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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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