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INTRODUCTION. 

c'oNSIDERABLE attention has been paid by various workers to the pH in the 
forestomachs of ruminants. · Most of the determinations were made on 
material collected after slaughtering. Thus Schwarz and Gabriel (1924) 
found the rumina! ingesta in cattle constantly alkaline with an av·era$e value 
of pH 8·89. In contrast, Knoth (1928) using a different sampling technique 
whereby the necessary precautions were taken to excl.ude aeration, found 
the ruminal ingesta weakly acid, with an average pH of 6··9. He stressed 
the point that, on stirring the samples to allow aeration and liberation of 002 
to take. place, alkaline values were obtained for the · same material with 
an average pH of 7 ·9. Other workers, employing the stomach tube to 
aRpirate ingesta from the rumen of sheep, found it to be alkaline. Ferber 
(1928) using a similar technique, reported an average pH value of 7·9, 
with a range of pH 7 ·6-8·5. 

Recentl.y, Monroe et wl (1939) determined the pH of bovine rumen 
ingesta, where various -rations were fed. On a diet of hay plus grain 
this was found to average pH 7·01, while on hay, grain plus silage it was 
pH 6·95,- maize plus grain pH 6·87, blue grass pasture pH 6·47, and on 
lucerne pH 6·66. These determinations were made by the use of the 
Quinhydrone Electrode method. Olsen (1941) in a study on slaughtered 
bovines records an average pH value of 6 · 86. Recent work indicates that the 
reaction of the forestomachs in most cases is weakly acid, a nd that the 
type of f~ed consumed determines a definite pH range as shown by Monroe 
()t al. 

S~mples obtained under abattoir conditions are far from satisfactory 
however, in comparison to those from · fistula animals under experimental. 
conditions in which both the composition of the diet and the methods of 
feeding are well known. Moreov·er, sampling in such cases is easy, and can 
be ·repeated whenever necessary, both before and after feeding. 
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Aspiration of ingesta by stomach tube on the other hand, distresses the 
animals, besides leading to excessive salivation and hence to undue dilution 
and contamination of the ruminal samples with a viscid saliva. In this 
report data are presented on the hydrogen-ion concentration of fresh ingesta 
aspirated through permanent :fistulae from the rumen of Merino sheep . ·The 
animals were kept on a variety of controlled diets which in several- instances 
included the administration of acid directly into the rumen. A further 
series of tests on ruminal material was carried out " in vitro " with the 

· object .primarily of studying the adequacy of its buffer system as well as 
the influence of carbohydrate fermentation on pH. · 

. SAMPLING OF THE INGESTA. 

Since the method . of sampling may affect the ·results, it will be 
necessary to give a brief description of the technique which was followed . 
By inserting a glass tube, fitted at one end with a short length of rubber 
tubing, into the :fistula of the sheep, small quantities of rumen ingesta could 
be ,obtained through gentle aspiration by mouth at the rubber end. Imme­
diately afterwards small glass cylinders (10 c.c. capacity) were completely 
:filled and suitably stoppered so as to prevent undue exchange of gas. 

Measurements of pH were regularly carried out within a few minutes 
of sampling. Unless otherwise stated, all samples were taken in the early 
morning before feeding. 

In order to ascertain the influence of exposure to air on the pH of rume;n. 
ingesta, some of the samples were covered with a thin layer of liquid paraffin 
immediately after coLlection, to compare with our routine method, as well 
as with samples of the ingesta left uncovered in open containers. The 
samples were taken after the animals had been :fed and during a period of 
active digelltion. 

Subsequent determinations of pH yielded the following results: -

I I 

Covered 

I I I 
Sheep Routine with Routine E xposed Exposed Exposed 

No. Method. Liquid Method. 10 mins. 20 mins. 30mins. 
Paraffin. 

32 .. ... . .. .. . . . 6·28 6·28 
! 

6·25 6·28 6· 50 6·58 
43 ............ 5·90 5·95 I 6·68 6·88 7·10 7·15 
58 ............ 5 · 92 6·00 5·62 5 ·68 5·90 5·98 
59 ...... . .. ... 6 · 10 6·15 6·60 6 · 92 6·98 7·02 
63 ............ 6·29 6 · 22 6·41 6 · 52 6·68 6·68 
66 .• .. ...... .. 6·58 6·50 5·98 5·98 6·12 6·28 

MEASUREMENTS oF THE PH OF RuMINAL INGESTA. 

Some of "the values were obtained by measuring the samples potentio­
metrically by the use of the saturated KCl-Calomel halfcell-Quinhydrone . 
method and calculating the results as indicated in tables 1-7. Where Quin­
hydrone was added to the samples, the necessary precautions were taken 
in recording the readings. According to Yoshimura {1936); readings may 
be considered accurate when recorded within 1-5 minutes on aqueous buffered 
solutions in the vicinity of pH 8 · 0. The Quinhydrone electrode applied to 
alkaline buffers, amino-acids, proteins and plasma causes a drift, with the 
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result that readings are inaccurate after a 5 minute period. On some 
samples (Tables 8 and 9), the pH was measu:r;ed by means o£ the Beckman 
Glass-electrode apparatus, which was found to yield very accurate dat a 
when compared with the results obtained by the use o£ the hydrogen­
electrode. 

ExPERIMENTAL REsuLTs OnTAINED wiTH FRESH RuMINAL I N GEsTA. 

In order to study the influence o£ diet on the pH o£ the ruminal ingesta, 
a total o£ 23 fistula sheep were used at various times while being kept on 
one o£ the following daily diets : -

(a) Lucerne Hay .. . 00. oo • 00 .. 00 00. oo· 

Crushed Maize 00 . 00 . · 00 . 00. 00 . 00 . 
(b) Lucerne Hay 00. 00 . oo • • 00. 00. 
(c) Crushed Maize . 00 00 . 00 . 00 . . 00 00. 

Lucerne Hay 00 . 00 . . 00 00 . 00 . 
(d)· Green Lucerne (fresh) . 00 . 00 . 00 
(e) Crushed Maize 00. oo• • 00 . 00 . 00 00 . 
(/) Mat re Grass Hay 00 . 00 . 00 . 00 . 00. 

TABLE 1. 

pH of ruminal ingesta of fi stu la sheep. 

300 grams·. 
360 grams. 

1 kilogram. 
500 _grams. 
100 grams. 

1 kilogram. 
600 grams. 
400 grams. 

Diet: Lucerne Hay (C) . 00 00 . 00 . 00. 00 . 00. 00.300 grams daily 
Crushed Maize 00 . 00 . 00 . . 00 00 . 00 . , 360 grams daily 

Sheep No. 

36 .. .. 0 ••• • •• • •• • • • • • 0. 0. 0 . 0 0 •• •• 

37 . . ... .. . 0 • • • • • • •• • 0 0 •• 0 0 • • • 0 • •• 

43·. 0 • • 0 • • • • • • • 0. 0 • • • • 0 ••• 0 . 0 0 . 0 0 • • 

49 .. .. . . 0 ••• 0 ••• • ••••• 0 • • •••••• •• 

50 .. . ... 0 ••• 0 ••• 0 • • • ••• 0 ••• 0 0 ••• • 

Number of 
Samples. 

6 
7 
4 
4 
4 

TABLE 2. 

pH V.a.riations. 
I 

6·4-7 · 1 (av. 6·8) 
6·4-6 · 8 (av. 6·6) 
6·7-7·0 (av. 6·9) 
6·8- 6·8 (av. 6 · 8) 
6·6-6 · 8 (av. 6·7) 

pH of ruminal ingesta of fistula sheep. 

Average 
pH Variation 
for 5 Sheep. 

•' 

Diet : Fresh Green Lucerne . . . . . . . . . . . . . . . . . . 1 kilogram daily. 

3 
3 

Sheep No. 

2 . . 0 ••• • •• •• •••• 0. 0 •• • • • • • • • • ••• 

5 ... . 0 •• • • • 0 • • ••••• 0 0 0 • • •• 0 • • • • • 

Number of 
Samples. 

7 

I 5 

121 

pH Variations. 
Average 

pH Variation 
for 2 Sheep. 

7·4-7·6 (a.v. 7·5) 

I 
7·3- 7·7 

7 · 3-7·7 (av. 7 · 5) 
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STUDIES ON THE ALIMENTARY TRACT OF MERINO SHEEP. 

T ABLE 3. 
pH of ruminal ingesta of fistula sheep. 

Diet : Crushed Maize . . . . . . . . . . . . . . . . . . . . . 600 grams daily. 

Sheep No. 

37 . . .... ....... . .... ... ... ... .. •: . 
45 .. . .. ....... .. . . ..... . .... ... . . 

Number of 
Samples. 

8 
8 

TABLE 4. 

pH Variati01:s. I 
5·3-6·2 (av. 5 · 8) I 
5·4-5·9 (av. 5·7) · 

pH of 1·wninal ·ingesta of fistula. shee]J. 

Average 
pH Variation 
for 2 Sheep. 

5·3-6·2 

Diet : Crushed Maize . . . 
Lucerne Hay (B) ......... · .. . 

500 grams · daily. 
100 grams daily. 

Sheep No. 

14 ........... . .... . .. .. . . .... . ... . 
17 ........ . ........ . ......... . . . . 

Number "of 
Samples. 

11 
11 

TABLE 5. 

pH Variations. 

5 · 6-6·5 (av. 6 · 1) 
5·5-6 · 8 (av. 6·2) 

• 

Average 
pH Variation 
for 2 Sheep . 

5·5-6·8 

pH of 1·wninal ingesta of fistula sheep. ~ 

Diet : Mature Grass Hay (poor quality) . . . . . . 400 grams daily. 

Sheep No. 

20 ... . ..... .. .... . .. . .. • .. .. . . ... 
21 . .. ... ... .... .. . ... · . .. . ... . .. . . 
23 ............. . ....... . . . . .... . . 
25 . .. . . . . . . . . .. .. .. .. .. .... ... . . . 
25 . ...... . . ...... . ...... . .... . .. . 
26 ....... . . .... . ............... . . 
27 ....... .. .. . .. . . ... . .. ........ . 
28 .... .. . .. . . .... . .......... . ... . 
29 ....... . .. . ... . ..... .. ·. · . . .... . 

• 

Number of 
Samples. 

6 
6 
6 
6 
6 
6 
6 
6 
6 

TABLE 6. 

pH Variations. 

6 ·8-7·2 (av . . 7·2) 
6·9-7·5 (av. 7·2) 
6·8-7 · 3 (av. 7·1) 
6·8-7 · 6 (av. 7·2) 
6·8-7·6 (av. 7·2) 
6·8- 7 ·6 (av. 7 · 2) 
6 ·8-7·6 (av. 7·2) 
6·9-7 · 5 (av. 7 · 2) 
6 ·8-7·6 (av. 7·2) 

pH of ruminal ingesta of fistvla sheep. 
Diet: Changed from Mature Grass Hay to 

Average 
pH Variation 
for 8 Sheep. 

6 ·8- 7·6 

Lucerne Hay (B) . . . . . . . . . . . . . . . . . . . . . 1 kilogram daily. 

Sheep No. 

28 ..... .... . .... . ....... .. ' .. . . . . 

Number of 
Samples. 

12 

1')') --

pH y ariations. 

5·8-7 · 5 (av. 6·7) 

Average 
pH Variation 
for 2 Sheep. 

5·8-7·5 
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'!'ABLE 7. 

pH of 1"Uminal ingesta of fistula sh ePf l. 

Diet: Changed £rom Mature Grass H ay to:­
Lucerne H ay (B) . . . . 
Crushed Maize 

•· Sheep No. 

20 . .. . . .. . .. . .. . . . ....... ... .. . . . 
21 ... • . . . . ... ...... . . . .. ... ... : .. . 
23 . ...... . . . . ... ...... . .. . .. . . . . . 
25 .. . . ... . . ..... ... . .. .. . . . . .. .. . 
26 ..... . ... . . .. . . . . . .. .. . . ... . .. . 
29 . . . ... ... .. . .. .. . . . . . ...... .' . . . 

Number of 
Samples. 

14 
14 

. 14 
14 
14 
14 

T ABLE 8. 

300 grams daily . 
360 grams daily. 

pH Variations. 

5 · 8-7·1 (av. 6 · 5) 
6 ·2-7 ·1 (av. 6·7) 
5·8-7 · 1 (av. 6 · 5) 
5·8-7·0 (av. 6·4) 
6·2-7·3 (av. 6·8) 
6·1-7·3 (av. 6·7) 

.. 

Average 
pH Variation 
for 6 Sheep. 

5·8-7·3 

pH of 1'1tminal ingesta of fistula sheep, sampled at oanous periods of 
d1:gest·ion. 

Diet : Lucerne Hay (C) . . . . . . . . . . . . 
Crushed Maize . . . . . . . . . . . . . .. 

300 grams daily. 
360 grams daily. 

B.F. = Be£ore feeding. A .F . = After feeding. Hr. = H our. 
--··----

A VERAGE p HV ARIATIONS ON c ONSECUTIV }; [) AYS. 

Sheep 

I I I I I I 
4! Hrs.l 1 24 Hrs. No. B.F. ! Hr. t Hr. I H r. I t Hrs. 2! Hrs. 6 Hrs. 

A.F. A.F. A.F. A.F. A.F . A.F . A.F. A.F. . 
43 16 · 12-6 · 50 - - 6 · 00~·60 1 - - - 6·42~·9016·12-6·50 
59 6 ·32-7 ·05 - - 6 · 50-7 · 18 - - - 6·20-7·40 6·32-7 ·05 

43 6 ·15-6 ·65 5·85- 6·12 5· 70-6·08 6 ·00-6 · 15 6 ·00-6 · 22 5·75-6 ·02 6 · 12- 6 · 12 5·80-6·40 6 · 20-6 · 72 
(4 days) 

59 6·00~ · 72 5·80~ · 28 5 · 65-5 · 98 6·00-6· 15 5·95~ · 02 5 · 96-6 ·00 6·05-6 ·60 6 ·52-6·62 6·10~ · 72 

,lays) 
-

·\ 
pH 

T AJJLE 9. 

of rurninal ingesta of fistu la sheep, sampled at varwus p~riods of 
digestion. 

Diet: Lucerne Hay (C) 
B·.:E'. = Before Feeding. A .F . = After Feeding. 

1 kilogram daily. 
Hr. = Hour. 

AVERAGE pH VARIATIONS FOR 5 SHEEP ON CONSECUTIVE DAYS. 

Sheep N os. 

I 
! Hr. 

I· 
1 Hr. 

I 
2! Hrs. 

I 
4! Hrs. 

I 
6 Hrs. 

I 
24 Hrs. , B.F. A.F. A.F. A. F . A .F. A.F . A.F. 

\ I 
I 

5·9o-6·3616·2l-... 516·6>-<J·95 39, 58, 59, 63, 66 6 ·45~ · 72 - 6 · 12-6 . 32 6· 11~ · 36 

39,59,59,63,66 6 · 63~·95 6·38- 6·58 6 ·20- 6 · 51 6·00~·42 6·04-6 · 35 6·45-6 · 59 -
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TABLE 10. 

Composition of Feeds. 

E-.xpressed as grams per cent. on absolute dry basis. 

Mois- Pro- Ether Total N.-free ~ Mg Type of Feed. Fibre. SoL P. Ca. ture. tein. Ext. Ash. Ext. 

Lucerne Hay (A) . . . . . . ...... ... 7·4 14·1 36·0 2·1 8·9 38.9 . - I - i· -
------ --- ------

Lucerne Hay (B) .... ... . . . . . ... 6·1 16·3 31·5 2·2 8·1 41·9 ·16 1·93 ·60 
-------- ---------

Lucerne Hay (C) .. . . .. ......... 9·6 19·2 25·0 2·2 9·6 44·0 ·25 1·46 ·52 
----------- - - - -- - -

Green Lucerne . . .. .. . . . . ! . . . .. . 75·3 16·3 31·0 3·0 8·0 41·7 - - -
----------- ------

Yellow Maize . . .. . .. .. . . . . .. . .. 9·9 10·9 1·9 3·1 . 3·1 72·8 ·24 .025 ·12 
- - ------------ - - ---

Mature Grass Hay .. ... ..... . . . . 5 ·4 4·6 41·6 1·5 6·1 46·1 ·06 ·27 ·12 

As will be noted from the above tables Nos. 1-7, the pH values recorded 
for rumen ingesta on the different diets are on the acid side in the majority 
of cases. Where the ration was comprised of excessive amounts of starchy 
material e.g. crushed maize, the pH was more definitely acid with a range 
of pH 5·5-6·8. In a few animals kept exclusively on crushed. maize, the pH 
showed a further decrease to pH 5 · 3-6 · 2, the ingesta developing an exces­
sively sour, ch.eesy odour. This was followed ultimately by a complete loss 
of appetite and other digestive disturbances. · · 

Where this maize diet was supplemented with lucerne hay, the pH 
ranged from 6 · 4-7 ·1. Ori a ration of fresh green lucerne only, the values 
were slightly alkaline with a pH range of 7·3-7·7. -

Exclusive feeding of dry lucerne hay, however, resulted in a slightly 
acid ingesta with the p1]: ranging from 6 · 45-6 · 95. 

Well matured grass hay cut from the open veld and of low nutritive 
value, yielded ruminal ingesta, verging on the alkaline side with a pH 
range of 6 · 8-7 · 6. When the sheep which had su bsist~d on this poor gra-ss 
hay for a considerable time, were placed on lucerne hay to improve their 
condition, the pH of the ingesta, after the animals had been established on 
the lucerne diet; was found to fluctuate between 5 · 8-7 · 5 . Similarly, some 
of the above animals when placed on a mixed diet of lucerne hay and maize, 
yielded ingesta varying in pH from 5·8-7·3. 

From the results presented in tables 8 and 9 it will 'be noted that the 
pH of the rumen ingesta is subjected to a very limited fluctuation during 
the course of digestion of a single meal, the tendency being towards greater 
acidity within the first 4-6 hours. After this it steadily returns to its previous 
level. This acidification of the ingesta is more evident after the consumption 
of a mixed ration containing both lucerne and maize than a meal oomposed 
of lucerne hay only . 
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" THE. BuFFER SYSTEM OF RuMINAL INGESTA. 

In order to maintain optimal conditions under which the normal density 
and the physiological activity of the various micro-organisms within the 
forestom·achs can be safeguarded, it is essential to limit pH fluctuation as 
far as possible. This can be achieved only through the presence o:f an 
efficient buffer system which, as in the case of blood, is capable of ensuring 
relatively stable conditions despite variations in its acid and alkali content. 
Through constant production of .organic acids mainly as a result of bacterial 
action on carbohydrates there is a distinct tendency towards undue acidifica­
tion in the forestomachs. Normally, however, this is effectively counter­
acted by the :free flow of an alkaline saliva containing a significant con­
centration of sodium bicarbonate. Together with the food proteins, the 
N aHC0.1 and phosphates of th·e saliva on being mixed with the food, exert 
the desirable buffering effect. Consequently, the type and amount of the food 
as indicated in the previous section normally provoke relatively small 
fluctuations in pH of a temporary nature: 

With the object of studying the efficiency o:f this buffer system a series 
of experiments were conducted in which the pH o:f ruminal ingesta was 
correlated with its power to ferment glucose. In these tests, attempts were 
made to alter the pH in a variety of ways, e.g., by constant shaking, 
standing of ingesta at room temperature, the addition of either acid or 
~lkali, or of carbohydrates such as molasses and glucose. 

THE INFLUENCE oF STANDING oN THE PH OF RuMEN INGESTA AND ON ITS 
' ABILITY TO FERMENT GLUCOSE. 

After withdrawal :from the same animal immediately prior t.o :feeding, 
aliquot amounts of rumen ingesta of 50 c.c. each were kept standing at room 
temperature in open Erlenmeyer flasks. As indicated below various 
materials were add~d to these flasks. This. was followed by the determina­
tion of the pH immediately afterwards and again 24 hours later. 

Material Added. 

l. None .................................. .. ... . ........ . 
2. 0·2 gm. Glucose ......................... . ......... . .. . 
3. 1·0 gm. Glucose .................... ... ............... . 
4. 0·5 gm. Molasses ................ . .. . ....... . ....... .. . 
5. 2·5 gm. Molasses ................ . ............ ...... .. . 
6 . . 5 c.c. N/ 10 HCI. ................ ... ...... ... .... ... .. . 
7. ·10 c.c. N/10 HCI.. .......... . .... . .• ........... ... . ... 
8. 15 c.c. N/10 HCI.. ......... .. .... . ................... . 

Initial pH. 

7·45 
7·22 
7·28 
6·96 
6·80 
6·66 
6·39 
6·16 

pH after 24 
Hours 

Standing. 

8·40 
7·36 
5 ·30 
6·91 
5·28 
8·16 
7·76 
7·52 

After standing 24 hours at room· temperature (18°-25° C), test fermen­
tation of glucose was carried out on all the !J,bove flasks. Gas production 
was found to be normal on1y in flasks Nos. 2, 4, 7 and 8, showing a range 
:from pH 6·91-7·76, whereas in the remaining fla.sks in which the H-ion 
concentration was either above pH 8·0 or below pH 6·0, no gas at all was 
produced. 
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F rom the above data it appeared that the fermentation of glucose by 
rumen ingesta was definitely influenced by the pH of the material, which 
in turn was found to show considerable fluctuation either on standing· at 
room temperature or after the addition of various acid-forming materials. 

THE INFLUENCE OF GLUCOSE FERMENTATION "IN VITRO" ON THE PH OF 
R UMIN AL FLUID. 

W h ile the fistula sheep were being kept on a standard diet of lucerne 
hay, aliquot samples of ruminal fluid were regularly withdrawn before 
feeding for the purpose of studying differences in g lucose fermentation. The 
procedure adopted was the same as that described by Quin in article seven 
of this series, except that in addition to the measurem~nt of the gas volumes, 
the pH of the material was also studied during the course of fermentation. 
For this purpose the Beckman Glass Electrode apparatus was used 
throughout . 

. In Table 10 results are presented indicating the average range in pH 
on two successive days taken both before and after the fermentation of 
glucose (1 c.c. of 20 per cent. solution) by 50 c.c. rumen ingesta under con­
stant movement in a water bath at 39° C. 

TABLE ] r. 
pH of Rumen Fluid Fermented with Glucose. 

pH, 10 Minutes pH, 20 Minutes Total Gas 
Sheep No. Initial pH. after Glucose after Glucose Production ih 

Fermentation. Fermentation. 20 Minutes. 

-

(I) (2) (1) (2) (1) (2) (1) (2) 
58' ........ .. . . . 6·91 .6·91 7·36 7·30 6·60 6·71 27·5 24 ·6 
32 . . .... . ...... 6·92 6·89 7·42 7 ·20 . 6 ·69 6·68 20·4 19·5 
39 .. . ... . ..... . 6·88 6·89 7·26 7 ·11 6·28 6·70 21 ·6 26·5 
59 ...... . . . . . . . 6·90 6·70 7·31 6·99 6·35 6·25 25·0 20·6 
63 .... . .. . . ... . 6 ·98 6 ·82 7 ·31 7·30 6 ·81 6·72 24·5 23·5 
66 .... ... .. . . . .. 7·02 6·65 7·48 7·28 6·92 6·69 15·8 20 ·2 
65 .. . . . ..... . .. 7·10 6·80 7·52 

I 
7·39 6 ·98 6·80 25·6 24 ·0 

3 . . . .... . ..... 7 ·15 6·81 7·57 7 ·40 6·99 6·82 25·2 25·0 
I 

4 

After fermentation with g lucose the ruminal fluid was found to retain 
its normal light green turbid appearance although the odour was more 
definitely acid ~han before. As will be noted from the above table the 
fermentation of glucose was associated with a primary elevation in tlie pH 
of the fluid during the first 10 minutes when all values were found to change 
over from the slight acidity to slight alkalinity. After a period of 20 
minutes, however, the pH was definitely deyressed below that of the unfer­
mented material, thus affording evidence of considerable acid formation 
during the second period of ten minutes. 

THE SIGNIFICANCE oF PH IN RuMINAL FLuiD As RELATED To 
GLUCOSE FERMENTATION. 

With the object of stndying. the influence of add.itional acid on the pH 
of rumen ingesta, fresh samples of material were repeatedly withdrawn from 
a single sheep (No. 58). To a series of Erlenmeyer flasks each of which 
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contained 5[) c.c. o£ freshly strained rurrien fluid N. ·HCl was added in 
amounts ranging from 1·0 c.c. to 3·5 c.c. and increasing by 0·25 c.c. from 
flask to flask . After acidification all 'the samples were fermented with the 
usual concentration of glucose ( 0 · 2 grams) while both the pH and the gas 
were being recorded at set intervals. 

Similarly ruminal fluid was alkalinized by the addition of N. · N aOH 
and the significance of this on pH and 'on the fermentability of glucose 
studied in a series of tests, the results of which are presented in Table 12 
and the accompanying graph. 

TABLE 12. 

The Effect of pH Change on Fermentation of Glucose. ~ . 
After After Gas 

Initial 20 Minutes 30 Minutes Evolved 
MateriaL Fermenta- Fermenta- in pH. tion tion 30 Minutes . pH. pH. c.c . 

Control (50 c.c. ingesta) .... .... ..... ... . . 7·02 7·47 6·86 23·0 
1·00 c.c. N. HC1 added . ... . . .. . . . ... . . . 7 · 02 6·99 6 ·51 24·5 
1·25 c.c. N. HC1 added . .. . . .. . .. .. ... .. 7·02 6 · 90 6·31 24·5 
1·50 c.c. N . HC1 added .... . . . . .. . . . .... 7·02 6 ·80 6·20 24·4 
1·75 c.c. N. HCl added . ...... . ... . . . . .. 7 · 00 6·56 5·96 21·5 
2·00 c.c. N. HC1 added ...... . . . . . . . .... 7 · 0.0 6 · 50 5·83 19·2 
2·25 c.c. N. HC1 added . . .. . . : . . . . . . . ... 7·00 6·45 5 ·64 19·0 
2·50 c.c. N. HC1 added . .. . .. . . . . . . . .... 7·00 6·24 5·45 15·5 
2·75 c.c. N. HC1 added ... ... . . . .. . . . .. . 6·96 6·00 5 · 29 15 · 3 
3 · 00 c.c . N . HC1 added . . .. .... . .. . . .. .. 6 · 96 5·92 5·12 11 ·4 
3·25 c.c. N. HC1 added ... . .. . ... . .... . . 6 · 96 5 · 72 5·00 8 · 6 
3·50 c.c. N. HC1 added .. . . ... . .. . .. . . .. 6 · 96 5·47 4·90 7 · 2 . 
Control (50 c.c. ingesta) .............. . ... 7·11 7·72 7·30 23·2 
0·15 c.c. N. NaOH added ..... . . . . .. . . . . . 7 · 11 7·88 7 · 39 22·8 
P·25 c.c. N. NaOH added ... . . . .... . .... . 7 · 11 7·96 7·46 21·2 
0·35 c.c. N. NaOH added . . . .... .. . .. .... 7·11 8·01 7·51 20 · 5 
0·80 c.c. N. NaOH added ...... ... . . . ·' . . 7·01 8·11 7·30 18·9 
0·90 c.c. N. NaOH added . ... .. . .. . .. .. . . 7·01 8 ·28 7·30 15 · 3 
1 · 00 c.c. N . NaOH added ..... .. . . . . . . . . . 7 · 01 8 ·35 7·39 8·9 
1 ·50 c.c. N. NaOH added ...... .. ... . .... 6 · 78 8 ·59 8·57 0 
2·00 c.c. N. NaOH added ........ : .. . . . .. 6·78 8·89 8·83 0 
2·50 c.c. N. NaOH added .... . ..... . .. ... 6·78 9·18 9·20 0 

As indicated in the above table and graph (on next page) the following 
were the main results obtained from these experiments:-

(a) 

(b) 

Within a range of pH 6 · 8 to pH 7 · 8 the " in vit.ro " fermenta­
tion of glucose by ruminal ingesta was well maintained at an 
even level. This was shown by a practically constant rate of gas 
production within these limits of pH range. 
The addition of progressively increasing amounts of N . HCl below 
pH 6 · 8, resulted in a sharp decllne in pH which coincided with 
a progressive decrease in gas production fqllowing glucose 
fermentation. The end point o£ this was reached at pH 5 · 0 to 
5·4. With the decrease in gas yield, the motility of the rumina] 
micro-o:fganisms became depressed. 

121 

"~~--- --------------------------------------------------------



STUDIES ON THE ALIMENTARY TRACT OF MERINO SHEEP. 

(c) The addition qf N. N aOH to ruminal ingesta beyond pH 7 · 8 led 
to a rapid decline in gas production from test fermentations of 
glucose. Above pH 8·35 no gas at all was produced. This 
increased alkalinity . was accompanied by a darkening of the 
ruminal fluid which assumed a characteristic musty odour 
repeatedly noted also in the ingesta withdrawn from animals 
during starvation. Under these conditions the ruminal organisms 
likewise displayed decreased motility, the infusoria in particular 
showing a tendeJ?-CY to die o:ff in large numbers if the medium 
became too alkahne. 

THE EFFECT OF PH WHEN Acm WAS DOSED INTO THE RuMEN OF 

FISTULA SHEEP. 

Following the observation that a change in pH due to acidification o£ 
ruminal fluid, affected its fermentative activity, tests were made by dosing 
equivalent quantities of acid into the rumen. 
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For this purpose sheep were dosed with dried lucerne leaves suspended 
in water followed shortly afterwards by 150 c.c. N. HCl through the fistula. 
This resulted in intense frothing up of the ruminal ingesta. Subsequent to 
this the pH of freshly drawn samples was recorded at set intervals. 

pH of Rumen Ingesta (" in vivo "). 

Mter pH AFTER DOSING AciD. 

Sheep No. Initial pH. Dosing 
Leaves 

25 Minutes. I 13·75 Hours.J pH. 1 · 5 Hours. 4·7 Hours. 

39 ............ 

I 
7·01 6·55 

I 
5·90 

I 
7·12 

I 
7·00 

I 
7·00 

32 ............ 7·58 7·60 6·52 7·31 - -

Although the pH of the rumen .was temporariiy depressed to about pH 
5·9 by the dosing of 150 c.c. N. HCl. this did net adversely affect ruminal 
activity seeing that the animals readily consumed food which was offered 
shortly afterwards . 

SuMMARY. 

1. Depending on the carbohydrate content of the diet, the pH o'f 
ruminal ingesta in Merino sheep, immediately after withdrawal through 
rumen fistulae was found to vary between pH 5 · 5 and 6 · 8. 

2. Whereas the feeding of lucerne hay yielded slightly acid ingesta 
(pH 6·45 to 6·95), fresh green lucerne (flowering stage), as well as mature , 
veld grass hay produced slightly alkaline conditions varying from pH 7 · 3 
to 7·7. 

3. Normally the pH of rumen ingesta in sheep showed slight fluctuation 
only d"uring the digestion of a single meal, the tendency being towards 
increased acidity within the first 4 to 6 hours after which it steadily reverts 
to its previous level. 

. 4. ~he " in vitt;o " ~ermentati?il of _glucose by ~men inl!esta resulted 
m a rapid and defimte aCid productiOn w1th pH rangmg froni 6·25 to 7·00. 

5. The addition either of N. HCl or of N. NaOH to rumen material 
showed that it was relatively well buffered between the pH 6 · 8 to 7 · 8, 
whereas beyond this range both on the alkaline and on the acid side the 
efficiency of this buffering was distinctly reduced. 

, 6. Dosing of 150 c~c. N. HCl directly into the rumen of sheep caused a 
distinct though transitory depression of pH to 5 · 9, which however had no 
obviously detrimental ·effects on ruminal function. 

7. The colour and odour of rumen ingesta was found to be closely 
correlated with its H.-ion concentration and its ability to ferment glucose. 

129 .. 



STUDIES ON THE ALIMENTARY TRACT OF MERINO SHEEP. 

REFERENCES. 

DALLEMAGNE, M. J. (1937). Betrachtungen tiber die pH· Bestimmung mittels 
der Glaselektrode. Biochem. Zts., Vol. 291, p. 159. 

l<'.l<.:!tHJ!;R, •1{. E. (1928). Der Zahl und Masse der Infusorein m Pansen, usw. Z. /U1· 
1.'ierzuchtwng, Vol. 12, p . 31. 

KNO'l'H, M. (1928). Neue Versuche zu~· Ziichtung der im Pansen von 'Viederkaiiern 
lebenden Ophryoscoleciden (Ciliata). Z. Pamsitenkunde, Vol. 1, p . 262. 

MONRO~, U. F ., AND PERKINS, A. E. (1939).. A study of the pH values of the Ingesta 
of the Bovine Rumen. J. Dairy Sci., Vol. 22, No. 12. 

OLS~N, 0. E. (1940). pH values of the contents of the ·Gastro-intestinal Tract of some 
)!'arm Animals. 8. Dale Acad. Sci. Proc ., Vol. 20 pp. 34-41. 

OLSJ!;N, '1'. M. (1941). The pH values of the Rumen of slaughtered Animals. J. Dairy 
8ci., Vol. 24 pp. 413c416. 

(JOIN, J. I., VAN DER WATH, J. G. MYBURGH, S . J. (1938). Studies on the 
Alimentary Tract of the Merino Sheep in South Africa. IV. Description of 
.1£xperimental Technique. Understepoort J ., Vol. 11, No. 2, p. 341. 

.S.I£~L.I£S, L . (1936). Dber die Messung des pH im Blute und in anderen biologischen 
l<'liissigkeiten mit Hilfe der Glq.selektrode. Biochem. tZts., Vol. 288, p. 402. 

SCHWARTZ UND GABRIEL (1924). Die H-ionen Konzentration in Panzeninlialt des 
Rindes. z. Morphol . und Okol. Tiere, Vol. 2, p. 643. 

YOSHIMURA, H. (1936). Causes of the Potential Drift of Quinhydrone Electrode 
applied to solutions of Alkaline Buffer, of Amino acids or of Protein, or to Plasma. 
J. Biochem., Tokyo, Vol. 23, pp. 187-210. 

wo .. 




