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1. 

m'm<>DUCTION 

The ruminont is but one component of the great qrcle of energy 

utilization, a cycle VJhioh deri vos its energy from that of the sun and na.bles 

man not anl.y to exi"'t, but also to :f'lourisb. 

The complex and. oomprehensi ve nature of the cycle doos not belittle 

tho role pll\Yed by ruminMts ... the conversion of' hish fibre feedatu.N' ot 

direct value to man into a whole arr~ of' products-, tnaJ:W -or- whioh are now 

considel"ed essential to human nutrition and elf "' 

Their ability to perf'orm this feat is attributable to tho symbiotic 

relationship 11bich exists between the microorgeni s of the rumen and the host 

e.niroal . This remarkable example of fY!llbiosis has al ays elicited man' s interest 

even though the interest initially arose :from an inherent curiosity rather than 

a apeeifi.e need. 

R0"18ver , over the l.ast few decades the resources. of workers £rom 

diverse fields o£ science have been directed towaro.s an understanding of the 

a.ctirlties within the rumen and their importruiGe to the nutrition of t he host 

animal.. this upsurge of interest bas arisen from the demand !'or more off i cient 

egriculturaJ. production nhioh,. t'rotn the animal side • oan be achieved by l!lax:i.mizing 

the offe-ciency with which the ingested food :oaterial is converted to the animal 

products. Inherent in this conoopt is the prevention and correction of too 

metabolic disorders which tend to accompany t he intense and unnatural exploitation 

of the rtmrlnant . 

The outcane is that mai:w of tho activities within the ruoen are _no 

longer a mystery to the biologist o.nd chemist. 

Thus it has been sho1'1D that the ounts and proportions of the individual 

volatile f'a.tty acids produced w.i.thin the rumen vary according to the diot. The 
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. amount end proportione of tbes acids have eJ.so been shmm to infl uence the -Yalue 

of the food in meeting the requirements of maintenance , growth and fattening . 

Similarly, in the lactating cow, they infl uence the yiel d and oomposi tion of the 

milk. 

Most of this uorlc has been done in countries mere the reliance on direct 

consumption of pasture by grazing animals is less an in this country. The result 

i-s that New Zealand orlters have been faced with tm study of probl ems that a.re not 

so important elsewhere. .Although a considerable amount of local ' Ii has been done 1 

particularly- on some metabcUio disorder s and deficiencies , much till remains. Ve~ 

little information 1a a.vailable oonoerning the efl'eot on the fermentation processes 

of feeding p stures of va.rying botanical. and omioal c position and tho different 

grazing practices used in their utilisation. The normal variability in t .he con­

centration of fermentation end products that oan be expe.ated m. th sz-azi.ng animals i:i 

particularly le.eking in definition. 

In the prog:rarnoe of ork or:i.g:inel.ly planned , it was hoped that scne 

information on the normal state of microbial activity in the runen of the grazing 

animal would be obtained. However , the literature re-vealed that one of the fen.tux-es 

of the rumen contents is . m.arked heterogeneity in the distr ibution cf ingested 

food materials . Furthermore , a few roports indicated that in the bovine rumen this 

heterogeneity e.s refleoted in tho fermentation end products in the f onn of 

concentration gradients or stratification. The impression was gained that this 

effect mey be pa;rtioularly ma.zt:ed in gx,a.zing animals . 

Thus , although the analytical work involved limited the scope of the 

stu(\y, a.n att pt was me.de to obtain a clearer understanding of the nature end 

mat~u:tude of this stratification. Such a study wa.s believed necessary for the 

intelligent selection of a. sampling site in a:n:y studies on the microbial activit y 

within the rumen of the grazing bovine. 

Two feeding systoms . ere chosen. The first invol ved a. limited period of 

gi-a.zing after period of fasting , a system often used in oomparing the effect 



at different diets on the £ermentation p-rocesaes . The second system 

consisted of .free grating similar to that :hich would prevail in M3' survey 

work. 

In preJ.imin.ar.y trials it was found that in some instances an 

.analytical procedure commoDly used for tle dete.rmination <:if volati1e fa.tty 

acid (VFA) concentration in rumen liquor tailed to give reproducible results. 

Dif:fet-enoes in VFA c-0noentra.tion of up to ~ were found between detenni.nati.ons 

<)n the same sample o£ rumen liquor. Further, the number of' l-Umen samples in the 

experiments e.s planned necessitated. their storage £or a period of several days. 

lt was therefore deemed advisable not only to ~ompa.r.e .som-e of' the commonly used 

pr-oeedures for determining the vFA concentr ation in rumen samples but also to 

examine the sta.bili ty of the V.FA ' s during storage. 

Pa.rt -1 is a re.port of this study and al.though it is complete in itself 

it i& considered an integral. pa.rt of the mole thesis as enti t l ed. Each: feeding 

syatem is dealt with separately in Chapters II and III of Part II .. In Chapter I S' 

the pertinent f indinga a.re di sous sed in rel a.ti.on to possible ca.uses of stra.tifioa.t­

ion and the- efieot it bas on .a:ampling t he rumen contents.. A ge.nera.1 summa.cy of' the 

resul.ts and conclusions f'or both ¢XJ'eriments is presented in too final chapter. 
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REVIfili OF LITERATURE 

Recognition of the full importance c£ volat ile fatty acids (vFA) 

in ruminant nutrition was not I:lB.de possible until the development of reliable 

methods for the analysis of VFA mixtures . FoJ.1o ing the introduction of 

partition chromo.tograpey- by Bartin and S~ (194,1), se'f'eral reliabl e column 

partition chranatogra.pbio teQhniques have been reported (Elsden, 1946J 

James and Martin, ·1952; ~isooan and Irvin, 1957) . 

Bef'ore tho ohroma.tograph1o procedure can be applied to the separation 

and identification of VFA in biological fluids , their isolation from other acidic 

substances is generally required. This isolation is most commonly achieved by 

steam distillation,; tit•re.tion of the ili.atillate giving a. measure of the total 

volatile acids. Methods that eliminate tm need f,cr steam distillation have been 

dei,eloped (Neish, 1949;: Wiseman and Irvin, 1957) • 

As maiw organio acids other than fatty acids are volatile in s t eam 

but to a lesser extent than the lower :fa.tty acids • the conditions of distillation 

a.re adjusted in an endeavour to eliminate f'rom the distillate , all but the f atty 

acids. 

Of' tho nuinerous procedures aivoila.ble , t double distillation method of' 

Friedemann ( 1938) has pro\f'ed the most re.liable. In the second distillation, use 

of merct!,ric salts and magnesium sulphate quantitatively removes pyruvic acid, 

reduces lactic acid to less t han o.~ of the quantity in the original. seople and 

oxidises :formic a.oid. (Beker, 1957) .. 

M.cAnally ( 1944) found that with blood, the method of F.ri.edemann gave 

results that , ere dependent on the time taken for distillation ind.io ting that 

decomposition oi' la.bile substances had. occurred. Precipation and subsequent 

removal of" protein fraro a diluted sample af blood, besides giving a good 



recovery o£ added aoids, gave a result una.ffeoted by time taken for distillation. 

This method, like that of Friedemann' s, is baaed on the observations of' Olmsted, 

r,hitaker and Duden (1929) th.at high conoentra.tionsaf Mg.so
4
;m2o greatly increases 

the rate of distillatbn o£ the WA., 'l'bis method baa been applied to the analysis 

c£ rumen fluid by many subsequent workers, tlB essential steps being the precipat­

ion and removal of' protein, acidification and steam distillation in the presence of 

Mg.S04 • 7H.,fJ • 

In rumen f'luid where the levels o:f lactic and pyruvic acids are 

considered negligible under norma1 conditions, the simpler and less tedious 

method of McAnally is usually preferred to the accurate, but time consuming 

method of Fri.edema.rm. Many modifications to these methods have been reported 

(Opperman~, 19.57; Johns, 1955; Barnett and Reidt 1957)., The most widely 

used steam distillation a.ppare.tus is th;. t of Marldl.am ( 1942) • 
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A large volume (2 l .) of rumen liquor via_$ collected fran a. £i.stulated 

coo by expressing a portion c£ the rumen ingesta through a. single l&yer of' 

cheese oloth. Represent ative samples of the l.1.quor were t r eated as follows .. 

PrQO-edure A (Johns., 19.55) . Preaorved. l:>y addition of' 

as a ea.tUl"ated solution. Aliquots v;ere distilled in the presence ot 1m1.10N H2so
4 

saturat ed with ¥g.so4.7H20. 

Procedure B. As for Procedure A but the rwnen liquor was divided into 

eight portions ( one portion o.nalJrsed each day) and stored a:t - 10 °c . 
Procedure c. 20 ml.10N Hf0

4 
wore added in the proportion o£ 20 ml . 

t o each 100 ml. of rumen liquor. The resulting sus.pension was stored and used 

for subsequent analysis. 

Prooedure D. .As for Procedure C except thet imntedist ely prior to 

distillation, en e.liqJ1ot was centrifuged at 500 g., to remove most of tho 

particulato materia1 . The resul.ting supernatant we..e used for a.no.~sia. 

Procedure E (t nnison, 1954) . The sample , s mixed with an -equal voJ.ume of 

N HfO 
4 

saturated with g.so 4.. 7H.2-0 , allowed to a.tam t'or 30 minutes at l'oom 

temperature to denature protein which M U3 t hen r emoved by eentrit'uging at 500 _g . 

:f'or 5 minutes . The s.upernata.nt was stored for subsequent oo.al.ysis. 

Procedure F (Bal.oh and R-ouland, 1957) . The 3Blllple VJS.S centrifuged. 

(500 g . £or .5. minutes) to remove. suspended solids- and t.tn supernatant diluted 

with four volumes of water. Equal volumes of diluted fluid nnd N Hf 0
4 

sa.-turo.ted 

with Ug.so
4
.m2o ere mixed and left over-night to denature tte protein. The 

precipitate was eentrifused off and the supernatant atored for onll.lysis. 
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To determine the recovery of the VFA' s , the seme procedures were 

applied to further samples of' rumen liquor to which waa added a kno ,n amo\Ult ot 

a standard solution cont~g 10. 22 mM/100 ml. ot acetic , propionic and butyrio 

~ids in the proportions 6 : 3 : 1 : 

With the exception ot P.t-ooedure :a , storage was at 5°c. On each of" 

ight sucoessiv>e days, the VFA. ooncentr tion in samples representing ell 

prooedures a:s determined in duplicate. The order in which the ten samples 

oor Me.J.ysed was randomised by drawing ten numbei"ed marbles from a. bag. 

5 ol. aliquots ere distilled in a.rkhem still. Two suooessi•e 

50 ml. fractions of distillate ere collected tind titrated with O .o6N Na<>H 

using phenolph1:halein as indicator. During titration of the 50 ml. f~ctions , 

interfe%'ellee by co2 wns reduced. by using a. sintered glass filter stiok to bubbl e 

co
2 

free air through ea.oh f'ra.ction. Use of o.o~ Ns.OH obviated the extreme 

ca.re requil"ed whon dealing with more dil ute ( < o.om) alkali. 



T.A~ II 

THE CONCENTRATION OF VJFA IN THE RUMEN LIQUOR AF'1':ER 

THE ADDITION OF 25 ml OF A STAND.ARD SOLUTION OF VFA 

(10.22 l/100 ml) TO EACH 100 ml OF RU11EN LIQUOR. 

METHODS AS FOR TABLE I (Iffl/125 ml) 

PROCEDURE 

.. A. B C I> E F 

D~ 1 15.8 15.7 16. 2 16.0 15.9 12. 9 
15. 8 15.7 16.1 15.9 15. 9. 12.,8 

2 1,5 .7 15.7 16 .. 2 15.9 15.9 14.7 
1.5 . 7 15.6 16.0 15.9 15.9 1l1-.-8 

3 1.5. 7 15.a 16.0 16. 0 15.7 13. 2 
15. 7 15.8 16.1 16.0 1.5,.7 13.2 

15.7 15. 7 1,6 .0 16. 0 15. s 13.6 
1.5. 7 15.7 16.0 16.0 15.s 13. 6 

5 15.7 15.7 16.0 16.0 15.7 13.4 
15.7 15. 8 15.9 16.0 15.8 13.3 

6 15 .1 15 .8 16.0 16.0 15.9 13 • .3 
15 .7 15.8 16.0 16.0 15.9 13.3 

7 15.7 15. 8 16. 0 16,.0 15. 8 13.3 
15.7 1:5. a 1;.9 16.0 15. 9 13.3 

8 15. 7 15.7 16.0 16.0 15.8 13.4 
15.7 15.7 16.0 16. 0 15 .. 8 13.6 

ANALYSIS OF VARIANCE 
SOURCE d.f. M.S • F. 

Proeedurea 4 0.31 80 42-4 •• 
Day& 7 0 .004-3 < 1 
Interaction 28 0.0075 5.00 •• 
Doterrninations 40 0.0015 

• (P < o .,n) Highly signifioant 

Data. for- Procedure F excluded f'rom statistical analysis 



!ABLE 1-

THE VFA CONCENTIW:'I ON nt Rtmm LIQUOR ON EACH OF EIGHT 

succ~sm DAYS AS D •'l!lRJmtED IN DUPL.I-C.AT.E 13! FIVE PROCEOTJRES 

(lit!/100 ml) 

PROCEDURE 

A B C D E F 

D~ 1 1:,.2 13.3 1.3.6 13.5 13.3 11 .6 
1.}.2 13.3 13.-6 13.5 1}.3 11.7 

13.1 1.3.3 13.6 13.4 13.3 11.0 
13.2 13.,3 13.6 13.6 13.3 11.e 

13.2 · 13 • .; 1.3.6 1} • .5 13.2 11.0 
t 3 • .3 13.3 1J •. 6 13.6 1.3.2 11.0 

t.3.2 i,:;.o f}.5 13.5 13.2 11.1 
13.2 1.3.e 13.5 13.5 13.3 11.2 

13.2 13.2 13.6 13.6 13.2 11.1 
1 }.2 13.2 1.;.6 13.5 13.3 11.4 

1;. 2 13.3 13.5 13.6 13.3 11.7 
13.2 13.3 13.5 13.6 13.3 11.7 

7 13.2 13 • .; 13.5 13.6 13.3 10 . 8 
13.2 1.'3.3 13.5 13.6 13.3 1-0.s 

8 13.1 1; .3 13.·6 13 ... 6 13. 2 11.1 
1,;. 1 13 • .3 13.6 13.6 t3.2 11.0 

ANALYSIS 0-F VARIANCE 

SOURCE d. f'. m.s. Fa 

Procedures 4 0 • .515 68 * 
D8iYe 1 0 .010 1.33 NS 

lnteraction 28 0.0075 6.oo * 
Determinations 40 0.00125 

NS Not significant (P > 0 .. 05) 
•• (P < 0.01) Highly' si.gnificant 

Data for Procedure F excluded f'ran statisii cal analysis 



The VF.A concent ration i n the rumen liquor; .a.tld rumen liquor pl us 

added VFA • £or the eight dey'S are presented t ogether with the analyses of 

va.rianoe in Tables, I and II r espective~. Because of their obvious inconsist­

ency, the results obtained by using Procedure F were e!ltoluded from the 

statistical analyses. 

Simil ar conolu;3ions ere d! wn £ran the results of both a.nalysea 

of variance. The significant interactions indicate that with some Procedures , 

there was a signi£ioant difference in V'FA oonoentra.tion between days . The 

cliff'erenoe r equired to reach significance- a:t the 5% level vre.s O . 17 m. !/100 ml. 

for both tabl es. The significant interaction was apparently used la.rge:cy- by 

the VFA c-0ncentration a.s determined by Procedure B on D(;\V 4- {Table I ) and tlle 

concentr ation as determined by Procedure C on Day 1 (Tabl e I I). For s:ny one 

procedure there was no t rend in VFA concent~ion with days. 011 the basis or 

these observations it ,as concluded the. t for Prooedure.s A ,, B, C, D end E , no 

change of practical. importance occurred during t18 eight days or storage . 

The Procedure means :f'or both sets of VF.A concentration determinations. 

are pl"Elsent ed in Table III together \'Ji th stand errors and the d-eteetabl e 

differences required for significance at two level s . 
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TABLE III 

The means of the v·1tA concentration of rumen liquor with and. without 

added VFA over a storage period of eight days a.s determined by five prooedures. 

Without 
added VJ!A 

With 
added VFA 

A 
B 
0 
D 
E 

A 
B 
C 
D 
E 

Difference reqµired 
0 01 

1 :;.19 + 0.02 - 0.06. o.oa 
13.25 
13.56 
13.55 
13.26 

15.71 0.06 o.oa 
15.74. 
16.03 
15.98 
15.83 

Tltls table illustrates the.t Procedures C and D ga.ve higher estimates 

of VFA concentration than any of the other procedures. 

The anacysis of variance of the recovery data. (Table IV) showed that 

the procedures did not differ in their ability to recover added VIf'A ta. The 

average percentage recovery or 9S:/4 was considered satisfactory. 
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IV DISCUSSION 

The procedure of Ba.lob. and Rowland ( 1957) proved unsa.tis:f aotory when 

used under the existing experimental. oondi tions. .,;'l.s this procedure involved 

dilution of the rumen liquor, the titration al: the steam distillates re<:i_uired 

onJ.s- small volumes of o.om alkali (approx.1 ml.)., For this reason it wa.s 

considered th::.t the unsatief'sotory resul ta obtained were a reflection of' the 

relative magnitude of the titration errors rather than a.n indication of an 

inherent fault in the prooeclure. 

The procedures did not differ in their ability to recover added ¥FA' s 

but there was a significant difference in their estimation of the initial v:FA 

concentration in the rumen liquor. However, the percentage di:f'ferenoe between 

the mean estimates (Table III), suggests that although the di:f'f'erenoe wa,s 

statistically significant, it mBiY not be of practical. importance, for in rllllletl 

studies, sampling errors are usually large (Ycilliams and Christian, 19.56). 

It ,'las concluded that the V,FA oonoentration of the rumen liquor., a.a 

estimated by five procedures did not show an alteration af praotioal importance 

over the storage period of' eight days. This finding appears inoompatib1e with the 

inoonsistent resul.ts that ,1ere obtained using Procedure A in preliminary trial.so 

However, the results reported here provide no grOUDds f'or assuming that any oi' the 

five procedures would give similar results on other rumen samples. i'be observation 

was made during tba preliminary trials that samples 'Which failed to give oonaistent 

results with Procedure A, gave consistent results with Procedure D. Besides 

indioating that it was unlikely that it was the experimentor at fault, this also 

suggests that a Procedure X Sample interaction mey occur. 

In view ~ this, it vins concluded tha.t for subseq.ient vrork, procedures 

involVing denaturation and rem-oval of protein would be the least likely to cause 
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V Sl.JMMARY .AND CONCLUSIONS 

A preliminary- investigation of tl:e stability of the vFA 

oonoentra.tion a.a determined by steam distillation v,-as carried out 

on stored rumen liquor sl:G!lples. Six prooedurea of preparation were 

used and their abilities to recover added VF.A 1 s vr1ere compared. 

Duplioete determine.ti ans for each sample were per.foxmad on each of 

eight wws. 

One -procedure gave variable estima.tes of' too VJ!A concentration of 

the ruroen liquor. 

The remaining five procedures dif':f'ered significantly in their 

abilities to estimate t!:e initial VFA conoentra.tion of the rumen liquor. 

It vrEtJl suggested that this di£ferenoa mey not be of practical importance. 

All procedures except one did not dli'f er in their abilities to 

recover added VFA' s. 1rbe recoveries aohieved were considered 

sati at actory. 

No change of practical importance v,aa found in the VPA 

concentration during the eight dey' storage period. 

It was concluded that the VFA concentration of rumen liquor 

could be determined. with an a.ccuraoy srd table for routine analysis 

by the procedures outlined. However, certain reservations were 

made. 
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Variation in the tlistrib-i.1tion of ingests. components. 

In recent years , workers stueying various aspects of rumen f'tlnction 

have observed an apparent heterogeneity within the ingesta of the reticulo-rumen. 

Although only t wo studies spocifical.13 on variation havo been r eported (Smith, 

Sweeney, oone.y, King and Moore , 1956; Lwapil.a, 1955) , the problem <:If obtnini.ng 

a representative sample of t he ingesta has prompted various wozkers to conduct 

prABm:inary trials , the reports af mic-h are scattered throughout the litE:r ature 

and are revie ved here . 

(1) Ingested Food Material 

.After a period of eating much of the newly it)8ested. food is fowid in 

tbe dorsal sac of t he rumen. \;here fibrous food has been consumed, the mass 

i n the dorsal sac is relatively dry and tightly packed (Ba.1.ch, 19.50) and mey­

contain over 15% of dry matter (Balch, 1959). In the reticulum and ventral. 

regions of the rumen thore is a. more fluid in,gesta. containing 5 - 8% dry 

matter (Bal.oh, 1959) . The more. liquid portions contain smaller food 

particles hlch have been in t he rvJDen for a longer period than the more 

recently ingested material (Balch and Kelly, 19.50). A cixture of' 

fermentation gases is normally present above the ingesta(Dukes , 1955) . 

The collection o-r t ho fibrous ingesta in the dorsal regions has been 

attributed to the rapid movements of tte reticulum and dorsal and ventral sacs 

of the rumen (Balch 19.50, 1961). The density o f t he food pal'tioles and the 

buoyant eff' ect of fe:nnmtation gases mey be importe.nt (Nichols, 1954). 
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Factors that determine the movement of food particl.es fi'om the d,orsal rumen 

t o the liquid ingesta in t he ventr al regions are not kno,m vd th certainty 

(Balch , 1961) • 

(2) Fermentation ProduetB 

Smith et al. ( 1956) sam:t)led the doI"sal and ventral rumens of thr ee 

fiutulated steers at h 1..urly lnterval.t; ovel~ a 12 hour p l:'riod clrl.oh included 

tuo f'ecus. 
I 

Analyses f' or crude f ~bre • o.sh,, ether extrac~ , tot trogen, 

cmmoni&, non-protein nitrogeu, u.ter end el0ohol soluble Stl6 s , vol :tile 

f atty acids end digestion of cellulose in vitr , hawed that in a.ll. instonc6s 

except alcohol soluble sugars , a atatiotictlly significant diffe ce 

{P < 0.01) existed botroen the to positions. Conoentrationa a£ all factors 

measured except ether oxtraet und eellulosc digestion in vitro were higher 

in the samples fran the dorsa.! rwnen. Data from sampl es obt ained by 

rumonotomy esta J..ished that -t,h e variat ion uaa not an artifo.ct induced by the 

preseuoe oe tho fist ulae~ 

That eellulone dig:eati~_ is aoro. rapid in the ventral tha.n in the 

dorse.l rut1en hM been obs ired~- ot hers (Saleh and Johnson, 1950; iles , 1951). 

Differences i n the vole.tile fatty acid cone tration between the dorsal 

and ventral regions of up to 50% in £avour of t he dor sal region were ob er ved 

by Lampi l a (1955) ., In a later r ep.Ort (Lrunpila , 1960) , a simil ar but l ess 

distinct difference was found in the NH
3 

concentration during the first half 

of tba period between f'eE'.ds . 

I n contr a.st to the above ob:3ervations, sampl es from six inclles bel ow 

the surface o£ the ingest e. have boen consi dered repr esentative in VFA 

concentration as variat ion tbrrughout the :rllfleII. as non- existent {Balch, 

Balch, Bartl ett , Bartrum, Johnson , \"!land and Turner , 1955) or 0£ no 
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consequence (Balch and Rowland, 1957) • 

(3) pi 

Monroe and Perkins (1939) observed that pl varied throughout the rumen. 

The validity of their results has been qttastioned (see P .. 20 ) and oannot be 

taken as unequivocal.. However, the findings of' Smith~ (1956) and the 

determinations in vivo of Smith (·194.:i) and Lampila t19.55) have established 

that the Iii of' the bovine rum.&"1 contents varies according to location within 

the rumen, the dorsal regiol25 being conaistentl3 more acid -than the ventral 

regions. 

(4) Microbial Population 

Differences in total bacterial count between the dorsru. and ventral 

regions of the bovine rumen have been observed by Gall, Stark and Loosli 

(1947) and Fulghum, ICing ar.id. Moore (1958) but opposite conclusions were 

drawn e.s to which region had the highes't oonoentration. Hungate ( 1947) found 

no di.t'f erenoe between tra t:wo regions, an observation supported by Annis on ~vid 

Lewis (1959). 

When 1nterpretir..g these reaul ts it ehouL.l be remembered. that the 

three ma.in counting. techniques ( total, total. viable and differential counts) 

are all subject to serious limitations (Jamison and Lewis, 1959; Hobson., 1961) 

and inf'onnution obtained by ea.ch method must be regr.rded as ocmplementary. 

Some earlier results have been obtained by crude culture techniques that are 

inherently more variable than the varia.bili ty one might expect in the actual 

samples (Bryant, 1959; Huh.tanen, Rodgers and Gall, 1952). Some more recent 

methods are considered to be of' greater accuracy {Boyne, Eadie ar..d Raitt, 

1959)., Furthennore, there is some doubt as to whether the total bacterial 
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population remains oonsta.nt even under apparently constant conditions (Wilson 

and Briggs , 195.5) . Under such conditions the 'V'iable population .as found 

to vary within a rela.tiveli.'v wide range wbieh the heterogeneity of the 

ingests. af't'octed little or not at all. Samples fran dL-f'ferent depths within 

the rumen varied indiscriminate~ in total bacterial count , variations of the 

same magllitude were obta.ined with samples from the .same depth. 

These workers sugBested that failure to esta.bliah the normal variation 

in a single animal has led to smaller overall oh.anges being regarded a.s 

indicative of .signi.fi.oant quantitative change.s in the flora. 

The little that is lmov.n about the distribution of the tnicrobial 
based 

population within the, rum.en is/on quantite.t:iv-e counts. Even though chenges in 

total concentration may not be evident , quelita.tive dii':f'erencos mEW exist. 

The existenoe .of three ~itc distinot ley-ers m.thin the rtmen contents 

has been unequivocally established. Report$ on variation in fennenta.tion end 

products and pH are no-t extensive but it appears that under same conditions at 

l ea.stJJconside-ra.ble stratit:tco.tion occurs. It is suseested that no major 

stratificirtion exists in the concentration of t he microbial population but 

reports e not extensive. 

Factors af:f coting Stratification 

axw factors are known to effect the composition ~ inge.sta within 

the reticulo-rumen but only those f'a~tors known to effect its heterogeneou$ nature 

will be ravi.ewed here. 

( 1) Type -Of ration 

As mentioned above , most o~ the new~ ingested f'ood material is found 

in the dorsal rumen . Thie also applies to concentrates and succulents ~ -
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auch a,s, ma.n,golds ~d young legumes (Balch,- 1961) but there is a def'inite 

tendency for these- :feeds to gre.vita.te to the ventral. regions more rapid:13 

than the fibrous material.. Nicllola, 1954; Smi"'dl et al ,- '1956; L,oui.siana 

A .• s •• 1956) . 

On & low roughage diet , or one in which the roughage :i. s fine'.cy divided, 

there is li 1."t1e tendency for layering to o.cc.ur (Jacobson, 1955) and the dr;r 

matter content o£ the ingesta in the ,ventre.l rumen &pprooches that ot: the 

inge&ta in the dorsal rumen {.Balch., 1950) • 

The onl3 obsercretion which ha.a indi ted that tlie type of' r ation affectt; 

stratification of fermentation ,encl produots in tha.t Gf' Lampila (1960) . It 

was found that the extent by which the amnonia level in tbe ,dorsal rumen 

exceeded that in the ventral. rumen was dependent on the type of prooessed 
I 

silaee t hat was added to the bas.al. ration. 

(2) Time after Feed,:iJ1G 

As the time since last f'eeding increases , the volume of the rumen 

oontents decrease (Ritzman and Benedict , 1938; Coop, 1949), the ingests. 

beo-omcs more liquid {Quin,, Oya.er'b and Clarke , 1951; Dukes, 195.5) and the 

layering of food partic.les is not evident (Balch, 1961) . There is no 

<U,i-,ect evidence of a concomitant alteration in the atratitication of 

fermentation products. However , Lempila (19,55) tound that the pi difference 

between the dot'Sal and ventral regions of t4a rumen inoreas~d up.on feeding 
' 

simultaneously vlith the pi of the ingesta. Monroe and Perkins (1939) ~ 

a .similar observation.. In a moro recent study (Lampila, 1960) a difference 

in ,the amr.nonia. ooneentra.tion between the dorsal and ventral regions of the 

rumen was found only in tie first half' of the period between tv,o feeds. 

Although these observations suc:ge,at maximum heterogeneity during 
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the period c£ maximum fermentation , the absence o-£ aignif':ioant Time :x 

Por.ition intemetions. ( except in the insta..'1.Ce of total eugars.) in the 

results of Smith .t!. Jl!:! (1·956) fail to .support this . However,, the 

statisticcl. interpretations of this study should be vieVJad w.i. th \1aution 

a.s they a.re based. on .a small number 0£ obse:rvations on va.rlables which,. 

in some cases, are not additive . 

Sampling rumen eontenta. 

One of the consequences of' rumen ingesto. heterogeneity is tho 

dif.fioulty experlenoed in obtaining representative and reproducible s$mpl,es 

of the in,geata (Pearson a.nd Smith, 194.3). 

Sampling procedures baaed on slaughterhouse material, cud (Davey 

and Briggs, 19.59) , a.nd rumen puncture (Turner end Hodgetts , 1955) h :1..ve useful. 

but . obviously very 1imi ted. e.pplications~ The main methods are those of fiatula.t­

ion {Dougherty, 1955) and stoma.ch tube ( 'e.tson Md Jarrott , 1945; Pouuden , 1954). 

The advantages and disadva.t1tagoa of these tv:o methods have been discussed by 

Doetsch and Robinson (1953) • Runga.te ~ ~ (195{),: and Hobson (1961). It is 

general.l3' agreed that :fistulation is the most satisfactory method.. 

0£ sbnoma.lity may be induced the rumen en1J'ironment (see P . 2,1 ) but no oaJor 

abnormalities a.re evid.ent (Smith~ ,.!l 1956) . 

lith fistulated M:imals , th0 problem of sample m.t.'hdra,wal remains . 

Thorough mixing of the mole of the rumen oonterrl'is ~ d th or without removal from 

the rumen (Agro.wala, DtU'lCan run Huftrnan. 19!53) can be practised only for infr-eq..ient 

samples because of aeration of the ingests.. . Temporary destruction of' ingesta 

stratification is wo i.nVolvcd but whether this is of importance is unknO't'm. 

With studies involVing aerlaJ. sa.mp.ling it is common to sample from 

a fixed location in the rumen in an endeavour to reduce sanpling errors (Bryant , 



1959). Collection , 19.55; .!..!.W,Lj!!,<:l.l>I.$ ,.!! .al, 1954) or 

rumen ,.!! .M, 1957a) 

.!?:, 1957), 

$ Wilj"J..3.1~5 

1961) • 

exooimr·e to air, 

withdrawal 

fflOvJ.Vlllmlli ( 1950) 

• Some earlier wo:ncE,rs 

re1t?o1•c1en are subject to a variable error particularly 

periods of' '"'""'·'-'--'-••F. before the 

1943; v ... u ... =o and Lombard, 1951; 

of pa,,u~~-OP obtained S~(>ma~ntube 

salivar.v ~V~~~QIWs,L.U~•V~~U,L 194-3; 

occur 

.. 

.!!, 1953) • 

It 

1939J 

were 

(Smith, 

, 19.55). 

1951) or 

loss co2 , 195.5).. In vivo me;ast1remelt1'ts 

have Lampila ( 19.55) by means con-

structed electrode assembly. 
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It has been established that loss of' co2 with consequent rise :tn pl 

occurs innnediately the fistula. is opened (Smith, 1941; ~forner e.n:l Hodgetts, 1955; 

llatsoher, Lorgbi and Beghelli, 1957). Matscher et al. also found that a leaking --
fistula caused high Ji{ val.uea but Tu.mer am. Hodgetts (1955) he.ve eta.too. that too 

ffe of' only the aur:faoe ingesta is affected. 

Provided that the determination of pi imraediatel;y followed the removal. 

of a sample, Briggs ~ .,!! ( 1957s.) :found that the if! so obtained was identical to 

that determined v.1i th the sample in aj. tu. Thus, in absence- of suitable apparatus 

for in vivo determinations a proo-edure similar to the one used by these authOl'"s 

should produce satisfactory results, provided that the surface ingesta. is not 

sampled. 

D. Diurnal variations in the concentration af .fermentation end products. 

Determination o£ the :fate and fermentation paths of d.iotaxy oonatituents 

by experiments in vivo has, in general, necessitated e. controlled feeding regime. 

The ingestion of :food ia restrioted to short periods that a.re often repeated 

throughout the experiment. Suoh studies have resulted in a comprehensive under­

standing of the changen that occur with time in the compositio."l of the ingesta 

(i\.llnison and Lewis, 1959; Boyne_!!.!!, 1957; Ba.I.oh and R.01'1land, 1957) • Similor 

inf'or.na.tion concerning free grazing condi tiona is very limited. 

Balch and Rowland (-1957) f'ound that oanpared w.i.th e variety of: diets fed 

at 12 hour intervals, the loweat sustained }.if values were observed when tm 00111s 

were grazing pasture. Although it was stated that pH varied inversel,,y ltl th the 

concentration o-f' total volatile fatty aoic:s, tb:l :form of date. presentation allows 

for no further cODlllent. 
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No dist;ine,t diurnal variations in tho pH of the rumen contents of a 

grazing cow were observed by Lampila. (1955) • A similar la.ck <J£ variability 

within {i!...lld between days wns :round for various ingesta components by 11lliams 

al'ld Christian ( 1956a.) using pastured. sheep sampled. by stomach tube. 

o other reports concerni ng diumal varintion of' ingesta -components 

heve been found in the literature. 

Reports of seasonal variations are also noticeably- absent from the 

literature. Those that have .een published (Johns, 1955; Ba.'T'llett and Reid, 

1957) are Qonsidered irrelevant to this review. 

'It is apparent that :further research is required before the normal 

concentration of f' ermentation end productts can be defined for the grazing 

ruminant • 
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II. EXPERIMENT l 

fHE EFFJOC:t.r OF' A LIMI'l'El) FEEDING PERI OD 

A. Mater~als and ethods 

(1) Animal 

A 2½ yea~ ·old pl'egnant Jersey co• ws fitted with a 

la.rge .rum fiat'Ula (Balch and John on, 1948) on 12/11/ 60. 

An initial period or handling was necessary for tm animal 

to bee aue ace-us tomed to grazing a l one and 1;o the sampling 

procedure. 

(2) ExperinBntal design 

The dates of sampling wex>e 21/3/61 t 24/ 3/61 and 27 / 3/ 61 . 

On each of tho three days there ere four sampling ti.mes at 

three hour intervals commencing at 8.30 a. m •• Feed was 

withheld dll.Fing the twelve hours pJ:>eceeding the 8 .30 a .• m. 

sampling by eont'ining the animal t .o a concrete yard. ater 

as available at all tines •. The reeding per.iod consisted 

of om hour of graz.ing fol l owing the 8.30 a.m. sampling \7hieh 

as denoted as O brao after feeding., The same area (2½ aea . ) 

;as grazed on eaeh occasi on. 

At each sampli ng time ,, samples were removed :fx-om the 

follO.Wing five :posit.ions within the reticulo - rumen (Fi g. 1). 

fop (T) 

iddle (M) 

Three inches belOVJ the centre or the 
sur~ace ingesta. 

Intermediate to the dorsal and vent:t11al 
po.si tion-a . 



Bottom (B) The floor at the ventral runien. 

Reticulum (R) The floor o£ the reticullllll 

Posterior (P)The floor of the do"Daal posterior blind 
sac .. 

The posi tiona ere sampled 1n 01,.der as listed, each 

poait1on being entered twice to give two samples (Sampl.e 

A m:id Sample 13) pe~ position. 

(3) Sampl.1~ 

Samples {approx. 200 gm. ) :f'rom the Top, Middle and 

Posterior positions were removed by hand. Samples from 

the remaining positions were remov-ed us 1ng a 50 ml ide-

necked bot.tie. The thumb was held over the neck of the 

bottle when moving to and from the samp1ing position. 

The sampl,es were expressed thPough. muslin and the pH 

vuues det-e:rmined to the nearest 0.05 _pH uni ts with.in one 

minute of removing tle sample :f'rom. the l"UIIleno The :pH 

meteJ:- (Radio~ter, pH eter 23.) as standardized against 

a standard buffer solution (p.H7) bet-ween SamJ?lea • 

. The rutnen liquol' ( 25 ml) as titanaferz-ed to a 50 ml 

glass bott-le eontaini,n,g 5 ml of 1.0N H2.so4 and stored at 

s0c. The -Complete sampling proced~re reqUired approximately 

25 mins. 

(4) AnaJ.ytical 

Total volatile :ea·tty acid (VFA) concentration as deter­

mined 1n duplicate for, each sample using Procedure D as 



described ::tn :BaFt I. AJ.l samples were analys-ed prior to 

the ne,tt ssm;p11ng day. The orde:e of analysis was randomised 

by use of' the random numbers given by Fisher and Yates (1957) .. 

Following titration and addition o:r excess alkal.i""' t o 

41.sti.llatea ., one from each of the two samples taken ·from the 

same pcsition at the same time ere mixed. Half this volume 

was taken and reduced in vaeuo to approxima telY 5 ml over a 

rater bath at 60°0 uaing a rotary evaporatozr. Af't_er trans­

fe:rence to a ,small test tube,, the soaps :ere evapo~ated to 

dryness in an oven at 100°c and stored in a desieeator to 

a ait chromatogra:phj.c analysis~. 

For determination or the relative proportions of acetic, 

propionio and butyi~ie acids, the gas-liquid chromatogram or 
Jaznee and tin (1952) was employed uSing the column packing 

described by Ha 'ke { 19.57). Columns ere run at 137°c with 

a N2 flow ~ate o:f 12-15 ml/min. 

In order to transfer the VF.As to the ehromatographic 

column, the soaps were dissolved in a small volwne of . a .ter 

Approxima teliV o. 05 ml 

(1-~ drops) of the aqueous solut~on was added to a platinum 

boat containing equal parts of Celi te and mso4 as a dry 
mixture. The boat · e.s quickly pushed into the column with 

the aid of an attached copper uire and the gas supplY eormected. 

Although purely qu.•1litative, this method oz> appJ.y1ne; the samples 

was rapid for sample preparation was minimized by the use af 

an aqueous soluti,on of' soaps. In addition, the c-0lumn 

-------------------- --- - - - -



remained at operating tem_pe.vature throughou,t 'the transfer 

.of the soaps 'to the column .. 

fhe :reliability of this method · as r2nee1ted using a 

standard aolut1on eontain1ng a mix.tu.re of acetic., ,Pr<>pionie 

and butyx-ic aei<Ls. in the :p~opo:rt1 ons of 6 t , J : 1. 6ood 

agreement ·v1as obtained between the calculated pro_portiona 

and these :folltld by chromatographic analysis~ the pvoportions 

aa determined ehromatographieaJJQ n.ot d1ft'ering by more than 

2% ~ram the calculated pro:port.ions. 
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ANALYSIS AND OOMPQNENTS OJ? VARIANCE FOR VFA LEVELS ON ALL DAYS 

Analysis o~ variane~ 

So 
'. 

e dK t i ss M,S, F, 

Daya (D) 2 a7.~9 43.s 12.7 #II~ 

Ttm=Ja ('r) 3 617.39 205 .. a 54 
Pos:l.tions(P) 4 150.73 37.7 9.9 ** 
s ies ( S} 1 0.07 0.01 . < 1 NS 
DxT 6 20 .. n 3.46 a.os 
D X J? 8 11.46 1.43 3.32 ... 
DX S 2 1.07 0.54 1 • .37 NS , . 
TxP 12 ~ 45.60 3.80 8.85 

t 

'l'xS 3 1 ... 65 0.55 1.28 NS 
P X S · 4 1.35 0 .. 34 ~ 1 NS 

211d and 3rd orwr -interactions 74 32.03 0.43 
Dur;licat a 
Withinsanpb 120 {t.20 0.002 

total 2.39 970.01 

-NS Not. ,signi!'icent at t1're 5~ level (P 0.05) 

* Signii'ice.nt, at the 5% 1ev (P ·0.05) 

BignU1eant at the 1% level (P 0.,01) 

Oomponent.s of var1anc-e and their estimates 

Swl:ce Dl~ '1Emr11 PxS TxS 1'.xP »xs DxP DxT 

·df' 120 74 4 3 12 2 a 6 
1 1 1 1 1. 1 1 1 

2 2 2 2 2 2 2 2 

24 

30 
12 

40· 
16 

20 

• 

s p T D 

.. 4 3 2 ~ Est 1ma t.e 
1 1 i 1 d2 0.0016 ' 2 2 2 2 E2 0.216 

24 24 PS2 -0.004 

30 5) 'f82 0.004 

12 12 TP2 0.281. 

40 qO DS2 0.003 
16 16 DP2 0.063 

a> 20· DT2 0.151 

120 s2 -0.004 

48 p2 o.687 
60 'l'2 3.314 

8) 2 D 0.491 

..... 

l' . 

.. 
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a. Resnlta 

(1) Total volatile :fatty ac1dB 

The concentration o:f total VFA are presented 1n Appendix 
' I. The sta ttst1ca1 ana],ysia oT these data, together · i th 

estimates of the .can,ponents of variance. are p_resented in 

']Jable I. 

The four second or de~ interactions were found non-sig­

nU'icant hen tested againSt the third order interaction. 

Hence, theiJ:> sums of squares were pooled with t-ba t. o:f the 

third oz,der 1nterac\1on to give a mOPe aeeurate estimate of 

experimental error which was 'W:led :for testing the :first 

ordeP i nteractions. 

Approximate but conservative tests of the main e:r-:.reets 

E)re made using the largest menn square of the :fiz,ot order 

interactions involving the main effect being tested. All 

main e:ff'ects except. that of bet,; een s amples proved signi:ficant 

(P < 0.01) • 

EJte.rnumtion of est1m tes o:f the components of variance 

sho ed that as vtould be exp~c.ted Ulldez• the feeding system 

used~ most of the variation was due to differences between 

sampling times. _ This ,effect~ toeether with those of Days 

:and Pooittone, contributed approxina tely :85% of' the total 

variation. 

Laboratory error (Subsamples w1thin Samples) contributed 

less than 1% to the exper:il'.l'l.;ntal error. 

'The non-significance of the main e1'f'ect, Samples and its 
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1nteract1ons 78.S· interpr ted s meaning that on the average, 

an;y disturbance c used by the r movel of' the first aampl.e 

(Sample A} had no demonstr tive effect on the VFA eontent 

of' the .second sQmple (Sample B). indicating that under the 

existing condi t1ons the sallg)ling technique was sa tisf ctory. 

The three Signit'icant fi:vst order intere ct1ons are 

presented gr :phieally in Figures 2 - 4. 

Figure 2 shows that the VFA coneentr tio foll.a ed 

-similar tirre trend :ror each position ETith observed maxima 

and minima at .3 and 9 hrs. after .feeding respectively. 

However. the conce.ntrati.on ithin the reticulum at o hrs. 

appeared to deviate f'rom this general p-attern. being s.ig­

nif'ie:antl.y laWer (P < 0 .. 01) at this time than any of the 

other positions at an.v of tie times. 

T-his gene.ral diurn l trend or VFA concentrati.on was 

evident within th,e retieulo-rumen as a wbol.e on each of 'the 

three days (Figure 3} although the significant interaction 

showed that the shape of' the c~ves differed :from day to 

day. Thus, VFA coment at1on on Day J, as higher than that 

of either Day 1 o-r 2 at each sampling time wh11 the concen­

tration on Day 1 w:as higher than that on Day 2 only a~ 3 and 

6 iws. after feeding. 

Figure 2 al.so shows that any air:y- one sampli'ng time the . 
VFA concentration at Position T as always the highest (P<0.01). 

The concentr-ation at Position M did not cliffeP significantly 

from that in Position P but was aignif'ica.ntl.Y higher '(P<0 .. 05) 
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TABLE II 

.ANALYSIS AND COMPONENTS OF VARIANCE FOR pH LEVELS ON ALL DAYS 

Analysis of variance 

s rce df 88 MS. F 

Days (D) 2 0.4383 0.2192 10.0 * 
Tims (T) 3 3.2274 1 .. 0758 48~5 ** 
Poai tions (P} 4 2.9625 0.,7406 · 33.5 ** 
SanJ,plee (S) 1 0.0301 0 .. 0301 2 .. 50 NS 
DxT 6 0.0687 0.0115 2 .. 22 • . 
DxP 8 0.1740 Ou0218 4 .. 16 ** 
Dx8 2 0.0195 0.0098 1 .. 87 NS 
'f X P 1.2 0.2647 0.0221 4,.24 ** 
T x S 3 ;· 0.0244 0.0081 1 .. 10 NS 
PxS 4 0.0532 0 .. 013.3 2.56 • 
2nd and 3rd 74 0 .. /3851 0.005204 
order :mterect1als 

Total 119 7,.6479 

NS Not eignii'icant (P) 0 .. 05) 

* Significant at the 5% level (P<. 0.05) 

** Significant at the 1% level (P< 0 .. 01) 

Components of variance and·their estimates 

Source !'Error" PxS TxS TxP Dx S DXP DxT 

df 74 4 3 12 2 8 6 
1 1 1 1 1 1 1 

12 

15 
6 

20 

8 

10 
t 

.~; 

s p T D 

1 4 3 2 Ocmponent Estinlite 
1 1 i 1 d2 0.005204 

12 12 PS2 0.00068 
1,5 15 TS2 0 ... 00020 

6 6 i,rp2 0.00281 

m 20 DS2 0 .. 00023 
8 8 DP

2 0.00207 

10 10 DT2 0.00063 
60 a2 0 .. 00015 

p2 
, 

24 0 .. 02891 
"J) T2 0 .. 03482 

!tO D2 0 .. 00467 

,_,.,., 
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then that at Position B at each sampling tine exeept, the last, 

9 hrs.. after feeding. At this .eampli:og time, vaI'iation be-

tween :positions as at :a minimum. 

~his dorsa1 to vent,ral decI'eas.e in VFA concentra-tion 

ri thin the :eumen held cm each of the three days {Figure 4) 

but i.t appeared that the coneentration l'litbin Positions 'B 

ud R failed tor nk eonststently over the three days. 

(2) pH 

~e anaJ.ysiB o:f' variance of the .PH data (Appendix II) 

is presented 1n Table IL Transformation of the data t1as 

deemed unneeessar..3 (-A:',. Glenday., pei:s. comm.) b~cause of its 

na.rrot1 distribution about a mean of approximately pH 7 and 

l.ack of relationship bett een the variance, and the mean. 

The teats for sign1:f'1cant efteets were performed in a 

manner aunilar to that U$ed in the analysis of the VFA data. 

JSstimation o:f the, c<»npcnents of variance {Tablo II) 

-showed that aa wi-th VFA concentration~ most (85%} of tle 

total v1.u--.1anee oould be attr:ibuted 'to the main effects, 

Days~ Times and Posit.ions. 

In contrast to the .resUlts obtained 1th Vl?A oonc-en­

tration. a signif'ican.t (P<0.,05) interaction lnvolving Samples 

was foqnd (Fig. 5). A signUieant difference (P <0,.05) 

ex.is ted bet cen the pH values of' the two smnJ;.,les from Position 

T but not at any of the other four positions although a 

d.1.tterenee that approached aigniricance was ~pparent at 

Position M. 

( 
\ 



so 

O 3 

.. 7),. 

on 

curves 

on 

(3) on 

30. 

(Fig. 6) 

wa.s 

6). 

) 

1 

a 

7) 

(P<0.05) 

on 

3 ., after 

as 

.. 

on 

was 



regression coefricient was fowld to be -0.1131 t 0.013 which 

proved to be highly significant when tested by analysis at 

variance (Af)pendix VIII). 

(4) Relative proportions of individual VFAa 

The percentages of acetic, propionio and butyric acids 

as determined by gas-liquid chromatography are :presented in 

Appendix III. 

In eompaPieans of the proportion ot one acid.with that 

of the other two acids combined:P the distribution in each of 

the three cases was taken as binomial. Correction for 

anormality was applied using the inverse-sine tranafwmation 

from tables given by Snedecor (1956). 

The analyses of variance using trans:ro:rmed, coded data 

are presented in Appendix IV. In the absence of significant 

interactions, a pooled estimate of error var-iance was used 

for testing the main effects. 

In all three casea there were no significant di:fi"erences 

between Positions.. Highly significant differences (P<0.01) 

were found between 'ltlmes and between Days. 

This indicated that the proportion of any one aoid 

re1ative to the other two changed with time (average of three 

days), and with days {average of four tuoos). Significant 

d:i.tt erences aroong too means were located using Duncan's ( 1 955) 

multiple range teat (Tables III and IV). Table III shows 

tha~ the proportion of' acetic acid was loo at 3 end 6 brao 
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DUNCAN'S MULTIPLE RANGE TESTS FOR CHANGE I1f PRO­

PORTION OF INDIVIDUAL ACIDS WITH DAYS 

Day 

Acetic 1 
Acid 2 

3 

Propionic 1 
Acid 2 

Butyrio 
Acid 

3 

1 

2 

3 

Mean S.E. 
Transformed 

63 .. 21 ±o.46 
62.20 
58.64 

+ 19 .. 35 -0 .. 31 

18.68 
21 .. 53 

17.57 ±o .. 48 
19.7.5 
21.70 

Results 

aA 
aA 
bB 

aA 
aA 
bB 

A 

B 

0 

Untraneformed 
Means (%} 

79.7 
78.2 
72 .. 9 

9 .. 1 

11.4 

13.7 

Note:• For significance of differences and 
t.ransf'ormation, see Note~ Table III .. 



after feeding Whereas the proportion o:r propionio acid was 

h1gh during these times. The proportion of butyric acid 

was highest at 6 hrs. after feeding. 

Figs., 3 and 8 indicate that 3 and 6 hrs .. after feeding 

,1e~e titres at which high VFA concentration and low pH levels 

occurred. 

TabJ.e IV shows that the pro:port.ion of acetic acid did 

not differ f'or Days 1 and 2 but was low on Day 3. For 

propionie acid there was no difference between Days 1 and 

2 but a higher proportion occurred on Day 3.. For butyric 

acid~ different proportions existed on each OJ:JYt the lCAVest 

on Day 1 and the highest on Day 3 .. 



, '-

a. D1souss1on 

The feeding system used in this experinent did not 

pi-ove entirely as.t.isfactoey. The highly signif'ieant 

positive linear correlation of rt.L-nen VFA concentration 

with intake observed by Williams end Christian (1956,g) 

suggests that 1n -this work the OPder o'£ intake on the 

three days was Day 3) Day 1) Day 2 {Fig. 3:)• denotes 

greater than)., However. :f'rem Fig • .3 it ia evident that 

the VJ!A concentration attained after :f'eeding was also 

de1>endent on the VFA concentration present within the 

:in1men before feeding conrnencsd .. Thus although it 

appeam that the intake dtWing the 1 hourts grazing was 

greater on Day 1 than on Day 2 and _possibly even greater than 

on Day .3, because of the higher initial VFA concentration• 

_present Within the rumen on Dey 3,, VFA levels were gen-

erally higher on this day. 

The cauae of the higher initial. VFA eoncentx-ation on 

Day 3 was not revealed by thia investigation but it is 

suggested that it was due to dti'ferenees in the extent of 

fermentation of food material ingested the previous day. 

In other words, there was more t'el"lllentable subs~rate present 

within the rwien at O hI"s., on Dey 3 than either of the other 

t.wo days .. It is a1so suggested tha. t the differences in 

amounta of fernentable 1ngesta present within the rumen 



accmmted f'or the relatively higher VFA levels at 6 hrs .. after 

feeding on Day 3 (Fig. 3)o 

Both these suggestions cannot be regarded as conclusive. 

Differences in VFA absorption rate and food composition be­

tween the duye could account for the observed variation. 

For a given diet, the fluctuations in pH are to a lai~ge 

extent a f'unction of' rumen VFA levels (Balch and Rowland. 

1957; Briggs et al 195711).. As the regression of pH on 

VFA concentration was negative, and highly significant 

(P<0°'01; Fig .. 17}, a similar relationship held in this 

investigation. Thus it is to be expected that the changes 

in VFA levels in Fig. 3 were reflected as inverse changes 

in :pH (Fig. 8). The same should apply in all aases but 

some diacrepanciea were apparent and are diecussed below .• 

(p4~) 

The diurnal trends in both pH and VFA levels reported 

here are similar to those reported by many wo:rkera using 

different diets (e .. g. Balch and Rowland, 1957). The rate 

at which peak values are attained and the magnitude or these 

values are largely a rerlection of the diet (Balch and Rowland, 

1957). The possible importance of' such phenomena has been 

discussed elsewhere (Balch et al, 1955, 1957). 

That the VFA concentration at 9 hrs.after feeding was 

lower than the concentration immediately prior to feeding 

(0 hrs.) is considered to have resulted from the presence 

or relatively greater amounts of unf'ermented ingesta within 



the rwnen at O hrs. 

Variations in the levels of pH and VFA concentration 

at each position and the ef':fect of Times and Days on these 

variations are discussed below (p5b). 

A change in the :proportions of the indi Vidual acids 

with time after feeding has been reported by many workers 

(e.g. el Shazly, 1952; Briggs et al, 19.57a) yet all repo:I>ts 

do not confirm this (Shaw, 1959). Where changes have been 

observed, the general trend is similar to that reported 

here, namely, that af'te-r feeding the proportions of propionic 

and acetic acids rise and fall respectively reaching their 

maximum and minimwn levels simultaneously with the attain-

ment of' maximum VFA concentration. Changes in the proportion 

of' butyric ae1d are often erratic. 80112 variation in this 

pattern may occur with different diets (Briggs et al, 195712.; 

Gray and Pilgrim, i 951 } ., 

Briggs et al (loo,. cit .. ) have suggested possible causes 

for these variations with time after feeding but the final 

solution awaits the results of further research. 

The causes of the changes in the proportions of the 

individual acids with Days (Table IV) are also uncertain. 

i'he changes may be associated with the differences in pH 

and VI!A levels between the three days becauee the lowest 

proportion of acetic acid and the highest proportion of 

propionic acid occurred on Day 3, the day of highest (P< 0.01) 



average VFA concentration and lowest pH (P< 0 .. 05). Willi&JOO 

and Christian (1956c) found a similar relationship with sheep. -
High intakes (1000 gm dried grass/day) gave higher VFA con-

oentrations andalower ratio of acetic: proprionic acids than 

low intakes (400 gm/day). However, in contrast to the results 

reported here, no changes in pH o~ the proportion of butyrie 

acid were observed by these workers. 



I.II. EXPERIMfflT II 

THE EFFECT OF FREE ·GRAZING 

A. ater-1als and Methode 

( 1) Experirmn tal dea1gn 

Th-e Sat!B animal used in E.Xpt. I was subJeet d to a 

fllrthet- el;l)erixoont :in which past'l.U'e was availabl,e at all 

times during the experimental period. 

Sampling times ·ere eitery tln'ee ho'l.tf"S du.P1ng two 24 

h;r. periods eonmencing 11 a.m., 23/4/61 1 and 2 p.m. 25/4/61. 

FoP sampltngt the anima1 as placed in a milking bail sit­

mrted adjacent t-o the gr zing area. Unt'orese-en e.ircums tances 

prevented tbe first ss.rnpling (11 .m.} on too second day. 

Sampling procedure and pH de~erm1nation \7ere as fo:r 

Sxpt. I. Gl'azing ohser-vat1ons were made dur.ing each 

~erirnen tal period .. 

(2) Diet 

From 14 days priol" to the eXperinent l periods• the 

grazing area bad been grazed sole].y by the expePimental 

animal. ~e s V'ard was 3-12 inches in he1.gbt. 'l'o obtain 

an 1ndieat1on of pasture quality, t enty,, 1 x 1 rt. plots 

were, 01.1t and dissected into speo;Les., Oom,posi t1on ot: the 

a ard on a dry weight basis 1s shown 1n Table Y. 
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TAB~ V 

PEROEN!'AGE CONTRIBl.JTION .BY WEIGHT OF SPECIES 

TO PASTURE YIELD (D. BASIS)._ 

Speeiee 
t . 

Rye~ass (wlinn spp.) 

White ClO'V'er (-.r~a.toliurq re;es;ns) 

Yorkshire Pog (Uolcua lan~too Lti ) 

Cocksfoot {Dactyl1s glotrlf}rata L.) 

0th r grasses 

Weds 

(3) Anal.ytical 

% Oon.tribu.tion 
~i we1sit 

Laborato»y nEthods etie Similar, to ~hos« used in Expt. I 

except that the high repeat billty of VFA concentration 

determination& on the same sample obse.rved bing rutpt .. I, 

obvi~tod the neoess1 ty for duplicate detex,nine.t1ons. FUrther­

more,, bl!mk steam distillate ti trations ere dispensed with. 

Instead, blank titre-s ere taken to, be constant for each day. 

Each day, the va.l as det.ermined and appropriate allowance 

made in t he calcu lat.1on of VFA conoentvation. 

Tlle relat.ive pPOportions of aee'tic, propionio and butyric 

acids for the Top, Middle and Bottom ;positions were determined 

tor on].y the f.it"st day. 
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TABLE VI 

.ANALYSIS OF VARIANCE OF VFA LEVELS FOR DAY 1 

AND 2. 

(Expt. II) 

Source di' ss MS. F 

Daya (D} 1 0.360 0.360 < 1 NS 
Tines (T) 6 111.303 18.551 17.8 ** 
Posi t1ona {P) 4 138.987 34.747 31 .1',c 

S.a.nn>les (S) 1 1.152 1,.152 1.0 NS 

DXT 6 13~530 2.255 7 .. 18 ** 
DxP 4 6.537 1.634 5.,20 ** 
DxS 1 0.787 0.787 2.50 NS 

TxF 24 27.567 1 .. 149 3.66 ** 
T X 8 6 2.998 0.500 1 .. 59 NS 
PxS 4 0.509 0.127 <1 NS 
DxPxS 4 4.603 1.151 4.11 * 
Error 78 24-491 0 .. 314 

Total 139 332.824 

NS Not significant (P) 0 .. 05) 

* Significant at the ~ level {P<.0.0.5) 

*::~ Significant at 1% level (P< 0.01} 
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B. Resu.1.ts 

The data for VFA ooneentratian and pH levels are 

presented in Appendices V and VI respectively. Analyses 

o~ variance for each set of' data were perforiood as for 

Expt. I. For this purpose, the data for the unpaired 

eam:pling times (f'irst sampling on Day 1 and the last 

sampling on Day 2) were discarded. 

(1) Total volatile fatty acids 

The analysis of variance for the VFA concentration 

data is :presented in Table VIo 

The main ef':fecta, Between Times and Between Poe i tions 

were significant al though in both cases there were dST to 

day variations as shown by the significant Days .x Times 

and Daya x Roaition.s interactions (Figs. 9 and 10)., 

Duncan' a { 1 955) mu1 tip la range tee ta showed that f'or each 

• day the order of acid concentration was T > (M,P) > B >R 

but comparing between Days within Positions. the VFA con­

centrations on Day 2 at Positions T and M were higher than 

the conaentrations at the respective positions an Day 1 .. 

This dorsal to ventral decrease in VFA concentration 

held fairly constant f'or each sampling tire during the days 

(Fig., 11) al.though a highly significant reduction in atrat-

irioation was found at 5 p.me end 8 p.m.0 At some sampling 

*, d / denotes greater at the 5~ leve1 of signiricance 
( ) denotes no difference at the 5% level of significance. 



'!AB-LE VII 

ANALYSIS OF VKHANOE OF plf LEVELS FOR DAYS i AND 2 

Source df §.8 .. s. F 
I 

D83$ (D) 1 0.5531 0.553,1 11 .. 6 
Tim:H.;> (T) 6 2 .• 1,957 0.3659 7.,68 

Posi~iona (P) 4 5.6292 1.4073 46 
Sample$ (S) 1 o.ona o .. 077a 6,.3 NS 
nxr 6 0.2859 0.0476:5 9 ... 88 
D Jt p 4 0.0528 0.01320 2.72 
l) X S 1 0 . 0315 0.03150 6.-5.3 :): 

T-x. p 24 0.7311 0.03046 6.32 
; 

'l' jt s 6 0.0372 ·0.-00620 1.30 NS 

PxS 4. ·0.-0495 0.01238 2 • .56 * 
D~PxS 4 0.0544 -0.01360 3.63 • 
EJ.-ro:r-- 718 0 .. 376.5 0.00463 

otal 1)9 10~0747 

f 

NS Not e:tsnifiean\ (P> 0-05) 

l' Sign:l.fie~t at the 5% le\'lel (P < 0.05) 

Signif'.ioant at the 1% level (P< 0 . 01) 
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times, the dif'ferenee in VFA concentration between Pooitions 

M and P app1.,oached 5% signif' icance level and, as noted in 

Experiment I, there was a definite inconsistency in the 

ranking order or Positions Band R. 

The si.gni:f'icant interaction, Days x Times (Fig. 10) 

showed that the trend 1n :fermentation, as judged by the 

mean ar tre values for the five ;positions, was dif"t"erent 

on eaeh day. However, it is evident that peak values 

were attained between 5 p.m. and 5 a.m. (i .. e .. during the 

night) on each o:r the two days .. 

The diurnal ti-end in VPA concentration at each position 

is shown in Big. 11. Whwe it ia apparent that a t1~nd similar 

to that above was present in each ease. The diu.mal trend 

as 11oted in Fig. 10 was more evident than that exhibited by 

the VFA caneent.ration at Positions T, M and P but. even so, 

a highly significant increase of' 2-3 in M/100 ml is observ­

able at these three positions. 

That sotre disturbance of' tb:: rumen eon.tents oocUPred 

dur1ng sampling was apparent from the significant D x P x s 

interaction. The ef'f'ect, shc:Nm in Fig. 12;. was di:f'rerent 

on each o'f: the two days .. 

(2) pH 

The analysis of variance for the pH data is :presented 

1n Table VII. 

In contrast 'to the results obtained :fran the VFA data, a 
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significant difference between Days waa found. The pH 

levels on Day 2 were lo.ver than those on Day 1 at all 

positions (Fig. 13) and at all tinBs except the 2 p .. m. 

sampling (Fig. 14). 

Aa with VFA concentration, a dim?nal trend in pH 

was apparent for each day (Fig. 14)~ This trend was 

exhibited by the pH levels at eaeh position (Fig. 15), 

an increase (P< 0.01) in acidity ·of 0.3 - 0.4 pH units 

being observed during the night. 

A dorsal to ventral increase 1n pH was found for 

each day (Fig. 13, averaged ove1~ all the tines) and for eaeh 

Time during the day (Fig. 15~ average of the two days). 

The greatest difference in acidity between the positions 

occurred during the period of lowest pH. 

Although a significant interaction occurred between 

Positions and Samples, examination of the D x P x sinter­

action (Fig. 16) showed that the dif':f'erence in pH between 

samples f'rom the same :position at the same tine occurred 

only on Day 1 .. 

(.3) Regression o:f pH on VFA ooneent.ration 

The regression line for pH on VFA concentration is 

shown in Fig. 17 together with the regression line for 

Expt. I. The regression analysiS is shown in Appendix IX. 

The data from :i:i.:X:pt. I and II we~e pooled and a common 

regression c oeffici en t o-r -0,, 1457 j:, 0. 005 was calculated 
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{Appendix X). The deviations from the oommon and individual 

regression lines were ~ aignif'icantly different {f· = 0 .. 20-). 

Wlr.i.eh i.ndi-eated that the e.;ene,eal r-elationship be:tWeet't pH and:' 

Vl:?·A e-ancent~a'M:en shown by the common regression line v,as 

vali-d. The l"elationship shows that for an inc:rease in 1 m 11/ 

100 m1 l'l.lIOOn liquor,, the pH falls by O. 145 uni ts (Fig. 17)" 

The close interdependence of the two variates, pH and 

WA concentration, was shown by the cm-relation coefficient 

o:t' -0.9704 (Appendix X) .. 

(4) Relative proportions of individual volatile fatty acids 

The relative :proportions o:f the acids as found by gas­

liquid chromatography are presented in Appendix VII • 

.Analyses of variance were performed in a manner similar-

to that described :for Ex.pt. I. The results of these analyses 

are :presented in Tables VIII a, b, and e. 

When the mean squares f'oP Tires and Pos1tione were 

tested against the El-rcr Mean Square• the results in all 

cases were not signi.f'1cant at the 5% level. When tested 

at the 10% level, the dif't'erences between the TJm, means 

were significant f"or acetic and butyi-ic acids. 

The neans for ea.ch time are presented in Table IX. 
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d.f' ... .. ,1 

7 
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14 

23 

1 
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14 

23 

d .. i[ •. 
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2 

14 

23 

' 
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81.5175 
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I 
, ss 
21 .• 04,4 
0.1469 

24.620!, 
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. ' 
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TABLE IX 

1?HE RELATIVE PROPORTIONS OF AOETIC~ PR0PIONIC AND 

BUTYRIC ACIDS WITHIN 1'HE RUMEN AT EACH SAMPLING 

TIME ON DAY 1.. (EXPT. II) 

(Mean% of three positions) 

Time Individual acids(%) 
Acetic Propfionic Butyric 

11.00 79 .. 1 * 13.4 7 .. 5 • 
14.00 75.3 14.7 10.0 

17.00 75.0 14.4 10.6 

20.00 74.a 15.6 9.6 
23.00 70.,5 16.1 13.4 
02.00 10.5 16.9 12.6 
05.00 73.1 16.0 10.9 

08.00 71 .. 2 16.8 12.0 

General Mean 73.,7 
~.· Fiducial Limi ta 72.6-74.8 

j~ 

denotes significant dif'ferenee at 10% leve1 
using transformed data ( inverse-sine transformation) 

Table IX shows tbat·there was sorte variation between 

the means at each sampling time. No differences between 

ihe means were signif'icant at the ~ level. At the 10% 

level, the proportions or acetic and butyl"ic acids were 

higher and lower respectively at 11 a .. m.. than at any of 

the other sanpling times. 



(5) Grazing habits 

The grazing observations ahOfled that each sampling 

time was followed by approximately 45 m1ns. of grazing 

except for the 2 p.m. and 5 a .. m. sarrrplinga when grazing 

was :for 2 and 1½ hrs. respectively. This pattern was 

quite constant £:or each of the two 24 hr. experimental 

!)6Pioda. 
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S. Discussion 

.From the results of' the grazing observations it ie 

apparent t t subjecting the animal to yarding• holding 

and Sa.R4)iing, caused considerable deviation from the normal 

grazing pattern (Hancock, 1954-). Therefore this expe~irent 

f'ailed in the sense that it gave no reliable indication of 

any di:w:•nal trends hich might. exist in either tm pH or the 

VFA concentration 11th.in the rumen of' an an1mal follo ing a 

normal grazing pa.ttern. 

'fhe above 1s. probabl;r a partial explanation of wb.Y 

lilliams aild Christian (1956§.) observed no change 1th time 

in ovine ,tnJmen :pR or VF.A level.a. but det1nite variations 

ere f'ound in this mvesti ation. However , the resuits 

reported here indicate that tm removal of rumen samples 

by stomach tube may lead to faJ..se conclusions (Seep~). 

Th diurnal. trend.s in pH and VFA levels hioh ere 

found :f'or the :vum .. n e.s a , hole {Figs. 10, 14) and tor each 

position (Figs •. U. , 15) were probably due to the relatively 

in tensive grazing period that t'ollowed the 2 p.m. sampling 

ti~ together ith the shorter grazing periods which :follo red 

subsequent sampl,Jig times.. Visual obsel"Vation indicated 

that d;u?>ing this period,. the rumen vas tightly packed 11th 

ingeated grass. Hancock (1954) and Gordon (19.58) :found 

that both sheep and cattle spend 7-8 hrs. rurainating, the 

greatest proportion of which oo~urs during the hours of 

darkness• '11ilereforei the aontinual exposure or fresh 
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substrate to fermentation consequent on rumination would 

be expected to facilitate the occurrence or the obsel"V'ed 

trends. 

There were no diurnal trends evident in the proportions 

of tbe individual aeids. However, as the di:t"feren.cea 

between the means of the tines were significant at the 10% 

1evel for acetic and butyrio acids, it is appaNm.t that 

the variation that did occur in these cases could not be 

\Yhol].y attributed to ohance. Further investigation of 

this matter 1a Fequired. 

The significant D x T and D x P interactions (Pigs. 

9t 10, 13 and 14) vie.re presumably the result of differences 

in the rate of food intake and total food consumption be-

tween the two days,. Changes in the food canposi tion may 

also have been a contributing factoP. However, beeause 

of the short experinBntal period (36 hra. ),, these changes 

may not have been of im;portance. 

In view of the inverse relationship between VFA ecm.­

cen tra tion and pH, it is perhapa surprising that a aignif­

ican t dif:ference b~t.ween Days should be obtained 1n the case 

of :pH {Table VII) bu't not VFA concentration (Table VI). 

Similar discrepanci~s occurred not only in Ex.pt. II but 

a1ao 1n Expt~ I µid1cat1.ng that the same linear pH - VFA 

relations.hip did not ap:ply 1n all situations. 

A similar discrepancy is apparent in tl'le. i,esu1ts of 

WilJ.iams and Ohristian ( 1956,st).. A possible explanation 



is variation in the bu.:ffering properties ar the Pu.men fluid 

aa discussed an P50. 

By calculation of either the regression or correlation 

ooef'fieients, no in:fe:eence is ma.de as to the cause or the 

relationship between pH and VFA concentration even though 

VFA oonoentration was taken as the independent variable 1n 

the former calculation. 

Although it has been stated that pH is largely a function 

of VPA concentration (Bri.ggs et al, 1957!,) suggestions that 

the ef'f'ect is vice versa have been made (Lam.pila, 1955. 1959). 

Using steers fed a variety of hays~ Cason, Ruby and Stallcup 

(1954) :found significant p~itive correlations between tm 

a.sh content of the rumen ingesta am rumen pH. :tio significant 

correlations were found between Duinen pH and total fatty 

acids expressed as a percentage by weight of' t.ha weight of 

rumen con ten ta <l Cason et al concluded that strong cherr.ical 

f'orces other than tl'w) .fatty acids were :present in the Pumen. 

The chemical forces involved appeared to havo been those 

shown by the buffering efrecta of the saliva and or tle 

ingested r.aa teriala .. 

The results or both experiments indicated that differ­

ences between swxrple A and Sample B were likel.y to occur .. 

Any explanation aa to wbJr must be reoonc.iled with the 

following obsel:'Vations .. 

{i) The dif'f'erencea were the differences between 

the rooans of either 7 ar 12 observations. 
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(ii) Where a difference occurred it could have been 

tbe resul.t of either a few relatively large 

observations or oonsistent smaller ones. ifille 

raw data indicates the latter. 

(1i1) Significant differences were more likely to occur 

when Position T and to a lesser extent Position 

M were aa1QPled (Figs. 5. > 12 and 16). 

(iv} Where aignificent difi'erencea in pH occurred 

between samples from the aaxoo poai tion., Sample 

A always had t})9 1.ower pH (Figs., 5. 16). 

(v) In Expt. II. dif':ferences in pH between samples 

f'r-an the aaroo position occurred on one day and 

not the ot.her (Fig .. 16)., but differences occurred 

on all three days 1n Expt. I (non signif'ican; 

D x P x S interaction). 

{vi) In Ex.pt. I no significant di:f't'erencea occurred 

in VFA levels of samples taken from the same 

position at tre smne tine (Table I). 

(vii) In apt .. II dif'ferenoee between the VFA leve'.l.B 

of samples t"rom the same position at tm sane 

time occurred on both days (Fig. 12) but the 

effects were opposite on each day. 

(viii} The T x S interaction never approached significance, 

indicating the diffe~encea between sam;ples were 

independent or changes with time of: the amount 

or composition of ingesta within the rl1men. 



TABLE X 

VALUES FOR TOTAL WA, pH, AND INDIVIOOAL VFA EXPRESSED AS MOLAR PERCENTAGES OF THE 

TOTAL VFA FOR THE RUMEN LIQUOR OF GRASS FED OATTLR AND SHSEP,. 

Individual a c 1 d s 

Reference Species :pH Total VFA Acetic Propian1c Bu:tyric Higher 
mm/100 ml 

Free Grazing 

Balch and Rowland {1957) cattle 5 .. 07-.5 .. 92 12.2-16.5 63 .. 4-6a,.2 17 .. 4-20 .. 2 10 .. 2-12.3 3 .. 0-4 .. 5 
t, 

5 .. 4a* 14.3 66.3 18.,5 11 .. 5 3.,,7 

Murdock and Rottler (1961) Cattle - 5 .. 76t.o .. 21 6 . + 3 .. 5-0.3 19 .. 210,.4 10 .. 61 o.6 6 .. 7~0 .. 5 

.Annison et. al {1959) Sheep .... 14.,1 57 26 16 2 --.., ... 
La.mpila (1955} Cattle 6.05 

BegheJ:11 et e.1 ( 1958) Sheep 5 .. 26 
t 

Reported Hera Cattle 5 .. 95-7.25 7 .. 6-15.2 73.7 15,.5 10.6 -
6.65 10.6 

Restricted Grass Diet (Levels before and after feeding respectively) 

el Sha,zl,y ( 1952) Shee:p ... 8.6 65.7 17 .. 1 11.,4 4.a 
11.6 54.0 22.6 15 .. 9 2 .. 3 

Jobns (1955) Sheep - 2.6-6.6 
10 .. 1-18. 7 50-62 21 -30 12-17 3-10 

Reported Here Cattle 6.90-7.75 2. 7-s.,,.4 80.4 10.0 9.6 -
6.70-7 .. 35 6 .. 6-11.3 74.3 13.4 12.3 -

*' ·Mean 

Acetic Acetic 
~ Butyric 

3.6 5.8 

3.3 6 .. 0 

2.2 3.6 

4.7 6.8 

4 .. 8 5.8 
3.4 3.4 

-
8.0 6.5 
5.,5 6 .. o 



{ix) At Positions B and R the ingesta was of liquid 

eonsiatency. At Pooi tion T and to a slightly 

lesser extent,. Pos1 tiona M and P I the ingesta 

was f'ibroua in nature and lCRI in liquid content. 

(x) Position T was the easiest to sample 1n th.at no 

forcing through a large mass of ingeata was 

required. 

(xi) The ditterences between samples ape considered 

to be a result of variable admixture with material 

from surrounding ingesta and/or heterogeneity 

already existing at that :position. 

FolloWing consideration of these eleven observations, 

no adequate explanation f'or the differences can be suggested. 

Howeve:e, it is suggested that tm differences between samples 

from Position. T were the result of heterogeneity already 

existing at the position rather tlwn from varying admixture 

With surrounding material (See (x) )., Similar reasoning 

may also apply to Position M although. the possibility o:r 

varying admixture with material :from surrounding ingesta 

ie considered greater than for Position T. 

Whether the dif'ferences would be eliminated by taking 

a larger Sa.I!4)le is not revea1ed by these exper•imants. 

On eomparison of the general levels o:r pH• VFA concen­

tration ari..d the proportion cr£ individual acids reported 

here with those reported in the literatUPe (Te.ble X), some 

differences are apparent. pH values are high even in the 
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presence o-r approximately normal concen tra ti ons of VFA11 anl 

also, the proportion of acetic acid is high •. 

In view of the established accuracy of the analytical 

methods used for tl'e determination of pH• tot.al and individual 

VFAs (Methods and Materials~ Expt .. I), it was unlikel.y that 

any of these 100 thods were at fau1 t. The validity of the 

a amp ling method used for pH determinations has been discussed 

elsewhere {:p:2.,1). 

The unusual pH - VFA rela tionahip was probably the result 

of var1atian in the combination of factors tba t attect the 

buffering ability of the rumen f'l.uid of the experiimntal 

animal. 

The buffering properties of rumen fluid are affeoted 

by type of d:ia t; time since feeding, consumption of drinking 

water and ammonia formation .. (Turner and Hodgetts. 1955; 

Briggs et al, 1957~). Rumen fluid is poorly bu:f'fered 

against addition of alkali {Turner- and Hodgetts, 1955). 

Ammonia is a weak base but can attain high concentrations 

1n the rumen of an animal f'eeding on nitrogen-rieh pastllre 

(Johns, 1955; Head• 1959) with consequent modi:t'ication of 

the :pli - VFA relationship (Briggs et al, 1957..!,)-. 

Accumu1a~ion of 1aet1c aoid within the rumen can reduce 

rumen :pH to l<JN levels (Briggs et a:i.~ 1957!!,) but lactic acid 

may not accumul.ate in the l"'W?len or a pasture fed animal 

(Balch and RaNland, 1957)0 Variation in salivary secretion 

rates can be considered important because of the buttering 



properties of' saliva (McDougall• 1948; Turner and Hodgetta~ 

1955). Factors affecting salivary eeeretion rates have 

been reviewed by Oole and Boda ( 1 960) 4' The nature of the 

diet. times spent eating and ruminating and peychio influences 

are important. 

Anmerman and Thomas { 1952) found that too rumen oonten ts 

or di:f":ferent sheep wc:t>e o:r dif'.f"erent a-a:f'.rering capacity even 

when the feed waa identical. Subsequent grazing trials 

employing the animal used in the investigation reported here 

revealed th.at its PUmen contents were high in pH when com­

pared with other animals receiving similar trea.tm3ntt (Davey, 

A .. W .. , per-s. comm.). Variation in VP.A concentration between 

animals did not appear to aceou.nt for all the differences in 

pH. 

Failure to make a deterrnination of the proportion or 

valeric acid in a sample of VI!As results in higher percentages 

of' acetic, propionic and butyr'i¢ acids than in oases where 

such a determination ia me.de. However• tbe ratio of one to 

another is not affected. 

It has been auggeatred that too proportions of individual 

VFAB ;present within the rumen of a pastured animal are depend­

ent on ttie seasonal ohangea occurring in the chemical com­

position of tbe pasture (Oard and Schultz, 1953; Barnett 

and Reid. 1957)~ Johns (1955) failed to observe any obvious 

relationship. The plant s:pecies making up tm pasture have 

been shonn to be of importance- (Tilley, Deria.z and Terry, 1960; 



Butler and Johnatt 1961 ). 

Tilley et al (1960) found that the acetic: pro:pionic 

acid ratio formed by in vi.tro fermentation of herbage by 

rumen liquor waa dependent on the pH of the medium.. Ferm-

enta tion at a low pH (6.0) resulted in a lON ratio. That 

pH is one of the factors 1nf'lueneing the acetic: propionic 

ratio in the fermentation of glucose by propionibacteria bas 

been suggested by Johns (1951). High pH {6.5) results in 

a high acetic: prop1onic acid ratio .. Thus the high pH 

values reported here may have affected acid production in 

favour of acetic aeid. 

The possibility of tbe high pH exerting a moderating 

effect on the relative rates. or absorption of' the acids 

cannot be overlooked (Briggs et al, 19571!.; Barnett and 

Re.id, 1961) • 

Knox and Ward ( 1961 ) found a s 1gn1:ficant increase 

(P<o.05) in total VFA concentration and a significant 

decrease {P<0.05) in the proportion of acetic acid when 

feeding frequency was increased from two to eight times a 

day. This suggests a possible explanation of Why the 

proportion of acetio acid in Expt. I was higher than the 

proportion in hpt. II (Table X). The failure of Putnam, 

Gutierrez and Davis (1961) to observe such an ef'fect 

emphasizes the tentative nature of this explanation. 



IV. GENERAL DISCUSSION 

The results of these e.xperit:oonts show that there \Vas a 

strati:fieation of pH and VFA levels within the reticulo-

rwnen of a cow following the consumption of pasture. Although 

only one cow v1as used in this investigation, in view of the 

confirmatory reports already existing 1n the literature it 

is tempting to state that the observed stratification waa a 

natural physiological :phenomenon of the bovine rumen. How.­

ever, some otrer workers have failed to obse:r-ve sueh a strat­

ification in cattle under comparable conditions (Balch et al, 

1955, 1957; Head, 1960 ). 

In Expt. I where the feeding consisted of one hour's 

grazing, tlie ingesta in the dorsal region of the rumen 

(Position T) i,as on the average 38% higher in VFA concen­

tration and o .. L~3 pH uni ts higher in acidity than the ventral 

region (Position B)~ Sim11B.P dorao-ventral dttferences 

were observed under can.di tions of eontinuoua grazing 

(Ex.pt. II), the analagous differences being 29% and 0.47 

pH units., 

Smith et al (1956) reported dtt:f"erencea of 45% 1n VFA 

concent1-ation and 0.53 pH units for samples obtained by 

rmnenotomy from a lactating dairy eow three hours after 

feeding 4 lb grain and hay ad. lib.~ For pasture, differ­

ences of 0.2-1 .. ·t pH units (Lampila, 1955) and o.oa pH 

units (Smith, 1941) have been reported. In all cases the 

dorsal region o:f the rumen was more acid than the ventral 



:Pegion. 

~ average dif'f"ereneea in pH and VFA concentration a.s 

outlined above were found to vary 1n a definite manner~ 

These variations will be diseusaed following consideration 

of the possible cau.ses of atratttication .. 

Smith et al (19:56) based their explanation of the strat­

ification o:r fel'mentation end :products on tho "hypothesis" 

that the physical pathways of the hay and grain :particles 

through the rumen were different. They suggested that the 

movement ot' the hay to the dorsal regions and the grain to 

the ventral I?egions provided a sufficiently different 

environment to affect to a considerable degree the rate, and 

possibly tbe. course~ of fe.rmentation. 

nThus 1 t would be anticipated that tle fermentation 
intermediates and prod.uets asaoeiated with active 
fermentation of hay would tend to attain higher 
equil.ibrium concentrations in the t.op ingesta than 
in the bottom. when a low grain ration such as that 
fed here was c-ansun:ed. n 

The ration fed was 4 lb grain and hay ad. lib. for 1 hr. 

The total nitrogen eontent of the strained r'l:h'nen juice from 

the dorsal regions were taken as an indication that the 

"coP..centration of micro-organisms may also be greater 
!n this nutritionally superior environment. '' 

Al though a conalusion such as the latter is tempting in 

View of the tendency for newly ingested f'ood material to 

accwnulate in the dorsal region (Review of Literature)~ 

reports 1n the literatu:Pe, though not extensive, do not 

f'avour such a conclusion (Review of Literature) .. 



Furthermore, reports that indicate cellulose digestion 

is more rapid in the ventral regions of the rumen (Balch 

and Johnson, 1950; Miles., ·1951; Smith et al, 1956) are 

dif'fieult to reconcile with this view. 

Balch and Johnson (loo .. cit.) observed a high correlation - -
(r = + 0.940) between the time required to cause 50% redwtion 

in the dry weight of' the cellulose (cotton tllread) and % dry 

matter content of tm surrounding ingesta. 

Lampila (1955) a.scribed the cause of this to 

ttthe different degree of acidity of rumen contents 
(in the ventral region) which in turn is a result 
of the differenee 1n water content.n 

However. the findings of Jacobson, Ea:pe and Cannon (1942) 

suggest that the relatively small difference in acidity 

that exists between the two regions is insufficient to 

account for a.TJ. et'fect so great as the two to threefold 

increase observed by Balch and Johnson. 

Lower concentration of competing substrate as a 

causative factor {Smith et al, 1956) can be discounted on 

the evidence that. the differences in cellulose digestion 

between the two regions still oec-ur on diets of ground hay 

and concentrates (Balch and Johnson l . cit.) When food 

material is a.ppro:x:j_mately e--v'en in its distribution throughout 

the rumen (Balch, 1950). 

In explanation of the stratification in pH observed 1n 

his work,. Lampila: (1955) made the suggestion that 

tr.,...,on account of the higher water content in the larnr 
part the acids are washed away from the ingesta at a 
higher rate in this part of the rumen." 



Tne results of the investigations reported here are 

in accordance with this hypothesis although effects other­

than this must be active for, the different rates o:f eellu1ose 

digestion discussed above still remain unexplained. 

Diluiion of the liquid medium in the ventral rumen 

by saliva and drinking water probabl.y accounts for some 

of tbe stratification. However~ this does not appear to 

be reflected by differences in the distribution ot micro­

organisms and is al.so diffi.oult to reconcile with the higher 

eellu1ose fermentation rate 1n the ventral. rumeri. 

'l'he pumping action o:f' the reticulum f'lushea the mass 

of in.gee ta in the dorsal. z>egions with liquid f'rom the ventral 

rumen (Balehs- 1959). It is suggested that this circulation 

o:f' the f1u1d• aided by contractions of the rumen, results in 

the transport of the fermentation products to tm site of 

absorption - the rumen wall. It is al.so suggested that 

factors which retard the flUid movement cause an aeoumul.e.tion 

of VF.As and otrer ~ermentation products 1n the dorsal. region 

of the rumen. 

If' this hypothesis is eorreet, the observed increase 

in stratification to a maximum at 3 hrs4 after feeding in 

Expt. I and during the hours of darkness 1n Expt .. Ilg may 

be ascribed to not only increased production, but also to 

the accumulation or VFA in the dorsal mat of' the ingeata 

formed from newly ingested f'ood. The densi.ty and bulk of 

this rnass of' ingest.a prevented the eff'icient remat"al of the 



VFAs by the liquid IOOdium. W1th gradual dispersal of the 

mass consequent upon rwnination and microbial action, strat­

if'ieatian decreased to an observed minimum at 9 bra .. after 

feeding in EKpt. I (Figs. 2" 6). 1w this stage was approached• 

the increased liquid consistency and reduced volume o:f the 

ingesta may bave allowed a more thorough miXing of the con-

tents as has been suggested by Balch et al (1955).. This~ 

1n its own right, would cause a red.uction in the stratification 

ot fermentation end products. Even so. homogeneity at 9 hrs. 

after feeding v1as not complete, for the concentration of VFA 

at Position T ,1aa still significantly higher than that at 

the other ~oaitiona (Fig. 2). The pH was significantly 

lower than at other positions (Fig. 6). 

The reduction in stratification at 5 and 8 p.m. in 

Expt. II (Figs. 11; 15) appears to be incompatible with 

the above ey:pothes is. Hovever, it ia suggested that the 

reduction waa oaused by the observed presence of such a 

large 1nass of ingesta within the rumen that the liquid, and 

conaequent.ly tm VFAB, were more or lesa evenly distributed 

throughout. 

If the hypothesis is correct, the differences in the 

extent of stratification between the three days in Expt. I 

(Figs .. 4~ 7) are explicable 1n terne of the different amounts 

of ingesta within the ruma.~ on each day. 

The inconsistent ranking of pH and VFA levels at Positions 

B and R are considered to be the result of' rumination and 
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consequent entry af increased volumes of saliva into the 

rumen { s tewa.rt and Doughercy, 1 958). This effect was moat 

marked du.ring periods of greatest rurni:nationt namely, the 

hours o':f darkness (Hanoock, 1954) as shown in Figs .. 11 and 15. 

In Ex:pt. I~ the deviation in pH and VFA levels at. Poe1tion 

R at o bra. was probably the resuJ.t of' similar :phenomena, 

e..T1try of' lar>ge vol:wres of alkalim (pH 8 .. o) saliva acoounting 

for the rise in pH and a dilution ef'.fect accounting fa~ the 

low VFA concentration. 

The results of the experiment& ~eported here indicate 

the possible error-a involved in sampling the Pl.JIOOn contents 

for representative pH and VFA level.a. Failure to obtain 

a representative sample may lead to erroneous c°'"'le lusions 

regarding the general level of fel"memtation existing within 

the rumen at any particuJ.ar tine. However~ it is to be 

reroombered that al.though these results are in accordance 

with observatioP..s made by other workers, there are some 

reports d.isoo\lllti:ng the existence of extensive stratification 

of pH arid VFA levels (P.S3 ).. There is no ana1agous inform­

ation concerning the ovtne rumen. Furthermore, the resul.ta 

re}X)rted herie are coneerned only with pH and VFA concentration 

and have been obtained from only one an1ma2. These eonments 

ahc,a.ld. be borne in mind during ·the consideration of" this 

discussion. 

Befor.e consideration o:r the meri te and deneri ts of' 

various positions within the rumen :t'o?t" sampling purposes._ 
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1 t is obvious that the results reported here gave no reliable 

indication of' the average pH or VJ!A concentration within the 

rumen as a whole. The Daye x Times interaction presented 

1n Figs. 3, 81 10 and 1~ are not a true indication for in 

using the average of' tbe values for the five sampling positions, 

no allowance was made f'or the amOlUlt of ingesta each position 

represents. A true value could be obtained by removing the 

whole contents and thoroughly mixing the ingesta bef'ore 

sampling a.s has been done by some wor.kers (Agrawala et al,. 

1953; Hale, Duncan and Huttman, 194 7),. Such a technique 

has obvious dl~~dvantages in a study similar to the one 

reported here. 

Because ot: the observed dorso-ventral stra ti.f'1ca tion 

and absence of a definite anterio-posterior gradient (Smith• 

1941; Larnpila, 1955) it ia suggested that a composite sample 

from Positions T, Mand Bora single sample from Position M 

would serve as a satisfactory representative Sam,Ple of the 

rumen contents. Either proeedure would have the added 

advantage of counteracting ·tre significant Days x Position 

interation that mey occu.J:> conseq-oont on di.:ff'erencea in intake., 

Sampling by maa:ns o:t' a stomach tube is common 1n studies 

on sheep (e.g. Williams and Christian, ·1956.!,. !LJ and has been 

applied to cattle (Pounden, 1954; Htmgate et al, 1955). The 

uncertain plaoe.:in.Emt of the end of.' tm tube in the reticulo­

rumen has been described by Watson and Jarret (1945)., The 

possibility of: salivary contamination ca_~ be reduced (Hungate 



et a1~ loo. cit. ) but 1 t is suggested :f'rom the results reported 

here that the likelihood of obtaining samples f'rom the reticulum 

and ventral pegiOl'l!.3 would result in a false indication of pH 

and VFA levels exie ting throughout the rumen .. 

'nle same critic ism is applicable to those methods whieh 

sample the ventral regions by other menns ( e.g. McCJ..ymont,. 

1950). 

After a limited feeding :period ("Expt. I}, because of 

reduction with time after feeding in the extent of stratif'­

i.eatian• the error involved would depend on the sampling time .. 

•11'/ith grazing.Y strati:f'ieati.an appears mo~e consistent (Figs .. 11 

15; Lampila, 1955) but there are some reservations t.o this 

general statement (P,,."50) .. 

The reau1ts of this investigat"ion also suggest that 

observations on changes with ti.n:e of pH and VFA levels based 

on aanT,Ples from either t:te reticulum or ventral raglans of 

the rumen may give misleading results. The highly significant 

Times x Pooitien interactions were considered to be mainly 

the zaesult of {a) reduction in stretif'icat1on with Time and 

{b) the irregule.r variations of pH and VFA levels at Positions 

Band R. On the aasunr.9tian that the greatest absolute a.IllOl.Ults 

of' acids ocatir in that region of the rumen eontaining too more 

f'ibrou.a ingesta (Positions T, M and P)$' the con.'5Jideration a£ 

(b) indicates that 8:typical trends ma.y be noted when .-ither 

the reticuJ.um or the ventral regions are sampled. 

Avoidance of' sampling the top few inches or ingests. is 



indicated by the low re:peatibillty o:f sampling this site (P.'~--9) .. 

However,. the differences that occurred between samples fran 

this poai tion taken at the sane titre may not be considered 

of preotieal importance and may be reduced by removing 

larger samples of rumen ingeata. 

The relative1y high concentrations of VFA and low pH 

that exist at this position may facilitate studies on changes 

with time or pH and VFA levels but the abso1ute levels cannot 

be regarded as representative of' the Whole of the rumen 

ingesta .. Furthermore~ it should be remembered that the 

eondit:i.ons may be aerobic in animals w1 th badl.y sealed 

fistu.1:ae (Turner and Hodgett.a~ 1955; tlatscher ~ 1957) .. 

When chan.gea with time are being studied the importance 

of sampling from a fixed position Within tbe rumen ie obvious .. 

Because of tb.e P...ature of the diaturbanee to the nonnal 

grazing pattern caused by ya.rdi~..g$ holding and sampling, it 

is apparent th.a. t in order to obtain reliable information on 

diUPD.al trends in rumen fermentation prodtwtsf sore modi:f'ieation 

to the experin:ental design would be necessary. If' several 

enimaJ.s were available, the principles of the design suggested 

by Williams end Christian (1956a) would be suitable. - Inter-

:rerence to tt.te animala' grazing habits and the number of' 

anal.yses that can be hand1ed in the laboratory limit the 

scope at" this type of work. 
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V. SUMMARY 

1" A study was made of the effect of two feeding sys tens 

on the variation of pH and VFA concentration within the 

reticulo-rumen of one cow. VFA concentration and pH were 

detel'mined on samples of ingesta removed from f'1ve fixed 

positions within the retieulo-i-umen. 

2. With both feeding systems a dorso-ventral gradient in 

pH and VFA concentration was found. 

3. The ingeste in the dorsal region of the rumen was 

higher in VJ!A concentration and lm1er in pH than the ingeata 

in the ventral regions of the r-umen. 

4. 'l'he differences in pH and VFA concentration between 

:poai tiona were dependent on the sampling time dUI'ing the 

day and the day itself. 

5. The proportions of individual acids did not vary with 

the sampling position .. 

6. Diurnal trends in pH and VFA concentration were observed 

for both feed:illg systems. 

7• When feed intake was limited to one hour of grazing 

the proportions of individual acids were dependent on the 

sampling time. 



8.. No definite trends were f'ound in the proportions of 

individual acids wren the feeding system was one of ~~ee 

grazing •. However, some variation vraa observed. 

9.. The relationship be~een pH and VFA concentrat"19n for 

both f'eeding sys teDB v:raa ---effii4fr~ae•t&!4;]:y- represented by a 

common regression line. 

10. The possible causes of the dorso-ventral gradient in 

pH and VFA concentration were discussed. 

11., The resu1ta were discussed in relation to sampling the 

rumen contents but it was emphasized that too results were 

obtained f'rom only one oow. 
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III 

1 DAY 2 IlAY 3 

3 6 9 0 3 6 9 0 3 

.7 73.4 77.5 80.4 79.5 74 .• 2 76.li-

T 10.5 12.6 12.4 11.1 11.3 12.9 10.7 10.4 ·11.3 16.0 14.3 
10.1 8.5 9.2 12.9 '12.9 12.5 10.7 16.0 14.3 11 

15.3 9.6 7.z1. 9. 7 12 •. 5 '11 

7.3 10.4 5.2 8.3 10.9 16.2 13.0 11.7 14.9 15.8 11 

77.5 
B 9.7 12.1 11.0 a .. 4- 8.9 12.3 10.6 5.0 10.0 '1.5.2 14.2 11 

11.9 11, .• 9 6.8 12.5 15.2 16.0 11 

71.6 82.3 81.4 80.7 72.a 76.7 
·11.2 12.2 13.a 9.7 7 .8 8.J+ ·11.8 11.0 10.4 15.9 15.0 11 

'12.2 8.2 1li..6 8.o 10.e 10.9 15.4 12.3 13 .. 4 '15119 16.8 11 

3 
p 9.7 14 .• 1 ·11. 7 9.9 10.8 9.6 10.9 10.9 10.6 17.3 14 .• 5 11 

7.5 15.4 15.3 6.2 s.9 9.6 14.7 14.1 11.4 15 .. 4 15.4 1 

rumen• 

are in the order aoetio, - -



APPmDll Dl 

Analyses of variance far the proportions of individual acids 

(Bxpt. !),. 

ACJi'TlC ACID 

Source d.£. s.s. ?l.S. F 

Dey'S (D) 2 230.5982 115.2991 27.0 
Times (T~ 3 271.2001 92.4-000 21.6 
Posi-tion (P 4 28.8230 7.2060 1.69 
D x T 6 36.~9 ) 
DxP 8 35.1625 t 4.2700 TxF 12 4-9.0103 
Error 24 92.4155 --
Total 59 750.1225 

Source d.f'. s.s .. 11.s •. F 

Daya 2 89.1812 44.59 22.8 
Times 3 88.3978 29.4-6 15.0 
Positions 4 11.2957 2.82.39 1.44 
DxT 6 23.2727 r DxP 8 10.1698 1.9585 TxP 12 17.2892 
Error 24 47.19¾-

t , !J% 

Total 59 286.7998 

RJTYRIC .ACID . ..- ... 
Source d,.f. s.s. M.S., F 

Deys 2 171.()(,{)9 85.53 18.4, 
Times 3 172.8244 57.61 12.4 

Positions 4 26.0652 6.,5163 1.40 
D x T 6 34-.0190 i. DxP 8 29.6155 4.6576 TxP 12 59.2191 I 
Error 24 00.434-5 ) 

Total 59 573.2386 



.APPENDIX V 

VFA concentrationa at five positions within the rumen during free grazing. (EXP?. II) 

DAT 1 DAY 2 

Br of the 11.00 14.00 17.00 20.00 23.00 02.00 05.00 oa.oo 14.00 17.00 20.00 23.00 02.00 05.00 08~00 11.00 
day. 

A 10.4 11.8 10.9 12.9 . 12.0 12.7 12.5 12.3 10.8 9.9 12.4 13.5 13.7 12.2 11i5 11.7 

B 10.3 10.6 11.0 12.7 . 11.a 11.6 12.4- 10.9 10.9 11.3 13.3 13.2 15.2 12.1 1H7 12.4-

A 9.4 10.4 10.3 12.1 11.5 12.1 11.7 a.1 10.2 9.8 11.7 11.6 12.2 11.a 9la 9.8 
)( 

B 9.2 9.4- 11.0 13.0 10.9 11.3 j0~6 a.7 11.2 10.9 13.4 11.9 · 12.8' 11.5 1015 9.6 

A - r . 1.9 10.0 12.1 9.5 t 8.6 . 9.3 9.0 7.8 9.9 10.5 9.9 11.5 9.1 a.2 7.9 {.-t) 

B » 8,7 8.5 10.5 12.2 9.1 9.9 a.1 9.1 7.6 9.9 12.9 11.0 9.8 9.8 9.1 7.8 

A 7.0 8.8 9.4- 10.4 9.5 10.7 9.3 7.6 7.2 9.0 9.4 9.4 11.1 8.2 9.6 10.3 
R 

:B 7.5 8.7 9.9 11.3 10.6 11.6 9.8 a.1 6.2 7.4- 10.1 9.8 10.8 a.1 9.6 9.2 

A 9-, •t 10.0 10.9 11.e 11.4 10.6 11.8 9.7 9.3 9.9 11.9 11.4, 11.a 11.a 10,.5 10.6 
p 

B 9.9 10.0 10.4 12.3 11.5 12.1 11.5 9.6 9.3 9.7 12.0 11 .. 5 12.4 12.2 11.0 10.8 

HOTEt T, K; B, R. and P are the five sampling sites within the :tnmlen. 

A and B are the two samples taken fran each site. 

All concentrations are expressed in mV/100 al of. rumen liquor. 
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AP:J?mIDIX VII 

Proportions of individual aoids within the rumen 

Hr of' the Dey-

T 

NOTE: 

during :f'ree grazing (DAY 1 , EXPr. II) ., 

11.00 

80.0 
12.0 

s.o 

t4 .• oo 

75.0 
15.0 

10.0 

77.0 
13.s 
9.2 

DAY I 

17.00 

77.7 
13.:; 
9.0 

20.00 23.00 

76.2 66.7 
14.8 17.5 
9.0 15.a 

11.2 

02.00 

73.3 
15 .. 3 
11.4 

05.00 

66.2 

17.9 
15.9 

78.7 
13.1 

8.2 

08.00 

69.9 
17.9 
12.2 

T, M, and B are the three sampling positions within the rumen. 

The percenteges are expressed in the order a.oetie,. propionio 
and butyrio acids. 
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APPENDIX X 

ANALYSIS OF REGRESSION POR pH ON WA CON­
CENTRATION OVER BOTH EXPT. I AND II. 

y = pH X = VFA concentrat~on 

Linear regression, adjusted Y = a+ bX 

Y = 6.89 x = 9.034 

say = 8.4216 sax = 373.5736 

= -0.1457 

SPx.y = -54.430 

b - .§Ea - ssx 

Test of signif'icant o:f' b 

Source df 88. 

Davia tions from the 52 0.4962 
common reg. 

Deviations from the 51 0.3924 
individual reg. 

+ = -

+ = - 0.0049 

M.S 

.009542 

..007694 

J 

Y = 8.21 - 0.1457X 

Correlation between pH and VFA concentration 

r = 
8Pxy 

✓sax.say 

= 

= -0.9704 

F 

1.,24 NS 




