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INTRODUCTION

The ruminant is but one component of the great eyele of energy
utilization, a oyele which derives its energy from that of the sun and ensbles
man not only to exist, but also to flourish.

The complex and comprehensive nature of the cyele é.oea not belittle
the role played by ruminants - the conversion of high fibre feedstuff of no
direet value to men into a whole array of products, meny of which are now

considered essential to humen nutrition and welfare,

Their ability to perform this feat is attributable to the symbiotie
relationship which exists between the microorgenisms of the rumen and the host
animal. This remarkable example of symbiosis has always elicited mn’r.:. interest
even though the interest initially arose from an inherent curiosity rather than
a specific need.

However, over the last few decades the resources of workers from
diverse ficlds of soience have becn directed towards an understanding of the
activities within the rumen and their importance to the nutrition of the host
animal. This upsurge of interest has arisen from the demand for more eificient
agricultural production which, from the animal side, can be achieved by maximizing
the effeciency with which the ingested food material is converted to the animal
products. Inherent in this concept is the prevention and correction of the
mebabolic diserders which tend to acoempany the intense and unnstural exploitation
of the ruminant,

The outcome is that many of the activities within the rumen are no
longer a mystery to the biologist and chemist,

Thus it has been shown thet the emounts and proportions of the individual

volatile fatiy acids produced within the rumen vary according to the diet, The
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amount and proportions of these acids have also been shown to influence the value
of the food in meeting the requirements of maintenance, growth and fattening.
Similarly, in the lactating cow, they influence the yield and composition of the
milk,

Most of this work has been done in countries where the reliance on direct
consumption of pasture by graszing animals is less than in this country. The result
is that New Zealend workers have been faced with the study of problems that are not
so important elsewhere, ~Although a considerable amount of local wirk hes been done !
particularly on some metabdlie disorders and deficiencies, much still remains, Very
little information is available concerning the effect on the fermentation processes
of feeding pastures of varying botanical and chemical composition and the different
grazing practices used in their utilisation. The normal variability in the con=-
centration of fermentation end products that can be expected with grazing animals is
perticularly lacking in definition.

In the programe of work originally planned, it was hoped that some
information on the normal state of mierobial activity in the rumen of the graging
enimal would be obtaiﬁed. However, the literature revealed that one of the features
of the rumen contents is a marked heterogeneity in the distribution of ingested
food materials. Furthermore, a few reports indicated that in the bovine rumen this
heterogeneity was reflected in the fermentation end produets in the form of
concentration gradients or stratifiecation., The impression was gained that this
effect may be particularly merked in graszing animals.

Thus, although the analytical work inveolved limited the scope of the
study, an attempt was made to obtain a c¢learer understanding of the nature and
magnitude of this stratifications Such a study waes believed necessary for the
intelligent selection of a sampling site in any studies on the mierobial activity
within the rumen of the grazing bovine,

Two feeding systems were chosen, The first involved a limited perioed of

grazing after a period of fasting, a system often used in compering the effect
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of different diets on the fermentation processes. The second system
consisted of free grazing similar to that vhich would prevail in any survey
work,

In preliminary trials it was found that in some instances an
analytical procedure conmonly used for tle determination of wolatile fatty
acid (VFA) concentretion in rumen liquor failed to give reproducible results,
Differences in VFA concentrstion of up to 307 were found between determinations
on the same sample of rumen liguor, Further, the number of rumen samples in the
experiments as planned necessitated their storage for a period of several days.

It was thercfore deemed advisable not only to compare some of the commonly used
procedures for determining the VFA concentration in rumen semples but also to
examine the stability of the VFA's during storsge.

Part 1 is a report of this study end although it is complete in itself
it is considered an integral part of the whole thesis as entitled, ZEaech feeding
system is dealt with separately in Chepters II and III of Part II. In Chapter IV
the ﬁert:’ment findings are discussed in relation to possible causes of stretificate
ion and the effect it has on sampling the rumen contents, A generasl summary of the
results and conclusions for both experiments is presented in the final chapter.
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1 REVIEW OF LITERATURE

Recognition of the full importance of wvolatile fatty aeids (yFA)
in ruminent nutrition was not made possible until the development of reliable
methods for the analysis of VFA mixtures. Following the introduction of
partition chromatography by Martin and Synge (1941), several reliable column
partition chromatographic techniques have been reported (Elsden, 19463
James and Martin, 1952; wWiseman and Irvin, 1957).

Before the chromatographic procedure can be applied to the seperation
and identification of VFA in biological fluids, their isolation from other acidie
substances is generally recuireds This isolation is most commonly achieved by
steam distillation; titration of the distillate giving & measure of the total
volatile acidss Methods that eliminate the need foar steam distillation have been
developed (Neish, 1949; Wiseman and Irvin, 1957).

As many organic acids other than fatiy acids are volatile in steam
but to & lesser extent than the lower fatty acids, the conditions of distillation
are adjusted in an endeavour to eliminate from the distillate, all but the fatty
acidse

0f the numerous procedures available, the double distillation method of
Friedemann (1938) has proved the most relisble. In the second distillation, use
of mercuric salts and magnesium sulphate gquantitatively removes pyruvie aeld,
reduces lactic acid to less than 042% of the quantity in the originﬂ. semple and

oxidises formie acid (Baker, 1957).
Meinally (1944) found that with blood, the method of Friedemann gave

results that were dependent on the time taken for distillation indiceting that
deconposition of labile substances had occurred, Precipation and subsequent

removal of protein from e diluted sample of blood, besides giving a good
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recovery of added polids, gave & result unaivected by time token for distillation,
This mothod, like thet of friedemzan's, is based on thu observetions of Olnsted,

Chiteker end Duden (1529) that high concentraiionnol 1igeS Olru -0 grectly increzses
the rote of distiiicodon of the Wi,

7 YT n

o rusen $iuid

ion eand penevel of protein, apidilieation arzd sheen distillation in the presence of
I.-Zg.fl’- 04.71{20 o
in runen

. B - - — - P 1 - 4 w
congidered negligihlo wadcr ¥ Jler gnd less tedlous

2 -

mesholt of dlefznolly is Ly preferred to the accurabe, Tbut timc consumlng

nethod of Frielemamn, Mooy modifiecccions to these methods hive basin reported
{(Copermen ebeld, 1957; Johns, 19553 Bornett sud 2eld, 1957)s  The wost widely

used sbesm digbillobion ¢ th 5 of Parithem (1942),




A large volume (2 1.) of rumen liquor was collected from a fistulated
cow by expressing a portion of the rumen ingesta through a single layer of
checse cloths Representative samples of the liquor were treated as follows.

Procedure A (Johns, 1955)s Preserved by addition of 2% (V/1) HgCl,
as a saturated solution, Aliquots were digtilled in the presence of 1ml.10N 1!250&.
saturated with Hg.sok-mz B

Procedure B, 4As for Procedure A but the rumen liquor wes divided into
eight portions (one portion enalysed each day) and stered at =107,

Procedure Co 20 ml,10N stehwere added in the proportion of 20 ml.
to each 100 ml, of rumen liquor, The resulting suspension was stored and used
for subsequent analysis.

Procedure Dy As for Procedure C execept thet immedist ely prior to
distillation, en aliquot was centrifuged at 500 g. to remove most of the
particulate material. The resulting supernatant wes used for analysis.
Procedure E (innison, 1954).,  The sample was mixed with an equal volume of
N HQSQ# saturated with ns.soh.mgo » 8llowed to stend for 30 minutes at room
temperature to denature protein which was then removed by sentrifuging at 500 g.
for 5 minutes, The supernatant was stored for subsequent analysise

Procedure F (Balch and Rowland, 1957). The sample was centrifuged
'(500 g+ for 5 minutes) to remove suspended solids and the supernastant diluted
with four wvolumes of water, Equal volumes‘ of diluted fluid and N HZSG# seburated
with l{g.S_G .7320 were mixed and left overnight to denature the protein, The

L
precipitate was centrifuged off and the supernatant stored for analysis.
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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 was added a known amount of
a stendard solution containing 10,22 mi/100 ml. of acetic, propionic and butyrie
acids in the proportions 6 : 3 : 1 3

With the exeeption of Procedure B, storage was at 5°C. On each of
eight suceessive days, the VFA concentration in samples representing all
procedures was determined in duplicate., The order in which the ten samples
were analysed was randomised by drawing ten numbered marbles from & bage

5 l, aliquots were distilled in a Markham still, Two successive
50 ml, fraections of distillate were collected and titrated with 0,06V NaOH
using phenolphthalein as indigcstor. During titration of the 50 ml, fraetions,
interference by 092 was reduced by using e sintered glass filter stick to bubble
092 free air through each fraction. Use of 0,087 NaOH obviated the extreme
care required when dealing with more dilute ( < 0.02N) elkeli,



TABLE II

THE CONCENTRATION OF VFA IN THE RUMEN LIQUOR AFTER

THE ADDITION OF 25 ml OF A STANDARD SOLUTION OF VPA

(10422 W@1/100 ml) TO EACH 400 ml OF RUMEN LIQUOR,
METHODS AS FOR TABLE I (i#}/125 ml)

PROCEDURE
A , B c D B F
Day 1 1548 1567 1642 16,0 1549 12.9
1508 1507 1601 1509 15090 12c8

2 157 1547 1642 159 15.9 1.7
15.7 156 1640 159  15.9  14.8

- 157 1548 1640 1640 157 13+2
1507 15.8 1601 16.0 15.7 13‘2

L 1547 15.7 1640 1640 15.8 1346
15.7 15.7 1640 1640 15.8 136

% 57 157 1640 1640 1547 1364

6 1547 158 1640 1640 15.9 13e3
157 1548 1640 1640 15.9 1343

7 1547 158 1640 1640 15.8 1343
157 15,8 15.9 1640 1549 1343

8 1547 1547 1640 1640 15,8 1344
1547 1547 1640 16,0 15,8 1346

ANALYSIS OF VARIANCE

SOURCE d.fe MSa P,

Procedures h 043180 L2 *
Interaction 28 00075 5400 e
Determinationsh0 0,0015

*” (P < 0401) Highly significant
Data for Procedure F excluded from statistical analysis



TABLE 1

THE VFA CONCENTRATION IN RUMEN LIGQUOR ON EACH OF EIGHT
SUCCESSIVE DAYS AS DETERMINED IN DUPLICATE BY FIVE PROCEDURES

(81/100 ml)
PROCEDURE
A B c D E ¥

Day 1 132 133 13.6 1345 1%% 11.6
1342 133 1346 1345 133 1147

2 1361 133 1346 136k 1363 1.0
1 3’2 i 303 1 306 1 5‘6 1 3‘3 1 .’9

3 13e2 "13e3 136 1365 1362 1140
1363 133 136 1346 1342 4140

L 13.2 130 1365 135 1342 1141
13.2 1340 1365 1365 133 1162

5 132 1562 1346 1346 1362 1161
132 132 1346 135 - 133 ek

é 132 133 1345 1346 1343 1147
1362 1363 1345 1346 1363 117

7 1342 13.5 13.8 1346 133 10,8
132 133 135 1346 133 1048

8 1341 133 1366 136 132 114

1361 133 1346  13.6 132 110

ANALYSIS OF VARIANCE

SOURCE &f's UaS o Fa
Prooedures b 04515 ée e
Days 7 0,010 1633 NS
Interaction 28 04,0075 6400 e
Deteminatims L0 | 0,00125
NS Not signifioant (P> 0405)
- (P < 0401) Highly significant

Data for Procedure F excluded from statistiocal analysis
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IIx RESULTS

The VF: concentration in the rumen liquor, and rumen liquor plus
added VFA, for the eight days are presented together with the analyses of
variance in Tables I and II respectively. Because of their obvious inconsist-
ency, the results obtained by using Prosedure F were exeluded from the
statistical analyses,

Similar conclugions were dramn from the results of both analyses
of vérianoe. The significant interactions indicate that with some Procedures,
there was a signifieant difference in VFA concentration between days, The
difference required to reach significance at the 57 level was 0,17 ‘m /400 ml.
for both tables. The significant interaction was apparently caused largely by
the VP2 concentration as determined by Procedure B on Day 4 (Table I) and the
concentration as determined by Procedure C on Day 1 (Table II). For any one
procedure there was no trend in VFA concentration with days. On the basis of
these observations it was concluded that for Procedures A, B, C, D and E, no
chenge of pragtiecal importance occurred during the eight days of storage.

The Procedure means for both sets of VFA concentration determinations
are presented in Table IIT together with standard errors and the detectable
differences required for significance at two levels.
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The means of the Vi concerntration of rumen liguor with end vithoud

aldled VFA ovey o gtorege pericd of elght deys os determined by £ive procedures,

DifTerence reculred
Procedure flean  Genersl Mesn Dotk 30,05 d6.01

13,12 1336 0,02 0,06 0,08
13425
13456
13455
13626

v thout
added VFA

Huouwhk

15,74 15,86 L 002 0,06 0,08
15-7)-&
164,03
15498
15,83

Tith
adided Vi

i e B e

Fo
ik

This toble illustrates th-i Procedures ¢ ond D gave hipher egtinates
of V¥ goncentrotion thon eny of the other procedures,

The onalysis of verience of fhe recovery duba (Loble IV) shouved the
Zhe proccdures did not diffor in thedr chilily o recover olded ViAYs. Yhe

evernpe percenbtage recovery of 980 was considered sobisfoctony.
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v DISCUSATION

The procedure of Boleh and Rowland (1957) proved unsatisfectory whon
L

used under the sxisbing exporinentel conditions, 48 this procedure involwved

dilution « the mmen liquor, the titrstion of the sbecm distillates re(uiraed

[ER

only saell volumes of 0,081 alkeli (opproxel mls). For this recson it ues
cazsidered th t the unsatisfoctory resulits obteined wers a reficction of the
relative magnitude of the titration errors rather than an indiestion of an
intrerernt foult in the procedurs.

The procedures &id not Aiffer in their ability to regover added yFits
but there was & significant difference in their estimclion o the iInitial VEA
concenbration in the rumen liguor. However, thu percentsge differonce between
the meun ostimetes (Teble ITI), suggests thut althuough the difference wes
statistieally significant, it nay not be of practicel impordonce, for in rumen
studies, seupling errors are usuelly lerge ( illiems aud Christian, 1956).

Tt vas concluded that the VEL concentration of the muon licuoyr, as
estiozted by five procedures did not shor an altersticn of praciioczl importance
ovar the gtorage period of eight deys. 1his finding eppeers incompetbible with the
ineonsistent results thet vere obtsined using Prooedure £ in praliminary itricls,
llovever, the results reported hore provide no grounds for csswiing ot any of the
Tive procedures would give similor results on cther rurmen somples. ho cbservation

was made durding The preliminary trisls thot samples wihich failed d¢ glve eonsistent

results with Procedure i, gove cunsistent results with Procedure I, Iesides
izdicsting thot 2t wes unlikely that it vwes the experimentor at fould, this also
suggests thel a Frocedure X Sample interaetion may occurs

In view «f this, it vas concluded that for subsequent work, procedures

involving denaturation and removeld of proftein would be the lezmst likely to cause
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Grouble, O the two gpproprisie prooedures, the higher titre requirsd

in titretion of the Prooedure D distillates, nekes this webhod preferable
t0o Procedere B,

In ascerteining the velidity of nethods for determining VI
concentretion in blologioal fluids, complete recovery of adved VEEL serves as =
valuable choak oz possible losses asaceiated vith deproteinization end digtillabe

icn procedures provided the assunpiicnr is soceplted that the recovery of VA

originelly present is asz good as thov of The edled VEL, Hovevor, doubd still

The lover nonolyldrory and keto aecids such ns legtblie and pyruvwis apidn

are slightly volatile vith steam (Beker; 1957)s Deoompositicn to lebile ceidic
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Logtic acid 1s ithe caly non-fobly eeid likely to Dho present in

e

ggmreoigble emounts in rumen licuors Althouph usually present in ftruce anmount

orly, erhaneed levels ave encouatercd in he rumen when excessive cmounts of
readily fermentod oavbohydratos nre ccnstmed by the onimel (Baleh end ilowlend,
19575 Briges o al, 1957). Even im such cases, it was accepbed by these authors
that o sufiielently eccursie estimete ol Uhe VOA concentrewion ves cbinined by use

)
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of the sinple gboon distillation procedurcs similar $0 those cutlined abovo.
% sume srrer will be present is shown by bthe work of Hleden {1946)

mnd Reld 20d Ledorer (1951)°

~d

In order o deternine vhat portion ¢f the dhiralable egidity tas due to

fatly coids with the exception of formio, ulsden performed o sgerics of enalyses
on sheep rumen flwid in vhich %he steonn digbillotes obbained using the procedure
of Yernally wers collectsd after titration and re=iigtillod secording Lo the
netlicd of Friedemann, On the ascuwmplbion vhet the seidg collected Ly the lelior

ty seids only, the method of lie/nplly overwesiimeted the VEA
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concerdration by 10=-157, o figure that hes possibly been reduced sines the
introduotion of Lthe Harkhim still and a blenie titrotion.
feid and Lederer devised & poper partition ehvonatographic proosdure

for the seporobion, identification and estinetion of individual VFA fron 82 «-

3
&
d-
e
=
1]

fis formie and lactio aecids could nol be seporoted from aeetic agid
method, their removel by prelininary gbeom dlstilletvion wos neces: enys They

Pound however, thot with rumen Liguor contazining up to 5 m.nole/100 ml, of laetia
acid, the snount ol leclic soid which dighilled over whien using Heinclly®s methed

ozuged an error oi only 3 - 5 in the debermination of acetie aeid, ihe error

caused by e single distillstion con therofore be neglected in all instences except

those vhere unusuaily high levels of lactie aeid (esge Briggs ot ol, 1957) arc

encountered,

B Tauy
LRSS

concluded vhat the high levels o

i~
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L

raninal contents caa, for routine cnalysis, be estineted sulfieiently aocurately

o "ei

{4

by tho steom distillgtion procedurss outlined, IHowever, in view of ecormonbs nade

above, use of prosedures {thet involve the vemovel of profein may be advisablos

I

Liore acourabe hub time cansuwring procedures siriler to those used for blood are

In]
!
[
Q

chvisted by the hign levels of VYEA and low levels of interfering substances

Tound iz the runcn.
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proliminay investipabion or thr stability of The vIA

s
gonpansration os deborained by steam distillovion vas ceovied oub
on stored runen liquor saninles. Six noosedures of nremapsilion wers

sged md their shilities bo recover added VEVils nere commored.

Duplicute deverinatlions for each sample vers pexvoxict on gach of

4 g8

@
=
fu
)

~
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One procedurs gave vordshle estimeles of the VA% cancentrosion of

the mumen 1iguor,

the renaining five procefures differcd sipnificoantly in their

ebilities To estimate the inidtisl Wi coucentration ol the rumen l1iguor.
It wvos suggested thot this difference nay not e of practleal importance.
£11 preoeedures exeept uane did nol fer in their abilities to

rocover addced VELYse ‘the recoverics aghiecved were cunsidored

satisfactory.

Ho change of practiccl importanes wos Cound in Tho VA

.1

concenrtrastion during the elght doy storage pericd.

It vas conoluded that the VAL cmeentraiion of romen 1iguor
could be determined vith en sceuracy gnitoble for routine avalysis
by the procedures cutlined, IJIow.wer, certain regexvaliong vore

nade,
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