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OPSOMMING.. STAPSGF,WYSI. ,  AANPASSING VAN SKAPI . - ,  WAT OP'N AD I . IBITUM BASIS GEVOER IS,  AAN KRAGVOER-

RYKI ' .  RANTSOUNI;  L .N DI t ' -  EF t 'EK DAARVAN OP DIE pH LN MELKSUURKONSENTRASIF.  lN DIE RUML,N

Vyf volgroeide skape is aan 
'n 

stapsge$'yse aanpassingseksper iment onderwerp" Voermengsels wat miel iemeel  en melasse in opeenvolgen-

dc konsentrasies van l0:  26,5:43.5:  54 en 65 persent  bevat  het ,  rs op 
'n 

ad l ib i tum basis aan die d iere gevoer.  Al le rantsoene het 'n ge-

mengde buf ' l 'er  en l5/o ruproteien bevat .  Monsters van rumeninhoud is met kort  interval le gedurende die eerste l4 uur van die voer-

s ik lus getrek tot  mct Dag 7 op die f inale d ieet ,  waar lydens monstcrs gedurende die vol le 24 uur per iode geneem is.  Konsentrasie van

rumen NH3-N u,as meesal  hoer as 6 nrM en dus bokant d ie beperkende konsentrasle van 3,4-5 mM vir  d ie groei  van rumenbakter iee.
'n 

TydeUke opeenhoping van melksuur in d ie rumen het  ongcvct-r  ]  t . r r  2 ure na elk van die 2 daagl ikse voerper iodes voorgekom. Die

pickkonsentrasie (  I  l0  mM) het  oor d ie a lgemeen at 'genccln narnatc d ic aanpassing gevorder het .  Ongewoon hoe piekwaardes het  voor-

gekom tussen dag 22 en 7 |  op die f inale ranlsoen wat aandui  dat  daar 'n neig ing was tot  d ie ontwikkel ing van onstabie le toestande in d ie

rumen.  D ie  skape  l r c t  h ie rd ie  tendens  teengewerk  deur  hu l  voc r inname te  vs rm indc r ,  wa t ' n  te rugkcer  na  s tab ie le  toes tande  to t  gevo lg

gehad het .  soos aangedui  deur 'n 
afname in d ie p iekwaarde van die melksuurkonsentrasie.  Dic gemengde buf ferkomponent van die rant-

soen u,as hoogs doe' l t re l ' t 'end soos blyk u i t  d ie l 'c i t  dat  d ie pH van die rumeninhoud selde laer as 5,5 was,  in weerwi lvandie hod voer in-

name van  to t  2 ,65  kg /d .  D ic  pe r iodes  waar tydens  d ie  pH lae r  as  5 ,5  was  (gem.2 , l  h ;  pe rke  l -6  h )  was  waarskyn l i k  te  ko r t  om d ie

balans van die mikrobepopulasie van die rumen tc verstcur.  Die voorkoms van ur inere stene kan toegeskryf  word aan die ho€- inname van

P atkomst ig u i t  d ie v ismcelbyvoer en die 'buf l -erkomponent van die rantsoen.

SUMMARY.

A stepwise adaptat ion exper imcnt was pert 'ornrcd on 5 adul t  sheep t 'ed ad l ib i rum on successive dietscontain ing l0:  26,5;  43,5;  54 to a

t lnal  d iet  contaln lng 65/o muze mealand molasses t 'or  I l9 days.  Al l  d icts contained a mxed but tbr  and l5% Cp. Samples of  ruminal  in-

gesta ucre takcn at  short  intervals dunng thc l l rs t  l4 h of  the t -eeding c:ycle unt i l  Day 7 on the f inald iet  when i t  was cont inued over the

en t i re  24  h .  Cor rccn t ra t i ons  o t ' rum ina l  NH3-N u 'e re  mos t l y  h igher  than  6  mM and  the re fo re  above  the  l im i t i ngconcen t ra t i ons (3 ,4 -5

m M ) f o r g r o w t h o t ' r u m e n b a c t e r i a . R u m i n a l  l a c t i c a c i d a c c u m u l a t e d t r a n s i e n t l y a b o u t  \ - . Z n a f t e r e a c h o f t h e 2 d a l l y f e e d s . T h e p e a k
concenlrat ion ( l  l0  mM) showed a general  tendency to decrease as the adaptat ion progJessed. Htgher than usual  peak valuesoccurred

between 22 7l  days on the f rnal  d iet  indicat ing a tcndency towards unstable condiuons in the rumen. This was counteracted by a

voluntary reduct ion in food intake by the sheep which al lowed stable condi t ions to retum as indicated by a decrease in the peak lact ic

acid values.  lhe muted dietarv but ' l 'er  u,as most ef lectrve s ince,  dcspi te h igh food intakes of  up to 2,65 kg/d,  the ruminal  pH rarely fe l l

bef  ow 5.5.  and th is was most ly for  short  per iods of  t imc lav.2, l  h,  range |  -6 h)  unl ikely to upset  the balance of  the ruminal  f lora.  The

incidence ol 'ur inary calcul i  could be at t r ibuted to a h igh intake of  P suppl ied by the t ' ishmeal  supplement and dietary buf fer .

The future of  cereals in intensive feeding for the produc-
t ion of  meat and mi lk f rom ruminants seems to be assur-
ed at  least  in the Republ ic of  South Afr ica which pro-
duces a surplus of maize grain ( Le Roux, 1977\. The pre-
sent study concerns the feeding of grain in high concen-
trate diets which can resul t  in lowered product iv i ty due
to reduced food intake associated with the t ransient ac-
cumulat ion of  ruminal  lactate,  as dist inct  f rom the wel l
documented "grain overload" or "acute lactic acidosis"
syndrome where large amounts of  lactate accumulate for
long per iods of  t ime and are of ten fatal  (Dunlop and
Hammond, 1965; Dirksen, 1970).  Previous work

(Mackie, Gilchrist, Robberts, Hannah & Schwartz,
1978) showed that after a successful stepwise adapta-
tion to a high concentrate diet there was a tendency for
imbalances to occur in the ruminal flora on 2 occasions
during the 54 day period on the final high concentrate
diet fed to sheep. Although this did not lead to marked
accumulations of lactate, since the animals were on re-
stricted intake, the possibil i ty remained that this could
occur at ad libitum intake, particularly over the longer
period (100-150 days) employed in intensive feeding
practice. Two factors are of particular importance in re-
gulating the growth of the ruminal flora on high concen-
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t ra te  d ie ts .  One is  the concent ra t ion o f  NH3-N which

should  be adequate a t  a l l  t imes for  growth o f  the rumin-

a l  bacter ia  (Sat ter  & Sly ter ,  1914.  Mercer  & Annison,

l9l6); and the other is the effect on the growth rate of

both rumina l  bacter ia  and protozoa of  lowered pH

values for  pro longed per iods of  t ime (Mack ie  e t  a l . ,

1978 ;  Mack ie  &  G i l ch r i s t ,  1979 ) .  l n  v i ew  o f  t h i s ,  NH1-N

and rumina l  pH as wel l  as  food in take,  weight  ga in  and

D- and L-lact ic acid were determined in the rumen of

adult sheep during stepwise adaptation at ad l ibi tum in-
take from a high roughage to a high concentrate diet,  on
which the animals remained for a further I  l9 days. Al l
experimental diets contained a mixed buffer (McManus.

Bigham & Edwards,  1972)  and l5% crude prote in .

Materials and methods

Animols and management

F ive mature South Af r ican Mut ton Mer ino cast ra ted

male sheep, each provided with a permanent ruminal
cannula  (Ta l jaard.  19721 were used in  the exper iment .
They were individual ly housed in covered pens where
water was freely avai lable. The aninrals were offered half
the i r  ra t ion tw ice da i ly  a t  08.00 and 16.00 h.  Any food
remain ing was weighed back and d iscarded before the
morning feed. The sheep were weighed at weekly inter-
va ls  throughout  the exper iment .

Diets

F< ru r  o f  t he  sheep  (A27 ,  A35 ,  K l  and  K29 )  had  been  on
a lucerne hay diet for at least 6 months before the ex-
per iment  s tar ted.  Sheep A85 had been on lucerne hav-
te f f  hay (50:50)  for  6  months.  Af ter  th isa l l  5  sheep fo l -
lowed the same experimental plan and diets given in
Table I including a 14 day prel iminary period when they
were fed 1,2  kg lucerne hay.

Table I

E-rperimental plan and diets fed to sheep cluring stepwise adaptation at ad libitum Jootl intake to a high con('entrate
diet

Period no.:
D ie  t :
Days on diet :

l

t{R
2

HR/ ln t

-
J

l n t
4

I n t / t l C
7

-5
HC
i l9

Composition (kg/ I 00 kg)

Maize stover
Maize grain
Molasses
Fishmeal
NaCl
Minerals*
Buffer+

Chemical  analysis (e/  100 g)

C P  ( N x 6 , 2 5 )
Mg
Ca
P
Ca/P

67,0

10,0
|  7 ,0
0,5
1 , 5
4,0

16,7
0,46
1,09
1 , 0 7
I , 9 5

5 1 , 0
1 6 , 5
10,0
1 6 , 5
0,5
1 , 5
4,0

1 5 , 5
0,36
1 . 6 3
0,88
1 , 8 5

35,0
33 ,5
10,0
16,0
0,5
1 , 5
4.0

I  5 , 2
0 ,34
1 , 8 6
1,06
|  . 1 5

24,5
44,0
1 0 , 0
1 5 , 5
0,s
1 , 5
4,0

14,2
o , 2 7
1 . 4 9
0,89
1 , 6 8

|  4,0
55,0
10,0
1 5 , 0
0,5
t . 5
4,0

l l , 9

0,24
t , 5 2
o.79
1 ,93

*C<rmmerc ia l  m ix tu re  (K in r t ra fos  15 ,  Kynoch Feeds,  South  Af r i ca)  conta in ing  24 / ,Ca:  l2 / ,P :  O. l5% Fe:0 .051Cu:
O, l / ,  Mg' .O.OO2/,  Co; 0,001%1. 5.O% S. 3.O% dr ied molasses.

+Ct rn ta in i  
ng2%CaCOr;  0 ,5 f r  Na lHPO4:  O,S%K. ,HPOO:  0 ,51  NaH CO3:  0 .5 / ,  KHCO3.
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Sampling and analysis of ruminol flutul

Samples for chemical analysis were taken after l4 days
on the lucerne hay diet, I and 7 days after each change
in the exper imental  d iets,  as wel l  as af ter  a fur ther f2,
42, 7l  ,  98 and I  l9 days on the f inal  h igh concentrate
diet .  The sheep were sampled before (0 h) and 0,5;  I  I
l , 5 l  l ;  3 ;  4 , 5 ; 6  a n d  8  h  a f t e r  t h e  f i r s t  f e e d ,  a n d  0 , 5 ;
l :  1 , 5 ; 2 ; 3 ; 4 , 5  a n d  6  h  a f t e r  t h e  s e c o n d  f e e d  u n t i l  D a y
7 on the f inal  d iet ,  whereupon sampl ing was cont inued
at  2  to  3  h  in te rva lsover  the  remain ing  l0h  o f  the  24h-
feeding cycle.  Samples oI  ruminal  f lu id were wi thdrawn
from the nrmen by applying gentle suction to a tube
( l5 mm i .d.)  inserted into the rumen through the smal l
hole in the cork bung of  the large (83 mm i .d.)  ruminal
cannula. The fluid was strained through 2 layers of
cheesecloth and the pH measured immediately on the
strained ruminal f luid (SRF) using a portable Poly-
metron PM I  meter;  l0 g of  the SRF was then weighed
into a wide-mouth McCartney bott le containing l0 ml
of  0,5 M-HCI.  The acid-treated samples were centr i -
fuged at 4 000 g for 20 min and the supernatant stored
unt i l  required for analysis.  L-  and D-lactate were analys-
ed using specific enzymic methods (Gawehn & Berg-
meyer,  1970) and biochemicals obtained from Boehrin-
ger Mannheim (West Germany).  Total  lactate was cal-

culated as the sum of the 2 isomers.  NH3-N was determ-
ined by steam disti l lation using the method of Schwartz"
Schoeman & Fdrber (1964\.

Results

F'ood intake, weight gain and incfulence of urinary colculi

Food intake (Table 2) and consequent ly mass gain of  the
sheep during successive periods on diets containing in-
creasing amounts of maize were higher for sheep A85
and K I than for the other three sheep. These 2 sheep
gained 30,2 and 22,5 kg respectively over the entire
course of  the exper iment,  of  which 17,7 and 14,8 kg re-
spectively was the mass gained on the final high concen-
trate diet. Sheep K29 was removed from the experiment
at the beginning of period 5 when its food intake sud-
denly dropped to 500 g on the final diet, as did that of
A21 and A35 which were removed after 7l and 98
days respect ively on the same diet .  Post mortem exami-
nat ion of  sheep K29 which died and A2l  and A35 which
were slaughtered revealed the presence of urinary calculi.
The chemical composition of the calculi from sheep A35
( M g  I  6 , 1 0 % ,  C a  1 , 7 l % ;  P  1 6 , 6 8 % ;  N  5  , 6 8 %  ;  H  2 , 6 9 / '  ;

Table 2

Mean dail.v food intake (kg) of sheep during stepwise adaptation to a high concentate diet

Period no.
Percentage

grain + molasses
in  d ie t

Mean daily food intake+ for sheepDays
on diet

A27 A 3 5 A 8 5 KI K29

Preliminary
I
2
3
4
5

0
l 0
26,5
43,5
54
6 5

t 4
I

a

-
1

2 2
42
7 l
98

l l 9

1 , 2 3
I , l  I
1 , 3 9
1 , 0 0
1 , 3 8
1 , 5 0
l , 6 J
I , 1 6
1 , 2 3

+
I

T

+
I

T

1 , 2 3
l , l 0
1 , 5 0
1 , 3 3
I  , 1 3
l , l  I
I , 3 9
1 , 5 0
1 , 4 6
l , 4 l

+
I

f

1 ,23
1 ,63
1 ,86
2,68
2 , 3 1
2,26
1 4 5

7,34
2 , 1 0
1 , 4 2
1 , 5 4

1,23
l , 2 l
1 , 6 5
2 , 1 0
)  ) s
2,07
2,06
2 , 1 3
I ,90
1 , 5 3
1 , 4 5

1 , 2 3
0 , 5 1
1 , 3 9
I , 6 8
l , 9 l

-L
I

T

t
I

T

.L
I

f

-L+
+
t

.L
I

T

+ Food intakes represent the mean daily intake over the 7 day period before and including the sampling day.

f  Sheep were withdrawn from the exper iment.
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F i r s t  f e e d

I
S e c o n d  f e e d

*

C 1,92% ) was simi lar  to that  of  calcul i  reported in the

literature (Elam, Schneider & Ham, 1956; Packett &
Coburn, 1965) for  th is type of  h igh concentrate diet .

The food intake and hence the intake of Ca, P and Mg of
the 3 sheep with oalculi was srmrlar to that ot sheep A26

and considerably less than that of A85 and K I which

survived. There was nothing in the pH, NH, or lact ic

acid concentrations in the rumen of these sheep which

distinguished them from the survivors.

Diurnal pottern of ruminal lactic ac'id concentration and
pH

The diurnal  pat tern of  the ruminal  total  lact ic acid con-

centration and pH over the sampling period is shown in
Figure I  for  the 2 sheep (A85 and Kl)  which completed
the exper iment and had consistent ly high food intakes.

The peak lac ta te  accumulat ion usual ly  occurred wi th in

I  h  a f ter  feed ing.  Smal ler  peaks occurred whenever  the

animals  resumed eat ing.  Maximum va lues tound were

7,12 mM for  sheep A85 on the J6,5/ ,  gra in  and molasses

d ie t ,  and  8 ,30  mM fo r  sheep  K l  a f t e r  7 l  days  on  t he

f ina l  d ie t .  Sheep K29 had peak va lues of  9 ,10 and 8,01

mM af ter  7  days on the d ie t  conta in ing 54/ ,  gra in  and

mo lasses  and  one  day  on  t ha t  con ta in i ng  65 f r  r espec t i ve -

ly  jus t  before i ts  food in take dnrpped and i t  was remov-

ed f rom the exper iment .  For  a  large par t  o f  the day the

concen t ra t i on  o f  l ac t i c  ac id  was  l ow  (  (  I  mM)  on  a l l

d i e t s .  The  mean  peak  l ac ta te  concen t ra t i on  (Tab le  3 )

dur ing the adaptat ion per iod occurred af ter  7  days on

the 26 j% gra in  and molasses d ie t  and tended to  de-

crease despi te  increased feed in take (Table  2) .  The mean

values tended to increase again after 22.42 and 7 |  days

on the f ina l  d ie t  ind icat ing poss ib le  ins tab i l i ty  in  the

balance of  the rumina l  f lo ra .  However ,  the an inra ls  ap-

peared to  ass is t  in  mainta in ing the ba lance by subse-
quent ly  reduc ing food in take.  The percentage D- lacta te

in  to ta l  lac ta te  a t  peak accumulat ion (Table  3)  shows

that  the D- isomer  formed -50f  o f  to ta l  lac ta te  on a l l

except  2  occas ions when the f ina l  d ie t  was fed.  The per-

centage of  D- lac ta te  was usual ly  greater  than 6O/r .  S imi -

lar  t rends in  the propor t ions o f  the I  isomers were found

a t  t imes  o the r  t han  peak  l ac t i c  ac id  concen t ra t i on .

The pat tern o f  rumina l  pH shown in  F igure I  revealed

that  immediate ly  a f ter  feed ing the pH va lues tended to

increase s l ight ly  or  remain a t  pre feeding leve ls  lor  ca.  2

h before s tar t ing to  decrease.  Min imum va lues were re-

corded 4 l0  h  a f ter  the second feed espec ia l ly  on thc

f ina l  d ie t  conta in ing65f ,  gra in  and molasses.  However ,

desp i t e  i r r t akes  o f  up  t o  2 ,65  kg  o t ' f ood  pe r  day  t he

pl - l  o f  the rumen rare ly  fe l l  be low 5,5  and th is  was

usual ly  on ly  for  a  few hours  even on the d ie t  conta in-

ing the h ighest  leve l  o f  gra in .  Table  4  shows that  the

min inrunt  pH va lues decreased as the adaptat ion pro-

g ressed .  Va lues  o f  - 5 ,10  on  day  41 .  5 ,30  on  day  I l 9

and 5,30 on day l l  o f '  the f ina l  d ie t  were t 'ound for

sheep  A35 .  A85  and  K  I  r espec t i ve l y .  The  l owes t  va lue

tound for  sheep Kl9  was pH 5,4  jus t  before i t  was re-

moved f rom the erper iment .  The p l {  va lues for  sheep

A85  we re  be low  6 .00  f o r  t he  en t i r e  14  h  pe r i od  on  t he

9 l l t h  and  I  l 9 th  day  o1 '  t hc '  f i na l  h i gh  co r r cen t ra te  d i e t

excep t  f o r  a  pe r i od  o t ' ha l f  an  hou r  on  day  98 .

R u m i na I ant ttt<t n ia L'( ) tr (en t rot io n s

The pat tern o f  rumina l  ammonia concent ra t ion w 'as

s im i l a r  t o  t ha t  r epo r ted  by  Mack ie  e t  a l .  (  1978 )  w i t h

peak va lues occurr ing ca.  I  I  h  a f ter  f -eed ing.  These

va lues  d id  no t  exceed  13  mM NH l -N  un t i l  a f t e r  Day  7

on  l he  f i na l  d i e t  when  bo th  peak  i nd  m i r r i n rum concen -

t ra t i ons  s ta r t ed  t o  i nc rease  t o  va lues  o1 '31 .4  39 .4  and

t i . l  I  l , l  mM respec t i ve l y .  The  m in imum concen t ra -

t ions were of ten recorded between the I  da i ly  feeds and

usual ly  3  5  h  a f ter  feed ing.  They were most ly  greater

t han  6  n rM  (Tab le  , 5 ) ,  a l t hough  on  seve ra l  occas ions  on

=
tr

(J

* O

H a

o

c 4
o';
o

: oq r -

o g
c
o
(J

7

6 E

5
8  10  ' 12 ,5  16  20

T i m e  a f  t e r  t i  r s t  f  e e d  (  h  )
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Table 3

Pcrcentage D-lactate at peak lac'tate c'oncentration (mtrI ) in the rumen of sheep adapted stepwise to a high con('entrate
diet

Perior l  no.
Percen tage

gra in  + rn< l lasses
i r r  d i e t

Days on.diet
Peak lactate conc.

(mM)
Mean t SI)

D- lactate at  peak
(%)

Mean t  SD

Preliminary

I

)

J

4

5

l 4 |  ,73  !  O, lO

I , 6 6  t  0 , 2 8
1 , 4 0  1 0 , 2 7

2,76  +  2 ,45
5 , 1 5  t  l , 8 l

3 , 2 9  t 2 , 2 0 .
3 , 3 7  t  1 , 5 3

2 , 5 8  t  1 , 3 3
3 , 4 1  t  3 , 5 2

3 , 5 6  t  2 , 8 0
3 , 1 7  t  1 , 5 8
4,20  t  2 ,08
4 , 1 5  !  ) , 6 1
4 , 1 0  t  2 , 8 9
r , 83
3 , 7 6

5 4 t  6

t 0

2 6 , 5

4 3 , 5

54

6 5

64 t24
6 6 !  1

6 5  t  1 9
6 3  t l 4

6 7  ! t 3
5 7  t l 4

6 7 !  5
5 2  t  1 6

4 8  ! 2 2
4 4  r  1 8
6 3  ! t 4
5 4 t 1 7
6 2 t  1
6 l
86

I
1

I

I
l

I

I

2 2
4 2
7 l
9 8

I  l 9

Table 4

lllinimum pH values in the rumen of sheep alapted stepwise to a high concentrate diet

Per iod no.

Percentage
gra in  + DaYs

nto lasses on

i n  d i e t  d i e t
A ? 1

Minimunr runr inal  pH of  sheep

A 3 5 A 8 5  K I K29 Mean t SD

[ ' rel iminary

I

2

3

4

5

16,5

4 3 , 5

54

6 5

5 , 9  5

6,40
5  q 5

5  7 5
5  7 5

6,00
5 , J O

5,60
5  s 5

5 , 7 0
5,80
5,40
5 , 5 0
5,80

+
I

f

+
I

T

6 , 3 5

6 , 5 0
s  7 5

6 , 1 0
NS+

N S
5 , 7 0

5,45
5 . 7 0

5 , 7 0
5,40
5,30
5 . 2 0
5 , 5 0
5,40

+
I

T

6 , 3 5

6,J  5
6,40

6 , 5  5
6 ,J0

5 , 8 5
5 , 6 5

5,60
6 , 1 0

5,90
5 q q
u ; "

5,80
5,90
5 , 6  5
s,30

5 , 9  5

6 ,80
5 , 7  5

5 ,90
5 , 7 0

s  7 5

5,60

5 , 5 0
5 , 5 0

5,60
5 , 5  5
5 , 3 0
5,40
5,80
5,6  5
5 , 5 0

5,90

7,00
5,80

6 , 1 0
5 ,50

5,60
5 ,50

5,45

5,45
6,50*

+
I

T

J
I

T

+
.L
I

T

{-
I

'f

0 t4

l0  r
I

6,08 t  0,2-5

6,69 t0,24
5 , 9 3  1 0 , 2 8

6,08 t  0,30
5,70  t  0 ,30

5 , 8 0  t  0 , 1  7
5,63 t  0,08

5,54 t  0,07
5 , 6 6  ! 0 , 2 6

5 , 6 7  t  0 , 1 6
5,68  t  0 ,25
5 , 4 4  ! O , 2 1
5,48  t  0 ,25
5 , 7 5  t 0 , 1 7
5  5 7
5,40

I
7

I

7

I

I
I

1
l l
4 2
1 l
9 8

l l e

+

+
i
{(

NS = not sampled
Sheep were withdrawn from the exper iment
Value for sheep K29 omitted from calculation of Mean t SD
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Table 5

Minintum ruminol NII3-N con('entrations (mM ) tluring stepwise atlaptation to a high ('oncentrate diet

Per iod no.

Percentage
grain + DaYs

molasses on

in  d ie t  d ie t

Minimum ruminal  NFl3-N of  sheep

A21 A 3 5 A 8 5  K I K 2 9 Mean  I  SD

Preliminary

l

2

3

4

5

0

l 0

26,5

43,5

54

6 5

I
7

I
7

2 2
4 2
7 l
98

l 1 9

10 ,3

3 ,2
6,4

8 , 1
14,6

1 0 , 5
J ,9

5 ,8
6,3

4,3
12,7
NS
10,4
|  5 , 2

tr
T

++

1 7 , 5

6 ,3
I  3 , 1

1 5 , 0
NS+

NS
1 3 , 0

i  5 ,9
14,0

6,0
|  3 , 1
9,3

l l , 2
20,3
12,5

J.
I

T

8 , 1

5,3
5,6

5 5

J , l

9,0
|  0,2

7 , 8
14,6

l l , 2
21 ,6
6 , 2

12, l
20,3
12,5
1 3 ,  I

19,4

1 0 , 2
9 ,8

l ) . ,4
|  5,4

I  l , l
1 0 , 0

14,6
15,4

1 2 , 0
I  1 , 6
14,6
I  1 , 8
16,4
8 ,2

1 5 , 6

n,3

| 2.,2
9 ,3

I  3 , 5
1 6 , 6

|  0 ,2
1 3 , 9

6 ,9
7 , 7

6 , 5
34,6*

+
I

T

J
I

T

f
f

++
+
+

l 4

I
1

I  3 , 5  t  4 , 8

1 , 4  t 3 , 7
8 ,8  t  3 ,0

10,9  t  4 ,0
13,4  !  4 ,3

10,2  t  0 ,9
I  1 , 0  r  2 , 4

lO,2 t  4,7
I  1 , 6  1 4 , 3

8,0 r  3.4
14,8  t  4 ,6
1 0 , 0
1 2 , 9  t  3 , 0
I  8 , 1  t  2 , 6
I  l , l
19,4

I

I
7

+

++
*

NS = not sampled
Sheep were withdrawn from the experiment
Value for sheep K29 omitted from calculation of Mean t SD

the high roughage ( lO% molasses) and the 26,5% grain

and molasses diets values were between 3-5 mM for

slrort periods of t ime (ca- 2-3 h).

Discussion

The present  s tepwise adaptat ion exper iment  demon-

st ra tes that  prov ided the growth o f  the rurn ina l  f lo ra  is
regula ted by cont ro l l ing pH and ava i lab i l i ty  o f  NH. , -N

in the rumen, adult sheep fed ad l ibi tum adapt readi ly

to  a  d ie t  conta in ing 65f  maize meal  and molasses wi th

food in takes and rap id  weight  ga ins.

Accumulat ions o f  lac t ic  ac id  found in  the rumen were

f ow and transient. Peak concentrat ions occurred ca.

+-2 h  a f ter  each of  the 2  da i ly  feeds and never  exceeded

l0  mM regard less o f  d ie t .  There was a genera l  tendency

for the peak values to decrease as the adaptation pro-
gressed f rom d ie ts  conta in ing )6 ,5% to  65% gra in

and molasses.  Higher  than usual  peak concent ra t ions
of lact ic acid were found in the rumen of dif ferent

sheep between 22-71 days on the f ina l  d ie t  conta in-

ing 65% grain and molasses. Such increases in peak
values of ruminal lactate had been shown by Mackie
et al .  (1978) to be associated with a 50-80% decrease
in the number of cil iate protozoa, and a simLrltaneous
sharp increase in the number of  total  cul turable bac-
ter ia which resul ted in unstable condi t ions in the rumen
of sheep adapted stepwise to a diet containing 7l/o
maize meal and molasses. At the same t ime one of  the
animals refused all food for one day and this allowed the
ruminal f lora to regain balance. In the present experi-
ment all animals voluntarily reduced food intake on the
f inal  h igh concentrate diet  which not only assisted in
control l ing the accumulat ion of  lact ic acid,  but  would
also have allowed the ruminal f lora to recover balance.
Thus, the facl that lactic acid accumulated only
transient ly and in low concentrat ions showed that the
balance of the ruminal f lora was in general successfully
maintained throughout the course of  the exper iment
las t ing  150 days .

Concentrat ions of  NH3-N were most ly higher than 6
mM and therefore above the l imi t ing concentrat ions
(3,4 5 mM) for growth of  rumen bacter ia (Satter &
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Slyter, 1974; Mercer & Annison, 1976). On a few occa-
sions on diets containing l0 and 26,5f, grain and mo-
lasses they were growth limiting (3,2 mM) or marginal
(5,3*5,6 mM) for short  per iods of  t ime (2-3 h) which
were unlikely to have any marked effect on bacterial
growth.  However,  on the f inal  d iet  containing 65/,  grain
and molasses, the NH3-N concentrat ion rose to l -12
mM thus providing a more than adequate supply of
NH3-N for bacterial growth at a time when this was
cr i t ical  owing to the fact  that  the starch and sugar fer-
menters would,  as a resul t  of  their  rapid growth,  be in
a posi t ion to ut i l ize the avai lable NHr-N at  the ex-
pense of  the s lower growing organisms l ike the lactate-
uti l izing bacteria essential for a balanced ruminal f lora
(Mackie et  a l . ,  1978:,  Mackie & Gi lchr isr ,  1979).  On the
other hand, despite a dietary CP content of I 5% , the
maximum values of NHa-N ( ( 40 mM) would have
I i t t le inhibi tory ef fect  (  )  30 mM) on growth of  the
ci l iate protozoa (Hino, Kametaka & Kandatsu, 1973).
These results suggest that relatively l i tt le of the fish-
meal, used as N supplement in all the experimental diets,
was degraded in the rumen, possibly because of a high
rate of  passage of  d igesta out of  the rumen as a resul t  of
the high food intake (Sutton, l97l  ) .

The mixed dietary buffer (McManus et  a l . ,  1972) was
most effective since, despite high food intakes of up to
2,65 kglday, the values of ruminal pH rarely fell below
5,5,  and this was most ly for  short  per iods of  t ime (av.
2,1 h,  range l -6 h) even on the f inal  d iet  containing
65/o grain and molasses. Previous microbiological studies
(Mackie et al., 1978) showed that the balance of the
ruminal flora could be successfully maintained under
these condi t rons of  pH. McManus & Bigham (1978)
found that inclusion of the mixed buffer in an all-wheat
diet  fed to growing lambs promoted increased numbers
of bacteria. These were predominantly Gram-negative
staining compared to the bacterial f lora of animals fed
the same diet with CaCO3 alone as buffer which gave
rise to a greater proprotion of Gram-positive bacteria, in-
cluding cocci l ikely to be Streptococcus bovis which
have been associated with lact ic acidosis (Slyter,  1976).

The incidence of  calcul i  in the present exper iment can
be ascr ibed to a high level  of  P in the diet  (0,73-1,Uf)
and a  low Ca/P ra t io  (1 ,68-1 ,95) ,  wh i le  the  add i t iona l
K in the buffer could have aggravated the problem (Elam
Schneider & Ham. 1956: Hoar.  Emerick & Embry.

1970).  I t  was est imated that ca.43-50% of the P was
supplied by the fishmeal in the diet. Scott (1972) show-
ed that when fishmeal was added to a diet containing
80% bar ley,  the ur inary P excret ion,  which is strongly
correlated with the format ion of  calcul i ,  was higher
than when the barley was supplemented with soybean
meal. This was not due to a higher P content of the fish-
meal diet but was attributed to differences in absorptibn
of P from the gut. An explanation for these results and
also the high incidence of calculi in the present ex-
periment is possibly related to differences in NH:
concentrations in the rumen, since soybean meal tends
to be more readily degraded than fishmeal. A higher
NH3 concentration could result in precipitation of Mg
NH4PO4 in the forestomach which is one of the main
sites of Mg absorption (Ben-Ghedalia, Tagari, Zamwel
& Bondi ,  1975).  The presence of  Mg in the digesta could
then interfere with P absorption. Alternatively, the in-
clusion of buffer salts in high concentrate, cereal based
diets would give rise to an alkaline urine high in HPO4=
which would easily precipitate in the form of crystals
containing magnesium, ammonium and phosphate (see
composi t ion of  ur inary calcul i  in Resul ts) .  Since the in-
take of Ca, P and Mg of the non-calculi wethers was
equal  to or greater than that of  the calcul i  wethers,  and
there was nothing to distinguish these 2 groups of sheep,
it is possible that the calculi wethers tended to absorb
more P and Mg thus excreting more via the urine and
less via the faeces (Packett, Lineberger & Jackson, 1968)
and were, as a result, more prone to urolithiasis. ln view
of the unsuitabil ity of the mixed buffer for adult
wethers on a diet high in fishmeal, one of the sheep
which completed the present experiment (A85) and a
second wether (A52) were kept successfully for an ad-
ditional 214 and 224 days respectively on a diet similar
to that containing 65/o grain and molasses, except that
the mixed buffer was replaced with 3/o CaCO3 alone.
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