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OF THE CENTRAL ORAI.'IGE FREE STATE. l. DIET COMPOSITION. DIGESTIBILITY

AND RUMEN AMMONIA CONCENTRATION'I
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OPSOMMING: AANVULL ING vAN PROT| . l l ' .N  I jN  I :OSFOR AANSKAPL .OPNATUURLIKEWIT ID INGVAN D l l ]  S I :NTRALE

ORANJtT-VRYSTAAT.  l .  DI I ' -ETSAMESTELLING. VITRT[ : I :RBAARHITID I :N RUMENAMMONIAKKON-

SITNTRASIE

Die invloed van proteibn-en fosforaanvul l ing aan Dorper-  en Mer inohamels op veldweiding is  oor 'n pcr iode van een jaar ondersoek.

Bcide aanvul l ings rs op 2 maniere voorsten,  naaml ik.  a-s 'n lck o l 'as 'n daagl ikse toedicningvia rumenkannules- Sommigevan die waar-

genome vcrskiUc in d iectsanresle lhng,  verteerbaa.rhcrd en runlen-NHr-konsentrasie tussen die verski l lende behandel ings en rasse was

stat is t ies betekenisvol  (P < 0,05).  Gsen det ln i t ieu 'e tendens ten gunste van enige behandel ing kon egter  waargeneem word nie.  Dieet-

samestel l ing,  vertccrbaarheid en rumen-Nl l  l -kon\e ntrasle het 'n sc isoenspatroon gctoon waar in reenval 'n oorheersende rol  gespeel  hel

SUMMARY..

The inf luence of  supplementary protcrn and phosphorus to Dorper and Mer ino wethers on nat ive pasture was invest igated over a per iod

o1'one year.  Thc supplernenLs wcre provtdt 'd by 2 di l ' l l ' rent  methods namcly as a l ick or  at  aconstant  dai ly  levelv ia rumen cannulae.

Somc ol ' t ie  observed di f ferences in drct  composrt ion,  d igcst ib i l i ty  and rumen NH, conccntrat ion between the di f ferent  t reatements

and breeds,  werc s lat is t ical ly  s igni l ' reunr (P (O,OSl.  No dcf in i te t rend due to any ot  the t reatments could be found. Diet  composi t ion,

digestibrlity and rumen NH, conccntration followed a seasonal trend in which rainfall played a dominant part.

The native pasture of South At'rica. consisting mainly of
grass, is generally regarded to be deficient in both protein
and phosphorus (Theiler, 1932; Du Toit, Louw & Malan,
1940). Since this early pioneenng research the practice
of supplementing grazrn1 runrinants with various mineral
and rumen stimulating l icks has become an integral part
of l ivestock production in South Africa (Bisschop, 1964;
Coetzee, 1969; Louw, 1 969, 1978, 1979).

Very little information is available regarding the influence
of supplementary feeding on the composition and
digestibil i ty of the diet selected by sheep and also on
rumen NH3 concentratron. Results in this regard pertain-
ing to free grazing sheep are virtually non-existent. Both
diet composition and digestibil i ty are important factors
in the evaluat ion ot '  the nutr i t rve value ot '  any leed.
Tl ierefore i t  was decided to obtain more quant i tat ive
informat ion on nat ive pastures in th is resard.

Procedure

The experiment was conducted at the Agricultural
Research Institute. (i len. A 3 camp rotational graztng
system with a stocking rate of  one sheep per ha was used.

Receipt ctf MS 19. 05- I 9tl0

A total of 9 camps were used in order to accommodate
the 3 experimental flocks. The trial lasted from June
1977 to May 1978. A botanical survey using the wheel-
point method (Tidmarsh & Havenga, 1955), was carried
out halfway through the trial. Themedo triandra, Era-
grostis chloromelas and Cymbopogon pfuinodis were
the dominant grasses. comprixing 61,8% of the basal
plant cover.

Two types of supplements were used, narnely:

(i) a Protein supplement (Fish meal 50%, Salt 30%,
Dicalciu rnpho sphate | 5 % and M olasses meal 5 %\ and

(ii) a Salt/Phosphate supplement (Salt 50%,Dicalcium-
phosphate 45% and Molasses meal5%).

Part of thesis accepted for the degree of M.Sc.
(Agnc) in the Dept. of Animal Science, University
of Stellenbosch, l9'79 .
Dept. of Animal Science, Faculty of Agriculture,
University of Stellenbosch 7600.
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The experimental design with

Table I

the number of sheep per breed and per fteatment

Treatment Group I Group 2 Group 3 Group 4

Breed

Salt/Phosphate
supplement

ocl lib.

Protein
supplement

ad lib.

Salt/Phosphate
supplement

per RF

Protein
supplement

per RF

Nunrber of
sheep per

breed

Dorper 5 Intact
(Control)

5 Intact 5 R F 5 R F 20

Merino 5 l n t a c t
(Control)

5 l n t a c t 5 R F 5 R F 20

Dorper 3 0 F
(Control)

3 0 F 3 O F  +  R F 3 O F  +  R F t 2

Merino 3 0 F
(Control)

3 0 F 3 O F  +  R F 3 O F  +  R F t2

Number of sheep
per treatment l 6l 6l 6r6

Total  number
o fsheep -  64

OF
Rf'
Intact

oesoph"ogeal fisnlae
rumen lisrulae
no fisulae

Young Dorper and Merino wethen were used as experi-
mental animals. The experimental design (fully random-
ued) with the number of sheep per breed and per
treatment is presented in Table l.

The sporadic and inconsistenl consumption of supple-
ments by sheep is often suggested as cause for the poor
response by sheep to supplementary feeding. Therefore
the different supplements were administered by 2
different methods. namelv :

( i )  as a l ick in Treatments I  and 2,  and

(ii) as a constant daily dose via nrmen cannuale in
Treatments 3 and 4 (30,4 g Salt/Phcsphate and
6l3 g Protein supplement respect ively) .

Due to practical considerations the sheep in Treatments
I and 2 were run as separate flocks, while those in
Treatments 3 and 4 were conrbined as a th i rd f lock.
The 3 flocks were rotated between the available campson
a weekly basis to eliminate any effects due to differences
in basal plant cover.

The oesophageally f istulated sheep (designated OF in
Table I ) were used f or the collection of samples from
the pasture on a nlonthly basis.  The sampl ing was done

on 3 successive days during each month and each OF
sheep was given the opportunity to sample each of the
camps used a specific t ime. Sampling took place after a
fasting period of 4 hours in order to minimize the
possibility of regurgitation during sampling. Any samples
showing excessive quantit ies of saliva or contaminated
with regurgitated material were discarded. Drinking
water was always available during the fasting periods.

The samples of each OF sheep for the 3 days were pooled,
freeze dried, ground through a Wiley mill with lmm
screen and then analysed.

Dgestibil i ty of organic matter (OM) of the native pasture
was predicted as described by L,ngels & Malan (1978).

The crude protein content of the pasture was expressed
on an ash-free (OM) basis.

During each month rumen fluid was sampled at 08h30
on 2 non-successive days from all sheep fitted with
rumen fistulae (designated RF in Table I ). The rumen
fluid was aspirated from the rumen via the RF by means
of '  a stomach tube connected to a f lexible plast ic con-
tainer An al iquot of  60 to 70 nr l  rumen f lu id was then
acidi f ied wi th I  ml of  concentrated H2SOa in smal l
p last ic bott les and stored at  a temperature of  _- l5oC.

The sampling of rumen tluid took place over the period
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Table 2

The average dailv intake ol'phosphorus (P) and crude protein t,w the respec,til,e supplements

Average dai ly intake of  supplements.  P and crude protein

Month

Treatment  I
Sal t /Phosphate supplement

ad lib.

Treatment 2
Protein supplement

ad lib.

Supp lement P
- -- '':

Supplement Crude protein

June

J u l y

August

September

October

November

December

January

February

March

April

May

' 7 7

' 7 7

'77

, J 7

'77

,7J

'79

'79

'79

"7g
'79

o
b

1 0 . 2

12,3

14,6

9 ,3

7 ,7

8 , 5

8 ,8

6 , 2

7 ,0

7 , 8

6 ,8

4,9

o
D

0 , 8 6

r . 04
l : 3

0 .79

0,65

0 . 7 2

0.74

0,52

0,59

0.66

0 , 5 7  |

0 ,41

g
D

2 1 . 2

28,2

24.6

1 9 , 6

12,6

l 4 , l

12,7

1 0 , 7

1 0 , 4

9 ,5

9 , 1

6 ,5

I
D

0,94

1 , 2 5

t . 0 9

0,8 7

0 "56
0,63

0 , 5  7

0,48

0.46

0.42

0,40

o,2g

g
6,03
8,02
7,00

3 ,59
4 ,01
3 , 6 1
3,04
2,96
2,70
2,59
1 . 8 5

t l ra t  OF samples  were  co l lec ted .  Pr io r  to  ana lys is  these
samples were thawed, centr i fuged and the 2 samples
from each sheep pooled. Rumen ammonia (NH3) was
determined according to the method of disti l lation over
MgO (Kemmink. 1964) as descr ibed by Van Niekerk
(1965)  and expressed as  mg NH3 /  100 nr l  rumen f lu id .

The voluntary consumption of  the 2 supplenrents by the
sheep in Treatments I  and 2 was recorded on a rnonthly
b asis.

Results

The average month ly  prec ip i ta t ion for  the exper imenta l
per iod and a lso f< l r  the per iod 1960 to  197 S ,are presenred
i n  F i g ,  l .

F ron r  F ig .  I  i t  i s  ev iden t  t ha t  f r om Janua ry  t 978 ,  t he
ra in ta l l  pat tern was in  accordance wi th  the long ternr
average.  However ,  a  h igher  than normal  prcc ipr ta t  ron
was  reco rded  i n  Sep tember  1971  wh i l e  t he  ea r l y  sun rn rc r
(November  1977 )  cou ld  be  cons ide red  as  re l a t i ve l y  t l r y .

The average da i ly  in take of  phosphorus (P)  and protern
vra the respect ive supplentents ,  rs  presented in  T 'ab le  _ .

T h e  r e s u l t s  r n ' f a b l e  I  r n d i c : a t e  t h a t  t h e ' v o l u n t a r y  d a r l y
rn take  o l ' t he  2  supp le rnen ts  by  t he  sheep  was  ra the r  l ow

The highest daily intake of the supplements was recorded
during August 1977 for Treatment I and during July 1977
for Treatment 2. The initial differences in daily intake
between the 2 treatments were more than 100% during
June/Jufy 1977 and less than 33% dur ing May 1978.

The sheep in Treatments 3 and 4 received 2,57 and
2,73 g P per day respectively via the RF. In addition, the
sheep in Treatment 4 received l7 ,4 g crude protein daily
from the protein supplement.

l.-ig I Thc monthly precipimrion for the experi-
ntental period (- )and also for the period l960
k t  1 9 7 5  (  )

t " B .  
^ r r * ? ! i S  

N o v .  L i e . .  7 1  t . ,  7 ,  r € L l
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Table 3

The crude protein content and dBestibiury ofOM of sonpld collected by o*ophageally lsfrrlated (OF) theep during the different montht of the experimental period

Crude protein content and digestibility of OM

t971 1978
Month June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March April May

i  Crude prote in % 8A '19 l l , l  l2 , l  14 '8 l l ,5  10,3 i :J  12, ' l  l3 , l  129 l l9
Drgestibility of OM% 54,0 572 60,7 63,0 659 61.5 619 64A 54O 65,0 60p 583

* Crude protein content expressed on an ash-free basis

Table 4

The overage monthly rumen onmonia (NHS) concentration of the sheep in Treatment 3 and 4

Average rumen NH3 concentration (mg NHg / lm ml rumen fluid)

197'1 1977 1978 1978 Treatnent average
Treafinent Breed June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March April May ! SE

mg m8 mg mg mg mg mg mg m8 mg mg mg mg

--l a ac
Salti Phosphare D 4,79 2,14 3.65 832 556 2,18 6,1I 'l 

18 7,13 6,80 9,7'l 7 36 594 r 0495
supplernent ab bc
per RF l\4 7.:6 5,78 3A7 9,44 5.63 2,62 6,37 820 7 36 6,72 8,88 820 6,66 I 0,495

4 a b a c
horern  D 6 ,07  284 4p5 895 7  99  3 ,1 I  8 ,15  922 !0 .08  9 .08  

' t222 
10 ,12  7 ,66  !  OA93

suDplement b b
perRF M 8 ,43  6 ,3 :  4 .4O 11,13  7 .43  2 , '12  1 .8 '7  6 ,70  I  A ' l  8 ,79  12 ,10  8 ,5s  7 .75  r  0 ,493

a, b,c:  Averagesin a column with the same superscr ip l  do not di f fer  s igni f icant ly (P < 0,05)

D Dorpers
M Merinos
RF rumen fistulae



' fhe 
di f ferences in diet  select ion between treatments as

reflected in crude protein content and digestibil i ty of

OM of the OF samples were significant in 2 isolated

cases only. Since these significant dif ' ferences could by

no means be at t r ibuted to t reatment or breed, the data

of all sheep were pooled on a monthly basis. The pooled

data are presented in Table 3.

The 2 isolated cases where differences with regard to

diet selection were significant occurred in May 1978

when the sheep in Treatment I  selected plant mater ia l

with a significantly (P < 0,05) higher crude protein

content than those in Treatment 3. ln June l9'l ' l  the

sheep in Treatment 3 selected plant material with a

significantly (P < 0,05) lower digestibil i ty of OM

than those in Treatment 4.

The average monthly runren NH3 concentrations o1'the

sheep in Treatments 3 and 4 are presented in Table 4-

From the results in Table 4 it is evident that the differ-

ences between breeds and treatments reached signifioance
(P < 0,05) dur ing June and July 1917 only '  The

average rumen N[13 concentration for the experinlental
period in Treatment 3 was lower than in Treattnettt 4 for

both breeds. However, these differences were statrstically

non-significant (P < 0,05). A definite seasonal trend in

rumen NH3 concentration seems to be evident from the

results in Table 4. This trend could be l inked drrectly to

the crude protein content of the pasture in response

to rainfall.

Discussion

According to Blaxter (1964) the nutrit ive value of a feed

depends largely on chemical compositiotr, digestibil i ty of

the ingested nutrients and the voluntary intake of the feed

by the animal. Therefore the rate of animal production

is a function of the digestible nutrient intake. Due to the

importance of both chemical compositiott and digesti-

bility in total nutritive value, an effort was made in this

study to obtain information in this regard. Furthermore

the investigation was aimed at the quantif ication of any

effect of supplementary protein and phosphorus on the

selective graz;ng behaviour of sheep as reflected in crude
protein content and OM digestibility of OF collected

samples. At the same time the rumen NH3 concentration
was studied in order to obtain some indication of what is

to be expected under grazing conditions.

The results of the present study showed that breed

differences regarding selective grazing behavlour, as

reflected in crude protein content and digestibil i ty of

OM in OF collected samples, did not ttc:cttr- This is in

agreement with the results of langlands (1969) and

Engels,  Malan & Baard (1974).  [n addi t ior t ,  the resul ts

of the present study indicate that the graz,ing behaviour

of sheep was not effected by the different rnethods and

levels of  protein and phosphorus su pplementat ion.

The crude protein content of the OF collected samples

varied between 79 and 148%. The digestibil i ty of OM

ranged from 54,0 to 65 9%. T\is is in sharp contrast with

the results of Du Toit et al. (1940) and Louw (1969) for

native pastures in South Africa in general and Swart.

Van Schalkwyk, Hugo & Venter (1963), for Glen in the

central Orange Free State in particular. It is however in

agreement with the results published by Engels, Van

Schalkwyk & Hugo (1969), Engels (1972) and Engels &

Malan (1978). This discrepancy originates from the

differences in techniques used for sampling of the
pastures for analysis. Engels & Malan (1978) concluded

that chemical analysis based on samples collected

manually, can by no means serve as an indication of the

nutritive value <lf mixed native pastures.

A definite seasonal trend in crude protein content and

digestibility of OM is evident (Table 3). This seasonal
trend corresponded very closely with the rainfall(Fig. I ).
Peaks in rainfall were almost invariably reflected in

subsequent rises in both crude protein content and

digestibility of OM. The sharp increase in crude protein

content and digestibility of OM in August 1977 was a

result of early spring growth with the OF sheep express-

ing their preference for green material. The influence of

the seasonal summer drought during November and

December 1977 was clearly reflected in the decrease in

the digestibility of OM and crude protein content
(Table 3). tt may be concluded that the influence of

season as a result of rainfall was the most important
factor governing the growth of tlre native pasture in

this study. Consequently this allowed the grazing sheep

to select a diet of relatively good quality.

According to the results of recent studies, a rumen NH3

concentration of between 3 and 65 mg NH3 -N per 100

ml rumen fluid provides conditions for optimum micro-

bial activity (Miller, 1973', Satter & Roffler ,197 5; Barry

& Johnstone, 1976). ln conventional studies of this kind

rumen fluid is sampled at fixed intervals after feeding. ln

the present study rumen fluid was sampled monthly on

2 non- successive days prior to the adnrinistration of the

daily supplement per rumen cannula at 08h30. Obviously
at this time the sheep had had the opportunity to graze

until the rumen fluid was sampled. Therefore, the

samples taken in the present study could be regarded as

representative of a phase during or just after feeding. On

the other hand, Arnold & Dudzinski (1978) regard the

feed intake of grazing animals as a continuous process,

for all practical purposes. Furthermore the main objective

in this study regarding rumen NH3 concentration was to

establish seasonal trends and the extent to which these,

if &fly, were influenced by supplementary protein.

Therefore, the results of the present study oould be

considered as a reflection of the long term effect of the

2 different treatments (Treatments 3 and 4) on tlte

activity of the microbial population, together with the

short term effect of the nitrogen content of the diet.

The rumen NHr concentration followed a definite
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seasonal trend in which crude protein content of the diet
played a prominent role. However, the increase in crude
protein content and rumen NH3 concentration did not
occur simultaneously. The rncrease in NH3 concentration
did not occur simultaneously. The increase in NH3 con-
centration usually occurred the month after a major rise in
crude protein content took place. This may be a reflection
of the fact that the rumen population needs a period of
adaptation after any major change in diet composition.
Consequently an immediate response in NH3 concentra-
tion, as a result of an increase in crude protein content,
was not expected. A definite conclusion is not possible
since this delay in response to a higher crude protein
content was part ly due to the long (one month) per iod
between sampling. The sampling procedure used in this
study, where OF samples and rumen fluid samples were
collected monthly within a period of 5 days, could also
have had an influence. This means that the increase in
nrmen NH3 concentration could have occurred well
before the rise observed in the present study.

Although ignoring the possible diurnal variation in rumen
NH3 concentration, the results of the present study give
some indication of the seasonal trend to be expected
under grazng conditions. Arnold & Dudzinski (1978)
consider the f-eed intake of grazing animals as a con-
tinuous process and therefore a smaller diurnal variation
in rumen NH: concentration could be expected. This
aspect is being investigated at present.

The resul ts of  the present study regarding the rumen NH3
concentrat ion indicate that  a ni t rogen containing supple-
ment wil l not necessarily have a stimulating eff 'ect on the
act iv i ty of  the microbial  populat ion under grazing
condi t ions.  In spi te of  the l imi tat ions of  the sampl ing
procedure used in the present study, the observed rumen
NH3 concent ra t ions  were  a lm<ls t  cons is ten t ly  in  exoess  o f
the lower l imi t  (3 mg NH3 -N per 100 ml rumen t lu id)
put forward for opt imal microbial  synthesis.  Theretbre,
the protein intake of  the sheep in Treatment2 v ia a l ick
could hardly have had a stimulating effect on microbial
act iv i ty.

The resul ts of  the present study point  to a lack of
response in grazing behaviour by non-reproducing
grazing sheep to differential supplementation of protein
and phosphorus on mixed nat ive pastures o1- the central
Orange Free State.  The real  advantage of  any economical
supplementary feeding strategy must be reflected
in a posi t ive animal response. This response can only
be mediated by an increase in digest ib le nutr ient  intake.
This aspect wi l l  be deal t  wi th in a future paper.
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