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OPSOMMING I  N  N  AMF-VOORSPE LL I  NG MI IT  MLDI  UM( ;  l .  HA LT t l  RUVOt I  R

'n 
[ ,erste-orde model  v i r  innamevoorspel l ing is  gebruik ntet  skape wat ruvoere van ui teenlopende gehal te gevot : r  is  Belangr ike verander-

l i kes ,  wa t  i n  h ie rd i c  s tud ie  ge iden t r f i see r  i s ,  i s  d i c  rumenkapasr te i t  van  d ie  d rc re ,  d ie  ee rs te -o rde  ve rva lkons tan te  v l r  f e rmen tas ie  van  d ie

d iee t ,  d ie  c lp losb l ' a rhe td  van  d re  d iee l  cn  d re  n ie -< lp losbare  l -e rn ten tce rba re  l ' r aks ie  van  d i c  d iee t .

D ic  ec rs te -o rde  ve rva lkons tan les  ua l  d i t '  u r t v loe i  van  l c rn ren tee rba re -  en  n i c - l ' e r rncn tee rba re  o rgan iesema lenaa l  (O .M. )  besk ry t 'was

drcsc l tdc  ongeag  d ie  t rpe  d rce t  wa t  f l evoer  r s .  Be ran r ings  van  h rc rd rc  ve rander l i kes  i s  ve rk ry  van  g r ' kannu lee rde  skape  en  d ie  i nnames  van

intakte skape wat d iesel t 'dc d iete gevoer ls ,  rs voorspel .  Resul tate dui  daarop dat  
'n re lat te l 'onsydige voorspel l ing van die vrywi l l ige

voennname van  d ie  ona lhank l i kc  g roep  skapc  ve rk ry  r s  deur  h re rd i c  me tode  te  gebru ik .  Voorspe lde  gemidde lde  inname was  665 ,9  g ldag

tcrwyl  werkl ike gemiddclde Inname 666.5 g/dag was.  Die standaardfout  van die voorspc' lde gemiddeld was 4,90 gldag.

SUMMARY.

A l ' i rs t  order modcl  l t r r  prcdict ing voluntary intake was appl ied to sheep fed roughages di f f 'er ing in qual i ty .  Important  var iables ident i f ied

in  th i s  s tudy  were  the  rumcn  capac i t y  o f  t hc  an ima ls ,  t he  f i r s t  o rde r  ra te  cons tan t  fo r  fe rmen ta t ion  o f  the  d ie t ,  t he  so lub i l i t y  o f  t he  d re ts

a n d  t h c  r n s o l u b l e  l ' e r n r c n t a b l e  l ' r a c t i o n  o f  t l t c  d t c t .

- f l r r  
I ' i r s t  o rdc r  ra l c  r ' r )ns lan ts  l ' o r  t he  ou l l l o *  o l ' t ' c rmen tab lc  and  un fe rmen tab le  o rganrc  mat t c r  f rom the  rumen  were  found  to  be  the

sarnc  i r respcc l r ve  o l ' t he '  d i c t .  Us rng  es t lma tes  o t ' t hese  va r iab les  ob ta ined  f i om caanu la ted  sheep ,  the  in takes  o t ' i n tac t  sheep  fed  the  same

dre ts  w 'e  re  p red rc ted .  Resu l t s  rnd rca tcd  tha t  a  re la t i ve l y  unb iased  es t ima te  o f  vo lun ta ry  t ' eed  in take  on  d ie ts ,  i nc lud ing  a  l egume and  g rass

o t '  w ide ly  d i f t ' c ren t  qua l r t i e r ,  u ' c rc  ob ta in rd  w i th  ano the r  g roup  o f  sheep  us rng  th i s  me thod .  P red rc ted  mean  in takc  was  665 ,9  g /day

wh i l s t  ac tua l  n rean  rn tak t -  an loun ted  to  666 ,5  g /day  The  s tandard  e r ro r  o f  t he  p red ic ted  means  was  4 ,90  g lday .

Crarnpton,  Donefer  & L loyd (  1960)  conc luded that

d igest ib i l i ty  deternr inat ions n lust  be combined wi th  an

est imate o f  in take to  g ive a  reasonable  ind icat ion o f  the

product ive va lue o1 '  a  feed.  Gi l l ,  Conrad & Hibbs (  1969)

found a good re la t ionsh ip  between the ra te  constant  for

fermentation and voluntary intake in dairy cows fed

si lages cr!t  at dif ferent growth stages. However on

determin ing the ra te  constant  for  fermentat ion o f

two nrutants of maize with dif ferent l ignin contents.

Lechtenberg,  Colenbrander ,  Bauman & Rhykerd (1974\

found that  s ign i f icant  d i f ferences in  vo luntary  in take

cou ld  be  de tec ted  be tween  t l r e  two  rnu tan t s .  even

though no s ign i f icant  d i f ference ex is ted in  the ra te

constant fbr the in vitro fermentation of the cel l  lvai l

c0nst  l t  uents .

The processes of  out f low through the whole d igest ive

t ract  was descr ibed bv B laxter .  Grahanr  & WainrLrar tn

(1956) and Brand & Thacker (1956).  They expressed
outflow as a first order process which is comparable to
the approach used by Waldo, Smith & Cox (1972) and
Mertens (1977), except that the work of Waldo et al.
(1972), was aimed only at the rumen, a single compart-
ment, as the basis of the first order model description of
fibre kinetics. By dividing voluntary feed intake into the
fraction that is fermented in the rumen and the fraction
which flows from the rumen, the basic model provides
a logical way in which the problem of intake prediction
may be approached. Therefore, we based our predictions
of intake on this first order model and the assumption
that the rate at which the animal f i l ls its rumen by
voluntary feed intake wil l be equal to the rate at which
the rumen is empt ied.
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Waldo et ul \1972), applied their model to a chemically
homogenous substrate l ike cellulose. In this study it
was applied to chemically heterogenous organic matter.
The only attempt made to divide organic matter into
more homogenous fractions was done by dividing it into
an immediately soluble and an insoluble fraction. The
rate of digestion of all insoluble components is approxi-
mated by one first order rate constant for each diet.

This conslant would probably be different for different
morphological  t issues within a plant.  The use of  chemi-
cal ly homogenous substrates (e.g.  cel lu lose) in an at tempt
to descr ibe the rate of  d igest ion in terms of  more homo-
genous subslances was avoided as i t  was suspected that
the close physical proximity of different chemical
cornponents in planl t issue would result in different
digestion rates for a single chemical compound in
different t issues. Should furhter experimentation prove
that the rate of digestion cannot be approximated by a
single constant, appropriate adjustments for increased
precision would be possible.

The aim of this experiment was to identify the factors
that influence voluntary intake in sheep when roughages
of widely different qualit ies are fed. The diets fed
were selected to cause large variation in voluntary
feed intake.

In a second experiment also reported here, the aim was
to determine if the parameters calculated for the cannu-
lated sheep used in the first experiment, could be
applied to predict the intake of a different group of
intact  sheep on the same diets.

Procedure

Cannulated sheep

Seventeen South Afr ican mutton Merino wethers,
approximately one year of  age with a mean l ive nrass
of about 28 kg, were successful ly f i t ted wi th rubber
cannulae in the rumen, abomasum and i leum, using
techniques described by Morgan ( 1979). Data from 6 of
these sheep were deleted, due to unacceptable measure-
ments,  showing an inconsistency between f low as
est imated by marker techniques and f low as determined
by faeces excretion. The allocation of the eleven other
sheep, whose resul ts were used consequent ly,  to 5 diet
groups are shown in Table | .

All diets were ground through a 25 mm sieve and thor<lugh-
ly mixed. Diets were analyzed for mineral content and
def ic iences (  N.R.C . ,  I  97 I  )  were supplemented dai ly v ia
the rumen cannuale.  Twenty f ive grams of  casein were
infused dally per rumen and 80 grams per abomosum.
Casein was infused per rumen to supply ammonia and
amino acids to rumen micro-organisms. Fi f ty mi l l igrams
of ammonia ni t rogen per l i t re of  rumen l iquor was
considered suff ic ient  for  maximum microbial  act iv i ty
(Roffler, Schwabb & Satter, 1976). Casein was infused
per abomosum to prevent any deficiency in protein
restr ict ing voluntary intake (Weston, 1973).  Diets were
supplied ad l ib + l0% and sheep were fed twice daily
at  twelve hour intervals.

Table I

The meon live masses with standard elrors and nwnbers of animals within each treatment

Diet Young
Cenchrus

Lucerne Mature
Cenchrus

Maize cob
leaves

Wheat
straw

(mean values with their  standard errors)

Cannulated sheep

Number  o f  sheep

Mean l ive  mass (kg)

Intact sheep

Number  o f  sheep

Mean l ive  mass (kg)

)
, ?

39,3 + 3,9

2

38,5 + 3,0

29,8 t I ,05

1

3 2 , 5  I  3 9

1
J

3 6 3  1  2 , 5

2

3 t 2  r  3 9

8

2 e 3  t  0 9 8

2 1 6



Animals were al lowed one month to adapt to the diets
before the fo l lowing measurements were made:

a) dai ly organic rnatter intake was dererrnined
cont inuous ly ;

b) rumen dry and organic matter content were
measured on rumen contents afier emptying the
run ' ren  4  t imes a t  +3 ,  +6 ,  +9  and +12 hours
after feeding. Emptying was done only once a
day with an interval of at lc'ast 2 days. This was
done to accommodate diurnal  var iat ion in rumen
contents wi thout ser iously disturbing the sheep;

c) total f low of digesta past the terminal i leum was
measures using chromium EDTA and ruthenium
phanantrhol ine complex as soluble and part iculate
markers respectively as described by Faichney
( 1 9 7 5 )  a n d  M o r g a n  ( 1 9 7 5 ) .

d) a total  col lect ion of  faeces was nlade for 4 days to
determine apparent digest ib i l i ty  of  organic matter;

e) retent ion t ime of  water in the rumen was measured
using Cr EDTA as descr ibed by Warner (1966) and
4 determinat ions were made on each sheep;

l) the rate at which organic matter disappeared frorn
the rumen and small intestine was obtained by
subtract ing f low past the i leum from organic matter
in take ,

g) outf low of  fermentable organic matter was calcu-
lated from cligestibil i ty values obtained from
in v i t ro t -ermentat ion of  the diets (Tel ley & Terry,
1963) ,  bu t  w i th  a  15  h  incubat ion  t in re  in  the
microbial  phase. The calculated f low of  unfermen-
table organic matter in the l 'aeces was subtracted
from the f low of  organic matter past the i leum, to
obtain the outf low of  fermentable orsanic nrat ter .

Intact sheep

As an independent control  group l5 intact  South
Afr ican Mutton Merino wethers wi th a mean l ive mass of
295 t  2,77 kg were div ided into 2 groups (Table l ) .
The lucerne and wheat straw diets were offered at
ad l ib + l0% and sheep were fed at eight hour intervals.
Minera ls  as  requ i red ,  N.R.C. ,  l97 l )  together  w i th  25  g
of casein and 80 g of f ishmeal were fed twice daily.
Organic matter intake was determined. The quantity of
dry- and organic matter in the rumen was determined
after the animals were slaughtered.

Results and Discussion

The sub-divisiort oJ'organic trwtter intake

The model proposed by Waldo et  a l .  (1912\,  d iv ides
dietary organic matter into a fermentable and unfermen-
table fraction. The unfermentable fraction of the feed
can escape from the rumen only by outflow, while the
fermentable fraction can escape by means of both
outf low and absorpt ion through the rumen wal l .  Thus
est imates of  the fo l lowins have to be obtained:

l the outflow of unfermentable O.M. from the rumen,
2.  the outf low of  unfermented fermentable O.M.

from the rumen,
3. The organic matter fermented in the runlen.

The fact that during the processes of fermentation in
the rumen some organic matter is also synthesized or
solubi l ized, compl icates the problem of est imat ing the
outflow of fermentable and unfermentable dietary

Table 2

Organic nwtter intake, organic matter lerntented ond organit'nntter outflow liorn the ntmen.
(Mean values with their stantlard enors )

Measurement Young
Ce n  chrus

Lucerne Mature
Cenchrus

Maize cob

leaves

Wheat
straw

Organic  mat ter  in take
(e/day)

Orga t t i , ,  ma t te r  " f e r r r r en ted  "

i n  t he  rumen  (g /day )

Organic  mat ter  out f low

fronr  t l re  rumen (g /day)

q98 !  69

600 t -10
a

3 9 8 t  5 l
ab

t 0 4 9  I  6 9
a

5 1 7  t  3 0
l lc

5 1 3  *  - i l

b

6 l r t 6 q
a

303

3 1 8  t  5 l
a

t 5 6
ab

! 2 4
ac

596 t 6 9
b

253 t  30
b

3 4 4  t  5 l
a

934

5 6 rt -10
bc

3 1 3  t  4 l
a

Figures wi th di f ferent subscr ipts di f fer  s igni f icant ly P < 0,05 according to one-way analysis of  var iance and Tukey's
T- test  .

_'\.11



organic matter. It was postulated that, when flow is
measured at the terminal ileum, most of the micro-
organisms synthesized or volatile fatty acids produced
during fermentation would be removed. It is known that
very little fermentable structural components are removed
by digestion in the small intestines. Therefore, with the
type of diets used here the best estimate of the outflow
of feed O.M. would probably be obtained at the ileum.
The same is true for the estimation of O.M. fermented
in the nrmen, as the estimate obtained included the OM.
which disappeared in both the rumen and small intestine.
Because it is hypothesized that the OM. removed in the
small intestine originated mainly from the fermented
tiaction it should be rncluded in the estimation of O.M.
fermented.

It would have been interesting to be able to compare
O.M. flow past the ileum with O*tvl. flow past the
abomasum as an indication of the magnitude of the
difference. However, the flow estimates obtained with
abomasal digesta proved to be very inaccurate, probably
due to technical problems and was consequently not used.

Table 2 presents data on how total organic matter was
divided into fermented feed. OM. and outflow of
feed O.M.

As can be seen from Table 2, differences observed in
voluntary feed intake are mainly determined by the rate
of fermentation and to a much lesser extent by the rate
of outflow from the rumen. These rates, i.e. the outflow
of feed OM. (minus the fermentable fraction) and the
fermentation of feed organic matter in the rumen per
day as well as the masses of unfermentable and fermem-
table organic matter in the rumen were used to calculate
the rate constants for outflow and fermentation of
organic matter in the nrmen.

&lculation of fust order rate constants

Waldo et al. (1972) proposed a lrst order model for the
processes of outflow from the rumen and the fermenta-
tion of cellulose. This model implies the following
expression for the outflow and fermentation of organic
matter:

rate of fermentation or flow _ - constant x amount
of substrate

o,  dZ :  -  yz.
dt

Here i l is the rate at which organic matter is fermented
dt

in, or f lows from the rumen, with dimensions gram per
day. The amount of substrate in gram is termed Z.The
rate constant v has dimension day 

-l 
.

Equation (I) corresponds to a regression equation
through the origin, so that the rate constants for fermen-
tation can be calculated by the use of multiple regression

techniques with the fermentation p1s ill as y and the
dt

x's being equal to the amount of fermentable organic
matter in the rumen Zr,or equal to zero if a y-value for
a non-corresponding treatment is entered. The design
matrix is presented in Table 3 under appendix. The
advantage of using a multiple regression in this way
instead of a simple regression, results from the pooling
of degrees of freedom allowing more sensitive t'ests.

Since it can be expected that the rate constant for
outflow y2 is in some was related to the rate constant
for fermentation y I , 0 so-called allometric equation for
outflow of unfermentable organic matter is postulated,

b
Y :  :  o Y l

and fitted by nonlinear regression with.

{ z  
:  a \ r '  , ,  +  e

dt

as model , Z, berng the mass of unfermentable organic
matter in the rumen and a and b being constants" This
model is compared to the lust order model for predicting
intake (Table 4).

In order to calculate the rate constant for fermentation,
fermentable organic matter was divided into a soluble
and insoluble fraction (Table 9, appendix). The soluble
fraction was immediately (c 30 minutes) soluble in
McDougall's saliva and was not included in the calculation
of the lust order rate constant for fermentation. The
insoluble fraction had to be dissolved by microbial and
enzymatic action. This rate was expressed in terms of a
first order rate constant for fermentation y, .

The in vivo measurements of the rate constants for
fermentation (yt), outflow of unfermentable organic
matter (y2) and outflow of ferrnentable organic matter
(yn) are presented in Table 4

The slopes of the lines that relate *- ,o Z were tested
dZ

for homogeneity by the F-Test A significant F-value
(Table 4) together with the consideration of the unique-
ness of the chemical composition of the diets, resulted in
the decision to calculate a Y1 for each diet. In the
situation where the F-values were non-significant,
a common estimate was calculated for y. In all situations
tests resulted in non-significant intercepts, so that the
lines were forced through the origin with a corresponding
increase in accuracy indicated by the relatively small
magnitudes of some of the standard deviations of the
parameters.

(r)
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Table 4

Rate constants for fermentation (y ,) outflow of unfermentable O.M. (\ | and outflow
of fermentable O.M. (y g) as measured in vivo

Rate constant for: Rate
constant

d.y ' t

Standard
error

syx F-ralue 95% confidence
Interval

Fermentation of O.M. (l 1)
( Ind ividual estimates )

Young Cenchrus
Lucerne hay
Mature Cenchrus
Muze cob leaves
Wheat straw

a
b

Outllow of J'ermentable QM.
(Common estimate) Yg

)utflow of unfermentable O.M.
Common est imate (yr)  0,4915***

Outflow of unfermentable O.M.
(allometric model)

| )24x'r*
7  P29** *
0,769**
1 ,030** *
0576*r '

0 4619f {':F

0 F l 4 l  * *

0 2939*x*

0 , 1 3 9
0,300
0 , l l 6
0,090
0 , 1 5 9

0,036

0 927
0 , 1  1 5

0 ,0281

0 9 1 4
| 361
0  377
0,829
o 222

0 , 4 1 I

0 lo2
0,104

0 231

r 534
2,697
l , l 6 l
| 231
0930

0 572

o 522
05 r l

o 3s7

'11 )

69,61

46,8

5 , 8 2 *

3,63 NS

34,86 l 9 e N S

* p 0 ,05 , * *  p  <  001 , * * *  p  <  0 ,001

It would appear frorn the results that, within the l imits
of experimental error, commorl rate constants for the
outflow of fermentable and unfermentable organic
matter from the rumen may be calculated, irrespective
of the diet consumed. This corrclusion cannot be extra-
polated beyond the l imits ret by the type of diet used in
this experiment, since a faster outflow would be expected
with finely ground or NaOH treated roughages. The
results for unfermentable organic matter are graphically
presented in Fig. l.

Fronr Fig. I the relationship does not appear close, but
the fact that it could be forced through the origin.
increased the accuracy, as indicated by a highly signifi-
cant t -value ( t  :  13,6,  p (  0,001) for  the regression
coefficient).

Waldo et al. (1972) suggested that the outflow of
f'ermentable cellulose can be calculated by using a
common rate constant y 2 for the outflow of botlr
fermentable and unfermentable cellulose. When this
approach is applied to organic matter, the situation is
complicated by the fact that fermentable organic matter
in the runren consists of  a soluble arrd an insoluble
fract ions.  [ {owever,  the exper imental  procedure did
non allow accurate estimates of separate rate constants.

O l d  ( ' e  n c h r u s ,  C ' c n c h n r s  c i l i a r i s

Maizc cob lcave s Z l rz  r lnr ' . i

\ \ 'heat  s t ruw 
' l  

r i t i t  unt  t 'u lgur t

l-u cernc :I I c tt it ttgr t su t ir tt

Y o u n g  (  c n c l r r u s  (  u t t  l t n t . s  t  i I i u r i s

Relationship befween the mass of unfermentable
Orgonic matter in the runten ond the outflow of
unfermentab le organic mat t er

2t9

t;ig. I
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Y
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l Y

l i
!

dZ

dt

hedicting voluntary feed intake ond its validity

Voluntary feed intake was predicted for intact and
cannulated sheep using equation (lI), the derivation of
which is given in the appendix. The symbols used are
also explained in the appendix.

( y r  +  \ s ) z

I  +  y s ) k ,  +  \ z k

(I I )

Il cannulated sheep their own rate constants were used
to predict intake. For intact sheep the rate constants
from cannulated sheep were used to predict intake, but
rumen fill was directly obtained from the intact sheep
by slaughtering the animals.

To predict the fraction of fermentable organic matter in

7
the rumen!l the following equation is used:

Z

Yo  +  Y1  +  vz  !
k ?

For the allometric model the same equation (l l) is used
but a y I b is substituted for y 2. The results of the
predictions are presented in tables 6 and 7 .

In the regression equation between predicted and
determined organic matter intake, the non-significant
deviations from a slope of one and intercept of zero,
(Table 6), indicate that both models give an unbiased,
but inaccurate estimate of intake with cannulated sheep.
With intact sheep a higher degree of accuracy is obtained
in both models, but the allometric model is biased. as
can be deduced from the significant intercept obtained.
Where the intercept does not differ significantly from 0
and the slope does not differ significantly from l, the
variance of a predicted mean is calculated by means
of the following formula:

I
I t- y 2 - 2 t x y + I x 2

The reason for the relative inaccuracy of the calculated
intakes with cannulated sheep can be deduced from
Table 7 . The prediction of intake is over- or under-
estimated in the same way that the fermentable fraction
of the rumen contents is over- or underestimated. [t
was not clear whether this over or underestimation
could be explained by the fact that different estimates
of y : , which are assumed to be constants, vary accordrng
to diet. Hence intake and the fermentable fraction were

100

100 -  % Solubi l i ty

also estimated using a separate estimate of y , for each
diet. However, only negligible increase in acc-uracy was
obtained. It is concluded that the variation between the
estimated and determined intake is due to experimental
error and no motivation exists for the use of different
values for y, in this experiment.

The allometric model is not recommended because it
proved to be biased when tested with intact sheep
(the independent control group) where more degrees of
freedom were available.

Compaison with previously recommended methods

Some methods previously used to determine the quality
of a diet were in vivo or in vitro digestibility estimates,
rate constants for fermentation Gill e/ al. (1969) and
solubil ity of the diet. When a l inear regression is f itted
between voluntary intake y and these measurements,
the following correlation coefficients are obtained:
Digestibil i ty r = 0,516 NS, rate constant for fermenta-
t ion  r  _  0 ,711 (P  <  005)  and so lub i l i t y  r  _  0 ,13
(NS). When the regression obtained for cannulated sheep
was used to predict intakes of intact sheep the results
presented in Table l0 were obtained.

The difference between predicted and actual intake
(Table l0) indicates that the previously recommended
methods are biased. This may be explained by the fact
that important factors such as the ruminal capacity of
sheep and other factors are not included in the estimate
and the accuracy obtained with a single fit will not be
repeated under changed circumstances.

Conclusion

A model was developed and its validity tested with dry
roughages of widely differing quality. [t was derived
mathernatically for steady-state conditions in the rumen
and its use wil l be valid only when these conditions are
met or approximated.

Table l0

A comparison of digestibility ond the
rate constant for fermentation for predbting

rolwttary feed intake of intact sheep
(t Standard errors)

k l

k 2  - Y zz-t 
:

z

n2

Independent

variable of l inear

Predicted Actual mean

intake glday intake glday

Diet

Digestibil ity Lucerne

wheat st raw

Rate constant  lucerne

for fermentation wheat straw

7 5 0
698

I  r 3 9
676

954  +  54
4t4 !  24

954 + 54
4t4 + 24

l l l



The fact that the rate constants for outflow (V2, Vg)
could be estimated by constants inespective of diet hls
obviots advantages for prediction purposes. However,
it may not be valid to extrapolate beyond the limits set
by the kind of diets used in this experiment, since it may
be expected that common rate constants for outflow
will not always be valid, as for example in the case of
grinding and pelleting of diets.

The model was primarily developed to indicate the
factors which should be measured in order to predict
intake on widely different diets. In the approach used
here, these factors were:

a) the solubility of the diet, which corresponds to
a very fast digesting fraction,

b) the rate constant for outflow of fermentable
organic matter (V6) which describes the dis-
appearance of fermentable organic matter from
the rumen in terms of outflow;

c) the rate constant for fermentation (y1) which
describes disappearance of fermentable organic
matter from the rumen in terms of fermentation,

d) the rate constant for outflow of unfermentable
organic matter (V, ) which describes the dis-

appearance of unfermentable organic matter from
the rumen in terms of outflow.

e) the insoluble fermentable fraction of the diet (k1),
which describes the total digestibility of the
insoluble fraction of the diet,

D the mass of organic matter in the rumen (Z),
which describes the "ruminal capacity" of the
animal.

The model we propose expresses intake as a function of
all these factors combined into one equation which is
related to the basic first order model. Therefore under the
circumstances of our experiment it can be stated that
intake can be predicted accurately when expressed as a
function of the parameters above and applied to the first
order model. If some of the parameters are not measured
there may be a concomitant decrease in accuracy due to
the use of inapplicable estimates of parameters.
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For the outflow of
designate

&2 :  y)  Z2
d t

unfermentable organic matter

Where 22 is the mass of unfermentable organic matter
in the rumen and y2 the rate constant for the outflow
of unfermentable organic matter. For outflow and
fermentation

Appendix

The logic of the underlying model:

It was hypothesized that the digestive processes in the
rumen can all be approximated by a lrst order homo-
genous differential equation (Waldo et al., 1972).

dz -  vz
dt

This type of equation is applied to the insoluble fractions
of the diet and for fermentation the following notation
is used,

#'_ Yt  z t '

Where 21 is the mass of fermentable organic matter and
yt is the rate constant for fermentation.

For the outflow of fermentable organic matter, write

_  yoz t
(2)

for outflow of insolublewhere y0 is the rate constant
fermentable organic matter.

At steady state in the rumen the mass of fermentable
organic matter remain constant. L,et the intake of
digestible organic matter be k1dZ, and indigestible
organic matter be ktdZ

Hence _  - y t Z t  -  y o Z t  +  k l d Z  -  0

Qz-
dt

(3)

#t :y r21  
+yo21

(4)

( l )

dzt
dt&t

dt
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and y Z Z Z  +  k 2 d Z :  0
(s)
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\ 2  |
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k l
Y r
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;t

t ionfrac

t 2

;

luble

-l
I
I- l
I

\ ' t  I-J

I
I
I
I

- ,

I
I

From
may n

equat ion 9 and 10, intake of  the insol

ow be calculated.

dz,  dz ,  I -  Y t  +  Yo
? - l

d td t l r ,

I  t t  +  Yo  aJ  1
L o 2

fkr l
t l

I  ( v '  +  Yo)  kz  Yzz  I.1. k, - l

L,tt 
+ Ys + 

4 \2 
_l

d Z  i n s o l u b l e  - ( y t  
+  y )  y z z

d t  ( y ,  +  y s )  k ,  +

b e c a u s e k ,  +  k l  =

I

Z

Yo

Y

21
+

!
k2

Yr

I
I
I

I'
I
L

3=tr[

from which we obtain

( v r  +  Y iz t

[€t Z

hence 22

!
k2

Hence (y ,

!_
k 2

( y r  +

7o l

!
k 2

+(6)

i -  Y1 +Yo I

lr;t;l

= (y )z(7)

\ z  Z z

2 2 + Z t

z-zr

Zt (vr +

so that

Y o )

_zr )  t z

z1

\ z Q - Z )

k ,
Ys * , i  \ ) z l

^ 2

k ,

k ;  \z  z

k ,
' u '  t2 )  z

\ zY+

Q2)zY2-
d t

a

Yo)

!
k 2

(  l 0 )

and

(8)
Y r + Y o * k t  \ z

k2

To include solubility this may be written as follows:

4Z insoluble + soluble :
dt

( y r  +  t )  t 2  Z 100

( y r  +  y s )  k - ,  + kr  yz  100-so lub i l i tY ( l  l )

Intake

Because the soluble fraction is supposed to dissolve

immediately (c 30 min.) in the rumen liquor it is not

calculated with the fractions which cause rumen fi l l '

ation and
o derive:

(e)

m
d

To calc
rate of

:erTnent
used t

I
_l+
t

2 l
-J-t

I-t
"_l

atter lt
8 are

\ -
Y 1

k 2 ' z

-!
k 2

Yr1
I  ^ .-  \ )

ulate the rate of organic ma
outflow equatiort 4 and I

l-0, Y r
dzr l ' . ,  

z
: 1 '

d t  t t l  l .

l t '  
t  Yo  *  

I
L

Ft  Y"z
l -  

' L

l k .
, 0 , _

t
l t t  

+  Y o  I

L

!
y) _ 

(vr + vo) t t
d t  k l

y r + y o . k ;
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and from equations 3, 7 and 8



Table 3

Design m^otrix for multiple regression analysis

Mass of insoluble fermentable O.M. in rumen (g)

Young
Cenchrus

Lucerne Mature
Cenchrus

Maize
cob leaves

Wheaten
straw

Mass of insoluble O.M.
fermented in rumen (g)

x l

386
401

0
0
0
0
0
0
0
0
0

x2

0
0

r92
t 7 |

0
0
0
0
0
0
0

x3

0
0
0
0

280
337

0
0
0
0
0

x4

0
0
0
0
0
0

535
5 l l
438

0
0

x5

0
0
0
0
0
0
0
0
0

375
309

Y

483

4 8 1

396

340

228

249

4t6

6 3 1

494

t 7 5

228

Table 9

Percentage soluble organic m.atter in the diets

Young
cenchrus

Lucerne Mature
cenchrus

Maize
cob leaves

Wheat
straw

Organic matter
solubil ity (% ) 10,4
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