u s tments  for  

proxima t e  c ompositi on + ( Adap t e d  from C i p o lloni  e t  al , . 

195 1) . 

FEED CLASS O . M .  CRUDE CRUDE N . F . E .  ETHER T . D . N .  PROTEIN  FIBRE EXTRACT 

Dry roughage 3** 1 4• 4!* 4 3** 

S ilage 3 1 2 3 8•• 3 

C onc entrates  -2 2 -4 -2 -20** -3 



+Posi t iv e  v alues for c a t tle. N e gativ e values indicate that sheep 

digest b e t t e r  than c at tl e .  

* * S i gn i fi c an t  a t  1% lev el. 

* S i gni ficant at 5% l ev el. 

U n fortunat e ly , no intake dat a  are availab l e  and feed  quali­

t i e s  migh t  hav e been  di f ferent from sh eep t o  c a t t l e  since  the resul t s  

w e r e  n o t  ob tained in  the same digestibility trial . 
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Forb e s  e t  al ( 1 937 ) c ompared digestibilities  d e termined with 

s t eers and sheep under more c ontro l l e d  and c ri t ical  c ondi tions . Four 

rat ions ( i . e. luc erne and c onc entrate  mixtures )  were fed t o  s t e ers and 

sheep , using 2 to  5 animals and vari ous planes  of nutri tion in relation 

to maintenan c e  were used .  They found n o  si gnificant di f ference  b e tween  

sheep and  s t eers in  their  abi l i ty to  digest  the  rat ions . 

Numerous exp e riments on this mat ter carrie d  out during the 

p e riod  from 1 890 to 1 948 were rev i ew e d  in detai l by Canadian workers 

( Watson et al , 1 948 ) , who c on c luded that for all  prac t ical  purposes any 

di f ferenc e s  in the abi l i ty of sh eep and cat t l e  to digest food were 

negligi b l e . S imi lar observations were also reported by other work ers 

( e . g . Minson , 1 958 ; Jang e t  a l , 1 962 ) .  

A lexander e t  a l  ( 1 962 ) c ompared the dige s t i b i l i ty o f  two 

silages and c oastal B e rmuda-grass h ays by c a t t l e  and sheep to  see  

whe ther digestion c o e f fi c i en t s  o f  each  species  c ould be  c a l c ulate d  from 

data obt ai ned from the other . The c orre l at i on coe f fi c ient  ( r ) was 

high ly s igni fi cant b e tw e e n  sheep and cat t l e  in terms of D . M .  digesti­

b i l i ty. 

The similarity of the digestiv e c o e f fici ents  o f  a herbage 

wh e n  f ed to sheep and c a t t l e  is importan t . Experimen t s  w i th she e p  are 
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much more  c onv enien t ; the use o f  larger animal numb ers and treatment 

replic ation p ermit a b e tter exp e rimental design , whi le  the ne e d  for 

e xpensive equipment , large amount s  o f  feed and the higher labour demand , 

which are nec e ssary for cattle  digestion t rials , are great ly reduc e d .  

1 .2. Within spe c i e s  v ariati ons 

I ndiv i dual v ariations b e tween animals in their abi l i ty to  

digest  foo d  hav e o ft e n  been not e d . These  are usually smal l , rarely 

exc e eding two units  o f  digestib i l i ty .  

Age o f  animal was found t o  b e  a fac tor whi ch m i gh t  have 

a f fected  w i thin sp e c i es variation. R eports from Hurley ( 1 95 1 ) sugges­

t ed that b e tween the ages  of one and four years , older sh e ep digested  

herbage more e f ficien tly than y o unger animals . Raymond e t  al ( 1 954 ) 

also showe d  tha t the digestive e f fi c i ency o f  she ep increas e d  b y  

approximat ely 1 %  p e r  year as the animal s grew older . I t  i s , howev er , 

now recogni sed  that  this increasing e f fi c iency resu l t s  largely from the 

e f fec ts o f  gast ro-intestinal parasi t e s  ( Speddi n g , 1 954 ) : as sheep 

b ec ome o l d er they b e c ome increasingly immune t o  the se  para s i t e s  and 

the ir depressing e f fe c t  on di gestive  e f fi c i ency decreas es . Further , 

the c laim by K ellner ( 1 9 1 5 )  that the age o f  animal , apart from th e 

a f fe c t s  o f  dev elopment in the young ruminan t ,  does not in fluenc e the 

digesti b i l i ty o f  food is supporte d  b y  McArthur ( 1 957 ) ,  who found no 

signi ficant di f ferences  b e tween  digestibility c o e f fi c i en t s  obtained 

when high quali ty ry egrass was f e d  to  adul t c ows and to  8 week old  

calv e s .  

Whilst K e l lner ( 1 91 5 )  reported that a c tiv i ty o f  the animals 

i ncreased digestibi li ty by up to 2% when animals were subjec te d  t o  
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exercise  c ompared with whe n  they were t i e d  i n  the stal l , experimen t s  a t  

t h e  Hannah Institute  w i th sheep ( Blaxt er ,  1 96 2 ) and in C z e choslovakia 

w i th sh eep ( Herzig e t  al , 1 963 ) showed a n egligible  e f fe c t .  

Lev el  o f  milk produc tion had no e ffec t on di gestib i l i ty 

( Ivins , 1 960 ) . 

Excluding extreme cases  such as tropic al cl imate  ( Sharma and 

K eh ar ,  1 961 ) ,  the e nv ironmental t emperature has b e en repor t e d  t o  hav e 

l i t t le or no e f fec t  on di gest ib i lity o f  food by sheep and c a t t l e  

( B laxter , 1 962 ) . 

Wat son e t  al ( 1 936 ) are o f  the opinion that di g e s t ib i l i ty 

c o e f f i c i ents o f  a f e e d  may vary for di f f erent experimental p eriods . 

They suggested  that i f  the dige s t i b i l i ty o f  a c ertain f e e d  i s  t o  b e  

c ompared with that o f  another feed , the experimen t should b e  s o  

design e d  that a l l  f e e d s  whi ch are to  b e  c ompared are t e s t e d  i n  t h e  same 

e xp erimental peri o d .  A further study at  the Grasslands R e s earch 

I ns t i t u t e ,  Hurley ( 1 953 ) , howev er , reported  only minor di f ferenc e s  due 

t o  di f ferent time of the year ( tab l e  1 . 3 . ) .  

Tabl e  1 . 3 .  E f fec t o f  di fferen t  t ime o n  O . M . digestib i l i ty ( av erage o f  

6 sheep ) . Adapted  from the Grasslands Res . I ns t .  Rept . 

( 1 953 ) . 

Digestibility 
o f  frozen gras s  

OCT . 

79. 0  

JAN . MARCH 

78 . 0  79 . 0  

MAY JULY SEPT. 

78. 4  79·5 8o. o 

Similar results are also reported by Groenewald e t  al ( 1 950 ) .  

Fiv e  steers we re used t o  determine the digestibility coe ffic ients o f  



the D . M . , c rude protein and c rude f ibre o f  lucerne hay during five 

separate periods . They found that period had no influence on  the 

diges t ibility c oe f fi c ient s  o f  c rude protein and lit tle e f fect  on 

digestibil i ty of dry mat ter. 

I t  appea rs that the e f fec ts o f  age , activ i ty , lactation , or 

period , on  di gestibility of food w i thin a spec ies o f  ruminant are 

probably negligible. 

1 . 3. The e f fe c t  o f  level o f  i ntake on apparent diges tibility. 

1 1  

I t  i s  generally believed that the apparent digestibility  o f  

mixed rat ion dec reases as the lev e l  o f  intake increases ( Forbes et al , 

1 928 , 1 930 ; Mitchell and Hami lton , 1 932; Reid , 1 956 ) , al though cases 

where level of intake did not a f fect  digestibi lity are also reported 

using mixed rat ions ( Lassi ter et a l , 1 957 , 1 958). 

Watson et al found that the digestibility o f  c orn si lage 

( 1 939 ) , l i nseed o i l  ( 1 949a) , barley ( 1 949b ) and oilcake ration ( 1 949c ) 

dec reased when i n c reasing quanti ties were fed with a c onstant propor­

tion o f  hay to steers . S imilar results were also reported by other 

workers such as Forbes et al ( 1 928 , 1 930 ) , and Mi tche l l  and Hami lton 

( 1 932 ) . B laxter and Wai nmann ( 1 961 ) c ompared a mixture of  dried grass 

and oats at  5 levels ( ha l f  maintenance to twice maintenance)  and 6 

levels ( half maintenance to  three times maintenance ) using three s teers 

and sheep. The results indic ate that in both s teers a nd sheep the 

energy lost  in the faeces per uni t  energy i ntake rose i n  a simi l ar 

manne r  as the level o f  feeding was i n c reased . 

With roughage alo ne , results reported from various workers 

have be�n c onflic ting. Watson et al ( 1 935 )  found n o. decrease i n  
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dige s ti b i l i ty o f  dry mat ter when the amount o f  hay was i nc reased from 

4� kg t o  9 kg per  day. Al though i n  some o f  the experiments dealing 

wi th this prob l em the range of  intake imposed  was small ,  many workers 

repor t e d  that the l e v e l  of intake had no or  only li t t l e  e f f e c t on 

dige s t ib i l i ty ,  e. g .  with c a t t l e  fed hays (Armsby and F ri e s ,  1 905 ,  1 908 , 

1 91 1 ; Hal e e t  al , 1 940 ) , wi th she ep fed hays (W oodman e t  a l , 1 937 ; 

B laxt e r  e t  al , 1 954 , 1 956 ; Ivins , 1 960 ) , and fresh grass ( Raymond e t  

al , 1 955 ; Anderson et  al , 1 959 ; Hut t on , 1 963 ) . 

On the other hand , Raymond e t  al ( 1 959 ) using she ep f e d  c ol d  

stored  pasture , found an av erage increase o f  1 . 5 uni t s  o f  dige s t ib i l i ty 

b e tween  lev e l s  from 1 1 90 gm . ,  t o  790 gm . ,  o f  dry mat t e r  intake . An 

experiment of three di fferent l ev els  of feeding with rye grass o f  

di f ferent maturi t i es on digestib i li ty ,  carri ed out a t  the Hannah 

I n s ti t u t e  (B lax t er , 1 962 ) showed that the faecal loss o f  early c ut 

grass inc reased only sligh t ly ( 1 6% t o  20% )  when the f e e ding l ev el s  

i nc reased from sub maintenanc e t o  3 times mainte nance whe r eas the  

fae c a l  energy loss  of  the  late  cut  grass increased from about 33% t o  

45% when t h e  f e eding l ev el increased ov er t h e  same range . 

Blaxte r  ( 1 962 ) summaris ed twenty-one experime n t s , i nv olving a 

total  o f  1 94 dete rminations o f  d i gestib ility , which showed dec reases o f  

dige s t ib ili ty with increas e s  i n  feeding l ev el .  The depression i s  

great e r  for those  rations whi ch had the l ower apparent di gesti b i l i ty ,  

and i s  great e r  for those roughages whi ch had b e e n  fine ly ground and 

made into  p e l l e t s  than those giv e n  in  the ir natural s t at e .  

The regression o f  the digestibi l i ty depre s s i on p e r  unit  

i n c r ease i n  f e e ding l ev e l  on digestibi l i ty det ermined a t  the mai n t e ­

nanc e l ev e l  was given b y  Blaxte r  ( 1 96 1 ) a s  fol lows: 
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Depression in apparent digestibility 

�A =. o f  energy on inc reasing food intake = 1 1 . 9 - 0 . 1 1 9  Am 

f rom maint enan ce  to twic e maintenanc e 

where Am is the apparent digestibi lity o f  the ene rgy o f  fe e d  determine d  

a t  maint enanc e .  

A similar equation was also given by Armst rong ( 1 964 ) , 

working with twelve grasses c ut  at di f ferent stages o f  maturity as 

follows: 

.6 A = 1 0 .  1 - 0 • 1 1  Am 

1 . 4 .  Associative digestibility . 

As early as 1 926 , Ti tus stated that 

"the experimental evide n c e  is that the combining o f  
fe eding stu f fs may a f f e c t  their diges tibility and 
that the e f fec t wil l depend upon the kinds and 
amoun ts o f  feed c ombin ed; in some cases the e f fe c t  
may b e  almost  negligib l e  and i n  o thers qui t e  large . 
At present , accurate knowledge regarding the mutual 
in fluence of the p rop ortion o f  the several nutrients 
on their dige s tibility and regarding associa tive 
digestibility is quite meage r . " 

Watson ( 1 949 ) reported at the 5th Internationa l  Zo ote chnie 

Congress that when mixt ures o f  di fferent feedin g stu f fs are giv en t o  

ruminants , the apparent dige stibility of  the mixture is not  nec essarily 

the same as the weighted sum o f  the apparent digestibilities o f  its 

c omponent s .  

I t  has been gen e rally agreed  that the ass o ciativ e e f fe c t  on 

apparent diges tibility is due to mic robia l  ac tivity in the rumen .  The 

m o s t  s t riking exampl e  o f  this e f fe c t  is the depression of the digesti-

bility of c e llulose by the addition of s tarch or glucose to the diet 

( Hamilton , 1942 ) .  Another important associativ e e f f e c t  is that 

. "' 

... 
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addi tion o f  prot ein-rich food to a roughage die t low in nitrogen can 

o ften cau se  an increase in the apparent digestibility o f  roughage . 

Po ssib l e  reasons and fac t ors a f fe c ting this mat ter have b e e n  discussed 

by various workers , such as  McDonald ( 1 952 ) , Annison ( 1 956 ) and Lewis 

and McDonald ( 1 958 ) . 

1 . 5 .  Grinding and pelle ting 

Although there is debate, an d the question has n o t  b e e n  

set tled a s  to whe ther t h e  n e t  energy c on t ent o f  fin e ly ground p e l l e t e d  

roughage i s  greater than long or c oars ely ground roughage, mos t 

res earch workers agree that the physio logical response o f  growing and 

lac tating ruminant s  is altered . 

In this s e c tion , only the in fluence o f  finely ground and 

pelle ted rou ghage on  apparent diges tibility is discussed . 

The grinding o f  feeds has not been found t o  inc rease th eir 

digestibility by ruminants as shown by earlier workers ( Forb es, Fries 

and Braman , 1 925; Ke lln er , 1 926 ) . 

Meyer e t  al ( 1 959 ) an d Paladines et al ( 1 964 ) have shown no 

dif fere nce  in gros s  energy dige stibility of finely ground and pelle ted 

roughage c ompared to long or c oarse roughage . Heaney e t  al ( 1 963 ) and 

Lloyd e t  al ( 1 960 ) have sh own both a de crease and lit tle  change in 

en ergy digestibility in similar exp eriment s .  Blaxter and Graham ( 1 95 6 )  

and Johnson e t  al ( 1 964 ) have shown l arge and c onsi s t ent  dec reases in 

apparent digestibility when roughages are finely ground and p e l l e t e d .  

Blax te r ,  Graham and Wainman ( 1 95 6 )  compared thr e e  lev els o f  

feeding with thr ee  di fferent forms o f  fe e d ,  i . e . , l ong form , cub es made 

from m edium and c ubas made from fine parti c l e s .  The resu l t s  are 
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summarized in tab l e  1 . 4 .  

Tabl e  1 . 4 .  E f fe c t  o f  level o f  intake and physical form on apparent 

dige stibility with she ep. Adapted from Blaxter , Graham and 

Wainman ( 1 956 ) . 

LEVEL OF PHYSICAL FORM APPARENT MEAN LENGTH OF TI ME 
FEEDI NG OF DRIED GRASS DI GESTIBILITY STAY ED IN GUT ( hr )  
( gm[da;y:) (%)  

long 80 . 3  1 03 

600 me dium 76 . 9  74 

fine 75 . 9  53 

long 79 . 1  72 

1 200 m e dium 71 . 5  53 

fine 68 . 8  38 

long 79 . 4  68 

1 500 m e dium 69 . 9  42 

fine 65 . 4  34 

The resul ts suggest that  the physical form of food , and the 

quantity giv e n ,  influenc e the l en gth o f  time it stay s  in the gut , and 

if the time  is short a decrease in the digestibility o f  food is 

apparent . 

Hopkins et al ( 1 960 ) reported similar resul t s .  Meyer e t  a l , 

( 1 95 9 ) , howev er , reported a fast e r  ra t e  o f  passage but  no change in 

digestib l e  e nergy cont ent . Rec ently Johnson et al ( 1 964 ) showed a 

general d e crease in digestibl e  energy , crude fibre , and dry matter when 

roughages w e re finely ground and pell e t e d , while ,  earlier ,  Lindahl and 
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Reynolds ( 1 959 )  showed no c hange in ene rgy or crude fibr e  digestibility 

when fine ly ground dehydrated al fal fa was pell ete d .  

Determination and desc ription o f  fineness o f  grind needs  more 

atte ntion ( Mey er et ai , 1 965 ) . Forages from dif ferent species and 

stages of maturity ground through the same sc reen varied greatly in 

partic l e  size when examined by me chanical analysis with siev e s  ( H eaney 

et a l , 1 963 ) .  The re sult reported by Rodrique and A l l e n  ( 1 960 ) 

desc rib e d  this cl early . 

It app ears from these reports that the physica l  form to b e  

used i n  digestibility trials may a f fec t the dige stibility o f  the f e e d ,  

particularly with low quality roughage . 

1 . 6 .  

1 . 6 . 1 . 

Variations in apparent dige stibi lity as affected by exp e ri­

mental technique .  

Length o f  pre liminary- and c ol l e ction period s .  

When it is n e c e s sary to dete rmine the losses o f  a partic ular 

nutri e nt in the faec e s, two te chniques are employed to ensure that the 

fae c e s  collected are representativ e o f  the intake o f  food .  The first 

c on sists of feeding a marker sub stan c e , such as carmine ,  imme diately 

b e fore and at the end o f  the expe riment. With ruminants ,  howev e r, the 

use  o f  markers does  not r e sult in a c l ean s eparation o f  the fae c e s  

b e caus e  o f  their more c omplicate d digestiv e structure s .  The method 

empl oy e d  to obtain ac c urate dige stion c o e f ficients with ruminants, then , 

is to giv e the expe rim ental ration in c onstant amounts for l o n g  periods , 

in order to ensure that a steady state o f  fae cal exc retion is reache d, 

and then to c o l l ect the faec e s  excreted �uring a measured  inte rva l  o f  
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time . The periods used by various work ers in their dige stibility 

trials vary from 5 days to 30 days for preliminary pe rio ds , and 5 days 

to 20 days for c ollection periods . 

I n  1 91 5 ,  it was sugge ste d by a special nutrition c ommit t e e  

that for ruminants preliminary periods shoul d  b e  1 0  to 1 2  days and 

c ollection perio ds , 1 2  to 1 5  day s .  S chneider and Ell enb erger ( 1 927 ) 

have indicated the need for pe riods o f  7 t o  30 days  for adj ustment and 

7 to  1 4  days for the c ollec tion o f  faece s .  Mitchell an d H amilton 

( 1 932 ) and King ( 1 943 ) have shown that 1 4-day c ollec tions are adequate 

when c ompared to 20 or more days . Other workers hav e used  periods 

ranging from only 5-day expe rime ntal perio d ( Eheart , H olaway and Pratt ,  

1 945 ) , 7-day preliminary and 1 2-day c olle ction period ( Raymond et al , 

1 953 ) , 1 0-day preliminary and 1 0 - day c olle ction period ( Swanson and 

Herma n ,  1 944 ) , 1 3-day preliminary and 1 0-day c ollection pe riod ( B echtel , 

Shaw and Atkenson , 1 945) to 1 0-day preliminary and 1 5-day c olle ction 

period ( H odgson and Knott , 1 932 ) . 

C omparisons o f  shorter collection periods were made by 

various workers . Staple and Dinu sson ( 1 951 ) ,  who used  1 0-day prelimi­

nary pe riods , c ompared 7- with 1 0-day coll ection pe riods . Losses in 

e f ficiency for the dige stibility o f  the nutrients s tudierl were le ss  

than 1 . 1 %  in  all cases  exc ept that for  nitrogen- free extract , which 

showe d  an e f ficiency loss o f  6 . 8 3% .  Axel sson and Kivimae ( 1 951 ) 

c ompared di f ferent le ngths o f  c ollection period from 2 to 44 day s 

prec e d e d  b y  1 0  days preliminary periods and showed that shorter 

c o l l e c tion periods were associated  with large r  standard deviations o f  

diges tion c o e f ficients o f  O . M . , i. e . , 2-day c ollection pe riou , 1 . 70; 

1 0 -day , 0 . 65 and 42-day , 0 . 25 .  Similar results were al s o  reported  b y  
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Gainge r e t  al (1 960 ) , who c ompare d  3- and 7 - day c o l l e c tion periods 

pre c e ded by a 21 - day pre liminary period and found a signi ficant 

di f ferenc e between  3 and 7 day s .  King e t  a l  ( 1 960 ) , however , found no 

di f ferenc es b e tween 6- and 1 0-day c o l l e c tion periods on digestibility 

c o e f ficient s  in their 6 digestion trials with 3 heifers fed oat hays 

cut at dif ferent stages o f  grow th , supplemented by c otton seed  meal. 

B e c ause o f  the irre gu l ar passage o f  food through the gu t ,  

even on a c onstant l evel o f  food intake , errors are likely to arise 

during faecal c o llection periods of only a few days. Further uncert -

ainty may arise through "end-period errors" , i. e . , whether fae c e s  

pas s e d  just  at the b e ginning o r  e n d  o f  the faecal c o l l e c tion period 

shoul d be included and are repre sentative of amounts eaten . The s e  

prob l ems have b e e n  reviewed by S chneider and Ell enb erger ( 1 927 ) , 

Raymond et al ( 1 953 ) and Blaxter e t  al ( 1 956 ) . 

Lloy d et al (1 956) c o nc luded from their resu lts, in which 

c omparisons o f  pre liminary perio ds o f  zero to 60 days were made , that a 

pre liminary period o f  1 0  days  was su f ficient with the feeds they us ed , 

which were Timothy hay and Timothy and c o n c e ntrate mixture. Blaxter et 

a l  ( 1 956 ) a l s o  suggeste d that a 1 0- day pre liminary period w a s  su f fic-

ient with the roughages they t e s t e d .  

Nicholson e t  al ( 1 956 ) made a s tudy o f  the l en gth o f  

preliminary f e e ding periods and c o n c luded that longe r adjustment 

pe riods are n e e ded when the hay - to-grain ratio fluc tuat e s  widely . The 

optimum period found for such t rial s  lay b e tween 1 6  and 30 days . 

Howev er , for rations in which the basic c omponents and the hay-to-grain 

ratio were c on s tant , a preliminary period of 7 days was found adequa t e .  

From the resul ts o f  v arious workers on diges tibility trials , 

. .,.. 



it appears to b e  suf ficien t  to hav e 1 0-day pre liminary and 1 0- day 

c o l l e ction periods . 

1 . 6 . 2 .  Numb er o f  animals required to determine dige stibility. 

1 9  

I t  is generally recognis e d  that a dige stion trial on a single 

anima l  is quite inade quate for an accurate dete rmination of digestibil­

ity , but only limited data are availab l e  on the numb er o f  animals 

required for a giv en degr ee  of  precision . 

Fraps (1 925 ) , in a discussion o f  the use o f  av erage digesti­

bility data in a c ompilation o f  th e productiv e en ergy o f  fee ding stuf fs , 

c onsidered that the variation in the digestive ef ficiency o f  different 

animals affec t ed the quoted digestibility somewhat l e s s  than the 

variation betw een sample s  o f  the same feed. Number o f  animals used in 

dige stibility trials vary from one to six or sometimes more than six. 

Hodgson and Knott (1 932) used three heifers. Three ste ers 

were  also used by Neal , Becker and Dix-Arnold ( 1 935 ) . Four heifers 

were used by Swanson and Herman ( 1 944) and French ( 1 956 ) used six 

ste e r s , while Lansbury (1 958 ) used two to three heifers on each f e e d .  

Forb e s  e t  al ( 1 946 ) studied relationships b etw een  the 

variability of the observ e d  v alues for dige stibility of the nut rients 

o f  c lov er-timothy hay and the numb ers o f  sheep represente d .  Th e 

resul t s  are pre sented in tab l e  1 . 5 .  

Tab l e  1 . 5 .  Re lationship b e tw een the variability o f  the observ e d  value 

of digestibility o f  dry mat ter and the number o f  sheep 

r epres e nt e d .  

. . 

- �  
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DIGESTIBILITY OF D . M .  
NUMBER OF SHEEP + SIG.  DIFF . 

IN EACH GROUP 
S . E .  BETWEEN MEANS* 

1 1 . 09 3 . 0  

2 . 77 2 . 1  

3 . 63 1 .  7 

4 . 55 1 . 5 

5 . 49 1 .  4 

6 . 45 1 . 2 

7 . 41 1 . 1 

8 . 39 1 • 1 

9 . 36 1 . 0 

1 0  . 35 1 . 0 

Adapted from Forb e s  et al ( 1 94 6 )  

+ 
The standard er rors o f  the means . 

*Minimum differenc e required b e tw e e n  mean values for odds o f  1 9 : 1 . 

They con c luded that five sheep per treatment are a su fficient 

number for usual purposes if th e experimental techniqu e is e f ficient . 

S chn eid er and Lucas ( 1 950 ) have e s timated , from digestibility data on 

1 94 feeding stuffs  by 94 authors , the relative proportion o f  "within 

fe ed" varia n c e  due to authors , b a t ch e s , and animals . They c onc lude d 

that the largest portion o f  error in diges tibility data w e re thos e  

a ssociated with authors a n d  batche s .  The portion associa t e d  with 

animals ( inc luding chemical and minor sampling error ) was r e latively 

small . Br edon e t  al ( 1 961 ) used 6 steers  for each dig e s tibility t rial 

with ground nutcake , maize meal and hay to find the errors associate d  

with numbe r  o f  animals . They pre s e n t e d  the following t ab l e  ( tab l e  1 . 6 ) . 
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Tabl e  1 . 6 .  Relationships b e tween  the variation o f  D . M . digestibility 

and the numb er  o f  animals. 

NO OF STEERS D . M . DIGES TIBI LITY 
MEAN S. D . •  

1 4 6 . 60 1 0 . 2 

2 54 . 07 4 . 2  

3 53-75 3 . 6  

4 53 . 49 3 . 1  

5 52 . 94 2 . 0  

6 50 . 57 2 . 5  

Adapted f rom Bredon et al ( 1 96 1 ) 

•standard deviations . 

They concluded from th eir prev ious experimen tal resul t s  

toge ther with th e data presented abov e th at , al though standard 

deviations of the coe f fi ci e n t s  ob tained from i ndivi dual steers are 

approximat ely consistent , using one s t e er may lead to as much as  1 0 . 2% 

error in d e t ermination o f  d ry matter dige s t ib ility i f  the av erage 

fi gure for 6 ste ers is  taken as the true figure . 

Forbes e t  al ( 1 94 6 )  hav e  giv en an e s t imat e o f  varianc e o f  dry 

mat t e r  digestibility from a single  expe riment in whi ch 22  sheep were 

fed the sam e  hay ( mean digestibility o f  dry matter = 57% ) .  They 

e stimat e d: 

= 1 . 1 91 

s = 1 . 091 ( 21 d . f . ) 
Raymond e t  al ( 1 953 ) also estimated v arian c e  from an analysis 

of  fi fty-three digestion t rial s  carried out at Hurley ov er a period o f  

4 y ears . The estimate obtained was: 
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= 

s = 1 . 3 1 5  ( with 1 32 degre e s  o f  free dom ) 

Using this figure and the formula given by Cochrem and Cox ( 1 957 ) , 

r � 2 (�)
2 ( t  + t2 ) 2 , they c alc ulated th e following tabl e  ( tab l e  1 . 7 . ) .  6 1 

Table 1 . 7 .  Numb er of animals re quired for a giv en probabi lity o f  

obtaining a signifi cant re sult . 

TI ME DIFFERENCE (o) AS PROBABILI TY OF DETEC TING o 
PER CENT OF THE MEAN 80% 20% 

NUMBER OF REPLI CATIONS 

1 28 38 

1 . 5 1 4  1 7  

2 8 1 1  

2 .5 6 7 

3 4 6 

4 3 4 

5 3 3 

1 0  2 2 

Adapted from Raymond et al (1 953) 

I t  appears to b e  important to hav e at least thr e e  animals per 

treatment and inc reasing the numb er of animals in digestibility trials 

redu c e s  the standard erro r .  Howev e r , in practice , other factors such 

as feed quantity , limitation of lab our and fac ilities should also be 

c onsidered in relation to deciding the numb er of  animals per treatme nt. 

Drying o f  fee d  and fae c e s  s amples  

The ac curacy o f  the determined digestibility d epends v ery 



23 

much on ac c urate measurements of  the dry matter c o ntent o f  feed  

c onsume d a nd  faeces voide d .  There are two major sources o f  possib l e  

inac c uracy i n  determining dry matter o f  f e e d  and faec e s .  The first is 

associate d with freshly harve sted material and fresh fae c e s, in which 

c o ntinuing metab olic activity caus e s  l o ss of material during drying. 

This prob lem has been deqlt with by McRostie and Hamilton ( 1 927 ) ,  

Raymond ( 1 951 ) and Davies et al ( 1 948) . The sec ond possib l e  error 

arises from the di f ficulty o f  c ompl ete ly rem oving the water from 

h erbage at temperatures which wil l not cause serious dec omposition o f  

the herbage or faeces  and loss o f  volatile materials ( Leroy , 1 954; 

Gre e nhill ,  1 960 ) . 

Various drying methods have b e e n  used by dif ferent investi­

gators . Dry weights have b e en determined by oven -drying at 1 05
°

C 

( C ouchman , 1 959; Thomas and Smith , 1 955 ) , 1 00
°

C ( Ray mond et al , 1 953 ) , 

80
°

C ( Hirst et al , 1 959 ) , 70
°

C ( Stickler and Johnson , 1 959 ) , 65
°

C 

( Forb e s  et al , 1 946) and 38
°

C ( Thomas and S mith , loc . cit . ) .  

The duration o f  the drying is given as "to c onstant weight" 

or "overnight" . The Analy sis o f  Fodders Sub-C ommittee ( 1 944 ) 

rec ommended : 

"that a 2 g sample o f  air-dried food b e  dried in 0 0 
an oven at a temperature b etween 95 C and 1 05 C 
until the l o s s  in weight does  not exc eed 1 mg 
per hour" . 

In the case o f  drying fae c e s  1 0% o f  who l e  faec es was used for dry 

matter determination by various investigators . 

Gre enhil l  ( 1 960 ) compared fae c e s  drying methods for dry 

matter determination an d sugge ste d that drying over P2o5 at 40
°

C was 

the b e st method . For a l ess accurate method , oven - drying at 80
°

C for 
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1 6  hours was proposed in practical use . 



CHAPTER 2 .  MATERIALS AND METHODS 

2 . 1 .  Animals 

F rom a flock o f  New Zealand Romney sheep , eigh t 2-tooth  

w e thers  were  selected  for the exp eriment . In  o rder t o  redu c e  indi v i ­

dual variab i l i ty a s  m u c h  as possibl e ,  the animals were c h o s e n  f o r  

simi larity in age , w eigh t  and general c ondi t i o n .  They s p e n t  about a 

w e ek in larger c ra t e s  b e fore they were  put into  me tabolism c rat e s .  

25 

I nt e rnal paras i t i c  control was c a rri ed out a week b e fore th e 

dige s tibi l i ty trial began by dosing the sheep w i th thiabendazole . The 

live  weigh t  o f  each sh eep was ob tained at the  c ommencement o f  the 

exp eriment , at the end o f  the digestibili ty t rial with mix e d  hay and 

the end of the whol e  expe riment . All wei gh t s  were r e c orded at  8 : 00 a . m .  

prior t o  the morning f e e ding . 

Th e sheep had previ ously been  grazing ryegrass-clov e r  p as t ure 

and all app eared to  b e  in  good health . 

2 . 2 . Feeds 

The hays were selec ted  a c c ording t o  appearanc e  from the  

U niv ersity farms . Des c riptions of  th e hays are giv en in  tab l e  2 . 1 . ,  

and c hemi cal c omposi t i on o f  the hays i s  giv e n  in table  7 . 4 . , ( Part I I , 

7 . 6 . 2 . ) . 

Sinc e the  parti c l e  s i z e  o f  f e e d  may be  an important fac tor 

a f f e c ting dige s tibility ,  it  was decided to  coarse ly chop each hay by 

Hammer mill to  pass through a 1 inch  diameter sieve rather than 

grinding and pelleting them . The h ays  were  chopped to  fac ilitate  

feeding and  sampling . After c h oppin g ,  each hay was well  mixed on a 



Table  2 . 1 . D e s c ri p t i on o f  hays . 

HAY A 

Dat e  c losed  25/1 2/1 9 65 

Dat e  o f  c ut ting  5/ 2/1 966 

Period c losed  6 week s  

Youn g ,  l e a fy 

ryegrass and 
C omponents 

good propor-
and 

t ion of  c lover 
c olour 

light green 

Length o f  st orage 4 weeks 

C rude p rotein  ( % )  1 5 . 96 

C rude fib re  (% ) 28 . 26 

. .  

2 6  

B c MIXED RAYS 

7/1 1 / 1 964 30/1 0/1 965 

9/ 1 /1 965 1 8/1 2/1 965 

9 weeks 7 weeks 

C ocks foot Fairly mature 

w i th rye- and stalky , 

grass . Some rained during 

mould, green- harv e s t in g ,  

i sh brown ryegrass �traw, 

light b rown . 

56  weeks 1 2  w e e k s  

1 4 . 47 1 1 . 74 1 5 . 61 

3 1 . 32 35 . 1 7  30 . 22  
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Tab l e  2 . 2 .  Experimental design used  in dige s t ibil i ty t r i a l  f o r  t h e  

m i x e d  hay a n d  hay A ,  B and c.  

FEED NUMBER AD LIB . PRELI MINARY COLLECTION 
OF SHEEP PERI OD ( DAYS ) PERIOD ( DAYS )  PERIOD ( DAY S )  

a )  Mixed hay 8 1 4  1 0  1 0  

b )  I ndiv i dual 2 7 a )  7 1 0  

hays b )  1 0  7 

( h ays A ,  B c )  4 1 4  

and C ) . d )  7 7 
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c oncret e  floor and a sample was taken for chemical analysis  and for in  

v i tro di gestion s tudi es ( se e  Part  I I , s e c tion 6 . 6 . 1 . ) .  

Approximately one third of each hay was t aken and mixed  

together th o rough ly on  a c onc r e t e  floor ( he re a f t e r  called mixed hay ) . 

2 . 3 .  Experimental Design 

To c orre c t  any v ariations in indiv idual animal d i f ferenc e ,  a 

c ovarian c e  design ( Snedecor , 1 965 ) was utili zed . Th e eigh t  experimen­

t al sheep (nos 1 to 8) were fed  wi th the m ixed hay to determine the 

digestibility ( independent variable ) .  A f t e r  c omple t i on of the mixed 

hay diges tion t rial , 6 out  o f  the 8 sheep were pai r e d  and randomly 

allo cated  to the indiv i dual hays , and th eir digestib ili t i e s  were 

d e t e rmined ( de p endent variabl e ) . 

An attempt to  c ompare d i f ferent lengths o f  pre liminary and 

collec tion p eriod was made to  s e e  any e ffec t on digestibility of hays 

A ,  B and C .  

Experimental p ro c e dure in more detail are describ e d  i n  the  

following s ub -sec tions and summarised in tab l e  2 . 2 .  

Training period 

The main ob j ec t s  o f  the training peri od were t o  ac custom the 

animals t o  i ndoor feeding , to  e stabli sh sat i s fac tory feeding routines  

and t e chni qu e s  for  collec ting faec e s  and sampling mate rial s .  During 

this peri od ,  internal parasitic control and liv e weigh t  measurements  

of  the sheep  were  carried out . Thi s  training p eriod las t e d  from 2 6th 

February , 1 966 to 5th March , 1 966 . H ay A was used  for this 

p e riod. 

. -
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Period for establishing voluntary intake 

The ob j ec t  was to establish voluntary intake as a guide to 

the l evel of  hay to feed over the experiment .  The allowanc es o f  feed 

were arriv ed at by the modi fied sequential system of  feeding dev eloped 

for sheep by Blaxter , Wainman and Wilson ( 1 961 ) .  

The daily feeds were weighed to the nearest 1 gm . ,  and given 

at 8 : 00 a . m . , and 4 : 30 p . m . Water was provided separately from the feed 

and changed onc e a day . Re fused feed was collec ted and D . M .  de termined 

each day . 

Preliminary period 

After establishing voluntary intake for each animal , a 

constant feeding l evel  was maintained during the whole experimental 

period by reducing the average intake o f  the last 7 days by 1 0% .  

Collec tion period 

Feed o ffered ,  refused , and faec es produc e d ,  were obtained 

during this  period ( see al so 2 . 4 . 2 . , and 2 . 4 . 3 . ) .  

O . M .  digestibility o f  the hays was calculated using the 

following equation : 

D . t " b " l " t � Amount o f  �ges � � � y 10 = 

2 . 4 . Sampling of  feeds and faec es 

2 . 4 . 1 .  Chemical analysis 

( 0 • M .  ) J' 100 

Analysis o f  the hays and grasses used in  the in  v ivo  and in  

vitro experiments for moisture , ash , c rude fibre , crude protein , e ther 
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extract  and nitrogen- free extrac t were made by methods recommended by 

the A . O . A . C . , ( 1 960 ) with the modi fication desc ribed  by Meeker and 

Wagner ( 1 933 ) and Hiller et al ( 1 948 ) for c rude protein determination . 

2 . 4 . 2 .  Feed  D . M .  and O . M . determinations 

About 1 00 gm . , duplicate samples  of each hay fed were taken 

ev ery two days and the whole  refused feed was collected  ev ery day for 

D . M . , determination . The samples were dried in an air drought oven  at 

85°C for 1 6  hours and were weighed within 1 0  minutes of removal from 

the ov en .  A s  there were no signi ficant dif ferences in O . M . , c ontent o f  

feed  o ffered and feed re fus ed ,  O . M . , determinations were made using the 

samples which were taken for chemical analysis and in  vitro studies 

( see 2 . 2 . ) .  

2 . 4 . 3 . Faec es D . M . and O . M .  de termination 

Faeces was collected  from each sheep at 9 : 00 a . m . , during the 

collection period , weighed and about 200 gm . , duplicate sub-samples  

were  taken for  D . M . , determination . They were  dried for  48 hours and 

weighed ,  using the same method described in  2 . 4 . 2 .  About one-tenth o f  

the dri ed  faeces  samples from each day were stored a t  -1 2°C .  Composite 

samples  were then ground to pass through 1 . 0 mm . , sieve  and 4 repli­

cates o f  about 2 gm . , of faeces samples  from each sheep were weighed  

out for O . M . , det erminations . 

. : 



CHAPTER 3 .  RESULTS 

3 . 1 . Animals 
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Animals soon became accustomed to indoor fe eding c onditions . 

Sheep no . 3 scoured c onsiderably ov er the training period so feed 

intake was reduced ,  although the c ondition cleared up by the end of the 

training period.  

Live weights  of  the animals are summarised in table  3 . 1 .  

During the mixed hay digestibility trial , all the sheep 

exc ept she ep 3 and 6 gained in liv e  weight .  Sheep 1 and 2 gained about 

3 to 4 kg. , whi le others gained only 0 . 5 to 2 . 0  kg. 

During the digestibility trial with the individual hays , 

sheep fed hay A gained a little liv e weight ,  excluding sh eep 3 and 6 ,  

and sheep fed on hays B and C maintained their live weight ,  except 

sheep 2 and 5 which gained slightly . 

3 . 2 .  Digestibility o f  the mixed hay 

3 . 2 . 1 . D . M .  intake during ad lib . feeding period 

Daily mean and range of D . M . intake during the period are 

giv en in table  3 . 2 .  

There was a signi ficant di fferenc e in D . M . , intake between 

days ( P  4 0. 01 ) and between sheep  ( P � 0 . 01 )  when intake was expressed 

in terms o f  the 0 . 75 power of liveweight ( appendix 1 ) .  Although there 

was no signi ficant di fference in  D . M . intake b e tween the 1 st and 2nd 

week , D . M .  intakes during the 2nd week were slightly lower for all 

sheep than those of the first week . · 
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Table  3 . 1 .  Liv e weights  o f  experimental sheep ( means of  2 suc c essive 

measurements ) . 

S HEEP DATE DATE DATE F..EED NO 4-2L3 ( kg) 4 -2L2 ( kg) 26-22L2 ( kg) 

1 31 . 3  35 . 4  36 . 9  mixed hay , hay A 

2 34 . 6  37 . 4  38 . 1 " " B 

3 31 . 0  30 . 2  26 . 3  " " A*  

4 34 . 5 35 . 6  36 . 4  " " A 

5 33 . 6  35 . 4  36 . 4  " " c 

6 38 . 1  36 . 5 34 . 1  " " A*  

7 35 - 7  35 . 6  35 - 5  " " B 

8 35 - 7 36 . 1  35 . 6 " " c 

* Excluded from the individual hay digestibility trial after the mixed 

hay digestibility trial . 
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Table  3 . 2 .  D . M .  intake during ad lib . feeding p eriod with mixed hay . 

FOR THE WHOLE PERIOD FOR THE LAST 7 DAYS 

SHEEP D . M .  INTAKE ( g )  INTAKE/kgw · 75 ( g ) D . M .  INTAKE ( g )  INTAKE/kgw · 75 C g ) 

NO mean range mean range mean range mean range 

1 1 , 056 959- 79 · 9 73 . 4- 1 , 035 972- 78 . 4  70 . 2-
1 , 1 26 85 . 2  1 , 074 81 . 3  

2 1 , 1 24 972- 78 . 8  68 . 2 - 1 , 1 01 972- 77 . 2  68 . 2-
1 , 1 53 87 . 9  1 , 1 88 83 . 3  

3 740 538- 56 . 7  4 1 . 2- 738 649- 56 . 5  49 . 7-
1 ,  01 1 77 . 4  806 61 . 7  

4 877 71 7- 61 . 7  50 . 4- 847 781 - 59 . 6  54 . 9-
994 69 . 9  906 63 . 7  

5 824 625- 59 . 0  44 . 8- 781 625- 55 . 9 44 . 8-
1 ,  051 75 . 3  957 68 . 6  

6 1 , 006 843- 65 . 5  54 . 9- 973 843- 63 . 4  54 . 9-
1 , 254 81 . 7  1 , 053 68 . 6  

7 969 896- 66 . 3  59 . 4- 972 91 7 - 66 . 5  62 . 7-
1 , 043 7 1 . 3  1 , 043  71 . 3 

8 999 828- 68 . 3  56 . 6- 959 828- 65 . 6  56 . 6-
1 , 1 65 79 · 7  1 , 054 72 . 1  



34  

Table  3 . 3 .  Mean daily D . M .  intake o f  mixed hay during the preliminary 

period .  

SHEEP NO . 1 2 3 4 5 6 7 8 

Mean ( g ) 830 . 7  951 . 1 6 1 3 . 8  647 . 7  661 . 2  8 1 4 . 2  783 . 2  808 . 6  

+ o f  6 . 3  2 . 1  8 . 7 5 . 1  8 . 5 3 . 6  7 . 8  3 . 6  S . E . mean 

• c . v .  (% ) 2 . 4  0 . 7 4 . 5 2 . 5 4 . 1  1 .  4 3 . 1  1 . 4 

+standard error 

* Coe fficient o f  variation 

.. . 

·. 
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3 . 2 . 2 .  D . M . intake during preliminary period 

An attempt was made to keep th e animals to a constant intake 

throughout the experiment by feeding them approximately 9o% of the 

amount of feed consumed during the last 7 days of ad lib . , feeding 

period .  Mean aaily D . M .  intake , the standard error o f  mean and 

coe f fi c ient o f  variation ( C . V . ) are giv en in table  3 . 3 .  

When an analysis o f  variance was made for di fferenc es between 

sheep and days , there was a highly signi ficant di fferenc e b etween sheep 

( P  � 0 . 01 ) ,  ev en when the intake was expressed in terms o f  me tabolic  

body Wel.. ght  ( Wkg0 • 75 ) .  A t d th . " f " t d " f f  s expec  e ere  were no s1.gn1. 1. can 1. er-

enc es in intake between days ( appendix 2 ) .  

Feed  consumed and faec es produced  during collec tion period 

The di fference in O . M .  intake between sheep were highly 

si gni ficant ( P � 0 . 01 ) but there were no signi ficant di fferenc es in 

intake b e tween days when the amount of O . M . eaten was expressed in 

terms of metabolic  body weight ( see appendix 3 ) . 

Mean daily O . M .  intake and fae c es voided ov er the collec tion 

period are shown in table  3 . 4 .  

+ The digestibility o f  mixed hay was 58 . 62 - 0 . 1 3 .  No 

relationship was fouhd between lev e l  of intake of individual sheep and 

digestibility under the conditions described .  

Digestibility trial using individual hays 

Ad lib . feeding period 

The mean daily D . M .  intake is giv en in table  3 . 5 .  

'• . 

. . .  



Table 3 . 4 . Mean daily O . M . intake and fae c es produced during the 

collection period and O . M . digestibility o f  mixed hay . 

SHEEP NO . 1 2 3 4 5 6 7 

1 • Feed intake 751 846 536 590 635 7 1 1 71 2 Mean ( O . M . g ) 

S . E .  o f  mean 1 . 9 2 . 4  1 2 . 0  3 . 3  5 - 3  9 - 9  2 . 4  

C .  V .  ( % )  0 . 8  0 . 9  7 . 1 1 . 8 2 . 7  4 . 4  1 . 1 

2 .  Faec es  voided 308 349 225  244 266 291  297 Mean ( O . M . g) 

S . E . o f  mean 3 . 6  6 . 8  5 . 6  2 . 1  5 . 4  1 4 . 9  4 . 2  

c . v .  ( % )  3 - 7  6 . 2  7 - 9 2 . 7  6 . 4  1 6 . 3  4 . 5 

3 - Digestibility 58 . 99 58 . 81 58 . 07 58 . 67 58 . 1 7 59 . 1 2  58 . 28 
( O . M . % )  

Mean 58 . 62 

S . E .  o f  mean 0 . 1 3 

36 

8 

725 

3 - 9  

1 . 7 

299 

7 . 8 

8 . 2  

58 . 83 
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Table  3 . 5 .  Mean daily D . M .  intake during ad  lib . feeding p eriod with 

hay A ,  B and C ( mean o f  7 days ) .  

RAYS SHEEP NO . D . M .  INTAKE D . M0 ��TAKE AVERAGE Ob �5sHEEP 
(g) KgW • ( g) g/KgW • 

1 967 66 . 6  
A 63 . 0  

4 866 59 . 4 

2 799 52 . 9  
B 49 . 4  

7 668 45 . 8  

5 863 59 . 4 
c 51 . 9  

8 654 44 . 4  



Table 3 . 6 .  Feed c onsumed ,  faeces  voided  and digestibili ties  o f  hay A ,  

B and c .  

1 .  D . M .  intake during the 
preliminary period 

Mean ( D . M . g ) 

S . E . o f  mean 

c . v .  (% ) 

2 .  O . M . intake during the 
c ollec tion p eriod 

Mean ( O . M . g ) 

S .  E .  o f  mean 

c . v .  (% )  

3 .  Faeces  voided 

Mean ( O . M . g )  

S . E . o f  mean 

c . v .  ( % )  

4 .  O . M .  digestibility 

Average 

5* Ad justed mean digestibility 

6+ Di fference 

HAY A HAY B HAY C 

SHEEP SHEEP SHEEP SHEEP SHEEP SHEEP 
1 4 2 8 

882 

2 . 1  

0 . 6  

770 

5 . 4  

1 . 8 

6 1 4 

2 . 8  

1 .  6 

748 

8 . 8  

565 

6 . 6  

3 . 1  

771 . 0  668 . 0  685 . 2  555 - 9  689 . 5  478 . 5  

3 . 1 5 . 5 2 . 9  2 . 6  4 . 3  1 3 . 6  

2 . 6  2 . 0  

264 . 8  231 . 1  3 1 2 . 7  262 . 5  273 . 7  1 83 . 9  

4 . 7  5 - 5 4 . 4  2 . 8  4 . 9  4 . 6  

5 - 7  7 - 9  

65 . 55 60 . 94 

66 . 02 53 . 43 60 . 90 

-0 . 15 -0 . 04 

•o. M .  digestibility was adjusted using c ovarianc e  analysis , taking 
digestibility of the mixed hay as Xs and digestibility o f  hay A ,  B and 
C as Y s .  

+ ' 5 ' - • 4 • 
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Signi ficant di fferenc e in D . M . intake b e tween sh eep ( P< 0 . 01 ) 

and b e tween days ( P  � 0 . 01 ) were found ( appendix 4a ) . Al though there 

was no signi ficant di fferenc e b e tween hays , the order o f  intake in  

t erms o f  D . M .  in gm . per  0 . 75 power o f  live  weight ( kg )  was  63 . 0 ,  49 . 4  

and 51 . 9  for hay A ,  B and C respe c tively ( table 3 . 5 . , and app endix 4b ) .  

Digestibility trial pe riod 

Mean daily D . M .  intake  during the preliminary period and O . M . 

intake during the colle c tion period wi th measures of  variability are 

giv en in table  3 . 6 . 

I ntake o f  hay A was greater than hays B and C ( se e  3 . 3 . 1 . ) ,  

and the di fferenc e was highly signi ficant ( P < 0 . 01 ) ( see  appendix 5 ) . 

Daily O . M .  intake  was maintained fairly constant throughout 

the whole di gestion period except for sh eep 8 ( see figure 3 . 1 . ) .  

Fae c es  produc ed fluc tuated  more than feed consumed  in terms 

of coe ffic ient of variation . The amount of O . M . c onsumed had no e ffec t 

on digestibility under the limited  replication possible , i . e .  two sheep 

per  treatment . 

3 . 4 .  Comparisons of di fferent lengths of preliminary and 

collection period  and their e ffec t on digestibili ty 

Di fferent l engths o f  preliminary and c ollection period were 

compared .  Daily mean amounts o f  O . M .  consumed ,  faec es  produc ed  and 

digestibilities  adjusted by c ovariance  analysis are given in table  3 . 7  

( see  also appendix 8 ) . 

Effect  o f  l engths o f  experimental period on daily O . M . intake 

are analysed and presented  in  appendix 6 ,  and e ffect on  digestibility 



is  given in appendix 7 .  No signi ficant di f ferenc es were found on 

digestibility due to di ffe rent l engths of  preliminary and collection 

period .  

. .. 
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Table 3 . 7 . C omparison o f  di f ferent l engths o f  preliminary and c o l le c tion period 

HAY A HAY B H AY c 

PERIOD* SHEEP 1 SHEEP 4 SH EEP 2 SHEEP 7 SHEEP 5 SHEEP 8 

Daily O . M . 1 + 771 - 3 . 2  668 ! 5 - 5  685 : 2 . 9  + 556 - 2 . 9  689 : 4 . 3  479 : 1 3 . 6  
intake ! s . E . 2 + 771 - 3 - 9  666 : 6 . 8  682 : 3 - 3  554 : 3 . 4  682 : 2 . 5  + 471 - 1 1 . 1  

( g) 3 778 : 9 . 6  673 : 4 . 6  686 : 2 . 4  556 : 2 . 1  693 : 3 . 4  495 ! 9 - 3 
4 + 773 - 3 . 9  671 ! 7 . 6  688 : 2 . 7  558 : 1 . 1 695 : 4 . 6  489 ! 1 o . 6  

Daily faeces 1 264 . 8  ! 4 . 7  + 231 . 1  - 5 - 5  + 31 2 . 7  - 4 . 4  2 62 . 5  : 2 . 8  + 273 - 7  - 4 . 9  1 83 . 9  ! 4 . 6  

c olle c t e d  :! 2 263 . 9  ! 6 . 0  2 23 . 8  : 4 . 8  + 3 1 6 . 5  - 3 . 0  + 259 . 2 - 2 . 7  268 . 3  : 4 . 7  1 83 . 3  : 3 . 8  
S. . E . ( g) 3 268 . 4  ! 1 . 2 232 . 2  : 4 . 3  3 1 3 . 6  :! 3 . 4  + 263 . 4  - 2 . 4  276 . 4  ! 4 . 3  1 89 . 7  : 4 . 4  

4 267 . 5 : 3 . 4  2 30 . 3  : 7 . 8  + 3 1 0 . 0  - 5 - 5  + 263 . 6  - 3 . 1 + 277 . 5  - 5 . 9  1 87 . 1  : 5 · 9 

. Digest ibi li ty 1 6 5 . 66 65 . 43 54 . 37 52 . 78 60 . 30 61 . 57 
( O . M . % )  2 65 . 77 66 . 4 1 ' 53 . 59 53 . 22 60 . 66 61 . 05 

3 65 . 51  65. 52 54 . 25 52 . 62 60 . 1 0  6 1 . 66 

4 65 . 39 65 . 70 54 . 89 52 . 75 60 . 09 61 . 77 

A d j us t e d  mean 1 65 . 1 9  53 . 72 6 1  . 1 5  
digestibili ty 2 66 . 02 53 . 43 60 . 90 

3 65 . 1 2  53 . 59 61 . 1 3 
4 65 . 09 54 . 01 6 1 . 2 1 

* Period 1 7 day-preliminary and 1 0  day - c o l l e c tion 

2 1 0  " " 1 1  7 " " 

3 4 1 1  1 1  1 1  1 4  I f  " 

4 7 " " 1 1  7 1 1  " 
+ I\) 



CHAPTER 4 .  DISCUSSION 

4 . 1 .  Animals 

I t  has been notic ed that i t  is di fficult to obtain accurate 

measurements of  live weight of  animals , particularly with ruminants . 
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Although the time of weighing was standardized  in the present 

experiment ,  the level  of intake di f fered between periods and sheep . 

Furthermore , the live weight was ob tained by av eraging only measure-

ments of two successive days .  

With these lim�tions , however , the data indicate some clear 

pictures ; that she ep 3 and 6 lost live weight c onsiderably during the 

whole experiment p eriod possibly due to reduc ed  intake , and that sheep 

fed with hay A gained live weight considerably because of the quality 

of  feed and intake . 

4 . 2 .  Dige stibility o f  the mixed hay 

D . M .  intake during ad lib . feeding period 

An interesting point raised in this period was that there was 

signi ficant difference in D . M .  intake b e tween sheep , eve n  when the 

intake was expressed in terms o f  metabolic body weight  ( Wkg0 • 75 ) .  

Blaxter  et  al ( 1961 ) reported that voluntary intake increased with 

increasing size of sheep . 

Howev er , they used  a larger range of  body weight  ( 42 kg to  74 

kg} than that o f  the present expe riment ( 31 kg to 38 kg) , and when 

their intake figures were taken around the body weight  o f  42 to 54 kg , 

the voluntary intake varied from 780 to 960 gm . /day which  is similar 
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to  the range found in  the present experiment . The other possible 

reason , as has been mentioned in  the prev ious sec tion , is  the dif fi­

culty of  measuring body weight precisely . 

4 . 2 . 2 . D . M . intake during preliminary period 
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D . M .  intake o f  individual sheep during the preliminary period 

was fairly constant , howev er the animals did not eat the whole fee d  

offered . Three possible reasons can be  discussed .  Firstly , animals 

still select  the mat erial ev en under restric ted conditions , although 

the pattern of selec tion differed from sheep to sheep , since  some she ep 

always l e ft finer materials while others l e ft c oarser materials .  

S econdly , the animals could not get feed from the corners o f  

feeding b ins . 

Thirdly , the voluntary feed intake might hav e b e en reduc ed .  

N o  clear reason is  known , but this i s  probably due t o  reduced  mainte­

nance  requirement .  

Feed consumed and faeces  produced  during the c ollec tion 

period 

As in  the previous period , the O . M . intake s  of sheep were 

fairly constant throughout , except sheep 3 and 6.  The reason i s  not 

known and they were discarded from the digestibility trial wi th the 

indiv idual hays . 

Faeces  produced varied more than feed consumed  from day-to­

day and this fact  was probably due to e nd-period errors ( Blaxter  et  al , 

1 956 ) . The present result confirms the result reported by Blaxter et 

�, ( loc . · c it . ) that the error attached  to a c ol lection p eriod of  faeces  

. .  

. . .  



+ was about - 23  gm . dry matter i rrespective  o f  the length o f  the 

collec tion period.  
/ 
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An interesting point raised  in  the present experiment is  that 

+ the standard error o f  mean digestibility of  O . M. was low ( - 0 . 1 3 ) , 

although the di fference between sheep on O . M . intake was highly 

signi ficant when expressed in  terms of metabolic body weight ( Wkg0 • 75 ) .  

The level  o f  feeding on digestibility has been  very confusing 

and is  still  to  be solved .  Recently Blaxter et  al ( 1 966 ) , using 5 

di fferent age levels and 6 di fferent intake l evels , i . e . 1 . 2 kg to 7 . 2  

kg per day fed to c ows , found no systematic change o f  digestibility 

with intake o f  die t .  Probably the finding was due to the diet which 

had high energy digestibility of  70%. 

The present digestibility trial was not  designed to find the 

e ffec t of level of  feeding with these particular feeds , however ,  the 

range o f  feed intake occuring in  the experiment had no e ffec t on O . M .  

digestibility . 

Digestibility trial using indiv idual hays 

Ad lib . feeding period 

Although the statistical analysis o f  varianc e showed no 

signi ficant di fferences between hays on D . M .  intake by sheep , the 

intake o f  good hay was highest and the poorest hay gav e the lowest 

intake figure on the basis of digestibility . The limitation o f  the 

present experiment was only two sheep per treatment . Feed c onsumption 

of hay A by sheep 1 and 4 was lower than that of the sam e  period of the 

previous experiment with the mixed hays , although the O . M . digestibility 

. ,. 
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o f  hay A was ab out 6% higher than the l a t t e r  one . No reason i s  known . 

W i th hay C ,  dige s t i b i l i ty was similar to  that of  the mixed hay . Sheep 

5 improv ed the fee d  c onsump tion c onsiderably whi l e  sh eep 8 lowered feed 

c onsump tion when they were c ompare d  to the same period of the previous 

exp erimen t .  Again n o  reasons are know n .  

4 . 3 . 2 .  Digestibility trial period 

Daily f eed  intake was maintained fairly cons tant throughout 

th e who le  period except for sheep 8 .  No reason is  known . Al though 

there were large di f ferenc es of  in take b e tween sheep within a fe e d , no 

sy stematic e f f e c t  o f  lev el o f  intake on digestibi lity was found ( s e e  

s e c t ion 4 . 2 . 3 . ) .  

Use o f  c ovarianc e analy s i s  for adj us tment o f  dige s tibili ty is  

questioned si nc e  the digest ive pow er of  indiv idual sheep may not b e  the 

same to  d ifferent quali ty feeds , howev er ,  it  may be  use ful to  e liminate 

envi ronmental variation and help ful in finding any abnormal animals ,  

such as sheep 3 and sheep 6 in the present experiment . I t  was also 

use ful to  ad j ust  the  in take at th e start of  the  dige s t ib i l i ty trial 

with indiv idual hays since capac i ty of intake o f  indivi dual sheep was 

av ailab l e .  

4 . 4 .  Comparison of di f ferent lengths o f  preliminary and c ol l e c tion 

peri od on e f fec t o f  dige stibili ty 

There w e re no significan t  di f fe rences in O . M .  digestibility 

due to di fferent l e ngths o f  preliminary and collection periods in the 

p resent experiment . The periods c ompared ,  howev er , were  n o t  greatly 

di fferent , i . e . , 14 days t o  1 8  day s .  
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I t  was concluded from the result that a preliminary period o f  

10 days and a collection p e riod o f  1 0  day s wi th the fe eds used were 

sati s fa c t o ry , although a shortening of a few days is  possibl e .  



PART II 

IN VITRO FERMENTATION STUDIES 
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CHAPTER 5 .  REV I EW OF LI TERATURE 

I n troduction 

The c on c ept o f  study ing digestibility o f  fe eds  by  the rumen 

micro-organisms in vitro is not a recent  one .  However  the use o f  the 

in v i t r o  fermentation te chnique for e stimating herbage f e e d  v alue is 

relatively rec ent . I nev itably two schools of thought  dev e l oped on the 

use of in  vit ro fermentation techniques .  The first school argue that 

it is  not yet possible to simula t e  the c onditions of th e rumen 

arti fic ially , espec ially in rela t i on to removal o f  the  end produ c t s  of  

dige st ion - t he  v olatile fat ty a c i ds .  

Theore t ically , the ideal i n  v i t ro system prov i des fermenta­

tion c ondit ions identical to th o s e  o c c uring in th e rumen of the animal . 

I n  prac tice , as the s econd school emphasizes , the dev e l opment o f  such a 

system is  impossible .  Consequent ly i t  i s  n e c e s sary to de fine the 

c ondi tions that should be present in  v i t ro i n  order t o  obtain a 

sati s fac tory imi tation o f  the rum e n .  

I n  thi s  sec tion , fac tors a f fec ting in vitro fermentation 

s tudies  and relationships b e tween in v i tro and in viv o  are rev i ew e d .  

5 . 1 .  Type o f  in v it ro syst em 

I t  is  well  known that there i s  normally present in the rumen 

a l arge numb er o f  microbial spe c i e s  of widely di ffe ring phy s i ol o gi c al 

nee ds and capab i li t i e s .  Some o f  these mic rob ial sp e c i e s  may b e  

exp e c te d  to  b e  abl e  to mul tip ly more readily than others i n  giv en 

c onditions . When , howev e r ,  the environment is  not that found in  the 

rume n  of the animal from which the rumen l iquor was t aken , the results 
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of this multiplic at ion and me tab olism may b ear l i t t l e  or no relat i o n  t o  

ev ents in the rumen i n  vivo sinc e the organisms whi ch multiply may b e  

simply th ose most suited t o  the experimental c ondi tions . 

Th e principal ob j e c t  o f  recent inv e s t igations has been t o  

dev ise  a sys tem that c losely imitates the rumen . Fiv e main types o f  

art i fi c ial rumen sy stems hav e b e e n  described for i n  vi tro digestion 

studi e s .  

( 1 )  Undiluted o r  only sligh t ly diluted rumen l i quor i s  incuba ted with 

sub strate in an all glass sys tem used princ ipally by P e arson and Smith 

( 1 943 ) , Quin ( 1 943 ) and Gray , Pilgrim and W elden ( 1 951 ) .  

( 2 ) Who le  rumen liquor i s  dilut e d  with a mineral solu tion resembling 

rumi nant saliva ( McDougal , 1 949 ) , and incubated with sub s t rata i n  an 

impermeab l e  membrane sy stem ( al l  glass ) , as first desc rib e d  by 

Burrough s ,  Frank , Gerlaugh and B e thl e  ( 1 950 ) .  

( 3 )  V arious fra c t ions o f  rumen  liquor are used in an impermeab l e  

system , such a s  rumen liquor fre ed from protozia b y  c e ntri fuging 

( M cNaugh t ,  1 951 ) or suspension o f  all rumen mic ro-organi sms in a 

mineral solution ( Marston , 1 948 ) . 

( 4 )  Rum en liquor , usually whole and undilute d , with sub strate i n  a 

s emipermeable c on tainer , i s  dialyse d against a mineral solution , as 

d e s c ribed by Louw e t  al ( 1 94 9 ) , H uh tanen and Gall ( 1 952 ) and Wasserman 

et al ( 1 952 ) . A fur ther dev e loped me thod of s emipermeab l e  membrane 

sys tem is the c ontinuous flow type dev elop e d  by  Adler et al ( 1 958 ) , and 

used by Davey et al ( 1 960 ) and Bow i e  ( 1 962 ) . 

( 5 ) Two s tage fermentation t e c hnique in an all glass  system , firstly 

by rume n liquo r ,  followed by pepsin dige st ion , is originally d e s c ribed  

by T i l l ey e t  a l  ( 1 960 ) and  u s e d  by other workers such as Tilley and 



Terry ( 1 963 ) , A l e xande r  e t  al ( 1 961 , 1 964 ) , Y a t e s  ( 1 964 ) and Oh e t  al 

( 1 966 ) . 
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Th e main limitation of a glass fermentation v e ss el is that i t  

do e s  no t permi t c ontinuous removal o f  fermentat ion produc ts which 

occurs in viv o .  At tempts hav e  b een made to simulate this phenomenon i n  

vitro b y  the use o f  a semipermeable m embrane ( Louw et al , 1 949 ) , wh e re­

by a good rume n  population was mai ntained during a 24 hour ferm e n tation 

period ( Gall and Huht anen , 1 951 ) .  H owev e r ,  this type o f  art i fi c ial 

rum e n  is large and rather cumb e rsome for use in routine work . 

El-Shazly e t  al ( 1 960 ) made a c omparison o f  three d i fferen t  

typ e s  o f  apparatus c ommonly u s e d  in in vi tro fermentation s tudi e s , 

semipermeable m embran e , c ontinuous type o f  apparatus and the all glass 

sy s t em .  Puri fi e d  wood c e llulose and sev e ral di fferent typ e s  of hay 

we re used as substrat e s , with c e llulose digestion , total V FA pro duc tion , 

and ammonia ni t rogen produc tion being used as criteria o f  mic robial 

ac t ivity . They found no major di f feren c e s  b e tween the di f fe r e n t  types 

of apparatus ; howev e r ,  th e all glass apparatus app eared to b e  

advantageous b e c ause o f  i t s  simp l i c i ty , and a disadvantage o f  the 

s emipermeable  membrane was the weakness of the membrane use d .  

Joh nson e t  al ( 1 958 ) demons tra t e d  that the e nd produc ts  such 

a s  V FA s were not inhibi tory for c e llulose digestion whe re a c onsider­

ably higher c onc entration exi s t e d .  Sinc e then this all  glass system 

has been used widely for forage evaluation ( Done fer e t  al , 1 960 ; 

Baumgardt e t  al , 1 962a , b ,�� Bowden and Church , 1 962a ; V an Dy ne , 

1 963 ) . 

Til ley , D e riaz and Te rry ( 1 960 ) proposed a two-stage in v itro 

f e rm entation m ethod for use i n  pred i c t i ng digestibility i n  viv o .  They 

' . 



found that when using th e m ethod describ e d  by Walker ( 1 959 ) good 

agre ement was ob tained b e tween in v i tro and in vivo at under 60% o f  
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D . M . dige s t ib i l i ty , but with the feed having diges tibi l i ty ab ove 60% , 

partic ularly th ose with a high protein c ontent , in vi tro digestib i l i ty 

was as much as 1 0%  lower than the c orresponding in vivo figures . 

Although most o f  the diges t i on by  ruminan ts  t akes  place in  the rumen o f  

the animal , further diges t i o n , e sp e c ially o f  protein , t ak e s  place l ower 

down the dige s t iv e  t rac t ( Halliwel l , 1 961 ; Lewi s ,  1 961 ) .  The use of a 

s e c o ndary digestion with the proteolytic enzyme , pepsin , by the workers 

was designed t o  breakdown pr ot ein.  Using the two - stage in vi tro metho d , 

T i ll ey and T e rry ( Loc . c i t . ) were able to redu c e  the s tandard error o f  

estimate t o  2 . 0% uni ts o f  diges tib i l i ty . 

5 . 2 .  Source and preparation o f  inoc ulum 

C o l l e c tion method o f  rumen liguor 

The c ollec tion o f  rumen liquor from a fistulated animal is a 

mat ter o f  some c ompl exity b e c ause the rumen c ont ents are by no m eans 

homogenous . Smith e t  al ( 1 956 ) made an exam ination o f  the ingesta and 

th e i r  analy s i s  indicated that the c ont ent of fibre , t o tal nitrogen , 

sugars and v olatile fatty a c i d s  was h igher in the dorsal rumen , w i th pH 

and the c apac i ty to dige s t  c e l lulose in  v i tro h i gher in  the ventral 

l ev el s .  

Bryant ( 1 961 ) ,  using a fistulated c ow ,  repor t e d  di fferent 

l e v e l s  o f  pH and VFA concentration in  the di f fe rent regions of the 

rumen . Davey ( 1 965 ) showe d  that a sample taken from the midd l e  o f  the 

rumen c ontents was representativ e .  Yates  ( 1 964 ) showed no signi ficant 
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di f ferenc e s  in  in vi tro D . M .  dige s tibilities o f  sub s trate s  when two 

di f fe rent rumen sampling methods were use d ,  i . e . , c ol l e c t i on o f  rumen 

liquor through rumen fis tula and c ollec tion of  rumen liquor by s tomach 

tube introdu c e d  through the mouth . 

Time o f  rumen liquor c ol l e c t i on in relation to  fe e di ng 

Time o f  rumen liquor colle c t ion in  relation to  fee ding varies 

from worker t o  worker.  Hershb e rger et al ( 1 959 ) , for instanc e ,  

c ol le c t ed rumen li quo r prior t o  morning fee ding wh ere the c ow had b e en 

s t arv e d  sinc e 5 : 00 p . m .  on the previ ous day ; while Wr ight et al ( 1 963 ) 

u s e d  inoculum which was c olle c t e d  approximately 4 hours a ft e r  feeding. 

Y a tes ( 1 964 ) used inocula from sheep whi ch were fasted fo r 48 hours . 

Drew ( 1 966 ) c ompare d  the dige s tibility o f  good quali ty 

luc erne-c ocks foot hay ferment e d  w i th inocula drawn a f ter 1 5  hours o f  

fas t ,  a t  the end o f  the morning fee d ,  and 2 hours a f t e r  and 4 hours 

a ft e r  c omp l et i on of fee ding . He found no signi ficant di f ferenc e s  o f  

O . M . digestibil i ty o f  the hay wi th th e inocula drawn at the various 

t imes a ft e r  feeding , except that 1 5  hours of fast gav e a slightly lower 

O . M . digest i bility . Tilley and Terry ( 1 963)  also rai s e d  the point that  

wh en rumen inoculum was  taken from animals whi ch had  not b e e n  rec ently 

f e d ,  fibre digestibility was much reduced  and was v e ry variab le  b e tween 

t ub e s , and s uggest ed  that rumen liquor be taken from ac tiv e ly dige s ting 

animals . 

B etween and within spe c i es v ariation o f  donor animals 

V e ry little  d i f ferenc e b e tween inoculum from sh e ep and that 

from cattl e  was demonstra t e d  by Le  Fevre and Kamstra ( 1 960 ) .  Means o f  
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22 c e l lulose digestion c o e f fic ients  for the 24 hour fermentation p eriod 

were 3 1 . 6 and 30 . 8 ,  and for the 48  hour period were 50 . 2  and 49 . 6  

resp e c t ively . Unfortunately no s t andard errors were giv e n .  

Van Dyne a n d  Weir ( 1 964 a )  carried out studi e s  on  v ariations 

within and between c at t le  and sheep as sources  of ino culum for i n  v itro 

dige s t i b i l i ty u s i ng 9 ruminal fi s tulated s t e ers and 9 wethers i n  three 

range grazing trials and one dry lot fe eding trial . They found no 

signi fi cant di f ferenc es in v i tro c ellulose digestib i l i ty b e tween and 

wi thin sheep and cattle . 

I n  general , whether rumen l i quor is prov ided from sheep or 

cat t l e , lit tle d i f fe renc e s  on e i th e r  the rate or  extent o f  digestion 

hav e  b e en not i c e d  where b o th species  hav e  been fed on the sam e  feed 

( Baumgardt and Oh , 1 964 ; Drew , 1 966 ) . Yates and Allden ( 1 966 ) 

reported a signi fi c ant di fference due to source o f  inoc ulum whi ch was 

prov i ded  from two sh eep on the same fe e d .  It was not c l ear , h owev er , 

whe ther this v ariation was due to s ampling error or t ruly due to  

indiv i dual sheep  di fferenc e s  be cause rum e n  liquor were c ol l e c t e d  via a 

st omach tub e .  

5 . 2 . 4 .  Type o f  feed c onsum e d  by donor animals 

Results  are variable  and there is  lack o f  agreement b etween 

workers as to the e ffect o f  feed on rumen inoculum . 

Van Dyne and Weir  ( 1 964b ) reported that b o th t h e  amount and 

type of diet eaten by the donor animals p ro duce d  1 5  to  20% di f ferenc e s  

in in v i tro digestibility o f  the same forage . The e f f e c t  o f  variati on 

in rumen l iquor o f  fee d  fed to the donor animals was also demons trat e d  

b y  R e i d  e t  a l  ( 1 959 , 1 960 , 1 964 ) a n d  Shel ton and R e i d  ( 1 960 ) and t h e  
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Bezeau ( 1 965 ) . 
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Barnet t  ( 1 957 ) , det ermining the digestibility of cellulo s e  

using an a l l  glass type o f  in v i tro method , found that h i s  expe rimental 

resul ts  were una f fec ted by variati ons in the die t of sheep , when th ese 

were as wide i n  type as turnips , grass , silage and oats . H owever , the 

inocula h e  used were ob tain e d  at  the slaughter  hous e  an d the animal ' s  

prev i ous fe e ding his tory was not  known . W alker ( 1 959 ) also found no 

di f fe renc e s  i n  the D . M .  dige s tibi lity o f  roughages in in v i tro 

expe rimen t s  due t o  variations in the diet of sheep whi ch prov ided the 

rum e n inoc ula . Similar result s  hav e been also obtai n e d  by o ther 

workers such as Salsbury e t  al ( 1 958 ) , S t ewart and Schul t z  ( 1 958 ) , 

Church and P e t e rson ( 1 960 ) , and Drew ( 1 966 ) . 

Bowden and Church ( 1 9 62b ) reported that the most acc urate i n  

vivo e stimates o f  digestibility were made from i n  v i t ro whi ch u s e d  the 

inocula from an  animal on a die t  as close as possib l e  to that b eing 

t e s te d .  Johnson ( 1 963 , 1 966 ) c o ncluded that c are must be taken to 

mai ntain the donor animal o n  a ration similar t o  that b eing tes ted  or  

at  least  on a c onstant ration.  Yates  ( 1 964 ) , howev e r ,  demonst rat ed 

that , a l though analysis o f  v arianc e o f  the results show e d  sign i ficant 

di f ferences in in vi tro digest ibility due to the source of inoculum 

from she ep fed different type s  o f  fe e d ,  the regres s i on coe ffi cients 

were n o t  sign i ficantly di ffe rent from one another and there was no  

s i gni ficant  displacement of  the regression lines  from each o th e r .  

The apparently irregular b ehav i our o f  l e gume s  i s  o f  c onsider­

able  interest  since i t  has b een report e d  by R eid , Sh e l t on , W elch and 

Jung ( 1 959 ) . I t  was shown i n  c ross  inoculation experiments that whi l e  



there was no signi fi c an t  di fference in the in v i tro digestib ility o f  a 

grass hay when inoculated with strained rumen liquor drawn from 

fistulate d  lambs mai ntained on several grass hays o f  d i f ferent quali­

t i e s and species , inocula from a l fal fa fed animals caused a mark ed 

inc rease in in vi tro D . M . digestibi l i ty . H opson e t  al ( 1 963 ) also 

found that when alfal fa was fed as a ration t o  a fistula t e d  animal , 

digestib ility o f  all 4 fo rage s in dac ron b ags plac e d  in the rumen 

inc reas e d  ov er the digestibility when three grass hays were fed .  

Qui cke e t  a l  ( 1 959 ) reported that i n  general the c e llulose 

digestibility of a giv en forage in v it ro was the same irrespec tive o f  

the fo rage fed to the steer used as a sour c e  o f  inoculum , using 30 and 

48 hour fermentation tim e s .  Raymond and T e rry ( 1 966 ) hav e rep ort ed 

similar results . J ohnson ( 1 962 ) and Done fer e t  al ( 1 960 ) suggest that 

di fferenc es observ e d  after short p e riods ( 1 2  and 24 hours ) may dis­

appear in longer fermentations . H owev e r ,  i t  has b e en reported by m any 

worke rs that inoculum for in v itro  fermentation from al fal fa fed 

animals gav e b e t ter  digestibilities than those with inoculum taken from 

animals fed lower quali ty forage s .  I t  has also been observ e d  that 

al fal fa ash is a growth fac tor for micro-organisms ( Knip fel and 

Troelsen , 1 966 ) . 

Inoculum prepared in di fferent ways 

Quicke e t  al ( 1 959 ) c ompar e d  c el lulose diges t ibi l i t i e s  o f  

b rome grass hays using thr ee  di f ferent typ e s  o f  inoculum , i . e . s t raine d 

rumen j uic e ,  phosphat e  bu f fer  extrac t o f  squeezed rume n  c ontents and 

resuspended ruminal micro-o rganisms , all deriv e d  from the same samp l e  

o f  rumen content s .  They repor t e d  that the digestion obtained with the 
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phosphat e  b u f fer  extract and resuspended ruminal micro-organi sms gav e a 

sligh t ly h i gher i n  v itro cellulose di gestibility than that with 

strai n e d  rumen j ui c e . 

Whe n  Barnes et al ( 1 964 ) c ompared three di f ferent in vitro  

method s , inc luding method A ( Done fer e t  al , 1 960 ) , B ( Baumgardt et  al , 

1 962b ) , and C and D ( Tilley and Terry , 1 963 ) on c ellulo s e  digestibili­

ties of luc ern e  meal , lucern e  hay and Brome grass hay , they found 

methods A and B gav e high er c e llulose dige s tibility than me thods C and 

D ,  and sugge st ed  that this migh t  hav e  b e en a f f e c t e d  by di f ferent ways 

o f  preparing inoc ulum , as m e thods A and B included mine ral nutrients  in 

th eir bu f fe r  solution . 

The use o f  washed c e ll suspensions o f  rumen b a c t eria has been 

adv o c a t e d  for c e rtain purposes  ( D oet sch , 1 954 ) . The re are  limitations 

to thi s  approach , as the a c t iv i t i es of an i solated suspension may not 

re fl e c t  those o f  the wh ole rumen population , since it e l iminates the 

pro t ozoa . Grow th fac tors pre s e n t  in the supernatant fluid are lost  and 

enzyme i nac tivation may oc c ur during the various stage s of preparation 

o f  suspension . 

Barn e t t  and Rei d ( 1 96 1 ) suggest that strained  rum en liquor 

will supply ade quate lev e l s  o f  a c c essory factors for e fficient diges­

tion , such as valeric acid and trac e minerals , als o p rotein for 

bac t erial growth . 

Preparation of subs trate 

Drying o f  sampl e s  

The digestibility o f  t h e  forage may be  r e d u c e d  i f  i t  i s  h e l d  



a t  a h igh t emperature when dry ( Wa tson and Nash , 1 960 ) . C lark and Mo t t  

( 1 960 ) found that fre ez e-drie d  samples gav e a higher dige s t i b i l i ty i n  

v i t ro than oven-dr i e d  samples and the D . M .  dige s t i on c oe f fi ci ents  o f  

the freeze - dri ed h e rbage were c omparabl e  t o  those exp e c t e d  for herbage 

of such qual i ty dige st ed  in v ivo . Ekern e t  al ( 1 965)  a l s o  sugge s t e d  

that t h e  ene rgy o f  fresh herbage was dige s t e d  b e t ter than that o f  d r i e d  

herb age . Drew ( 1 966 ) c ompare d 8 samp l e s  ranging from h i ghly digestible 

pasture h e rbage t o  material of  moderate digestibility , and show e d  that 

the freeze-drie d  sub strate gav e an inc rease of 1 . 0 to 1 . 5 uni t s  o f  

diges tibility c ompared with c omparab l e  mate rial ov en dried ( 1 00
°

C ) . 

Re id , Shelton , Welch and J ung ( 1 959 ) repor t e d  that in v i tro 

dige s ti b i l i ty varied signi ficantly a c c ording t o  wheth e r  grass was us ed 

in the fresh , fre e ze - dried or ov en-dri ed s t ate and in v i v o  D . M .  

dige s t i b i l i ty was most a c c urately p r e d i c ted  from in v i tro  D . M . 

dige s t ib i l i ty wi th ov en-dried sampl e s . Noller et al ( 1 964 ) made 

c ompari sons b e tween ov en-drie d  plant material and s imilar mat erial 

quick- frozen and fre e ze-dried on their change of ch emic al c ompo s i t i ons 

and dige s t i b i l i ty . They found that quick- fro zen and fre e z e - drying gav e 

c on sistently h i gh e r  lev e ls  o f  solubl e  carb ohy drates and non-protein 

ni t rogen than oven-drying , but the produc ts  were less digestible and 

l e s s  ac c eptable to animals .  Bowden and Church ( 1 962a ) reported that 

ov en-dr i e d  s ampl e s  prov i ded more sui table  results than fresh- frozen 

samples of tall fescue , based on  b e tween trial variab i l i ty .  T i l ley and 

Terry ( 1 963 ) c ould find no di f fere n c e s  b e tween fre e z e - drying , heat 

drying at 40
°

C and hea t -drying at  1 00
°

C on subs equent i n  v itro  diges­

tion unless the drying a t  1 00
°

C was c ontinued l onge r than four 

days .  
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Grinding o f  sample s  

Dehority and J ohnson ( 1 961 ) ,  and Dehori ty , J ohnson and C onrad 

( 1 9 62 ) reported that inc reasing the bal l-milling time increased  the in 

v i tro  dige s tibility o f  c el lulose , espec ially at  th e more  mature s tages 

of herb age . Baumgardt and Oh ( 1 964 ) supported the results o f  Dehority 

and J ohnson ( loc . c i t . ) by reporting that forages ground through a 60 -

mesh s c r e e n  had a higher ( P  � 0 . 0 1 ) appare n t  c e llulose digestibili ty 

than when ground through a 40-mesh sc reen . The forage by mesh 

in te ra c t i o n  was signi fican t , b e c ause the e f fe c t  o f  fineness o f  grind 

was much greater wi th grass e s  than with al fal fa .  

Church and P e t e rson ( 1 960 ) compared four di fferent par t i c l e  

s i z e s  ( i . e . , 20 , 40 , 60 a n d  8 0  mesh Wiley m i l l  screens ) ,  using lucerne  

and peavine hay on their in v i t ro D . M . and  cel lulose diges tibility . 

They found that decreasing the particle s i z e  o f  luce rne hay depres s e d  

the D . M . and c e llulose digestibili ty and tha t there were no  di f ferenc e s  

when peav ine h ay was t h e  sub s trat e . 

Tilley and Terry ( 1 96 3 )  c ompared four d i f ferent sizes  o f  

grinding and found n o  di ffere n c e s  o n  the i r  i n  v i tro dry matter  

digestibili ty . They sugges t e d  that sampl e s  n e e d  only b e  ground finely 

e nough to ensure good sampling of the small weigh t s  o f  herbage use d .  

5 . 4 .  Length o f  ferm e nt ation pe riod 

It i s  gene rally agr e e d  that D . M . loss or c ellulose digestion 

i n c reases wi th length of  fermentation i n  v i tro , but what i s  more 

import ant i s  that short p e ri o ds , e . g. , 1 2  hours ( J ohnson et al , 1 962 ; 

D o ne fe r , C rampton and Lloy d ,  1 960 ) or 1 8  hours ( Baumgardt and Oh , 1 964 ) 

and 24 hours ( H ershberger e t  al , 1 959 ) h ave  giv en  sign i ficant 
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c o rrelation b e tween in vi tro and i n  v iv o  measureme nts . 

Baumgardt e t  al ( 1 962 b )  carri e d  out i n  vi tro digestion 

expe riments wi th high qual�ty luc e rne hay and a low-ni trogen more 

mature cocks foot hay , t o  determin e the optimum time for the in v i tro 

ferme ntation. They found that the ini tial rate o f  di gestion o f  the 

luc erne was greater and the maximum was ob taine d sooner ( 42 hr ) than 

for the grass . Apparently , the maximum c ellulose digestion o f  the 

c o cks foot had not y e t  been ob tained at 48 h ours . This is in agreement 

with the resul ts reported by Quicke et al ( 1 959 ) in whi ch a longer 

fermentation peri o d  was n ec e ssary to obtain maximum c e llulose d i gestion 

of  more mature forages .  

I n  further work , Baumgardt e t  a l  ( l oc . c i t . ) indicated that a 

high e r  digestib i l i ty figure was ob tained when fermentation time was 

incr eased from 24 hours to 48 hours . H owever , the c orrelation b e tween 

i n  v itro c ellulose dige s tion and in vivo diges tible ener gy ( D . E . ) was 

h i ghly signi fi cant in b oth c ases  and it was concluded that there was no 

advan tage in extending the fermentation period from 24 hours to 48 

hours , in so far as the estimation of D . E .  was conc erne d .  

Kamst ra e t  al ( 1 958 ) , Dehority e t  a l  ( 1 960 ) , Le Fevre and 

Kams tra ( 1 960 ) and Van Dyne ( 1 962 ) suggested  that in vitro c e l lulose 

di ge stion was almost c omple t e  a f t e r  24 hours . 

To c ontrast these reports , other worke rs pre ferred longer 

f e rmentation p e ri ods such as 48 hours ( Tilley , Deriaz and Te rry , 1 960 ; 

Barnes e t  al , 1 964 ) , 60 hours ( Quicke e t  al , 1 959 ) and 72 hours 

( Walker ,  1 959 ; Drew , 1 966 ) . 

The main argument o f  these latter workers was that longer in 

v i tro fermentation periods r e du c ed s tandard error for e s timating in 

'· · 

' . 
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vivo measuremen ts .  As was shown by Baumgardt and Oh ( 1 964 ) , although 

c e l lulose dige s tibilities ob tained during the periods o f  1 8 ,  24 , 30 and 

48 hours of f ermentation in v i tro were all signi fican tly correlated  

with i n  vivo digestible D . M . , the day -to- day variation was  sign i fi­

cantly l e s s  (P  < 0 . 01 ) for the 4 8  hour fermentation than any o f  the 

shor t e r  time s .  Barnes et al ( 1 964 ) demons t rated that inc reased 

fermentation t ime gav e smaller c o e f ficient  of varia tion.  

The r e  is  no i n formation availab l e  for  the optimum fermenta­

tion l e ngth for the second s tage digestion with pepsin.  Drew ( 1 966 ) 

c ompared di f ferent lengths o f  second  stage fermentation p eriod i n  

relation to first stage f ermentation and gav e no  i n f o rmation about 

op timum second s tage fermentation l ength . Howev e r ,  he showe d that the 

s e c ond stage fermentation period might possibly b e  shortened from 48 

hours to 24 hours.  

5 . 5 . The amount o f  sub s trate and ra t io o f  sub s t rate to artificia l  

mixture ( saliva a n d  rumen liquor ) 
Church and P e t erson ( 1 960 ) found that inc reasing the volume 

of rumen liquor resulted in a linear inc r ease i n  per c ent in v i tro D . M . 

digestibility , and the rate o f  increas e depended upon the concentration 

of minerals and substrate , b ei ng great e r  at the higher than at the 

lower mineral and sub s t rate l ev e ls . Barnes et al ( 1 964 ) found no 

di f ference b ec ause of the total amount of liquor , howev e r ,  they 

sugges t ed that c ombination of sub s trate size and the p reparation o f  

inocula and b uffe r  nutrients migh t  hav e an e f fe c t  on  c ellulo s e  

dige s t ibili ty , particularly at the initial s tage o f  f e rmentati on 

p eriod.  
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Kamst ra et al ( 1 958 ) repo r t e d , using forage l ev e ls  supp lying 

0 . 30 to 0 . 80 gm . o f  c ellulose  per  flask , that the amount o f  c e llulose 

digested inc reased in  proportion t o  th e amount adde d .  S i m i lar resul ts  

hav e b e e n  reported by  Baumgardt e t  al ( 1 962b ) , whe re forage subst rate 

l ev e l s  o f  0 . 5 ,  1 . 0 and 1 . 5 gm . p e r  flask were i n c ubat e d .  When these 

results were inte rpreted in t e rms  of per  cent digested , they remained 

nearly the  s ame . Quicke e t  al ( 1 959 ) and Hershb erger et  a l  ( 1 9 59 ) also 

found similar resul t s , i . e . , ne arly the  same per c e nt c e llulose 

d i ges tion fo r forage lev e ls  from 0 . 44 t o  2 . 50 gm . , ( c e llulose  lev els  

from 0 . 08 t o  0 . 48 ) . 

Baumgardt e t  al ( 1 962b ) c o n c luded that 1 . 0 gm . o f  fo rage 

would o ffer a sui tab le subs t rate c o n c en tration.  O ther  workers used 

from 0 . 25 gm . ( Barnet t , 1 95 7) , 0 . 5  gm . ( Til ley e t  al , 1 960 ; Ti lley 

and Te rry , 1 963 ; Den t , 1 963 , 1 966 ) , 0 . 6 gm . ( Drew , 1 966 ) , 0 . 9  gm . 

( Done fer e t  al , 1 960 ) , 1 . 0 gm . ( Baumgardt e t  al , 1 962b ) t o  3 . 0  gm . 

( H ershb erger e t  al , 1 959 ) o f  forage subs t rate for in v i tro fermentation 

s tudy .  

5 . 6 . E f f e c t  o f  pH 

In many o f  the i n  v i t ro expe riments  reporte d ,  pH adj ustments 

hav e been made i n  the range of 6 . 50 and 7 . 00 .  I n  some o f  the early 

l i t e rature , Wegner e t  al ( 1 940 ) sugges t e d  an a d j ustment o f  pH b etween 

6 . 0  and 7 . 5 ,  whereas M e i t e s  et al ( 1 951 ) have  reported an op timum pH 

b e tween 4 . 53 and 7 . 35 for c e llulose diges tion.  More rec e ntly , C l i ne 

( 1 996 ) found pH 6 . 9  t o  result i n  maximum cellulose dige s t i on under the 

c onditions impos e d .  K i t t s  and Underk opler ( 1 954 ) , and S tanly and 

Kesler ( 1 959 ) , working wi th i solated cell- free rumen liquo r  
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c a rb oxymethy l cellulose ( CMC ) was the substrate us e d .  
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Church and P e t e rson ( 1 960 ) c ompare d the e f fec t of pH ranging 

from 6 . 5  to 7 . 1 on in v i tro c e llulose digestibi lity of di ffe rent 

substrates . In one c a s e  there was no s i gni ficant dif ferenc e s  in 

c e llulose digestibility b e tween pH 6 . 5 to 6 . 8  ( alta  fescue , Culture N o .  

232 ) , while  i n  other c a s e s , c e llulose diges tion was increas e d  b y  upward 

a d j ustment o f  the pH from 6 . 6  to 7 . 0  an d the dige s tion of c e llulose 

from a puri fi ed sourc e was dep re ssed by ad j ustment o f  pH lev e l s  t o  6 . 9 

o r  7 . 1 ( alta fescue , Culture No . 21 5 ,  and Solka-Floc 40A ) . These 

re sul t s  c on f i rm the r esults o f  Reis and Reid  ( 1 959 ) , in that the 

optimum pH for c e llulo s e  digestion woul d appear to vary ac c ording t o  

substrate and/or source o f  rumen l i quor.  

The optimum pH fo r in vitro diges tion whi ch has b e e n  adop t e d  

by  many worke rs i s  ab out 6 . 9  ( 6 . 7  - 6 . 95 ) . L i t t l e  change o f  pH oc cured 

during the ferme ntati on period wh en or dinary pas ture grass and hay were 

used as sub strates ( Drew , 1 966 ; Raymond and Terry , 1 966 ) . 

A c c uracy o f  in vi tro tech nique 

In rev iewing the use fulness o f  th e in vitro fermentation 

m e thod for the routine evaluation o f  forage qual ity , i t  mu s t  b e  

emphasiz e d  that the me thod mus t b e  relatively simple in order t o  al low 

the rapid analysis o f  a large numb er o f  samples , producing result s  wi th 

a h i gh de gree o f  p r e c i sion and give an a c curat e , unb ias ed e stimate of 

forage quality . 

The in vitro methods reviewed  thus far essentially fulfil the 

first requirement . The e rrors assoc iated wi th the in v it ro pro c e dures 
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c an b e  c onsidere d  in two categori e s ; the fac tors wh ich  c o nt ribute to 

the lack of prec i si o n  i n  the resul ts from the i n  vitro t e c hni que and 

the failure  o f  the i n  v i t ro results  to estimate the in v i v o  digesti-

b i l i ty .  

Repeatab i l i ty 

The magni tude o f  the errors re flec ting the p r e c i s i on o f  the 

in v i tro m e thods are those assoc iated wi th the wi thin and between trial 

variab i l i ty .  

A conside rab le range i n  s tandard dev iations has b een  reported 

in the l i t eratu r e .  Huhtanen e t  al ( 1 954 ) , using miniature arti fic ial 

rumens and 24 hour fermentation periods , reported  the fo l l owing 

resul t s : 
Fibre dige s t i b i l i ty 

Mean S . D . S . E .  CV% 

a )  within a trial  b e tween rep l i c a t e s  

b )  b e t w e e n  trials for 2 mon ths 

47 . 0% 

46 . 2% 

4 8 . 64 

1 . 2 8 . 23 

Kams tra et al ( 1 958 ) rep orted that l e a fy al fal fa had a l ower 

standard dev iation ( 4 . 5 )  and third s tage al fal fa had a h i gher ( 9 . 3 )  

standard dev iation , whi l e  Qui c ke  e t  al ( 1 959 ) , using a similar me tho d ,  

report e d  no di fference i n  s tandard dev iation due to maturity o f  h e rb age , 

3 . 1 for first growth v s  3 . 2  for s e c ond growth . 

H ershb erger e t  al ( 1 959 ) note d  a greater degree o f  v ariation 

occur e d  with puri fied c e llulose than with forage sub s trates , 3 . 63 v s  

1 . 90 s tandard dev iations , resp e c tively . They also found that the 

within trial standard dev iations for in vitro and in v iv o  c e llulose 

dige s t i o n  were qui t e  c omparab l e , 1 . 30 and 1 . 4 4  respec t iv e ly .  

Using puri fied c ellulose  with a 1 2  hour fermentation period , 
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Done fer e t  al ( 1 960 ) found a c omparat iv e ly larger standard dev iation  

( 6 . 0 )  than that with 1 1  for�ges ( 2 . 0 ) . Bowden  and  Church ( 1 962a)  

reported the wi thin trial v ariation of D . M .  digestibility and c ellulose  

digesti b i l i ty t o  be  1 . 9 and  2 . 9  resp ec tiv e ly , when  a standard al fal fa 

was dige s t e d i n  v i t ro for 1 3  trial s .  V ariab i l i ty b e tween t ri al s  was 

great e r  than within t ri al s  and analy s i s  of varianc e revealed  sign i fi-

cant di f ferences  b e tw e e n  means of  t rial s , b o th for  D . M .  and c e llul o s e  

di gestib i l i ty o f  the al fal fa .  

Analy sis o f  dup l i c ation  r e sul t s  w i th i n  an experiment , c arri e d  

o u t  by Tilley e t  al ( 1 960 ) show e d  that , f o r  8 c  pairs o f  m easurements  o f  

i n  v i t r o  ' rumen liquor '  dige s ti b i l i ty and f o r  1 00 pai rs o f  i n  v i t ro 

' rumen liquor and p epsin ' dige s t i b ili ty , the standard errors b e tw e en 

+ + dup l i c a t e s  were , resp ec tively , - 1 . 3 and - 0 . 9 .  Th e reproduc ibil i ty o f  

i n  v i t ro diges tion was furt h e r  t e s t e d  using rumen liquors prepar e d  on 

d i f fe r e n t  days and t aken from sheep on di f ferent feeds . The s tandard 

error for i n  vitro ' rume n  l iquo r '  range d from 2 . 1  to 2 . 8  for s e v e n  

m easurements  ana c orresponding data f o r  8 measurements o f  i n  v it ro 

' rume n  liquor and p epsi n ' d i ges t i b i l i ty were  2 . 0 and 2 . 7 . A furth e r  

study b y  Tilley and Te rry ( 1 963 ) , using 4 6  grasse s , showed  a within 

t rial v ariation ( S . E . ) of  0 . 66 and a b e tween  t rial v ariation of  1 . 1 8  

for in  vitro  dige s t i b l e  D . M .  

Predi c t i on o f  i n  v ivo  dige s t i b i l i ty from in  v i t ro resul t s  

A numbe r  o f  reports outlining v arious i n  vi tro-in  v iv o  

dige st i b i l i ty relationships hav e  b ee n  pub l i sh e d .  I n  this s e c t i o n  an 

attemp t i s  made to summariz e  the s e  relationships in t ab l e s  depending 

upon whether  c e l lulose or D . M . ( or O. M . ) was used  a s  the  i n  v it r o  
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criteri a  ( s e e  app endix 24 and 2 5 ) . 

Pi gden and Bell ( 1 9 55 ) found a good e stimate o f  organic 

mat ter  digest ion in viv o  c oul d be  obtained from the ferme ntation o f  

anthrone c arb ohy drate i n  v i tro ( s tandard eror o f  the e st imate o f  2 . 76 ) . 

With hays o f  separate origin and di f ferent quality , Asplun d  e t  al 

( 1 95 8 )  found a pooled  c orrelation c o e f fi c i e nt of 0 . 71 b e tw e e n  in vivo 

and in  v i tro D . M .  digestibility using minai ture art i fi c ial rumen.  Reid  

e t  al ( 1 959 ) reported a c orrelat ion  c o e f fi ci e nt of  0 . 9 8  b e tween in  vivo  

and  i n  vi tro D . M .  digestibility wi th Sy . x  of  3 . 6 .  

Walker ( 1 95 9 )  used  72 h ours o f  fermentation p eriod and 

cal c ulations o f  h i s  data shows a h i ghly signi ficant c orrelation 

c o e f fi c ient  and relatively small s tandard e rror of e st imate . C lark and 

Mott  ( 1 960 ) studi e d  1 1  forages  of known in vivo dige st ibili ty .  They 

rep o r t e d  that i n  v itro dige s tibility e stimates obtai n e d  during the 

spring were  s i gni ficantly c orrelat e d  ( r = . 77 )  w i th in v iv o  dat a .  

Howev e r , when the  original data were rec al culate d ,  the  c orrelatio n  

c o e f fi c i e n t  w a s  0 . 59 ,  n o t  greatly di fferent  from th e c orre lation 

c o e f fi c i e n t  of 0 . 49 they obtaine d during th e autumn . 

Ti l l ey , Deriaz and T erry ( 1 960 ) showed high e r  c o rrelation 

c oe f fi c i en t s  o f  0 . 99 and 0 . 98  t o  0 . 91 and 0 . 87 ,  and smaller standard 

error of estimates  of 1 . 96  and 2 . 0  t o  3 . 6  and 4 . 4  when they included 

pepsin dige s t i o n  stage following rumen liquor ferm e ntation  peri o d .  

T h e i r  further  results w i th 1 48 forages showed a standard error o f  

e s t imate o f  2 . 31 ( Tilley and Te rry , 1 963 ) . 

The digestibility o f  the organ i c  matter o f  1 2  dri e d  grass e s  

w a s  s tudied i n  v iv o  and i n  v itro by Armstrong , Alexande r and McGowan 

( 1 964 ) .  The c orrelation c o e f fi c ient  and deriv e d  r e gression  e quation 
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r elating percentage dige stibili ty o f  o rganic  matt e r  de t e rm i n e d  i n  v iv o  

w i th she ep fed a t  the mainte nan c e  lev e l  ( Y 1 ) t o  that de t e rmined  i n  

v i tro ( X ) were 0 . 986 and Y 1 
= 0 . 92X + 1 2 . 48 .  The c omparab l e  data for 

in vivo digestib i l i ty d e t e rmined when sheep  were fed t w i c e  the  

maintenanc e lev e l  ( Y
2 ) and in v i tro  di ges ti b i li ty were 0 . 989  and Y 2 = 

1 . 1 5X - 6 . 1 2 .  R e gression equat i ons o f  m e tab oli zab le  ( M . E . ) and net  

e nergi e s  for  main t e nan c e  ( N . E . ) and  produ c t i on ( N . E . f . ) on dige s t ib i l ­

i ty or  organic m a t t e r  det ermi n e d  in  v itro  a r e  a l s o  giv e n  i n  app e ndix 

24 . 

R e c en t  reports on relati onships b e tween  in v iv o  and i n  v i t ro 

diges tibil i ty are more promising ( Oh e t  al , 1 966 ; Y a t e s  and A l l de n ,  

1 966 ; and Drew , 1 966 ) exc ept that o f  W i lkins and Grime s  ( 1 966 ) and 

those  w i th ny lon ferm entation v es s e l  o f  Y a t e s  and Allden ( lac . c i t . ) . 

S tandard errors o f  e s t imate  o f  di ges tibility ( Sy . x ) hav e 

ranged from 1 . 0 t o  5 . 0  for the p r e di c t i on o f  in vivo dige s tibi l i ty from 

the most  in  v i t ro resul t s . As Raymond e t  al ( 1 960) h av e  pointed  out , 

sat i s fac tory r esults can only b e  obtained i f  di gestib i l i ty c o e f fi c i ents  

are  predi c t e d  w i th an  e rror of  2 . 5 uni t s  ( or l e s s )  and i t  has b e en the  

goal of  animal nutri tioni s t s  t o  d ev e lop a me thod wi th thi s  a c c uracy . 

Alth ough the c orrelation c oe f f i c i ents  may b e  h i gh ,  th e 

predic t ion equations deri v e d  from in  v ivo-in v it ro r e lationships may 

hav e  limit e d  value i f  the errors a r e  large . The in v itro  re sul t s  c an 

b e  no b e t t e r  than the in  v iv o  data upon which they are  base d .  B ecause 

of the val i di ty associat e d  with the in v iv o  measurement s , particularly 

v oluntary intake , c aution is n e e d e d  whe n  i n t e rpreting resul t s .  
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CHAPTER 6 .  MATERI ALS AND METHODS 

I nt ro du c t i on 

I n  v i t ro fermentation t e chniques for ob t ainin g  org�ni c  mat t e r  

dige s t i b i l i ty were  carri ed o u t  using the m e thod o f  Til l ey and Terry 

( 1 963 ) , as modi fied  by Al exander and McGowan ( 1 96 1 ) whe re c entri fuging 

was replac e d  by fil tration and organic mat ter  was use d inst ead of D . M .  

for digestib i l i ty calculat ions . 

6 . 1 . General description 

6 . 1 . 1 .  Preparation o f  s tandard grass sample 

Ab out 1 k g .  ( D . M .  b asis ) o f  l e a fy spring pasture grass 

( pe r e nnial ry e grass dominant ) was cut  with hand c lippers , dried  in a 

forc e d  draught oven at 65°C .  for 48 hours and ground to  pass a 2 . 0  

mm . sieve  using a Wiley mil l . Thi s  was then div i d e d  into two par t s  

a f t e r  thorough mixing and one part was a gain ground to  pass a 1 . 0 mm . 

siev e .  0 The s e  samples w e re s t ored at - 1 0  C .  until r equired . Th e 

l a t t e r  s amp l e s  were use d  throughout th e expe riment unle s s  otherwis e  

s t a t e d .  

6 . 1 . 2 .  We ighing out 

S amples ( 0 . 5 gm . ) o f  the s tandard grass were w e i gh e d  into 1 00 

m l . , glass b o t t l es ( di ame t er 5 c m . , h e i gh t  1 0  c m . , and diame t e r  o f  neck  

4 c m . ) with 6 to  10  repl i c a t e s  a c c ording t o  requirements . A t  the same 

t im e  tripli c at e  samp l e s  were  w e i gh e d  for mois ture and organic mat t e r  

c ontent . 
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C o l l e c tion of rumen l iquor 

The c o l le c t ion o f  rume n  l i quor from the c ows was s t andardis e d  

as  far as possib l e , i . e . , t ime , type o f  f e e d  and posi t i o n  o f  rumen .  

Rumen li quor was  strained through four  lay ers of  muslin i n t o  a plastic 

0 bottle  kept at 39 C .  immediate ly b e fore it was required  and further 

fil tered  through a p i e c e  o f  mus lin into a beaker i n  the l ab oratory . pH 

was measured and rec orded within 1 0  min . after  th e c o l l e c t i on o f  rumen 

liquor .  

6 . 1 . 4 .  First  stage fermentation 

Forty ml . of  arti fic ial  saliva ( McDouga l , 1 949 ) , gassed with 

C02 and the  pH adjusted to 6 . 90 to  7 . 00 by using normal sodium 

c arb onat e  solution ( N - Na2co3
) , was added to  all bot t l e s  inc luding 

b lanks , which contained only rumen liquor and art i fi c ial sal iva .  The 

b o t t l e s  and c ontents  were warmed in a water bath b e fore  the rumen 

inoculum was adde d . Ten ml . o f  rumen l i quor was adde d t o  all  b o t t l e s  

which were  gassed with co2 f o r  ab out 2 0  s e c onds and c l o s e d  with a 

rub b e r  bung fi t t e d  with a gas r e l e ase valv e  made on th e princ iple o f  

t h e  Bunse n  v alv e .  All  b o t t l e s  we re  incubat e d  i n  a thermostatical ly 

controll e d  wat e r  bath at 38 . 5°C .  + 0 0 . 5  c .  for 48 hours . 

During the fermentation period , the  b ot t l e s  w e re occasionally 

swi r l e d  ( 5- 6  t im e s ) and pH was m easured a f t e r  6 ,  1 2 ,  24 and 48 hour s , 

and i f  n e c essary adjusted  t o  pH 6 . 9  with N - Na2co3 solution.  The 

b o t t l e s  w e re again flushed  out w i th C02 b e fore ret urning them t o  the 

wat e r  b a t h .  I t  was found , howev e r , that adjusting the  pH was not  

nec e s sary w i th this· e xperiment and this procedure was  not  used  any 

further ( fi gure 7 . 3 ) . 
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6 . 1 . 5 .  S e c ond s tage fermentation 

At  the end of  first stage  fermentat ion , pH was l ow er e d  t o  1 . 2 

- 1 . 3 with 20% ( v/v ) H C l , and 5 ml . o f  aqueous p epsin was added t o  each 

b o t t l e  ( 0 . 03 gm . of 1 : 2 ,  500 pepsin ) . 

All  b o t t l e s  were  again flush e d  wi th co2 ,  mix e d  thorough ly , 

cap p e d  and returned to the wat e r  bath for a further 48 hours . Anaero-

bic c onditions were not n e c e ssary at this stage , howev e r , sat urat ion 

with co2 lessened  frothing.  Thi s  s e c ond stage digesti on was designe d 

t o  c omp l e t e  protein degradation . 

6 . 1 . 6 .  F i l t ration and final analysis 

At the end of  48 hours fermentation with pepsi n , approximately 

1 gm . o f  fi l t er-aid (Hy flo sup e r  c e ll ) was added to all  b o t t l e s  and 

the c ontents o f  the bot t l e s  were  fi l t ered  on to  glass fibr e  f i l t e r  

pap e r , using H o r t l ey 3-p i e c e  funnels . T h e  residue w a s  washed  four 

t im e s  with h o t  wat e r .  

The fi l t e r  pap ers with r e si dues  w e r e  dried  a t  1 00°C .  for 1 6  

h ours and we i gh e d  ( Wa) . Th ey were  then i gni t e d  at 550°C . for 4 hours 

i n  a mu f f l e  furnac e ,  and reweigh e d  ( Wb ) . The form e r  r ep r e s e n t s  dry 

w e i ght  o f  th e f i l t e r  pap e r , fi l t er-aid and grass sampl e  undi g e s t e d  

during t h e  i n  v itro fermentation a n d  the lat ter  represents  the weigh t  

o f  filter  pape r , filte r-aid and inorganic mat ter  o f  grass s ampl e  

undige s t ed , sinc e n o  weigh t  changes were obtained b e fore and a f t e r  

i gnition o f  fil t e r  pap e r  and fil t e r- ai d .  

The p erc entage dige s t i b i l i ty o f  the feed  organic mat t e r  i n  

v i tro was c al culated  by sub trac ting  the residual organic mat t e r  ( Wa 

Wb ) , less  the  b lank organic  mat t e r  from the feed o rganic m at t er and 

' ::_� . 4 1 - ' .. 
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expre ssing this as a perc entage o f  feed organic  mat t e r  as  follows : 

% di gestibility o f  O . M .  i n  in v i tro = 

O . M . in 0 .5 g sampl e ( ( Wa-Wb ) for sample - m e an o f  ( Wa -Wb ) for b lank ) 
O . M . in 0 . 5000 g sampl e  

6 . 2 .  Repeatab i l i ty t rial 

6 . 2 . 1 .  Inoculum taken from a grazing c ow on sev eral days 

For thi s experim ent a lac tating c ow with a rumen fistulae ( c ow 

N o .  48 ) was grazed on pasture alone wi th th e rest  of the h erd . Rumen 

l i quor was  c o l l e c t e d  at 9 : 00 a . m .  from the c ow whi ch had b een kept  i n  

the  yards s i n c e  the morning milking ( 6 : 00 a . m . ) .  Eigh t  to  t en repli-

cates of  s t an dard grass sampl es and two to  four repl i c a t e s  of  b lanks , 

a c c ording to  the wate r  bath c apac i ty ,  were  incubated  a c c ording to the 

m e thod prev i ously desc ribe d .  Four runs were made on four separa t e  days 

and resul t s  were  analys e d  to d e t e rmine the repeatab i l i ty o f  the me thod 

and day -to-day variation . 

6 . 2 . 2 . Inoculum t aken from a c ow fed hay on s ev e ral days 

S i n c e  no c on t ro l  on intake , time  o f  feeding , wat e r  intake and 

uni formi ty of diet  were  possib l e  w i th grazing animals ,  a fistulated dry 

c ow ( No .  1 20 )  was fed wi th medium qua l i ty hay ( hay B ,  s e e  Part I ) .  The 

c ow was f e d  hay for 1 0  days b e fore c o l l ec t i on o f  rumen l i qu o r .  Thi s  

c ow was taken from t h e  yard whe r e  hay was f e d  a d  lib . to  she d  at 6 : 00 

a . m .  and rumen liquor was coll e c t ed a t  9 : 00 a . m .  

S i x  t o  ten  repl i c a t e s  o f  s tandard grass with  four b lanks w e r e  

incubate d  i n  t h e  wat e r  bath for 5 s eparat e  runs o n  di f fe r e n t  day s .  The 

r e sults  were analys e d  t o  d e t e rmine the  repeatab ili ty of the m e th o d  and 

' '  
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day -to-day v ariati on . 

Compari son o f  sourc e o f  i noculum - ' gras s  inoc ulum ' vs ' hay 

inocul um� 
To e liminate any day - t o - day v ariation , t wo sourc e s  o f  inocula 

were  c ompare d within an e xperim e n t . Cow  48 and c o w  1 20 we re av ailab l e  

f o r  this s t udy .  Cow 48 was grazed  on pasture and cow 1 20 was fed  the 

hay descri b e d  previously . The two sou r c e s  of i no culum we re c ompare d  in 

t erms o f  in v i t ro organic mat t e r  digestibility o f  the standard grass . 

Th e design o f  this e xperiment was as foll ows : 

6 . 4 . 

S ourc e s  o f  rumen li quor ( 2 ) x standard gras s  sampl e  ( 6 )  

+ 2 x 4 b l anks = 20 b o t t l e s .  

C omparison o f  two c ows  as donors of  rumen l iquor 

Two fistulated  lac tat ing  c ows were av ailab l e  for thi s  study 

( c ows No . 4 8 , 4 5 ) . Both c ows were  grazed on  the  sam e  area as other 

mi lking cows t o  ensure that simi lar qual i ty of past ure was e at e n . 

Rumen l iquor was c o l l e c t e d  by fis tulae at  9 : 00 a . m .  from b o th c ows 

whi ch had b e e n  l e f t  in  the shed since  th e morning m i lki ng . The rumen 

liquors w e re c ompare d  by measuring fermentation losses using the  

standard grass  as  sub strat e .  Th e d esign o f  this experiment was as 

follow s : 

S ourc e s  o f  rume n  l i quor ( 2  c ows ) x s t andard grass 

sample ( 1 0 repli c a t e s ) + 2 c ows x 4 b lanks = 28 b o t tl e s .  

Time o f  rumen l iquor c o l l e c ti on i n  relation to time sinc e 

last  grazing 
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A fistulated  cow ( No .  48 ) was availab l e  for thi s  study . The 

c ow was b rought into the she d  at 8 : 00 a . m .  and the rumen li quor was 

c o l l e c t e d  at 1 0 : 00 a . m . , 2 : 00 p . m .  and 8 : 00 p . m . , i . e . , 2 ,  6 and 1 2  

hours a f t e r  grazing.  Four repl i c a t e s  of  the s t andard grass samp l e  w i th 

t ripl i c a t e  blanks were  inc luded in each t r eatment , i . e . , 

6 . 6 .  

6 . 6 . 1 . 

three treatments ( 3 )  x sub stra t e  ( 4  r eplicat es )  + 

three t reatments  ( 3 )  x 3 b lanks = 2 1  b ot t l e s . 

I n  vi tro dige stibility s t udi e s  with  hay A, B and C sampl e s  

Prepara tion o f  sampl es for in  v i tro study 

When each hay was chopp e d  and mixed on the c onc r e t e  floor for 

th e in v ivo di ge s t i b i l i ty trial ( se e  Part I ) , a b ulk sampl e  was taken 

from 80 d i f ferent points a f t e r  thorough mixing . The s e  b ulk samp l e s  

from e ach hay were  thoroughly mixe d agai n separat ely a n d  finally a sub ­

samp l e  o f  approxima t e ly 1 kg .  was taken from the 1 0  k g .  b ulk samp l e  

( herea fter  cal l e d  hay sample s ) . The h ay samples  were dri e d  a t  65 °C .  

for 1 6  hours and ground using the sam e  m e thod for preparation as the 

s tandard grass samp l e  ( se e  6 . 1 . 1 . ) .  

6 . 6 . 2 . Sourc e o f  inoc ulum 

The fistulat e d  cow ( N o .  48 ) was used  throughout this experi­

ment  as rumen l iquor donor animal .  Thi s  cow was gra z e d  o n  pasture . 

The pre liminary study ( 6 . 4 . ) showed that there was no sign i fican t  

di f ference on i n  v i t ro digestibility o f  the  standard grass  whe n  grass 

inoculum was c ompar e d  with hay inoculum and u sing grass inoculum was 

more c onvenient  i n  p rac t i c e  than using hay inoculum sinc e no indoor 
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feeding w a s  requi re d .  Rumen l iquor was colle c te d  2 hours aft e r  the c ow 

was b rough t  into  the she d ,  as no  si gni ficant di f ferenc e was obtained in  

v i t ro digestibility o f  the  sandard grass in  re lation t o  t ime  sinc e 

grazing ( 6 . 5 . ) . 

A l though pasture was r e s t ri c t e d  b e c ause o f  winter  shortage , 

no hay suppl ement was fed . 

L ength o f  second s tage ferme ntat ion period 

Thi s  experiment was d e s i gned to see whe ther  the s e c ond s tage 

of fermentat ion c ould b e  short e ne d .  

The expe rimental design was a s  follows : 

a )  F e rmen tation p eriods c ompare d :  

4 8  hrs ( 1 st stage ) + 48 hrs ( 2nd stage ) ( p epsin ) 

4 8  hrs 1 1 + 2 4  hrs 1 1 

b )  F e e d  samp l e s  used :  

Hay A ,  B ,  C ,  and the standard grass . 

c )  Repli c ation : 

Four repli cates  for each o f  the hay s  

Thr e e  replicate s  f o r  th e standard grass and blanks . 

6 . 6 . 4 .  Length o f  fi rst s tage fermentation 

The aim o f  this e xp e riment was t o  dete rm i n e  the e f fe c t  o f  

l ength o f  fermentat ion o n  o rgani c mat t e r  digestib i l i ty i n  v i t ro and i t s  

relation to  o rganic matt e r  digestibility i n  v iv o .  

The feed  sampl e s  u s e d  in thi s  e xp e riment were  h ay A ,  B ,  C and 

the s t andard grass . Sampl e s  were remov e d  from the first s tage of 

d i ge s t i on a f t e r  24 , 36 and 4 8  hours and t aken through the normal pepsin  



digestion for 48 hours ; they w e re allot t e d  a sampling order from a 

table  o f  random numb e rs ( Co c hran and Cox , 1 962 ) .  

The d e s i gn was as  follow s :  

a )  F e rmentation p eriods : 

24 hrs ( 1 st stage + 48  hrs  ( 2nd sta ge ) 

36 hrs 11 + 48  hrs 1 1  

4 8  hrs 1 1  + 48  hrs 1 1  

b )  F e e d  samples  used :  

Hay A ,  B ,  C ,  and the s t andard gra s s .  

c )  Replication : 

Trip l i c at e  for feed  sampl e s  

Dupli cate  for blank . 

Feed  samp les ( 4 ) x L e n gth o f  fermentation ( 3 ) x 
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Repli cations ( 3 )  + ( 3 )  x ( 2 )  b l anks = 42 b o t tl e s . 

Relationships b e tw e e n  i n  vivo and in v i tro O . M .  digestib i l i ty 

on di fferent l ength o f  fermentation were  analy s e d .  p H  was also  

measured a ft e r  24 , 36 and 48 h ours o f  first  stage f e rmentation . 

6 . 6 . 5 . Grinding 

Three  hays ( hay A ,  B ,  C )  w e re used  to  inv e s t i ga t e  the 

i n fluence  of fineness o f  grinding . The me thod used  for grinding i s  

d e scribed i n  s e c tion 6 . 6 . 1 . S ampl e s  ground to  pass through 2 . 0  and 1 . 0 

mm . siev e s  were  dige sted  i n  v i t ro . The 2 . 0  mm. o f  finen e s s  o f  

grinding c ompared was much c oarse r  than those  report e d  in  the l i t e ra­

ture . The c oarser sieve  was used  b ec ause  i t  was found whe n  using the 

finer siev e s  there was di f f i c u l ty i n  recovery o f  the  more fibrous 

p ortion of the samp le .  



The e xp erim ental d e s i gn was as follows : 

a )  Fine ne ss o f  grindin g :  

b )  H ay s : 

2 . 0  mm . and 1 . 0 mm . 

A ,  B and C .  

c )  Fermentat ion  p eriod : 

48 hrs ( 1 st stage ) + 48 hrs ( 2nd stage ) 

72 hrs " + 48 hrs " 

d )  Replication : 

Triplicate  for f e e d  samples 

Tripli cate  for b lank . 

F e e d  samples  ( 3 )  x fineness o f  grind ( 2 )  x fermentation 

p e riod ( 2 )  x repl i c at ions ( 3 )  + ( 2 )  x ( 3 )  for  blanks = 

42 b o t t l e s .  
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E s t imat e s  of  wi thin and among trial  variat i o n , together with 

first and s econd order i n t e rac t ions , were  mad e .  

6 . 6 . 6 .  I n  v i t ro dige s tibil i ty o f  h ays A ,  B ,  C ,  and mixed hays 

Five rep l i c a t e s  o f  each hay samp l e  and trip li c a t e s  o f  the 

standard grass and b lanks were  t e st e d  for w e i gh t  separate runs ( se e  

t ab l e  6 . 1 . )  

Tabl e  6 . 1 .  The d e s i gn o f  the experiment 6 . 7 . 

SUBSTRATES REPLICATES RUNS 

H ay A 5 8 
B 5 8 
c 5 8 

S t d .  grass 3 .8 
Blanks 3 8 

Mixed h ay 5 2 

. ,  



I n  v i t ro digestib i l i ty o f  mixe d hay was also d e t e rmined i n  

t w o  separat e runs using 5 repli c at e s .  
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The data were analy sed to obtain mean in v i tro d i ge stibility 

o f  each hay , and variations within  and b e tween trial s .  Th e figures 

were also a d j u s t e d  using the di g e s t i b i l i ty data of the s tandard grass 

to see i f  day-to-day variation c ould  b e  remov e d .  

Re gre ssion o f  O . M .  di ge s t i b i lity obtained w i t h  sheep o n  i n  

v i tro organi c ma tter  digestibil i ty were  also made . 

6 . 7 . R e l a t ionships b e tween c h emi c al c omponents and i n  v i tro O . M . 

diges tibility o f  fe e d  

All the feed samples s t udied  were chemically analyse d .  I n  

addi t i on , three  more spe c i e s  o f  ry e grass , i . e . , perennial ry e grass 

( Lolium perenne ) ,  I talian ry e grass ( L . multi florum ) and W e st e rn Wolths 

( Grasslands 4707 ) , were ob taine d from the Univ ersity farm and incub a t e d  

i n  v i t ro . Chemi cal  data o f  these  grass samples  were also  av ailab l e . 

The in v i t ro O . M .  digestibility of  the th ree  ry egrasses were 

de t e rmined using 4 repl i c a t e s  with the me thod desc rib e d  p rev i ously . 

Relati onships b e t w e e n  i n  vi tro di gestibil i ty and chemi cal  

components w ere analy sed  only u s i n g  c rude prot ein and  c rude fibre 

c on t e n t  of the hays and grass samp le s .  

.. � 



C HAPTER 7 .  RESULTS 

7 . 1 .  Repeatab i l i ty 

7 . 1 . 1 .  Inoc ulum from c ow gra zing pasture 

The mean in v i t ro O . M .  digestibility of  the standard grass , 

standard error o f  mean ( S . E . ) for b e tween replicates  within trials and 

S . E .  of mean for day - t o - day v ariation are summari zed in  t ab le 7 . 1 . a .  

Analysis  o f  v arianc e o f  the i n  v i tro O . M .  dige s t ib i l i ty data 

are presented  in app endix 9a . 

Despite the  fac t that day - to-day variation gav e a signi fi cant 

resul t at 1 �� lev el ,  the standard error of mean was only 0 . 75 , whe n  the 

vari a t i on was c a l c ula t e d  using the fol lowing equation ( S nedecor , 1 965 ) : 

varianc e  = 62 + k6a2 

where 62 
= 2 . 88 

_1_( N 
. 2  

1( 38 64 + 1 00 + 1 00 + 1 00 ) and k = g_) = 
3 r-1  N 3 

7 . 1 . 2 .  I noculum from c ow fed medium quality hay ( hay B )  

The mean i n  v i t ro O . M . digestibil i ty o f  the standard grass , 

s tandard error o f  mean for within and b e t w e en trials and c o e f fi c i en t  o f  

variation are summarized in  tab l e  7 . 1 . b .  

The mean i n  vitro O . M .  dige s t ib i l i ty of  the s tandard grass 

was slightly l ower  than that from grass i noculum . W i thin trial 

s tandard error o f  m ean and C . V .  were  all slightly smal le r , whi l e  day - t o  

- day variation  w a s  larger than that o f  the  prev ious expe rimen t . 

Analysis  o f  v ar iance showed  a highly sign i ficant day - to-day 

.. 

.. 



Tab l e  7 . 1 .  IN  V ITRO O . M . diges t i b i l i ty of the standard grass and 

within and b e tween  trial v ariab i l i ty 

WITHIN  TRI ALS BETWEEN TRIALS 

79  

MEAN O . M .  + 
C .  V . (% ) 

DIGESTIBILITY S . E . * c . v .  (% ) S . E .  

a ) grass i noc ulum 8o . o8 0 . 55  2 . 1 2  0 . 75 2 . 8  

b ) hay inoculum 79 - 76 0 . 45 1 . 44 1 . 30 4 . 0  

c ) pooled 79 . 93 0 . 53 1 . 8 5  0 . 97 3 . 4  

* S tandard error of mean 

+Coe f fi c i ent o f  v a riation 



v ariat ion  ( appendix 9b ) .  

Pooled results 

Analy sis  of v ariance  was made on  the c ombined data from the 

two e xp eriments on  di f ferenc e due t o  sourc e of inoculum , day - to - day 

variation and residual varianc e ( s ee  appendix 9 c ) .  The r e  was no 

si gni fi cant di f ferenc e on in v i t ro O . M . digestibility o f  the standard 

grass due to sourc e o f  i no c ul um but day -t o - day variation was hi ghly 

signi ficant at 1%  lev el  ( P � 0 . 01 ) 

The mean i n  vi tro O . M . di gest i b i li ty o f  the s tandard grass , 
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st andard error o f  mean ( S . E . ) and c o e f fi c i ent o f  vari a t i on are giv en in 

tab l e  7 . 1 . c .  

From these resul t s , day - t o- day variat ion appears to b e  larger 

than variat ion within a trial . 

7 . 2 . Comparison of sourc e of inoculum 

7 . 2 . 1 . Grass i noculum v s  hay inoculum 

S i n c e  signi ficant day - t o -day v ariations were ob s e rv ed ,  the  

two  sourc e s  of  inoculum were c ompared within a trial . 

The results showe d  tha t  there was no si gni ficant di f ferenc e  

due t o  di f f erent sourc es o f  inoculum ( see  appendix 1 0a ) . The means o f  

i n  v i tro O . M .  d i gestibility were 78 . 6% for hay inoculum and 79 . 07% for 

grass inoculum , summarized as follow s :  

MEAN O . M .  
DIGESTIBILITY INOCULUM 

grass 79 . 07 

hay 78 . 63 

S . E . 

0 . 30 

0 . 1 8  

c . v . 
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7 . 2 . 2 .  C ompari son o f  c ow di f fe renc e 

There were no signi ficant di f ferences b e tween cows  used  as  

sourc es of  ino c u l um ( see  app endix 1 0b ) . Howev e r , c ow 4 8  gav e more  

variation than c ow 45 . The results are  summari zed as follows : 

cows MEAN O . M .  
DIGESTIBILI TY (% ) S . E . c . v .  

c ow 48 8 0 . 33 6 . 1 2% 

cow 45 8 1 . 05 0 . 3 1 . 1% 

I n o c u lum c ol l e c t e d  a t  di f ferent times after  grazing 

Thr e e  di f ferent times o f  c o l l e c ting rumen l i quor were t e s t e d  

w i th s t andard grass a s  sub strata . The mean in  v i tro O . M .  digestib i l i ty 

o f  the standard grass for these three d i f ferent times were 79 . 08% , 

78 . 72% and 7 9 . 60% for 2 hours , 6 hours and 1 2  hours a fter  grazing and 

no si gni ficant  di f ferenc e was found b e tween them , though the 6 hours 

gav e the l owest  in  vi tro  digestibi lity ( appendix 1 0c ) . 

The residue in  rumen l iquor ( b lanks ) was signi ficantly 

re duc e d  from 2 hours t o  6 h ours and from 2 and 6 hours t o  1 2  hours 

( appendix 1 1 ) .  

Length o f  fermentation period 

C omparison of d i f ferent l e ngth s  o f  s e c ond stage ( peps i n )  

fermentation period ( 24 vs 4 8  hours ) 

The resul t s  are s ummariz e d  i n  table 7 . 2 .  

Although there was no s i gni ficant di f fe renc e b e tween  means o f  

two di f ferent length s  o f  fermentat ion p eriod , v ariations ( S . E .  a n d  C � ) 



. .  

•. 

Tab l e  7 . 2 .  C omparison o f  di f ferent lengths o f  s e c ond stage fermentation using four sub s trates 

HAYS 

S TAGE* I I I  

LENGTH+ 48 + 24 

Mean 64 . 1 3 Digestibility 

S . E . 0 . 40 

c . v .  ( % )  1 .  78 

Di f ferenc e 

A B c 

I I I  I I I  I I I  I I I  I I I  

4 8  + 4 8  48 + 24 48 + 48 48 + 24 48 + 48 

65 . 06 52 . 39 53 . 63 59 . 45 60 . 01 

0 . 22 0 . 71 0 . 43 0 . 42 0 . 36 

0 . 94 3 . 86 2 . 24 1 . 98 1 . 72 

N . S .  N . S .  N . S .  

* I  1 st s tage fermentation ( rumen liquor ) 

I I  2nd s tage fermentation ( p epsin ) 

+
F e rmentation period expressed in hours 

S TANDARD GRASS 

I I I  I I I  

4 8  + 24 48 + 48 

78 . 89 78 . 91 

0 . 47 0 . 25  

1 . 4 6  0 . 77 

N . S .  

00 1\) 



associated  w i th 24 hour p epsin digestion were grea t er i n  a l l  4 feed  

samples  than those of  48 hour  p epsin digestion  ( se e  tab l e  7 . 2 . , and 

appendix 1 2 ) , and in v i t ro O . M .  digestibilities  o f  the former  were 

s l i gh t ly l ower than those  with the lat ter  one . No di fferenc e was 

assoc iated  with c rude protein c onten t  of feed samples . 

C omparison of di f ferent lengths o f  firs t stage ( rumen liquor ) 

fermentation periods 

The in v i t ro dige s t i b i lity o f  hay A ,  B ,  C and s t andard grass 

inc reased  with increasing l ength o f  fermentation ( figure 7 . 1 . ) . W i thin 

any one  fermentation time  the digestibility of  th e s tandard grass was 

h i gher than the other three hay sub s trat es  and the proportion of O . M . 

dige sted  was great e r  with good qua l i ty feeds than with poorer feeds  

( fi gure 7 . 2 . ) .  

pH was lowered from ab out 7 . 0  a t  the beginning o f  the 

fermentation t o  ab out  6 . 7 5  a t  the end of the 4 8  hour ferm entation time 

( s e e  figure 7 . 3 . ) .  Analy sis o f  varianc e showed that changing o f  pH 

during the fermen t ation p eriod was hi ghly signi fi cant for feed sampl e s , 

i . e . , pH o f  standard grass was si gni ficantly l ower than the o ther three 

hay sampl e s  ( appendix 1 3 ) . 

Analysis  o f  varian c e  was made on fermentation time , di f ferent 

substrates and first orders interac t ion of fe rmentation time by  

s ubstrates ( appendix 1 4 ) . There were si gni ficant di f ferenc e s  i n  i n  

v i t r o  O . M . dige s t i b i l i ty o f  sub s t rates  d u e  t o  fermentation t im e , 

d i fferent feed samples  and the int erac tion  o f  the two , indic a t i ng that 

the rate o f  dige s t i o n  di f fered w i th di f ferent feed sampl e s  ( se e  f i gure 

7 . 2 . ) .  
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The r e gression o f  in  v iv o  O . M .  digestibili ty ( Y )  on  i n  v i tro 

O . M .  digestib i l i ty ( X )  are shown in  fi gure 7 . 4 .  Ev en a f t e r  2 4  h ours 

fermentation in v i tro , there was a fairly good c orrelation b e tw e en the 

two . Th e limi tation of only three points  are rec ognis e d  and the 

regression c o e f fi c i ent has to be almost  1 . 0 for i t  t o  b e  signi fican t .  

Al though all the c orrelation c o e f fi c i ents were signi f i c an t ly h i gh 

( P  � 0 . 05 for 24 hours and P � 0 . 01 for 3 6  and 48 hours ) ,  r e gre ssion 

c o e f fi c i ent was h i ghly signi ficant only for the values at the  4 8  hours 

f e rmentation p e riod ( appendix 1 5 ) . S tandard error o f  e stimate  ( Sy . x ) 

was smallest  w i th the values at the 4 8  h ours ( 0 . 53 )  and larg e s t  with 

values a t  the 2 4  hours ( 2 . 6 ) . Thi rty -six  hours ferme ntation w i th rumen 

liquor plus 48 hours p epsin di ge s t i o n  gav e the intermediate  value for 

the s tandard e rror of e s t imate ( 1 . 9 ) . 

7 . 4 .  Fineness o f  grinding ( 2  d i f ferent fineness o f  gri nding and 2 

di f ferent  l engths of ferm entati on period)  

Analy sis  o f  variance  of in v it r o  O . M .  diges t ib i l i t i e s  o f  

three  hays was carri e d  out on hay s , grindings , fermentation times and 

their  intera c t i ons ( appendix 1 6 ) . 

Th e maj or sourc es o f  variation were due t o  sub s t r a t e s  and to 

a lesser extent , t o  ferm e ntation t imes .  N o  signi fic an t  di f ferenc es  

were  found f o r  d i f ferent fineness of  grinding . 

A l l  the first  order int e rac t io ns were sign i fi c an t . Hays x 

F e rmentations ( P  � 0 . 01 ) and Grindings x Fermentations ( P  < 0 . 1 0 ) , 

exc ep t  the i n t e rac tion  o f  Hay s  by Grindings . There was no signi ficant 

s e c ond order i n terac t ions b e tween hay s , grindings and fermentation 

t imes . 
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Regressions o f  in  vivo O . M .  digestibility o n  i n  v itro  O . M .  

digestibility were made using the two grindings and 72  hours ( 1 st 

stage ) plus 48 hours ( 2nd stage ) fermentation period ( s ee  figure 7 . 5 . ) .  

R e gression analysis showed  none o f  the regressions were  si gni fic an t , 

although the c orrelat ion c o e ffi c i en t s  were high ly signi fi c ant ( appendix 

1 7 ) . 

7 . 5 .  I n  v i t ro O . M . digestibility o f  hay A ,  B, an d C using 48 hour 

rume n  liquor fermentation plus 4 8  hour pepsin dige s t i on 

The resul t s  o f  eigh t  s epara t e  t rials are summar i z e d  i n  

app endix 1 8 .  

Analysis  o f  varianc e o f  i n  v i tro O . M .  di gestibili ty o f  hay A ,  

B , and C show ed tha t there were s i gni ficant di fferen c e s  b e tw e en hay s  

a n d  days ( P  � 0 . 01 ) . The mean in  v i tro O . M .  digestib ility o f  t hree  

hay s  and v ariat ions are  giv en in  t ab l e  7 . 3 .  I n  vitro di ge s tib ilities  

of  3 hay s and  standard grass on di f ferent days are  illustra t e d  in  

fi gure 7 . 6 .  

Covarian c e  analysis  was made using the standard grass 

digestibility as  X ' s and thos e  o f  i ndiv idual hays as Y ' s t o  s e e  whe ther 

there was any trend o f  changing digestibility acc ording t o  the 

di gestib il i ty o f  stan dard grass ( appendix 1 9 ) . The re was a s i gni fic ant 

di f ferenc e b e tween hays but n o  s i gni fi cant di f feren c e  was found o f  

digestibility a c c o rding t o  th e digestib ility o f  standard gras s .  

H o w ev e r ,  whe n  O . M . i n  v i tro dige s t i b i l i t i e s  o f  the t e s t  hays were  

adjusted  by  the numbe r  o f  pre c e ntage uni ts that the  s t andard grass 

di gestibili ty di f fered from 79 . 83% , whic h  was assumed to be the in 

v i t ro O . M .  digestibility of the s tandard gras s , error mean square and 
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Tab l e  7 . 3 .  IN V ITRO O . M .  digestibility of hay A ,  B ,  and C and w i thin  

and b e tween trial variab i lity 

MEAN W I THI N TRIALS BETWEEN TRIALS 
HAYS DIGESTI B I L I TY C .  V .  c . v .  ( O . M . % ) S . E . (% ) S . E . (% ) 

Original 65 . 21 0 . 41 1 .  41  0 . 48 2 . 1 0  
A 

A d j u s t e d  65 . 54 0 . 31  1 . 1 0  0 . 39 1 .  67 

Original 53 . 1 1  0 . 57 2 . 43 0 . 48 2 . 58 
B 

A d j u s t e d  53 . 44 0 . 58 2 . 43 0 . 45 2 . 38 

O ri ginal 59 . 28 0 . 42 1 . 59 0 . 62 2 . 95 
c 

A d j us t e d  59 . 63 0 . 42 1 . 59 o .  61 2 . 88 

Original 0 . 25  0 . 53 0 . 94 4 . 47 
Pooled  

A d j u s t e d  0 . 46  1 . 72  0 . 63 2 . 97 
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day -t o - day v ariation were  decreased from the original data , exc e p t  

e rror mean square o f  p o o l e d  data ( s ee  app endix 1 7  and tab l e  7 . 3 . ) .  

9 3  

When regression  o f  i n  v i tro O . M .  dige s t ibility o f  indiv i dual 

hay on i n  v i tro dige s t i b i l i ty o f  the standard grass was made , s i gni fi­

cant regression was ob t ained only with hay B (P  < 0 . 05 ) . R e gressions 

are shown in figure 7 . 7 . , ( s e e  appendix 20 ) . 

The regres si on o f  i n  v ivo  O . M .  digestib ility o f  4 hays , hay 

A ,  B ,  C and mixed hay , on in v i t ro O . M . digestib ility is shown i n  

figure 7 . 8 .  Regression analys i s  show ed that r e gression c o e ffi c i en t  was 

h i ghly s i gni ficant ( appendix 2 1 ) and gav e a regression equation , Y = 

1 . 047X - 2 . 07 ( Sy . x ,  0 . 79 ) . 

7 . 6 .  Relat ionship b e tween  chemical c omponents and i n  v i t r o  o rgani c 

mat ter  dige s t i b i l i ty o f  hays and grasses 

7 . 6 . 1 . I n  v i tro O . M . dige s t i b i l i ty o f  three ryegrass s amples 

I n  v i tro O . M .  di ge stibil i ty o f  W e s t e rn Wolths , Paroa ( I talian 

ry egrass ) and Ruanui ( pe rennial ry egrass ) were 82 . 52 , 80 . 54 and 80 . 1 8 , 

resp e c t iv e ly .  The digestib i l i ty o f  W e s t e rn Wolths ( W . W . ) was si gni fi ­

c antly h i gher  ( P  � 0 . 01 ) than tho s e  o f  Paroa ( I t . ) and Ruanui ( P r . ) .  

There were  no signi ficant  di f ferenc es  b e t w de n  Paroa and Ruanui ry e grass 

( appendix 22 ) . 

7 . 6 . 2 .  Relati onship between  chemical c omponents and i n  v it r o  

digesti b i l i ty 

Chemical  c omposition and in  v i t ro O . M . dige s t i b i l i ty o f  hays 

and grasses  are presen t e d  i n  tab l e  7 . 4 .  
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Tab l e  7 . 4 .  Chemic al c ompo s i tion and i n  v i tro O . M . digestib i l i ty o f  hay 

and grass samp l e s .  

C RUDE CRUDE ETHER SOL . IN  V I TRO 
ASH N . F . E . DI GESTI • FEED PROTEIN FI BRE EXTRACT ( ;6 )  ( % )  CHOS BILITY ( % )  ( % )  ( :;'6 )  ( % )  ( O . ZVI .  % )  

H ay A 1 5 . 96 2 8 . 26  2 . 89 1 0 . 1 7  42 . 72 65 . 2 1 

Hay B 1 4 . 47 3 1 . 32 1 .  78 9 - 97  42 . 46 53 . 1 1  

H ay c 1 1 . 74 3 5 . 1 7 1 . 83 7 . 41 4 3 . 85 59 - 28  

Mixed h ay s 1 5 . 81 30 . 22 2 . 42 1 0 . 1 0  4 1 . 45 58 . 5 5  

S td .  grass 22 . 56 20 . 69  4 . 44 1 0 . 41 4 1 . 90 79 . 83 

W . N . 27 . 60 1 2 . 92 5 . 9 1 9 . 90 43 . 67 23 . 50 82 . 52 

P r .  28 . 80 1 5 . 30 5 . 6 1 9 . 1 2  4 3 . 1 3 1 8 . 00 80 . 54 

I t .  28 . 40 1 3 . 50 6 . 44 1 0 . 35 4 1 . 31 20 . 60 80 . 1 8  
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H i ghly signi fic ant c o rrelation c o e f fi c i ents  were  found 

b et w e e n  c rude p rotein c ontent  and in v i tro O . M .  digest i b i l i ty ( r  = 

0 . 9 1 , P < 0 . 0 1 ) and c rude fibre c ontent  and in  v i tro O . M .  diges tibility 

( r  = 0 . 94 ,  P < 0 . 01 ) .  

The regressions o f  in  v i tro O . M .  dige stibil i ty o f  hay and 

grass samples on  c rude protein  and c rude fibre c ontent were  analy sed 

for the b oth c ases , the s tandard error o f  estimates ( Sy . x ) were 5 . 3 7  

f o r  c rude prot e in and 5 . 1 5  for c rude  fibre conten t . 

When regression analy sis was made  hays and grasses s eparately , 

none o f  the c o rrelat i on c o e f fi c i ents  and regression c o e f fi c i ents  were 

s i gni fi cant ( app endix 23 ) . 
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CHAPTER 8 .  DISCUSSION 

9 9  

8 . 1 .  Repeatab i l i ty o f  in  v i tro method for e s t imat i ng dige s t ib i li ty 

I n  using the i n  v i t ro ferm en tation m e thod to estimate  forage 

quali ty , the results must be repea tab l e  both w i th i n  and b e tween 

e xp e riment s .  

The results obtaine d b o t h  within and b e tween determinations , 

using b oth hay and grass inoculum , i n  the p re sent  study were sat i s fac -

t o ry and are within th e ranges o f  those reported by other workers , such 

a s  Baum gardt e t  al ( 1 92 6 ) , Baumgardt and Oh ( 1 964 ) and Ti l l ey and Te rry 

( 1 963 ) , and are smal ler than th ose o f  Bowden and Church ( 1 96 2 a )  wh en 

s tandard dev iati ons are c ompared . 

N o  signi fi c ant di f ferenc es wi th di f ferent source o f  i noc ulum 

were found in  in v i t r o  O . M . digestibi l i ty and in  vitro  repeatab i l i ty o f  

the standard grass , desp i t e  the fac t  that di f fe renc es  hav e  b e e n  

repo rted . Yates  ( 1 964 ) , and Raymond and Terry ( 1 966 ) repo r t e d  that the 

in v i tro digest ibi l i t i e s  of feed samp les  they used with inoculum from 

animals fed poor qual i ty hay gav e considerab ly l ower in  v i t ro dig e s t i -

b i l i ti e s  w h e n  c ompared to those w i th g o o d  quali ty grass or hay 

i n o culum . The hay fed to the inoculum donor animal was the poorest  o f  

the three hay s  used i n  the present exp eriment , b ut was probably n o t  

p o o r  enough t o  a l t e r  dige s t i b i l i ty , since  i t s  c rude pro tein  content  was 

reasonably high ( s e e  tabl e  7 . 4 . ) .  

The quali ty o f  pasture v ari e s  as the s eason advan c e s , 

howev e r , during the three weeks o f  the e xp e riment with the c ow grazing 

under a w e ll c ontroll e d  pasture management sys t e m ,  the change o f  

p a s t ure quality migh t  not  have vari e d  t o  any great e x t ent o r  e l s e  

• l 
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p ossible changes did not hav e  any great e f fe c t  on the mi c robial 

p o pulation o f  the donor animal . 

1 00 

Thi s  c o n firm s  the results o f  Drew ( 1 96 6 )  who reported  that 

grass inoc u l um from c ow s  grazed on pas ture resul t e d  i n  a smaller day-to  

- day variation and slightly b e t t e r  in v i tro dige s tib i l i t i e s  of  two 

s tandard f e e d  samples  than those  with inoc ulum from hay f e d  animals . 

U sing animals grazing on pas ture as rumen liquor donor animal 

is more c onv eni e nt than animals fed indoors for l ong p eri o d s , particu­

l arly where  th e amount of feed ( hay ) and lab our are l imi t e d . Howev e r , 

d i f ferenc e s  may o c c u r  ov er  a period  o f  time whe r e  mark ed changes 

occurring in th e s tage of matu r i ty of the pasture s  in in v i t ro 

digestibili ty . 

Day -to-day varia t ion o f  in v i tro O . M . dige s t i b i l i ty o f  the 

s tandard grass was greater than th e v ariation wi thin trials  and 

analy sis o f  variance  showed that d i f ferenc e s  in dige s t ib i l i ty b e tween 

day s were signi ficant ( grass inoc ulum , P � 0 . 1 0 ;  hay inoc ulum , P< 

0 . 01 ) . Thi s  result agre es with that  o f  most  workers ( Bowden and 

Church , 1 962a ; Baumgardt et al , 1 962b ; Ya te s , 1 964 ; T i lley and 

Terry , 1 963 ) but disagrees wi th those of Baumgardt and Oh ( 1 964 ) wh o 

reporte d  tha t  day -t o -day variation was sligh t ly smaller  than within 

trial variation . No  clear reason for this  day -to-day v ariation c an be  

giv en.  Possible  e f fe c ts migh t  have b een through a change in the  

microbial population caused by  change of  qual i ty and quan t i ty o f  feed  

and intak e  o f  water , part icularly w i th grazing animal . N o  explanation 

c an b e  o ffered for the smaller day -t o - day v ariation w i th grass  inoculum 

than with hay inoculum in in v i tro O . M .  digestibil i ty o f  the s tandard 

grass .  



The c ause  o f  v ariation within exp eriments  i s  dif ficult  to  

e xplain.  Possible  explanat ions include  sampling o f  substra te s ,  
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ac c uracy o f  weighing , and l oss  o f  some feed  parti c l es during the C02 

flushing and filtering proc edures . Another p o s s ib l e  reason may b e  that , 

a l though no great variat ion was found among b lank replicat e s  within 

t ri al s ,  th e amount of rumen l i quor residue c ontributed to fermentation 
�at 

b o t tles  might� hav e b een exactly the same and the amount o f  b lank 

r e sidue would change i f  a feed sampl e  had b een added . Loss o f  activi ty 

i n  th e inoc ulum during the time required t o  c arry out the inoculation 

appears t o  b e  a further possibl e  fac tor likely t o  c ause wi thin trial 

v ariati on .  

8 . 2 . C omparison of sourc e o f  inoculum 

8 . 2 . 1 .  G rass inoculum v s  hay inoc ulum 

There is  a lack o f  agreement b e tw e en workers as to the e f f e c t  

o f  type o f  f e e d  o n  rumen inoc ulum . As B e z eau ( 1 96 5 )  has shown , i no cula 

from c ow s  fed lucerne hay s gav e higher in v i tro cellulose  dige s tib i l i ty 

o f  forage subs t rat e s  than those from gras s  hay s .  The luc e rne hays were 

b e t ter  quality feeds in t e rm s  o f  protein c ontent but  no reason was 

giv en a s  t o  whe ther th e sup erior i n  vi tro c el lu lose dige s ti on was 

b e c ause o f  higher ni t rogen c on t en t  o r  b e c ause of other fac tors whi ch 

were l e s s  easily explained.  

The import anc e of  nitrogen l ev e l  in feed fed t o  donor animal 

is  well demonstra t e d  by  Raymond and Terry ( 1 966 ) who c ompared i n  v itro 

digest i b i l i t i es of  sweet  grass of  low nitrogen content ( 0 . 7%N ) and S24 

rye grass of high protein c on t en t  ( 4 . 1%N ) , using rumen inocula t ak e n  
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from a sh eep  f e d  either  hay ( 1 . 5%N ) or  s t raw ( 0 . 5%N ) . Th e furth e r  

e f fe c t  o f  adding 6 m g .  o f  N as urea t o  each fermentat ion tub e  w a s  also 

t e s t e d .  W i th b o th grasses t h e  i n  v itro D . M .  digestib i li ty measured 

with the hay i noculum was similar t o  that found in v iv o :  i t  was not 

increased by th e addition of urea . With the s t raw inoc ulum the 

dige s t ib il i ty o f  both gra s s e s  was depre ssed but was increased  t o  the in 

vivo level with the addi tion of 6 mg .  urea . 

The e ffect  o f  s ourc e o f  inoculum whe ther the  donor animal was 

grazed or fed h ay has shown no  s i gni fic an t  di f ferenc e in i n  v i t ro O . M . 

digestibility o f  the standard gras s .  The hay fed t o  the rumen liquor 

donor animal , as has  been  explained in the prev i ous s ec t i on , was  the 

lowe s t  quality among the three hay s  in terms of O . M .  di gestibility in 

v iv o .  Howev e r , the hay had reasonably hi gh c rude protein  ( 2 . 3%N ) , 

whi ch migh t  have supplied adequate N source . Furthe rmo re , the c rude 

pro t ei n  c ontent of the s tandard grass used as a sub s t ra t e  was c onsider­

ably high ( 3 . 3%N )  and these  c ombined e ff e c t  probab ly di d not have any 

insu f fi c i ent ni trogen sourc e t o  b e  required by rumen mi c ro-organism s .  

The reason is  n o t  c l ear that whe ther  sligh t ly h i gher  i n  v i tro 

O . M . digestibi lity o f  the s t andard grass with grass inoculum was 

b e c ause  of  h i gher c ontent of  c rude protein o f  pasture or  becaus e o f  

exp erimental e rror , sinc e no measurement o f  c rude protein  c ont ent o f  

pasture gra z e d  by c ow was made . 

8 . 2 . 2 .  Comparison of c ow d i f ferenc e 

The results  o f  the  p re sent exp eriment gav e no  s i gni fi c an t  

d i f f e rence  i n  the in v i tro  O . M . digestibility o f  t h e  s tandard grass , 

when inocula from 2 cows  graze d  on the same pasture were c ompared .  
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Thi s agree s  with results o f  s ev eral other workers , e . g . , Van Dyn e  and 

W e i r  ( 1 964a ) , B aumgardt and Oh ( 1 964 ) , and Drew ( 1 966 ) , who report e d  

l i t t l e  di fferenc e s  b etween  animals w i thin spe c i e s  on t h e  same di e t .  

Furthermore , v arious workers repor t e d  only a ne gligib l e  di f fe r e n c e  

b e t w e en sheep  and c a t t l e . Thus L e  Fevre and Kamstra ( 1 960 ) concluded 

that sh eep and cattle  c ould s e rv e  inte rchangeably as sour c e s  o f  

inoculum i f  t h e  rations were s imi lar . I n  c ontras t t o  t h e s e  repor ts , 

Y a t e s  ( 1 964 ) report ed a signi fican t  di f fe renc e in the in v i tro  D . M .  

diges tib ility with inocula taken from two sheep fed on the  same diet . 

H oweve r , i t  was not c l ear whe ther this  di f ferenc e was caused  by  

di f ferent sourc e s  o f  inoculum or due t o  the method of  c o l l e c ting rume n  

li quor sinc e i t  was col l ec t e d  v i a  a s t omach tube and i t  migh t  b e  

possible  that rumen liquor was not coll e c t e d  from t h e  same p o s i tion o f  

t h e  rumen o r  was contamina t e d  b y  large amounts o f  saliva . 

8 . 2 . 3 .  I no c ul um c o l l e c t e d  at  di fferent  t imes a ft e r  grazing 

I t  i s  di f ficult  t o  s tandardi z e  or control the  b eh av i our o f  

grazing animals ,  particularly wi th t h e  amoun t o f  wat e r  and f e e d  eaten . 

W i th the s e  l imitations in mind , the  present  experiment was c arri e d  out 

t o  observ e  whether vary ing the  t im e  of  c o l l e c t ion of  rumen l i quor would 

a f fec t the r e sults  of  in vitro di gestibili ty . Although t h e  dige s t i b i l ­

i ty o f  the s t andard grass with inoculum c o l l e c t e d  6 hours a f t e r  grazing 

was sligh t ly l ower than those with i nocula collec t e d  2 and 1 2  hours 

a ft er grazing , the di f ferenc e s  w e re not signi fican t . Drew ( 1 966)  also 

found no s i gni ficant di fference  b e tween the in vitro dige s tibili t i e s  o f  

h i s  s tandard f e ed sampl e s  with rumen inoculum c oll e c t e d  at  di f ferent  

t imes a ft e r  f e e ding. H owev e r , the i n  v i tro dige s t i b i l i ty w i th inoculum 
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c ol l e c t e d  a f t e r  a 1 5  hour fas t  gav e the low e s t  digestibil ity . 

The in v i tro D . M . digestib i l i ty figures o f  Y a t e s  ( 1 9 64 ) are 

lower than those o f  other workers such a s  Tilley and Terry ( 1 963 ) , Drew 

( 1 966 ) and Oh  e t  al ( 1 966) . A possible reason was that the digestive  

power of  the inoc ula used  by Yates  ( loc . c i t . ) was  weak sinc e the 

inocul a  were c ol l e c t e d  a ft e r  th e donor animals  had been starv e d for 4 8  

hours . The delay in c ol l e c t i on o f  inoc ulum s e ems hard to  j u s t i fy , as 

also sugge s t e d  by Ti lley and Terry ( 1 963 ) . 

Th e amount s  o f  undige s t e d  partic l e s  in the rumen l iquor were 

s i gni fi can t ly redu c e d  from 2 hours to  6 hours and from 6 hours to  1 2  

hours a f t e r  grazing . Rumen liquor c ol l e c t e d  at 1 2  hours a ft e r  grazing 

was  easier to handle in the lab o ratory b e c ause  o f  its  l ower rumen 

r esidue c on t ent . 

L e ngth o f  f e rmentation period 

C omparison of di f ferent lengths of s e c ond s tage (pepsin ) 

f e rmentation period 

I n  1 956 the  Assoc iation of O ffic ial Agricul tural Chemi s t s  

( ADAC ) s e t  u p  a collab orative  s tudy t o  inv e s tigate pepsin dige s t i b i l i ty 

o f  proteins  as an index t o  prot ein quali ty , the l ength o f  fermentation 

t ime rec ommended was a duration of 1 6  hours . Drew ( 1 96 6 )  u s e d  2 4  hours 

for the s e c ond s tage fermentati on period replacing the 48 h ours 

originat e d  b y  Tilley e t  al ( 1 960 ) . 

When 48 hours and 24 hours o f  pepsin dige s t i on f o ll owing the 

4 8  hours rumen liquor digestion were c ompared i n  the present  s tudy , no 

signi ficant di f ferenc e was found b e tween  means o f  the two l engths o f  



f e rmentat i o n  period.  H owev e r , variati ons ( S . E .  and C . V . ) associated  

w i th 24 hour pepsin digestion w e re greater  in all four  fe e ds tested  

than 48 hours  pepsin digestion . 
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Drew ( 1 966 ) i s  the only worke r who has shortened  the  s e c ond 

s t age f ermentation  p e riod of 4 8  hours to 24 hours . H e  sugg e s t e d  th e 

u s e  o f  a fermentation period o f  72 hours with rumen liquor and 24 -hour 

p epsin dige s tion . Howev er ,  his  r e s u l t s  show that 48 hours w i th rumen 

l i quor followed by 48 hours pepsin digestion has a small e r  s tandard 

e rror of e stimates  than tha t o f  the former one . 

C omparisons of d i f fe r e n t  lengths o f  first stage f e rmentation 

period 

Various workers hav e s ta t e d  that the  in v i t ro digestib ility 

o f  D . M . or c e llulose i nc reases w i th longer fermentati o n  p e ri ods . The 

i mportant point  i s  raised , then , as  t o  what is  the opt imum l ength o f  

t h e  fermentation period whi ch p r e d i c t s  i n  v iv o  digestib i l i ty with a 

small standard e rror o f  estimates? A fermentation p e ri o d  o f  1 2  hours 

was c onsidered  su ffi c i ent to predi c t  nutritive value indi c e s  by J ohnson 

et al ( 1 96 2 ) , and Donefer , Cramp t o n  and Lloyd ( 1 960 ) , whi l e  other 

worke rs pre ferred a l onger period , such as 24 hours ( Baumgardt and Oh , 

1 964 ; H er shb erger e t  al , 1 959 ) , and 72 hours ( Walke r , 1 95 9 ; Drew , 

1 966) . M o s t  workers who hav e  u s e d  the Hurley method hav e used  4 8  hours 

as  the stan dard ferm entati on p e r i o d .  

When t h e  results o f  the p r e s e n t  s tudy o n  the  e ff e c t  o f  

d i f ferent first  stage fermentation  periods were analys e d , t h e  48 hours 

fermenta t i on p eriod gav e the small e s t  variation b e tw e en replicates  

within trials  and  the lowes t  s tandard error of  e st imat e  of  regression 
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o f  i n  v iv o  O . M . dige s t i b i l i ty o n  i n  v i tro  O . M .  dige s t i b i l i ty o f  three 

hays , A ,  B and C .  Thi s  fac t  c o n fi rm s  the earlier reports  by Baumgardt 

and Oh ( 1 964 ) who reported that 48 hour ferme ntation gav e the smallest  

varianc e when i t  was c ompared w i th 1 8  hours , 24 hours , and  3 6  hours 

fermentation  pe riods , and also c on fi rm s  the results o f  Y a t e s  ( 1 96 4 )  who 

report ed that 48 hours with rume n  liquor and 48 hours w i th p epsin 

di ges tion  gav e the best regression equation w i th smal l e r  s tandard error 

than those o f  shorter than 48 hours fe rmentation peri o d .  S i m i lar 

results were reported by Bowden and Church ( 1 962a ) . 

A n  interesting point  rai s e d  i n  th e present experiment  i s  that 

th ere was a s i gni fi c ant  c orrelati on b e tween in v ivo  and in v i t ro O . M . 

d i gest i b i l i ty at the 2 4  hour fermentation , although the hays by 

fe rmenta t i o n  period i n t erac tion  was s i gni f i cant . 

The rat e o f  O . M .  loss at di fferent  fermentation p e ri ods i s  

also  o f  some i n t e re s t . The rat e o f  O . M . l o s s e s  o f  goo d  qual i ty f e e ds , 

i . e . , hay A and s tandard grass were  h i gh e r  than poorer ones  ( hay B and 

C ) , as e xpe c t ed , but the O . M .  loss  o f  the poorest hay ( hay B )  was 

s l i ghtly h i gh er than medium hay ( hay C ) . The reason for thi s is not  

known . 

Wh e n  the  in  v i tro fermentation p e riod was extended from 48 

h ours t o  72  h ours , all i n  v i tro  O . M . digestib i l i ty o f  the three h ays 

( A ,  B ,  C )  were  greater than the  a c t ual i n  v iv o  figures . Thi s  is  a 

surprising result whe n  c ompared t o  those  o f  Yates  ( 1 964 ) and Drew 

( 1 966 ) , who reported that even a ft e r  96 hours ( Yates , lac . c it . ) and 72 

h ours ( Drew , lac . c i t . ) ,  th e i n  v i tr o  digestib i li ti e s  o f  f e e ds were  

l e s s  than the i r  i n  � iv o  digestib i li ty figures . Tilley and  T erry 

( 1 963 ) , howev e r ,  showe d  that th e in v i tro digestibi li ties o f  their  



f e e ds were  alm o s t  ident i c al after  4 8  hours f e rmenta t i on p e ri o d .  

8 . 4 .  Fineness  o f  gri nding 
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The di f ferent degrees o f  grinding ,  i . e . , 1 . 0 mm . and 2 . 0  

mm . had no e f f e c t  on i n  v i tro O . M . digest ibility with the hay samples  

u s e d  in  this  e xp e riment . 

One o f  the reasons may b e  b e c ause o f  the grinding m e thod used 

i n  this  expe rim e nt . As has b e e n  sugge sted  by Tilley and Terry ( 1 963 ) 

grinding i s  depe ndent not only on the type o f  mill  and m i l l  s i ev e  used  

but a l s o  on the mois ture c ontent of  the  sample  at the  time of  grinding . 

All  the  feed sampl e s  used  in  this experiment might hav e b e e n  finer than 

th ey should be s i n c e  th e grinding p r o c e dure was carri e d  out imme diately 

a ft e r  drying . 

Anothe r  possib l e  reason i s  that the fermen tation p e riods used 

were  c omparativ e ly longer than those used  by most work ers such as 24 

hours by Baumgardt  and Oh ( 1 964 ) and 36 and 48 hours b y  Dehority and 

J ohns on ( 1 961 ) ,  since  48 hours and 72  hours of the fi r s t  stage f e rmen­

tation followed by 48 hours p epsin dige s t ion period were emp l oye d . A 

third r eason may b e  relat e d  t o  qual i ty o f  fe eds used.  Mi nson ( pe r s .  

c omm . ) found no signi ficant di f fe renc e d u e  t o  fineness o f  gri ndi n g  when 

using b e tter  qua l i ty hay ( O . M . dige s ti b i li ty > 50% ) y e t  obtained 

s i gni f i c ant  di f fe r e n c e s  i n  in  v i tro O . M . digestibility due t o  this 

c ause  w i th lower quali ty hay ( O . M . digestitility � 40% ) . Hay s  u s e d  i n  

t h i s  exp eriment ( O . M . digestibility  ) 53% ) show e d  n o  s i gni ficant 

di f fe r e n c e s  due t o  finene s s  of grinding.  I t  seems p o s sible  that these 

hay s  a r e  o f  qual i ty h i gh enough not t o  show the se e f fe c ts .  
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I n  v i tro O . M .  dige s t i b i l i ty o f  hay A ,  B ,  and C and relation­

ship b e t w e e n  i n  v i tro and in v ivo digesti b i l i ty 

Wi thin and b e tw e e n  trial variab i l i ty of  i n  v i tro O . M .  

digestib i l i ty 

Bowden and Church ( 1 962a ) , Baumgardt et al ( 1 962b ) and 

Baumgardt and Oh ( 1 964 ) present e d  e st imates of within and among t rial 

variab i l ity  and Barnes ( 1 965 ) summari zed other within and be tween trial 

v ariab i l ity  e s t imates app earing i n  the l i terature . Th e s e  v alues are o f  

the same magni tude as  those i n  this exp eriment . 

The s tandard grass was inc luded in  each in  v i t ro trial i n  

order to  adjust  the diges tibility e s timat e s  o f  the other hay s  in an 

a t t emp t to reduc e day - t o-day vari a t i on due to inoculum d i f ferenc es . I t  

app ears that such a n  adjustment was not n e c e ssary i n  the p resent 

experiment , since c ov ariance analy sis , using di gest i b i l i ty o f  the 

standard grass as the independent v ariab l e  and that of indivi dual h ay s  

a s  the dep endent variable , showed n o  signi ficant trend o f  dige stib i l i ty 

o f  the hays acc ordin g  to that o f  the standard grass . Thi s  result 

c on firm s  the  report by  Baumgardt and Oh ( 1 964 ) and di sagre e s  with the i r  

earl i e r  report ( Baumgardt e t  al , 1 962b ) and th e report by Tilley and 

T erry ( 1 963 ) , who sugges t e d  the importanc e o f  the inclusion o f  a 

c ontrol f e e d .  

R elat ionship b etween  i n  v i tro and in  v ivo dige s t i b i l i ty 

R e lationsh i p  b e tween  i n  v i tro ( c e l lulose , D . M . or  O . M . 

diges t i b i l i ty ) and i n  vivo  digesti b i l i ty appearing i n  l i t e rature are 

summar i z e d  in  appendix 24 and 2 5 .  C onsi de ring only t h e  results  
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ob t a i n e d  w i th the  Hurley m e thod , r e gression c oe f fici e n t s  vary from 

0 . 641  ( Yate s ,  1 964 ) to 1 . 1 5  ( A rms trong et  al , 1 964 ) and s tandard errors 

of e s t imates  v ary from 0 . 74 ( Drew , 1 966 ) to  8 . 44 ( Y a t e s  and Allden , 

1 966 ) . Whe n  the  results report e d  by Yates  and Allden  ( loc . c i t . ) are 

exc lud e d , the h i ghest standard error of e s t imate is  2 . 96 ( Oh e t  al , 

1 96 6 ) . 

The regression c o e ffic i ent and the standard e rror o f  e s timate 

o f  present  exp e riment were 1 . 04 7 and 0 . 79 resp e c t iv e ly . 

Th e regression c oe f fi c i en t  almost fits  th e line  expressed by 

Y = X and the s tandard e rror o f  e stimate is  small c ompared w i th that o f  

oth e r  w orkers . Main disadv antage s o f  the recent  study are that only 4 

points  ( 4  hay s ) were included and the range o f  O . M . digestibility o f  

hay s use d was c omparativ e ly small ( 54 t o  66% ) . I t  i s , howev e r ,  safe  to  

say that 48 hours with rume n  l i quor and 48 hours w i t h  p ep sin i n  v it ro 

digestion  gav e a highly ac curat e predict ion o f  in  v iv o  O . M . di gestibil­

ity  of  th e four  hays used  in  this e xpe riment . 

8 . 6 . R e l a t ionship b e tween chemi cal c omponents and in  v i tro O . M .  

dige s t ibility o f  hays and grasses 

The magni tude of  the c o rrelation o f  i n  v i t ro O . M . dige s ti b i l ­

i ty w i th the c rude prote i n  and th e c rude fibre c ont e n t  o f  t h e  grasses 

and hays ind i c at e s  that chemi cal c ontent  of  forages may be  a good 

indicator of  t h e  di gestibi l i ty of  forage s . Howev er , as  was shown i n  

thi s  experiment , the standard errors o f  estimate w e r e  too  large ( 5 . 37 

and 5 . 1 5 )  for the equation to b e  used  in prac t i c e  for  a c c urat e  

predic t ions .  Moreov e r ,  whe n  regressions o f  i n  v i tro dige s t i b i l i ty on 

c h em i c al c ompo s i tions were  made s eparately , i . e . , 4 h a� and 4 grasse s , 



there w e r e  no signi ficant  c orrela t i o n  c o e f fi c i ents  or s i gn i ficant  

regression c o e f fi c ients . 

Bowden and Church ( 1 962b ) found a s i gni fi c ant  c o rrelation 

c o e f fi c i en t  o f  0 . 68 when i n  v i tro D . M . digestibility and with c rude 

protein c ontent  were analysed , howev er , they found no c orrelation 

b e tween  i n  v i tro D . M . digestib i l i ty and c rude fibre c on t e n t  of  tall 

fescue u s e d  i n  the i r  experiment . 
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The dig e s t ibil i ty o f  hay B was the lowest among the hays used 

in the p r e s e n t  exp e riment , although the c rude p ro t e i n  and the c rude 

fibre c ont ent were b e tween hay A and C and its appeara n c e  was b e t t e r  

than hay C .  

The reasons for this are not c lear but i t  migh t  hav e been  due 

the mat uri ty o f  hay B c ompared w i th the other two hays or t o  the 

c hangin g  of quality  during the s torage as noted by L e  Fevre  and Kamstra 

( 1 960 ) and C lark and Matt ( 1 960 ) , s inc e hay B had a l o nger s t orage 

period than the o ther two h ay s  and pocke t s  of mold were  found during 

the choppi ng pro c e dure . H ay B a l s o  largely c onsi sted  of c ocksfoot 

whereas the  o ther two hay s c onsis t e d  mainly of ryegrass and whi t e  

c lov e r  f o r  hay A or rye grass for h ay c .  The lower dige s t i b i l i ty 

c o e f fi c i ent  o f  c ocks foot whe n  c ompared to  rye grass at th e same s t ag e  o f  

maturi t y  was reported by Trib e , Freer  and Comb e ( 1 963 ) . 
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CHAPTER 9 .  GENERAL DISCUSSION AND C ONCLUSIONS 

Digestibility is now rec ogni s e d  as the main d e t erminant o f  

nutri tive  value ( Armstrong e t  al , 1 964 ) and the net ene rgy o f  a herbage 

ration c an be predi c t e d  with considerab l e  precision from the diges t i ­

b i l i ty c o e f f i c i ent . 

I n  c o ntrast t o  net  ene rgy , wh ich must b e  d e t e rmined in 

c omplicated  animal calorime t ers , the digestib i lity of a f e e d  c an b e  

d e t ermined i n  a relat i v e ly simple  experiment in  whi ch the w e i ghts  o f  

f e e d  eaten and fae c e s  excreted  are measured ov er a period o f  7 t o  1 4  

day s .  Sheep are generally used i n  di gestibility trial s , for their 

digestive e f fi c i e nc i e s  are similar to  those of cat t l e  whi l e  their  feed 

re quirements are smal ler  and th eir  handling easie r .  

T o  measure the dige stib i l i t i e s  o f  a l l  herbage feeds  with 

a nimals would be quit e  imprac t i c ab l e , s o  laboratory me thods hav e  b een 

s ought  and i nv e st iga t e d . The dev e lopment  o f  reliab l e  l ab orat ory 

me thods for e s t imating forage qua l i ty i s  one o f  the most chal lenging 

prob l ems in  a gricul tural research today . The use o f  in  v i tro rumen  

f e rmentation t e chni ques for d e t e rmining the  digest ibi l i ty has  adv anc e d  

sinc e Marston  ( 1 948 ) . 

Whi l e  the most  e ff e c t i v e  in  v i tro sy stems hav e giv e n  c lose 

agreement for c ellulose  dige s t ib i l i ty values determi n e d  in v ivo , the 

D . M . and O . M . d i ges t i b il i ty hav e  b een much lower in  general than the in 

vivo values , particu l arly with grass e s  and l e gumes of h i gh n i trogen 

c on t en t . A two stage fermentati o n  t echnique , i . e . , di ges t i o n  with 

p epsin fol lowing the f e rmentation w i th rume n  l i quor has b e e n  ext ens­

i v e ly used b y  many workers sinc e 1 960 t o  ov ercome thi s  prob l em .  
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The use  o f  a fi lter  a i d  and fibre -glass fil t e r  paper c apabl e  

o f  withs tanding i gni t ion , and t h e  de t e rmination o f  indi g e s t i b l e  O . M . b y  

l o s s  on igni tion  o f  residue h a s  t h e  advantage that the f i l t e r  aid  n e e d  

n o t  b e  c ri t i cally m easure d .  

Minson e t  a l  ( 1 964 ) p o i n t  o u t  t h e  superiority o f  the  digest­

ible  c o e ffic ient of  O . M .  as a param e t e r  i n  makin g  comparison of  f e e ding 

value o f  forages ov er b oth th e " D" valu e , i . e . , the p e r c e ntage digest­

i b l e  O . M . i n  the D . M . , and the d i gesti b i l i ty o f  D . M . , i n  that  the 

dige s t i b le D . M . i s  independent of  ash c ontent which may well b e  

i rrelev ant t o  the c omparisons b ei ng mad e . 

The p r e c i si on or reproduc i b i l i ty o f  the in v i tro m e thod i s  

one o f  i t s  grea t e s t  p roblems , and a standard fo rage i s  o ft en employ e d  

i n  a n  a t t empt t o  measure some o f  the variab i l i ty .  Many possible  

fac t ors which may a ff e c t  the in v i tro fermentati o n  hav e been  dis c ussed  

by many workers and  some  are  di s c us s e d  i n  this  thesi s .  

One o f  the grea t e s t  det erents t o  the ac curacy  o f  th e i n  v i t ro 

methods i s  large v ariabili ty inherent with  the i n  v iv o  measureme n t s , 

upon which the i n  v i tro resul ts must b e  bas e d .  The di f ferenc e ari s e s  

i n  p a r t  from t h e  normal b i ological v ariation b e tween e xperimental 

animals ,  but  mainly b ecause digestib i l i ty i n  vivo  i s  i n  fac t not 

cons t an t .  Thus , as the l ev e l  of  intake of  a feed i s  increase d , i t s  

dige s t ibility t ends t o  dec re ase . C le arly the i n  v i t ro me thod measures 

a basic at tribu t e  of a fee d ;  i t  cannot take ac c ount o f  c hanges i n  

di gestibility i n  animals under di f ferent  r e gimes o f  f ee d i n g .  F o r  thi s 

reason Til l ey and Terry ( 1 96 3 ) h av e  pre ferred t o  s t a t e  results  as they 

stand , i n  t e rm s  o f  in  v itro dige s t ib i l i ty ,  rather than put  t h em in t h e  

in v iv o  form . 
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I n  a rec ent American s t u dy , i n  which 1 7  laboratories  used 

various i n  v it ro fermentation t ec hn i ques  to s t udy th e d i ge s t i b i l i ty of  

standard forage s ,  a c onsiderabl e  v ariab i l i ty oc cured wit h i n  and b e tween 

the t e chniques employ e d  at  the d i f ferent laboratorie s .  This report 

simply points  out that , with  the t echniques p resently in existenc e ,  i t  

would not  b e  possible  for one lab oratory t o  use the regression 

equa t i ons dev eloped  in another lab ora t o ry , even though i de n t i c al 

t e chniques may b e  i n  use i n  both lab oratories . 

Once  a t e chniqu e  has b e e n  s tandardi zed and re gression 

equations hav e b e en det ermined , the  i n  v i t ro rumen f e rmentation may 

prov e h i ghly valuable  i n  s t udying  forages such as for small sampl e s  o f  

herbage c o l lec t e d  i n  oesophageal fistulae and for plan t  breeding 

studi e s . 

I n  v i tro  work by many lab orato ries has been  c arri e d  out on  

samp l e s  prev i ously sub j e c t  t o  i n  v iv o  d e t e rminati ons a t  other  experi­

mental  s ta t i ons or o ft e n  i nvolving  a p e riod of  st orage . Th e ado p t i on 

i n  th e p resent work o f  an i n  v iv o  d e t e rmination in c on j unc t ion  with the 

i n  v i t ro work reduc ed  possib l e  errors re sul t ing from d i f ferent lab ora­

tory t echniques or from storage . This , howev e r ,  lim i t e d  the  number o f  

f e e d  samp l e s  whi ch c ould b e  handl ed a t  one time  to 4 hays and meant a 

t otal  o f  only 4 points on the regression line . 
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APPENDIX 1 

Feed c onsumed during the ad lib . feeding period with mixed hays 

a ) For 2 weeks 

ANALYSIS OF VARIANCE 

Sourc e d .  f .  

Sheep 7 

Days 1 3  

Error 91 

Total 1 1 1  

• • •p ...::::: o .  01  

b )  For the last 7 day s  

ANALYSIS OF VARIANCE 

Source d .  f .  

Sheep 7 

Days 6 

Error 42 

Total 55 

• • •p ...:::. 0 . 01 

s . s .  M . S .  

71 56 . 1 5  1 022 . 3  

1 476 . 98 1 1 3 . 6  

2578 . 47 28 . 3  

1 1 21 1 . 60 

s . s .  M . S .  

3886 . 79 555 - 3  

434 . 1 7  72 . 4  

867. 65 20. 7  

51 88 . 61 

F .  

36 . 1  

4 . 0  

F .  

268 . 3  

3 . 5  

Result 

• • • 
• * • 

Result 

* • • 
* • • 



APPENDIX 2 

Dry matter intake during the preliminary period with the mixed hays 

( D . M . g/Kgw · 75 ) 

ANALYSIS OF VARIANCE 

S ourc e d .  f .  

Sheep 7 

Days 9 

Error 63 

Total 79 

• • •p .L 0 . 01 
N . S .  Not Signi ficant  

s . s .  M . S . 

4073 . 45 581 . 9  

51 . 82 5 - 76 

271 . 77 4 . 31 

4397 . 04 

F .  

1 35 . 1 

1 . 34 

Result 

• • • 

N . S .  



APPENDIX 3 

Organic matter intake during the collec tion period with the mixed hays 

( O . M . g/Kgw · 75 ) 

ANALYSIS OF VARIANCE 

Source d .  f .  

Sheep 7 

Days 9 

Error 63 

Total 79 

• •  •p " 0 . 01 
N . S .  Not Signi ficant 

s . s .  M . S .  

3067. 22 438 . 1 7  

1 2 . 62 1 . 40 

1 34 . 52 2 . 1 4  

321 4 . 36 

F .  

204 . 8  

0 . 65 

Resul t  

• • • 

N . S .  



APPENDIX 4 

Mean daily dry matter intake during ad lib . feeding period with hay A , 

B and C 

a )  Between days and between sheep ( D . M . g/day ) 

ANALY SIS OF VARIANCE 

Source d.  f.  s . s .  M . S .  F .  

Days 6 455.39 7589 7 . 38 

Sheep 5 6636.98 1 32739 1 29 . 1  

Error 31 31 8_58 1 028 

Total 42 7401 95 • 

b )  Di ffe renc e between hays on intake ( D . M . g/Kgw · 75 ) 

ANALYSIS OF VARIANCE 

Source  d .  f .  s . s . M . S .  F .  

Rays 2 21 0 . 69 1 05 . 35 1 . 93 

Error 3 1 63 . 63 54 . 54 

Total 5 374 . 32 

Result 

• • • 

• • • 

Result 

N . S .  



APPENDIX 5 

D ry mat ter intake during preliminary period with hay A ,  B and C 

a )  Daily dry mat ter in take 

ANALYSIS OF VARIANCE 

S ourc e d .  f .  s . s . M . S .  F .  

Sheep 5 2243 . 37 448 . 67 364 . 7  

Days 6 1 3 . 66 2 . 27 1 . 85 

Error 30 36 . 98 1 . 23 

Total 41 2294 . 01 

b )  Daily dry mat ter intake per metabolic body weight  

ANALYSIS OF VARIANCE 

Sourc e d .  f .  s . s . M . S .  F .  

H ays 2 619 . 65 309 . 82 521 

Days 6 6 . 79 1 . 13 1 .  9 

Error 12 7 . 14 0 . 595 

Total 20 633 - 54 

Result 

• • • 

N . S .  

Re sult 

• • • 

N . S .  



APPENDIX 6 

O . M. intake during the collec tion periods with hay A ,  B and C 

a )  

b )  

Collec tion period of  10 days ( following 7-day preliminary ) 

ANALYSIS O F  VARIANCE 

Source d .  f .  

Sheep 5 

Day s  9 

Error 45 

Total 59 

• • p <: 0 . 05 

Collec tion period of 7 days 

ANALYSIS OF VARIANCE 

Sourc e d .  f .  

Sheep 5 

Days 6 

Error 30 

Total 41 

s . s .  M . S .  

2649 . 84 529 - 97 

20 . 79 2 . 31 

43 . 10 0 . 96 

2713 . 73 

F .  

552 . 1  

2 . 41 

Result 

• • • 

• • 

( following 1 0-day preliminary ) 

s . s .  M . S .  

1921 . 51 384 . 3  

9 . 71 1 . 62 

31 . 82 1 . 06 

1963 . 04 

F .  

362 . 5  

1 . 53 

Result 

• • • 

N . S .  



c )  

d )  

C ollec tion p eriod o f  1 4  days ( following 4-day preliminary ) 

ANALYSIS OF VARIANCE 

S ource d .  f .  

Sheep 5 

Days 1 3  

Error 65 

Total 83 

C ollec tion p eriod of 7 days 

ANALYSIS OF VARIANCE 

S ourc e  d .  f .  

Sheep 5 

Days 6 

Error 30 

T otal 41 

s . s .  M . S .  

3567 . 25 71 3 . 5  

4 9 . 27 3 . 79 

73 . 21 1 . 1 3 

3689 . 73 

F .  

631 . 4  

3 - 35 

Result 

• • • 

• • • 

( following 7-day preliminary ) 

s . s . M . S .  

1 78 8 . 88 357. 8 

1 1 . 30 1 . 88 

32 . 66 1 . 09 

1 832 . 84 

F .  

328 . 3  

1 .  72 

Result 

• • • 

N . S .  



APPENDIX 7 

E ffec t  of  length of preliminary and c ollec tion periods on O . M . 

digestibility o f  hay A ,  B and C 

ANALYSIS OF VARIANCE 

Source d .  f .  

Hays 2 

Lengths 
3 o f  period 

Error 7 

Total 12 

• • • p ..:::. 0 . 01 
N . S .  Not Signi ficant 

s . s .  M . S .  

278 . 89 139 . 45 

0 . 06 0 . 02 

0 . 76 0 . 11 

279 . 72 

F .  

1259 . 6  

0 . 2  

Result 

• • • 

N . S .  



APPENDIX 8 

C ovarianc e Analysis , using digestibility o f  the mixed hays as Xs and 

those of individual hays as Y s  

a )  7-day preliminary and 1 0-day collec tion period 

S ourc e  d .  f .  ssx SPXY SSY SSY 1 d o  f • I 

T otal 5 0 . 4675 3 . 2967 1 47 . 8985 

B locks 1 0. 0002 0 . 0027 0 . 0502 

Hays 2 0 . 0796 2 . 4225 1 45 . 801 5 

Error 2 0 . 3877 0 . 871 5 2 . 0468 0 . 0878 

H ay + 4 0. 4673 3 . 2940 1 47 . 8483 1 24 . 6205 
Error 
D i ffs for 1 24 . 5327 
H a  s 

b )  1 0- day preliminary and 7-day c ollec tion p eriod 

1 

3 

2 

S ourc e d .  f .  ssx SPXY SSY SSY 1 d .  f o I 

T o tal 5 0 . 4675 2 . 8094 1 62 . 8940 

B locks 1 0 . 0002 - 0 . 0033 0 . 0726 

Ray s  2 0 . 0796 2 . 6362 1 62 . 5444 

Error 2 0 . 3877 0 . 1 699 0 . 2770 0 . 2025 1 

H ay + 4 0 . 4673 2 . 8061 1 62 . 821 4 1 45 . 9 7!) 0 3 
E rror 
Di f fs for 1 45 . 7685 2 
H a s 

M . S .  

0 . 0878 

62 . 2664 

M . S .  

0 . 2025 

72 . 8842 

F .  

709 

F .  

359 

R e sult 

• • • 

Resul t 

• • • 



c )  4-day preliminary and 1 4-day collection period 

S ourc e d. f.  ssx SPXY SSY SSY ' d. f . ' 

Total 5 0 . 4675 3 . 4031 1 51 . 1 037 

Blocks 1 0 . 0002 0 . 0003 0 . 0006 

Hays 2 0 . 0796 2 . 44 1 6  1 48 . 5584 

Error 2 0 . 3877 0 . 9612  2 . 5447 0 . 1 61 7  

Hay + 4 0 . 4673 3 . 4028 1 51 . 1 031  1 26 . 3245 Error 
Di ffs for 1 26 . 1 628 Ha  s 

d )  7-day preliminary and 7-day collec tion period 

1 

3 

2 

S ourc e d.  f .  ssx SPXY SSY SSY ' d. f . ' 

Total 5 0 . 4675 3 . 5032 1 43 . 2997 

Blocks 1 0 . 0002 o . ooo8 0 . 0038 

Hays 2 0 . 0796 2 . 3928 1 39 . 5507 

Error 2 0 . 3877 1 . 1 096 3 . 7452 0 . 5695 1 

H ay + 4 0 . 4673 3 . 5024 1 43 . 2959 1 1 7 . 0456 3 Error 
Di ffs for 1 1 6 . 4761 2 H a  s 

M . S .  

0 . 1 61 7  

63 . 081 4 

M . S .  

0 . 5695 

58 . 2381 

F .  

31 5 

F . 

1 02 

Result 

• • • 

Result 

• • • 



APPENDIX 9 

a )  Repeatability - digestibility o f  standard grass in vitro with rumen 

inoculum from cow grazed on pasture 

ANALYSIS OF VARIANCE 

Source d .  f .  s . s .  M . S .  F .  Result 

Days 3 24. 7791 8 . 26 2 . 868 • 

Error 34 97. 8820 2 . 88 

Total 37 1 22. 661 1 

* Signi ficant at 10% level (p � 0 . 1 0) 

b )  Analysis o f  varianc e o f  i n  vitro digestibility o f  standard grass 

using hay inoculum 

Sourc e d .  f .  s . s .  M. S .  

Days 4 50 . 6738 1 2 . 67 

Error 30 39 . 8654 1 . 33 

To tal 34 90 . 5392 

* * *Signi ficant at 1% level (p .c:... 0 . 01 ) 

c )  Pooled  analysis of varianc e 

Sourc e d .  f .  s . s .  M . S .  

Inoculum 1 1 . 87 1 . 87 

Days 8 77 . 33 9 . 67 

Error 62 1 35. 87 2 . 1 9  

Total 71  21 5 . 07 

F .  

9 . 53 

F .  

0 . 85 

4 . 41 

Result 

• • • 

Result 

N . S .  

• • • 



APPENDIX 1 0  

Effect o f  sourc e o f  inoculum on in v itro O . M. digestibili ty of  

standard grass 

a)  G rass inoculum V S  hay inoculum ( wi thin a trial ) 

ANALYSIS OF VARIANCE 

Sourc e d .  f .  s . s .  M . S .  F .  Result 

I noculum 1 0 . 5864 0 . 5864 1 . 39 N . S .  

Error 1 0  4 . 2 1 84 0 . 421 8 

Total 1 1  4 . 8048 

b )  Cow di fferenc es 

ANALYSIS OF VARIANCE 

Sourc e d .  f .  s . s .  M . S .  F .  Result 

Cows 1 2 . 5849 2 . 5849 0 . 91 N . S .  

Error 1 8  51 . 2956 2 . 8498 

Total 1 9  53 . 8805 

c )  E f fect of time of rumen liquor c ollection 

ANALYSIS OF VARIANCE 

Source d .  f .  s . s . M. S .  F .  Result 

Time s 2 1 . 5774 0 . 7887 2 . 8  N . S .  

Error 9 2 . 5308 0 . 281 2 

Total 1 1  4 . 1 082 



APPENDIX 1 1  

E ffec t o f  time of  rumen liquor c ollec tion in relation to grazing on 

Blank residual 

ANALYSIS OF VARIANCE 

Source 

Treatment 

Error 

Total 

d. f .  

2 

7 

9 

S . S . M . S .  

0 . 0005662 0 . 000283 

0 . 0000091 6 0 . 000001 31 

0 . 0005754 

F .  Result 

21 . 6  • • •  



APPENDIX 1 2  

Comparison of di fferent lengths o f  second stage fermentation period 

( 24 vs 48 hrs ) 

ANALYSIS OF VARIANCE 

Sourc e d.  f .  s . s .  

Hays 3 4844 . 63 

Fermentation 1 3 . 44 Times 

F x T 3 5 . 78 

Error 52 82 . 53 

Total 59 4936 . 39 

M . S .  

1 61 4 . 88 

3 . 44 

1 . 93 

1 . 59 

F .  

1 01 6  

2 . 1 6  

0 . 21 

Result 

• • • 

N . S . 

N . S .  



APPENDIX 1 3  

Effect o f  fermentation period and substrates on pH change 

ANALYSIS OF VARIANCE 

Sourc e d. f .  s . s .  M . S .  F .  

Substrates 3 0 . 01 38 o . oo46 9 · 2 

Fermentation 2 0 . 0528 0 . 0264 53 . 0  Periods 

Error 30 0 . 01 28 0 . 0005 

Total 35 0 . 0792 

Result 

• • • 

• • • 



APPENDIX 1 4  

Comparison o f  di fferent lengths o f  first stage fermentation period 

( 24 ,  36 and 48 hrs ) 

ANALYSIS OF VARIANCE 

Source d. f .  

Fermentation 2 Times 

Hays 3 
H x F 6 

Error 24 

Total 35 

s . s .  M . S .  

747 . 78 373 . 89 

41 60 . 71 1 386 . 90 

39.43 6 . 57 

1 8 . 67 0 . 78 

4966 . 59 

F .  

56 . 91 

21 1 . 1 

8 . 42 

Result 

• • • 

• • • 

• • • 



APPENDIX 1 5  

Regression o f  in vivo O . M . digestibility ( Y )  on in vi tro O . M . digesti­

bility of hay A ,  B and C with 24 hrs ( X1 ) ,  36 hrs ( X2 ) and 48 hrs ( X3 ) 

a )  24 hours ( X1 ) ( 24 hrs ( R . L )  + 48 hrs ( pepsin ) ) 

ssx = 1 02 . 31 SSY = 80 . 1 7 SPXY = 86 . 72 

b 0 . 848 !dyx 2 6 . 67 X = 48 . 21 y = 60 . 1 2  = = 

TEST FOR SI GNIFICANCE OF b 

Source d .  f .  s . s .  M . S .  F .  R esult 

Lin.  Reg. 1 73 . 50 73 · 5 1 1 . 02 N . S .  

Error 1 6 . 67 6 . 67 

Total 2 80 . 1 7  

b )  26 hours 

ssx = 89 . 26 SSY = 80 . 1 7  SPXY = 83 . 29 

b 0 . 933 dyx 2 
3 . 45 X = 55 - 78 y = 60 . 1 2 = = 

TEST FOR SIGNIFICANCE OF b 

S ource d .  f. s . s .  M . S . F.  Result 

Lin . Reg. 1 77 - 72 77. 72 22 . 53 N . S .  

Error 1 3 . 45 3 . 45 

Total 2 80. 1 7 



c )  48 hours 

ssx = 76 . 46 SSY 

b 1 . 022 �dyx 2 
= 

TEST FOR SIGNIFICANCE 

Source d .  f .  

Lin . Req.  1 

Error 1 

Total 2 

. .  p L. 0 . 05 

= 80. 1 7  SPXY = 

= 0 . 28 X = 

OF b 

s . s .  M . S .  

79. 89 79 . 89 

0 . 28 0. 28 

80. 1 7  

78 . 1 6  

60 . 63 

F .  

285 . 32 

y = 60. 1 2  

Result 

• • 



APPENDIX 1 6  

Effect of  grinding and length o f  fermentation ( 2  di fferent grindings 

and 2 di fferent lengths ) 

ANALYSIS OF VARIANCE 

Source d .  f. s . s .  

Bays 2 1 001 . 1 274 

Grindings 1 1 . 4844 

Fermentation 1 79 . 2694 times 

H X G 2 0 . 2945 

H X F 2 1 0 . 1 561 

G X F 1 0 . 9339 

H X G X F 2 0 . 1 285 

Error 24 6 . 7820 

Total 35 1 1 00 . 1 761 

M . S .  F .  

500 . 56 98 . 60 

1 . 48 1 . 59 

79 . 27 1 5 . 61 

0 . 29 1 . 04 

5 . 08 1 8 . 1 4  

0 . 93 3 . 30 

0 . 06 0 . 023 

0 . 28 

Result 

• • • 

N . s . 

• 

N . S .  

• • • 

• 

N . S .  



APPENDIX 17 

Regression of in vivo O . M . digestibility on in vitro O . M .  digestibility 

o f  hay A ,  B and c ,  using 72 hrs + 48 hrs fermentation period 

a )  Fineness o f  grinding of 1 . 0  mm . 

ssx = 96 . 55 SSY = 80 . 18 SPXY = 87 . 67 

0 . 908 1dyx 2 79. 61 63 . 07 
-

60 . 12 b = = X = y = 

TEST FOR SIGNIFICANCE OF b 

Source d. f .  s . s . M . S .  F .  Result 

Lin . Req.  1 79 . 61 79 . 61 142 . 2  • 

Error 1 0 . 57 0 . 57 

Total 2 80. 17 

*P � 0 . 10 

b )  Fineness of grinding o f  2 . 0  mm . 

ssx = 92 . 38 SSY = 80 . 18 SPXY = 85 . 29 

b 0 . 923 l:dyx 2 78 . 74 * = 62 . 34 y = 60 . 12 = = 

TEST FOR SIGNIFICANCE OF b 

Source d.  f .  s . s .  M . s .  F .  Result 

Lin. Req .  1 78 . 74 78 . 74 55 . 06 • 

Error 1 1 . 43 1 . 43 

Total 2 80 . 17 

* P  .c:. 0 . 10 



APPENDIX 1 8  

IN VITRO O . M .  digest ibility o f  hay A , B and C 

a)  Hay A 

ANALYSIS OF VARIANCE 

Sourc e d .  f .  s . s .  

1 8 . 92 Days adjusted 7 1 2 . 1 3  

Error 32 26 . 68 
adjusted 1 6 . 64 

Total 39 45 . 60 
adjusted 2 8 . 77 

b )  Hay B 

ANALYSIS OF V ARIANCE 

Sourc e d .  f .  s . s .  

Days 7 24 . 61 
adjusted 1 1 . 34 

Error 32 52 . 84 
adjusted 54 . 36 

Total 39 77 . 45 
adjusted 65 . 70 

M . S .  F .  

2 . 70 3 . 24 
1 .  73 3 - 32 

0 . 83 
0 . 52 

M . S .  F .  

3 - 52 2 . 1 3  
1 . 62 0 . 96 

1 . 65 
1 . 70 

Result 

• • • 
• • • 

Result 

N . S .  
N . S .  



c )  Hay C 

ANALY SIS OF VARIANCE 

S ourc e d .  f.  

Days adjusted 7 

Error adjusted 32 

Total adjusted 39 

d) Poole d  result 

ANALYSIS OF VARIANCE 

S ourc e d .  f .  

Hays 
adjusted 2 

Days 
adjusted 7 

Error 
adjusted 1 1 0 

Total adjusted 1 1 9  

s . s .  M . S .  

27 . 48 3 . 93 
26 . 93 3 . 85 

28 . 1 6  0 . 88 
28 . 37 0 . 89 

55 . 64 
55 - 30 

s . s .  M . S .  

3046 . 72 1 523 . 36 
2927 . 96 1 463 . 98 

50 . 96 7 . 28 
29 . 52 4 . 22 

9 . 45 0 . 095 
1 1 7 . 24 1 . 066 

31 07. 1 3  
3074 . 72 

F . 

4 . 47 
4 . 34 

F .  

1 6926 
1 373 

80 . 9  
3 · 9 

Result 

• • • 
• • • 

Result 

• • • 
• • • 

• • • 
• • • 



APPENDIX 1 9  

Covariance analysis , using in v itro O . M .  digestibility o f  the standard 

grass as X s  and in v itro O . M .  digestibility of hay A ,  B and C as Y s  

Sourc e d .  f .  ssx SPXY 

Total 23 1 7 . 52 8 . 69 

Days 7 1 7. 52 8 . 69 

Hays 2 0 0 

Error 1 4  0 0 

H + E 1 6  

Diffs for 
Ha s 

D + E 21 1 7 . 52 8 . 69 

Di ffs for 
D s 

SSY SSY ' d .  f . ' 

602 . 4  

1 0 . 05 

588 . 23 

4 . 1 2  4 . 1 2  1 3  

592 . 35 592 . 35 1 5  

588 . 23 2 

1 4 . 1 7 9 . 86 20 

5 . 74 7 

M . S .  

0 . 31 7 

294 . 1 2  

0 . 82 

F .  

927 . 8  

2 . 59 

Result 

• • • 

N . s .  



APPENDIX 20 

Regression o f  in vitro O . M .  digestibility of  hay A ,  B and C on in vitro 

O . M .  digestibility of  s tandard grass 

a )  Hay A 

b )  Hay B 

ssx = 5 . 84 SPXY = 2 . 58 

b 0. 442 l:dyx 2 
= 

2 . 65 = 

TEST OF SIGNIFICANCE FOR b 

S ource 

Lin. Req. 

Error 

Total 

ssx = 5 . 84 

b = 0. 646 

d. f .  

1 

6 

7 

s . s .  

1 . 1 4  

2 . 65 

3 . 79 

SPXY = 3 . 77 

2 ldyx = 2 . 36 

TEST OF SIGNIFICANCE FOR b 

S ource d .  f .  s . s . 

Lin. Req.  1 2 . 43 

Error 6 2 . 36 

Total 7 4 . 79 

• •p 0 . 05 

SSY = 3 · 79 

y = o . 442X + 30 . 1 5  ( !o . 67 )  

M . S .  F .  R esult 

1 . 1 4  2 . 58 N . S .  

0 . 44 

SSY = 4 . 79 

Y = o . 646x + 1 . 81 ( ! o . 62 )  

M . S .  

2 . 43 

0 . 393 

F .  

6 . 1 8  

Result 

• • 



c )  Hay C 

ssx = 5 . 84 SPXY = 2 . 36 SSY = 5 . 60 

b 0 . 404 ldyx 2 3 . 84 y o. 4 1 4x + 26 . 41 ( !o . 81 )  = = = 

TEST OF SIGNIFICANCE FOR b 

Source d .  f .  s . s . M . S .  F .  Result 

Lin.  Req.  1 1 .  76 1 . 76 2 . 75 N . S .  

Error 6 3 . 84 0 . 64 

Total 7 5 . 60 



APPENDIX 21 

Regression of  in vivo O . M .  digestibility on in vitro O . M .  digestibility 

of hay A ,  B ,  C and mixed hays 

ssx = 73- 532 SPXY = 76 . 998 

b 1 . 047 tdyx 
2 1 .  2491 = = 

y 1 . 047X - + 
= 2 . 07 ( - 0 . 79 )  

TEST O F  SIGNIFICANCE FOR b 

Sourc e d.  f .  s . s .  

Lin .  Req.  1 80 . 6279 

Error 2 1 . 2491 

Total 3 81 . 877 

SSY = 

Sb = 

M . S .  

80 . 6279 

0 . 6246 

81 . 877 

0 . 092 

F .  

1 29 

Result 

• • • 



APPENDIX 22 

IN VITRO O . M .  digestibility of three ryegrass samples  ( W . W . , Per . , and 

I talian ) 

ANALYSIS OF VARIANCE 

Source 

Variety 

Error 

Total 

d .  f .  

2 

9 

1 1  

s . s .  

1 2 . 82 

3 . 88 

1 6 . 70 

M . S .  

6 . 41  

0 . 43 

MSD ( treatments ) to values for 9 d . f .  

at  5% level  2 . 262 /0 . 43(2 )/4 

at 1% l evel 3 . 250 /0 .43(2)/4 

Comparisons 

Means w . w .  Per.  

w . w .  82 . 52 0 . 01 

Per.  80. 54 0 . 01 

I t .  80 . 1 8  0 . 01 N . S .  

= 

= 

I t .  

0 . 01 

N . S .  

1 . 047 

1 . 50 

F .  Result 

• • • 



APPENDIX 23 

Analysis of regression of chemical components on in v itro O . M .  

digestibility o f  hays and grasses 

a )  Crude prot ein with hays 

ssx = 1 1 . 47 SSY = 73 . 53 SPXY = 7 . 89 

TEST FOR SIGNIFICANCE OF REGRESSION COEFFICIENT 

Source d. f .  s . s .  M . S .  F .  Result 

Lin. Reg. 1 5 . 43 5 . 43 0 . 1 6  N . S .  

Error 2 68 . 1 0 34 . 05 

Total 3 73 . 53 

b )  Crude prot ein with grasses 

ssx = 25 . 1 7  SSY = 4 . 34 SPXY = 3 . 98 

TEST FOR SIGNIFICANCE OF REGRESSION COEFFICIENT 

Sourc e d .  f .  s . s .  M . S .  F .  Result 

Lin .  Reg . 1 0 . 63 0 . 63 0 . 34 N . S .  

Error 2 3 . 72 1 . 86 

Total 3 4 . 35 



c ) Crude fibre with hays 

ssx = 25 . 37 SSY = 73 . 53 SPXY = -1 7 . 42 

TEST FOR SIGNIFICANCE OF REGRESSION COEFFI CIENT 

Source d.  f .  s . s .  M . S .  F .  Result 

Lin. Reg . 1 1 1 . 96 1 1 . 96 0 . 34 N . S .  

Error 2 61 . 57 35 . 78 

Total 3 73 . 53 

d ) Crude fibre with grasses 

SSX = 37. 59 SSY = 4 . 34 SPXY = - 8 . 1 7  

TEST FOR SIGNIFICANCE OF REGRESSION COEFFI CIENT 

Source d. f .  s . s .  M . S .  F .  Result 

Lin . Reg . 1 1 .  78 1 .  78 1 . 4 N . S .  

Error 2 2 . 56 1 . 28 

Total 3 4 . 34 



e)  C rude prot ein - in v itro O . M . digestibility of hays and grasses 

( pooled) 

ssx = 341 . 44 

b = 1 . 577 

Sourc e 

Lin .  Reg . 

Error 

Total 

SSY = 1 022 . 26 

2 Ldyx = 1 73 . 35 

d .  f .  

1 

6 

7 

s . s .  

848 . 91 

1 73 . 35 

1 022 . 26 

SPXY = 538 . 38 

X = 20 . 67 

M . S .  F . 

848 . 91 29 . 38 

28 . 89 

y = 69 . 90 

Result 

• • • 

f)  Crude fibre - in vitro O . M . digestibility of  hays and grasses 

( pooled)  

s s x  = 552 . 1 8  

b = 1 . 276 

Source 

Lin .  Reg. 

Error 

Total 

SSY = 1 022 . 2 6  

2 
2dyx = 1 59 . 23 

d .  f .  

1 

6 

7 

s . s .  

863 . 03 

1 59 . 23 

1 022 . 26 

SPXY = -704 . 66 

x = 23 . 42 

M . S .  F .  

863 . 03 32 . 52 

26. 54 

y = 69. 90 

Result 

• • • 
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APPEND IX 24 

Rel�tionshi p between fn  vi tro (D .M. or O .M. di gestib i li ty )  and in vi vo 

REFERENCE FERMENTAT I ON T I ME 

Pi gden & Be l l  ( 1 955 ) 48 hours 

Asplund � ( 1 958)  48 hours mini ature A . R. 

24 hours 

• 

Ref d � ( 1 959 )  24  hours 

Walker ( 1 959)  72  hours 

C lark & Mott ( 1 960)  24 hours mini ature A . R. 
spring  
autumn 

T i l ley f Deri az & 48 hours wi th R.L.  a lone 
Terry 1 960) 

• a n 

48 hours wi th R.L. + 48 
hours wi th peps i n  
n u 

Bowden & Church ( 1 962 )  48 hours 

(4 yr tota l )  

Baumgardt� Cason & 24 hours 
Tay tor ( 1  6 2 )  

n • 

u u 

Harris ( 1 963)  48 (R .L . )  + 48  �PEPS I N )  
Fodder crops 

Ti l ley & Terry ( 1 963 ) 48 (R.L. ) + 48 ( PEPS I N )  

RANGE OF IN VIVO NO. 
D I GEST I B I L I TY OF  

OF S AI�PLES SAMPLES 

1 1  

54 - 70 1 1  
n 1 1  

58 - 77 6 

6 

40 - 55 7 

54 - 69 1 1  
• 1 1  

49 - 77 20 
n 20 
n 20 
a 20 

56 - 78 39 
• 39 

52 - 65 1 1  

a 1 1  

1 1  

n 1 1  

6 0  - 84 1 0  

45 - 85 1 48 

x y 
( I N  V I T RO )  ( I N V I VO ) REGRESS I ON  EQUAT I ON 

Carbohydrates D .O .M. Y • 0.90X + 1 0.6 

0 .0 .!1. D .D .M. -

11 n -

11 a -

n ft Y • 0.78X + 20.5 
n a � .. 0.91 3X + 5.33 

n n Y • 0.2387X + 48.03 
n a -

n ft Y • 1 .3 1 X  - 1 1 .57  
n a y D 1 . 2 1 X  - 4.1 7 
n n Y .. 1 .07X - 7.47 

11 11 y D 0.98X + 2. 22 
• • -

11 • -

TO N from T .D .N .  -
carbohydrate 
fermentati on D .0 .�1. -

• D .D .M. -

u D .E . (%)  -

D .D .�I .  D .D .M. ()' • 0.842X + 1 1 . 29 
a 11 Y • 0.99X - 1 .01 

SY.X  r 

2.76 

3.9  0.69 

3.5 0.75 

- 0.94 

3 .6  0.98 

0.81 0.994 

3.9 o. 77 ®_J.59 
- 0.49 

3.6 0.91 

4.4 0.87 

1 .96 0.98 

2.0 0.99 

- 0.93 

- 0.73 

- 0.73 

- 0.79 

- 0.74 

- 0.75 

3.63 0.90 

2.31 



Refd,  C larke & 36 hours ( g. i . )  5 7  - 78 
Jung ( 1 964) 

36 hours (h . f . )  a n 

Armstrong, A lexander 48 R.l . )  + 48 (PEPS I N )  5 5  - 85 
&' McGo wan ( 1 964) Wi th addi t ion of 0.02M 

n ammon ium su lphate to 11 

i nocu lum buffer 
mixture n 

0 1Shea & Wi lson ( 1 965 ) 48 (R.l. ) + 48 (PEPS I N )  4 5  - 80 

Oh et al ( 1 966 ) 48 ( R .L . )  + 48 (PEPS I N )  44 - 77 

H I n 53 - 72 
(only wi th a lfa lfa & c lovers) 

Wi lkins & Grimes ( 1 966) 48  hours 38 - 80 

Y ates & A l lden ( 1 966 ) 48 (R.L . )  + 48 (PEPS I N )  4 0  - 80 
young herbage i nocu lum i n  
ny lon vessel 

• 48 (R. l . )  + 48 (PEPS I N )  n 

chaff & pel lets i noculum, 
ny lon 
48 ( R .l. ) + 48 (PEPS I N )  • 

hay i nocu lum ny lon 
48 ( R .L. ) + La (PEPS I N )  n 

mature hay , ny lon )  
48 (R.L. ) + 4 8  (PEPS I N ) n 

Drew ( 1 966 ) 
young grass, g lass vessel  
48 (R.l. ) + 48 (PEPS I N )  45 - 90 

wi th grass i nocu lum " wi th grass i nocu lum 62 - 82 

• n wi th hay i noculum 11 

72 (R.l . )  + 24 (PEPS I N ) u 

w i th grass i nocu lum 
n 11 wi th hay i nocu lum n 

A lexander & McGowan 48 (R.L. ) + 48 ( PEPS I N )  
( 1 966 ) 

27 

27 

1 2  

1 2  

1 2  

1 2  

1 2  

5 0  

56 

1 8  

27 

9 

6 

9 

8 

8 

5 1  

20 

20 

20 

20 

43 

11 " -

n n -

D .O.M.  D .O .M. Y1 + 0.92X + 1 2.48 
( at mai ntenance ) 

11 

n 

n 

11 

D .D .�1. 
n 

11 

D .O.M. 

D .D .M. 

n 

11 

ft 

n 

D .O.M. 

n 

n 

n 

" 
n 

" Y2 • 1 . 1 5X - 6 . 1 2  
( at ( 2  x M ) )  

M.E . ( Kca l/g. d.m)Y ME • 0.037X + 0.1 22 

N.E.m ( • ) YNEm • 0.035X - 0.462 

N.E.f  ( n ) YNEf + 0.034X - 1 .078 

D .D .M. y .. 0.86X + 8. 72 

H y • 0.74X + 1 6 .7 

n y = 0.85X + 8.37 

" y . 0.871 X + 8.888 

n y .. O. 787X + 1 7.3 

R y .. 0.641 X + 35.5 

n y • 0.697X + 29.3 

n y .. O. 786X + 24.4 

" y • �. 996X + 1 . 1 

D .O.M. y . 0.88X + H.O.  
" y • 0.86X + 1 2.01 

n y • D. 76X + 20.92 

11 y .. 1 . 01 4X 

11 y • 0.87X + 1 1 .3 

11 y = 0.97X + 5 .05 

* 1 , 2 Ori g i n a l  data was ana lysed by author 
'3 - Reca lcu lati on of ori g i na l  data gave di fferent corre lati on coeffi cient 

- 0.97 

- 0.91 

- 0.986 

- 0.989 

0.083 Hi gh ly 
si g .  

0.076 n 

0. 1 1 7  

2.81  0.94 

2.96 0.88 

1 .42  0.99 

4 . 1 9  0.94 

3.99 0.97 

4.39 0.966 

5 .66 0.945 

8.44 0.878 

1 .63 0.99 

2. 1 

0.74 

1 .0 

1 . 06 

1 .06 

2.33 0.96 



.. .- ... . -··- . .. -
.. _ _ _ _  FERMENhfTdfPERiOo . . .. - ,_RANG{OF w • .,-- ·No: 

REFERENCE AND METHOD USED 

Barnett ( 1 957)  48  hours 

H ershberger et al 24 hours 
( 1 959)  -----

• n 

Rai d !!_!! ( 1 960) 24, 36 , 48 hours 

le Fevre & Kamstra 48 hours (w i thout long 
( 1 960)  stored sam ples )  

• a ( i n c ludi n g  long 
stored samples ) 

Don efer, Cram�ton 24 hours 
& L loyd ( 1 960 

u 1 2  hours 

1 2  hours 

Bowden & C hurch 48 hours 
( 1 96 2 )  

Baumgardt
{ 

Ta) lor 24 hours 
& Cason ( 96 2 

a n 

Baumgardt f C ason 24 hours 
& Tay lor 1 962 )  

a • 

Grimes et a l  48 (R. L . )  + 4 8  (PEPS I N )  
( 1 966 ) -----

Wi lki ns & Gri mes 48 ( R . l .  + 48 (PEPS I N )  
( 1 966 ) 

D I GEST I B I L I TY S AMPLES 

48 - 80 27 

55 - 90 35 

u 35 

1 24 

27 - 6 1  1 6  

2 6  - 6 1  22 

46 - 6 2  9 

34 - 71 9 

27 - 55 9 

8 

39 

5 1  - 75 3 1  

241 4  - 301 0 3 1  

5 1  - 75 1 5  

27 

5 2  - 65 1 1  

1 1  

1 1  

1 1  

70 - 80 28 

40 - 80 27 

( I N  V I TRO ) ( I N  V I VO ) REGRESS ION  E�UAT I ON SY .X  r 
(Y - ?' )  • b X - X )  

CeH.  D i g. Cru. f. D i g. Y • X + 2.9 H i gh 

n D .E .  ( C a l/gdm ) Y • 29.8X + 1 1 85 1 25 0.92 

n Ce l l . D i g .  Y • 0.77X + 30.7 2.0 0.97 

" D .D .M.  or D .E .  - H i gh 

n C e l l .  D i g .  - 0.84 

n n - 0.40 

,, D .E.  'f, - - 0.87 

n N .V . I . % Y • 1 .314X - 7.8 - 0.91 

11 Relati ve i ntake 0.83 - -

• D .D .M. - - 0.87 

1 1  " - - 0.49 

n D .E .  % Y .. 0.7 1X  + 29.3  3.3 0.78 

n D . E .  (C a l/gdm ) Y • 33.2X + 1 295 1 1 6  0.85 

n TON % Y • o.782X + 83.9 2.89 0.62 

n D .D .M. % Y • 0.71 1 X  + 3 1 .8 3.41  0.78 

11 TON % - - 0.67 

n IJ .O .M. % - - 0.84 

n D .D .M. % - - 0.81 

If D .E .  % - - o.8o 

n D .O .M. % Y • o.691 X  + 25.8 0.43 

n 0 .0 .�1 .  % Y • 0.704X + 21 .576 3.83 0.95 



Rei d, C lark 36 hours (hay i nocu lum) 57 - 78 27 • D .M. % - - 0.99 
& Jung ( 1 964) 

36 hours ( grass i nocu lum ) n " 27 n a - - 0.99 

36 hours ( g. i . )  11 27 a Ce l l. D i g. % - - 0.99 

36 hours ( h.f . )  ft 27 a n - - 0.99 


