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dooreu-4 by the o&Utian of tat (Broolla .!1 .!!.• 19'41 Ewin .t1 .!!..• 19'61 

SUC3a81"8 £1.!!• 19'71 Vud .!i .!!,• 19'7f DnthoUI" .!1.!!:.• t9'8t White !1.!!.• 

19'8s VNDe•, 19601 :ft on • vooa., 19611 Grat.ase• !iA\.• 19611 Nicbolaon 

.!!. .!!• 1962 I ~. 196Jt lM1eoa a Voo4a, 196Jo• MoManed .!l .!!.• 1964t 

llobertecm A BaWe, 1964t and VGQDchaubS'Ook, 1966). Vanaobouln'oek (1966) 

q1.19atf.coe4 wbotbew t.ba Talu. ot tat a44e4 to tlw ntion vu atr.lf.lu to 

4 

tbat of tat pnaen iD tbo Rtion in a natunl o:omUUm. M4e4 tat 

·~ clecl'9CUM4 too4 utUieatian mon tbaD GD equal quanUt;y ot tat 

on,tnDJ.ly ~ in tbt feed (Blroob £!...!• 19'4). Robertoon & UA"1te 

(1964) abovo4 fftm !e::'1Uo an4 !.P=:'l'N inwnlptiom tbAt. ltp14 4opftaH4 

4ip.Uon ot ftbztvuo ou~a"••• Ervin n al. (19'6) found that tho --
od4ition of V..llow ton4od to l'oduoe ol"U4e fibft bftakdovn, the live volah4' 

p.in.G '4 • tffro bolng roduoo4 vb.en to4 vbea.t strtW which hoc1 a hllh ol'Udo 

ttbn contout. OD acoCNDt of the etfoct of c44ed U.pld cm the Maeatibil lt.y 

ot the ra.ticm, Vanaohoubrook (1966) augeatod the.• it :la adviaablo not to 

exceed ,µ t at a44lt.ion to t•t.t.ninc ca"t.l• ratJ.ona vblch alrea8;y oontoln 

2-~ dQ4e ta• vbile tbe mulAP aaount. of t•" acld.8able fol' a hi.ch )'i•l.cUDa 

4oir,y oov l• 100a ./ fJJq. 

In o ,.,. oaaeo oMloa tat 4.f.4 not. c1opftn tbe atll~ion of ~ 

ration ( 6vift .!1-• 1948t EqliD .!1 ~· 1963 I aD4 Oftb .!1 !!.• 1966) • 

.-,S tcrJ.lov vu a4&tcl to a .a mUoa b¥ EapliD .!1.!!.• ( t 96)) and no ettect. 

upon ntSon ~a oaounct, vt:.ftAa vben o.,_1.e1qr. of beet tailov vu 

adde4, U,.atloD in tbe lr'l-.i of •I.• oaw ~ (OlPtb .fl.~· 1966). 

SWitt ,t1 .!!.• (1948) 8dU4 o• otl (totll £.S. • e. ) to ebeep aUou aD4 

an tnoftue ill 4i&H'lbilii.7 of all owt.i~ of tile 111•1'4 n.U• ooCNl'ftill 

bowftlt, -- tbe CIDINDt of ... oil .. 4wbl*1 (B.a •• 9.~) tblt dfMt vu 

jun tb9 ... _.... 4lfterint ~ .i,. ' " ol fat pro4uc..S no •lSDlftea.a\ 
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., 
3 an conomic be ring. Pal mitic , a ric , oleio , linol 1e &net linolenic 

ida r.O.uoed CH4 produc~ion, the tudo of 'Ule reduotion iuo~ aing 

elightly vit.b f.norea..in uru1aturation ot the fa't.ty ids and the reduction 

could clue to selective to city of th• fatty o pounds in vbich 

methanog Die or1Q.Disms vero re att ·c d thun cellulolytlc ouea 

(C.ie voki et l . 1966) . --
The effect of lipid on (1961) 

udded 10-15,; peanut oil to a protein suppl ent for &beep OAWlina l • NH3 

t,o be produc in the • n..n w a a. aignii'i. t r uctl o in both 

protozo l concentrations ~ le la vb9n 6Qa. of Unaeed oil vo.s fed 

o sh •P (Purer ~ 1•, 1966) . In tn-ritn e:x.~r nta (Roberbon a Bavke , 

1964) linseed oil deo•e ecl ~ production when incubated with ryegr a fibr , 

but increased ~ production when 1 t vaa incubated with soluble rye ss 

oonstit nts . n 500-700a. of linseed or whale oll vae lntuaed. into cows 

dft.ily, leve\a of NH3 ro &ppreei bly. 

ect of Lipid on @l.lt Pnduc!ton 

Stony• Ro , (1%6) " shown that the ecretton of ·e jor fs.t.ty 

acids in th• milk ven cl e4 \lhen fe4t4.ina a lo ~. higb-conoentn.te diet 

a tal.l in 

• 

1k t - content va •• 

retum t 

Npon:lo ooouned wi'Wn 4 

tU 2- 3 111t~lka 

Oftf')' f 

than inn 

l'OJ( 

inc • 

O'ft1'7 

;oda (1 



Ditte · t lipid.a have 1 o b different etfe-Gte on 1 t t production 

in d by covo (V ~oo~t , 19631 and Va.naobou k, 1966) , these differ 

being oon"ributect to ·y their de ee of s turation or un a.turation. Garner 

& SlUldel"lil (t938) .inoren.aed butt r fat y1 ld by tncreaaina buttel"fa.t ~ tr 

adding palm oil , butter, or la.rd end co icleft<l th benefici 1 oils are tb.oae 

containing l rge proportion.a of • tunted tatty &aids . Lipid.a cout iuing a 

lCl.l'p proportion of uruso.turated ta.t-ty ido have generally b the eff eot ot 

depressing milk t t ( v Enaor, 19,9) . 

Miley workers (Garner & S , 193 J Brown .!1...!.• 1962 f MO«XV .!! .!!,. • 

Bei 

l'i tiODS ot l 

Davia, 1964) 

'tin cow• , l tho 

t the addition ot lipida to 

not lt.rina milk pro4uct:lon, did lower 

the mi tat eon nt while 1n o her e ae ~y individual tatt.y e.cicb w re 

a.tfe-cted . 'l'ovo & Moehri.• (1963) noticed that aoyal>eon oil incrued the 

st.arie acid content and cottonseed oil inc ed the linoleie acid content 

ot milk t t . Mo d e't al . (1964) tOUDd evidence -- t an increuing mount 

ot c12 vars present in the milk vhen coconut oU waa fed. 

l though milk c a1tiou vaa not ltered 

ot v ioua oils 

• 

tat vere pftn to 1 'tating oove by 

butwr vere t lnted to ditt rent do 

Dovall e"t &l . (19,7) , --
df. te ettec~e on propeni• of but rfat ln lu4111 incna •• in 

s pontf tc ti 

the allanl• 

vas by { 

i 

lit ta 

voa not o 

to rt 'V'&l e . Bel • a Yi• ( 1 ) 11..U. t :t 

l iftr ol.1 c d e. dee •• in lk ta'l •Jn al.a 

e post a e by ¥6 t e liver oil &tf eotecl 

ill • • 



Etf ect of Lipid on 1.'ot l VIA Conc•nt ~ions 

Total VPA ooncen~rationa have kon iacna.aod ( ta'W & Eoaor• 1"9) • 

decno.a-4 (Robert.on H :wtte, 1964s M1d Orth !1.!!• 1966) or have re 1ned 

unalt red (ElM & ~vis , 1962J nd E•plin •t al . 1963) when lipids wore fed --
to cattl • When cod liver oil , ol io aD4 llnolele a•i4 were odtilinister4"1 to 

covs on no l diets they inor ed. e total VIA oonc ntrations in th• rumen 

fluid, linoleio acid having the 8" teat, eff t . Linoleie acid 6leO iDCl'OaaJed 

'total WA the most when ven t.o cove on di•"• Yhieh h&\ alre de roa.sed 

mil tat oont nt J'kecUy ( & E'naor, 1950) . en oleic t 

to da.ir,y oov• , t al VP.A •• f 11 •li tly (Orth et al • 1966) , --
VPA ' s did not d.o e When 500&. of llnaee4 oil c 

Ro rieon & Havke (1964) , at the higher lipid t .. cu:na (700g./ctq) a d.eo se 

iu total Av pa. llel by a • ency tor intake to tall on eucceaoive 

days ot tna nt. . They alao conducted two experiment• in-vitro, one 

incu ting linseed oil vi th r.;e • juice, the other in.cub tf..na linse d oil 

t -total WA v higher tha:n 

l tit r experi nt, th total VPA •a ps-o4ucutd wen lover atw 48br , than th• 

controls , althou.eh alipt,ly higher after t2 and 24br . 

Drenohi e l"S wt ei er ao,Y&l"8.D oU (El 

( in al . 196 ) did not. 1 ter --
l A 

Eff 1 t !'( LiPM on V..' 

•• r (1959) aam1JiDJ.•~ o l :vew 111 l•lo 

CJ • lin oil• 

ot 
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incnastng t molar proporito o-t p1'0picm.e.te vhile th• effect. on 

butyrate ve ble . El ns, (1962)s ?liohol on n al . (1963)a --
Nottlo & Bo (1963)1 and bertacm & HQ.vb (1964) subsequently contil'med 

those effect• of dod lipid . 

Th o4d1 ion ot cod liver oil by U.ohol on ,!1 !!.• (196)) to J'n.tiorus 

containina buf'fer reaul ted in higbft molar percen 

lover ace~a an4 but.yr te 

alone . '1'he buffer had aln 

thea• •ff • wre greatly 

Nott le Ro ( 1963) found tba 

al ~otion tor cat le. 

a , than vbon the 

eimilar ett et• on 

of ropiona nnd 

al r ~ion vaa led 

p:r-opionate 

ot oc1 liver il . 

ltho eoyabeoo oil , en given u a drench to ate• , incneaed the 

proportion of popiona in rum1nal. fluid , then 

proportion of a.oetatte (El a na, 196 ) . 

ao etf eot on t.h 

Robert.• a U. ( 1 ) in.tu 500,. of 11nan4 o:ll in ¥• 4ally, 

c uh.a an IJDIO:M:rG.l&te de nue in e t.e an4 c nd4e ble i.ncJl!"I· -11:e:• 1n th• 

oonoentretl of pnpionate 

also conduot.e by bert. 

butyrate . !vo lt!:!!:tr ·~ 

• BA,... IJ.Daeecl oil ,,.. UMRRI& 

vith ~ 11 

tho•• t 

an. 
efleo 

tor J hi' . 

l• 

...... in 



' t . .• propo:rtt. 
au.Clod lipid .. 

• 
1238. 

t2:t8. 

a Dana, 1962. 

~.AL 568. 

:ftte A nookt t 963. 

n.1. 

ot iudi fl.dual VPA ' e in t: 11 liquor of cattle fed ratione containing 

Ration Pod and Lipid Added ......lat" Poroentago 
Acota.t.e Propionate Butyrate Vale rate 

~-1 Diot 67. 4 15. 4 11 .s 5. J 
ft + lOOml. oleic acid 61.4 21 . 5 14. ) 2.1 
• 18. 9 9. 9 1. 1 3. 4 

"' + 300ml. linoloio acid 52. 2 29. 9 14. 0 3. 8 
u 71.1 14. 1 12. 5 1 ~ 9 
If + JOQml, cod liver oil 56.1 28. 2 9.1 5. 2 

Bual Die'\ , • • 7 26. 3 19. 1 .. 
,. + 8~ of'Ud• $0)"6bean oil 5t.3 33'. 4 15. 4 .. 
Diet 60., a1.s 14. 7 l .O 

• + Nam03 ''·3 26. 0 15. 4 1. 3 
tt .... ,, 

+ 60ml. cod liwr oil 48. 1 39. 2 9.0 3. 6 

OovA 
Basal Diet. 67. 2 17 . 4 12. 4 J . 1 

.. + 270a. liuoed oil 66. 6 18, 4 12. 0 3,0 

+ 2101. cod liver oil 64.5 20.s 11 . 4 :h4 
It + 2TOg, boet tallov 69,7 t6, 4 11 . 4 2. 6 

Cf!B 
•a.l Diet 66. 6 18.1 12. J 1. 0 

fl + 270,. linseed o11 67 ,0 18. S 11 .1 3. 4 

" + 2704. cod liver oil 60. 3 23, 8 12. 2 3.7 .. ... 
+ 270g. boet tallow 68.4 11. 0 11 .s 3,0 
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diges tion. Nottl e & Rook ( 1963) found that the proportlou ot aeete.te and 

propionate were no~ e.ttocted vben lin•oed oil vu added to a bAaal n.tion 

tor oat'tl e . 

wben tallow vu t.ct vitb dairy cow rat.iona by Orth et Al . (1966) , total --
l\oetato initially lnoreu .a and then tended to decline . 'l'o.llov ndcled to tho 

rations ot cattl e by Nott.lee Rook (1963) inoroaaed the 1"UQOD VPA proportions 

ot acetate vi.th a compl eaentary decrease 1n propioDAW . 

\iben liDol eic acid vu inGu tea ~t.ro for 8 hr. vit.h l ucorne meal 

by Satter~.!.!.• (1967) , tM nduc"S.on in the aoet.te1propionato ratio vb.icb 

ooourrecl vaa n lated to "11• uoUDt of l lo.ol eio o.cid di• pei•• ed 1n the 1ncubat1ng 

medium. Pour different llixtUI'•• ot f atty aci4a cont.d.ning incren.ainc l evels 

of un.so.tura.tecl t a•ty acids ven feel by Cla.rke A Roberta (1967) to fi atul&tecl 

1.1heep. There vaa little diftennce io acetat.e l evoi. but propionAte gradually 

increased ond butyrate grad.UA.lly lncreaaecl aa dietc.ry Ull8aturat.d f atty acids 

inorec.aed. 

Brown.!! .!!.• (1962 ) found that although 41eta.r;y t at hnd no effect on 

rumen acetate or propionate lt lnoreaaed valera1.e Uld higher aoida. When 

coconut oil VAS &d4od to ooncent te cixtur•• by ltohaa:Mtd et al . (1964) the --
only efteot va. a depreH ion in '11e tot 1 but,.rate and viUen.te contenta of 

lihen tall ow and ~1yae4 .eptabl• aoa enl•1 tail (E11pl tn .!! .!!.• 1963) 

on4 cod lt"r oil (Betts a DntTi•• 19M• an4 Bliorier .!! ~· 196') wn fed, the 

pnporUou of~ VPA' • in the nmen ven ---lwnct. 

A oomperiaon ot tbe ramen VPA pnporU.a. 1n tJM ~ llquol' ot cattl e 

te4 ,.-.tons oonte.baina ftl'loue llpicta la ahovD tn Table 1. 
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~ tn re of VIA' vu u1U11D11et.4 by J £1-• ( 1956) 

vho du.tied (1-14c) pio tit into o la 1 :ted 14c ... 

la.vin t 1. --
(1956) RT.A:nan ~ (1-14c)propi te o t 

8 1 . (1956) Imo · t ' at (1.14c) --J eoul4 gi'ft ri to 14c-to 

in tbe bit, and oo Wl 1 ae ot a - .. ~ ... tion r 

(1-
14

c)P"J>i .te could pn4uce (t-
14c) • ~. .-mnua. (1966} wd.na 

.OlleOWJly 

:rusen of 

1 ln. :to4 tor 

Alt41~1a Pll.'O«uetl41 vhil• 

oun tor 40-5oP of the butpow nnl4w:ttH1 

ot 

'r- t r 

vu 1 llecl ... 

, 3) .. 
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Al.tho in th• pu it believed at insufficient Pftpi Wtt-8 

in n to t tlw d• ,utl tor gluco opneeie, Lene .!1.!!.• (1967) 

found 'that vhtn uatna 14c-psooptouto~ , 45 of th• lueose oubon a.nae tnm 

propi te o bon Ul4 only >2% of th pl'Opiono.te pl"04uc in he rumen WA 

not lly converted into gl\JCO • fhoroto , considerably mor propt tit 

produce4 in tho rwuen than nquired to ayn'thettse o.11 the slucos •n ring the 

hoc\\" ol . u Borgman •t al . (t966) intuaed 14c-pr pi into the voin --
eyntbrila 4 to other o 

tor bot th• luooa nqut 

Oll 

Th• di stion ot cellulo • ha• be 

ntation eya ' one of 

4ip td.blli y of ureas 8114 oelluloae 

ot 

that •beep c ttl• l'UIMD. fluid, &.G 1. ul 

similar cellulo dlaostion ooeft1o1 

yie14o4 cell o • di 

C lluloae 41 •l•o 

Le "" • 1 ' 1y .!1!!• 

Po 

1961 ) , 

•llul • u 0 t 

of be aluco • 

a criterion for oo 

eri ria tor omm>ar:tna th9 

bffn WJe4 to Cnml~'8 the 

) t 

riaon A · • t 

1961) . 

by 

• taut 

f 

• 



,, 

llulo~J.o 

1 . -- (1964) c h«al al c 

vbtft" "° ~ ot ~ ... "° 
lubl• , U.pin d to • A8 leftl 

• ... l.wl 

., 
ot •\Ate in ·be ( 

a l•t.4 to fJ 1 l• 

• 

t ' 

' tter et 1 . ( i 9 ~6 ) re l ised th t the obe• tions by -- ett R id 

woul l nd support o 'the •uaeatton t the tur ot d products to d 

f o llul oee i a b.lly depend nt upon the nature of h acco pan;ying 

f'eed c pon te . '4beu 
l 14 

•Y incubat d C-Cellulo • C- ice l u l o • 

for 4 hr. i i her the pro •nee of luo•rn• y l one (R) or l uceme + 

a in(1t2 . 5)(G) , ey ob~ ned. the follo in ault •-



of 4rio4 

oell 

v 

in 

Wl'el• 

1n 

• 
(1•14C) 

( 

( 

t 

ot 

ol•· fh• 

~ 

11 

Ce11ulo 

B G B G 

6V,1 62.9 69.3 ... , 
18 J0.1 a>.3 21., 
1>.1 ,,7 6.9 1.• 
1.1 o.6 o., o. 

'·' 2.1 J.O 2. 

ie4 to-, O'fU o~ VJ1. •• d 

pn no 

aoc1 

llul .... , .. eole 

t 6 •• toll b.Y 4 

lU' ntona of l lled VPA•a 

1 14c..: :l 

•(") \e() 

)2,. 21.) 40,1 

9 "'·' 
' ·' 0 ao. ... an 



e hvu toanln-"t'i E;MtG;a. um rf 8 

lcb.hponmd. A Sf..41'.m (t966), t.Mft a "4wttaion of tip tllJill 

Pt by 

of 

t? 

c•lluloae la.n.a.ly nl t4H1 to t •tanb o44e4 (0.2'-' '·' ./100m1.). 

An i.Dol" • in •:lvel.J' su.....a tbe 4ipat1 o•lluloa•. 

Cellulo • digeati eimU 1¥ inhtbl when eheep ven ttt4 u 

inffeUina pHJ.tOl'tion ot oom ta ~ ea4 nm rati • W OJ' c _ l•'te 

•lleriatloa ot the lnbib1Uon et oelluloee cU.anU could be obtatua b¥ 

«MJcltng UftA 

(EWlhaaly .U. ti.• 1961 ) , 

........U,Wl -
f'OllmllCl• llml19'1'1 .. , ... ....air ... ~ .. Jaelle4 

VIA•• --·a.a· ,,.,,, w.11." .!!.!!.· 
.-..n.1s,..-._. .. ... 

.... .., ....... ... • 

llPIMld ('I ) 

. • {t ) • 



eyatem where~ 

mi , tu cont~~ 

!1.&\.• (1962) WI 

With MpHHntattve 

ot 

~ti.a in ~aim~ V'IA ~an:emn. 

196,) • ! · 'WA O:ODGnt.ft 

miq aa4 M. ~BO\Jjllll OIUDlllH in DID 

nn.1•...:te WOlDO 

' ). 

1 

ol. . 1 ) . -

i:t•olt • A 4iu:rnal 

• 

the· • 



1 

a...=...==.J===m.=m=.• !Jlpa in donal regi of n bu lovu 

pt inpria b 'ftll'Wal n on (Bl'yaa'·• 1964t DI.•.,-, 19651 encl 

~ !1.!!.• 1 ) boonai J,11 lnola a-t; tU ftD . l 604 reticulum 

posittoaa no ice4 by Bryan ( 1 ) were i4encl to be n u1 of 

JrUDJbaU ua4 c eq.U •V7 ot lncnae vol a ot ..U into 'the 

Jl"Imnl .. U•• !he JR ~ the vu '·' oDd 7 .3 

(Kay, 1963) • WI. thin , .. If! de prinoipU.ly OD the 

bf."94 btri.vo np ion of l'• the buff•rina 

povei-e f the l'mlimn eot~na • Ja: ty 

v e4 '11dlQtmd.~m~l7 •o t a cl 

•• vu •• • • 
h'om o va, 

WU \ np14 ~ Jll •' 

it ~wand al 

botweon 6-7 vi only 1 var1 tl 

or bD¥ 4ie"9. 

'Nriatleu vf.tbin 

6. 

c 

11 

l• r\ICJlllD 

~W!h VPA to ti 

int ti. pe "•" at pB ·'• 

lla1 196'). pB remine4 

t puts of l'Ull10ll when 

e4. 

f 
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ability to pndiot uaoti tin n•ul io-Tlw (Vane», 19'61 oa4 t, 

1 ). Johuon (1966) U.H4 1 •in le to Uafy orito of 

li4ity poadbl•• m'4 ~ o•iterl.• norUio.i be kept 1n mind when 

f.ntol')l'et11'Q th.a :reoul ~ • • 

in-vitro, it vu a be nec•••ar.r uao as teat eUb8 .... only 

aubatanou similar to 4let fed ontma.l t l'Um8ll 11Q.ww 

'"'IPYIA.l!Ni.W appeand to 

but oan wu la to 

lllJA1trO~iosi1 of the apec;1m11n 4urina 

inocnal vu Uken (Yan.•, 1 '6). MottU. of 

be a •G9ltl Cl'i ri 

ensun maln:wnano• r ~a»eJNl>,,lrN 

ftN'inaU • 

Th9 nt.e ot 41••tf. cellul •lo ooata ot 

ol'CUD&rily pt be ~ dllf • n t the nw t dlgeation ot 

c•lluloae n ly in u.a into an anltlcial aye • Sbce lt i pncttcally 

••••Ual tnin -U. U. I" tor tion of th• 

aw ot cUce• t 

miOO-Ol'am:ilm:m 

iD • (Lana.!.\• ....!.· 1 ). 

oe11uloa• .u..-:11.n; 

4ift·41r9ace be1itntlll 

.,. ,.. 'te 'IJ9'11jf4'9&1~..,. 

ellulo~lo 

•-·- by .JonnQD (1 ) be'~m the Qloaecl 

...... , .. cU.paU ' 

t.ri• llbOW'M ll t l• 

the ·-~•'11•.: .. 



... f lloati ( 

1966). 'J!ha oloat4 •ye . ..,.. a bjeo~ to orlttci 

orpni n popul ti in the 

toed, Ol" no ly acourri.ng in 

bera vblch 

of 

• 

• 4it~ereDOea lo celluloft .U..•ti in laYOUr of 

to cm J.nblbi to17 idl · • of fiaaion pr.wt""'•·• 

ac ating in the 1lu• bo lea . Aoeta ud npi veff toun4 in 

e l>l'OPGl'tione il'l'Gapeotin ot vhioh a •us the f•,1!'r!Wlwr.a carried 

• a.Jpi• 

lJ' •• •l ......... 
(.14*. UOD . 

.til.•ODll~ .a. al 1 >. 

.. h • Monty 



ueect tor perioa lonpr than l<llr. •inc• lt WMUne4 uoun4 ~ rubbel' 

•topper, due to baoWl'ial attack. Manton (19-48) fH"lnentK cellulo•• 

f.n.-vitJN tor •it.Mr 2,, 261 36 or 48hr. amt found that •.:dl!JUll WA 

pl'Oducttiou bad ooC'Uft'tl4 by 36hl'. Cellulo•• 41patlon in t.vat7-1our 

fel'meD'tationa vu b4tlov that obtaine4 i!:!'iVO &Itel' a 24br. incubation, 

~ as ntioneCl prnioualy t.Pevn a Kamatn (1960) notlce4 that the .Su. 

f el'IMntat.ione 7i•l4e4 oellulo•• ti.pat.ion 004tttioient• •Wlu to n.luea 

obt&luecl ip=!i'fD. !be objeo• ot vol"k by kl'D !1 !!• (1967) vu to determine 

U the nt. of oelluloee clipriion betvffll tvo tementation U.. in'Mrrab 

was a ""41• pndioatlcm ot forap nutntin ftl.ue 1iban ~ oellulo•• 

clipatlon ftlu. obtaf.ucl att.r • 8PJOltio felllle0'6''10ll time. Resul t.e 

inclioat.4 that ni.ea ot cellulose 4f.ce•tlon wn no't l'IOft blply ool'ftlatff 

with 1D-triTO ut& than • •lnal• oellulo•• dlpation fiSUH o~ •• a 

given ten:.ntatlon time. 

Ot tlmm pB to:r Jn::!!tl'O P•!p!!tA~lona 

Moat ot the NmeD mionbial aoU'rity oooun at an opUl:ul nte ~tween 

a pU nnae ot 6., ... 1.0. a..en baowl'f.a eeea to be SOMVUt mon •a.altin 

to pD lenl1 &bow tbaD belov 1.0. '1'h9 JWC•••lt.y to.- a4juetlna Jiil ill in-Titro 

·~nmnt.a 4.,..i. leqel7 upon '\he nte, edent tm4 tn- of feJmntation. 

1 ••• , o•llulo•• 41.patlon aol4 pncluctioo oocun a~ a auoh •lovn l'ate tbAn 

aunna •tuoll 4lp•tion (Jobucm, 1966). 

T.apen~un ah-14 be aWa4ud.Ue4, •ina• titf ft'tlDO•• ot u ll•tle u 

o,,0c haft iDftlUaW c-.,ariaou bffween tall.u.1 t•wt.•1_.,. c..... 

abou14 be takm to pnea\ the Wulpantun fl'Oll riall>c OftZ' 40°c Avina all 

»bu•• ot fff'ml:lV.Uaa (Jobuon, 1966). 



Tend.nation of !!::!!"" Pol'm8nta~!.ou, 

In some cue• it autttce• mHly to IW'»ft the &9:!1!!2 bottle• from 

a vaterb&th and fttripftte tMm. Vu CIOft •ac• timixl8 ot ~ t.rmiDUoa 

d tormntaticms• aolda, aloohola, aad aeourlo cblorida have bMn ac14e4. 

Aciu ban 'tba 4lsa<h'an-.e of nl ... inl co2, which Clt\'Y' oaw.te autttolen't 

fom:Wla to coat the •14H ot ftoael• vith portlcme ot ti'» eubnn.- •ti.rial 

(Johnson, 1966) . 



ODJreT OF THH PRESENr 

k 

ac:lditional lipid on th te 

To nable a ori ~ expeT 

ntaUon o-f grasa fibre by n micro-orgo.ni.Mle. 

'ta to be conducted und r similar condi t.iOJUJ• 

i.n--"f'i tro oqui t 

lipid on VPA • s :a.a to deer ta and increase propi eoneen-t ti 

ae found by Robortaon (1964) y iDc bated lb.aeed oil vitb 

• f'ibre in • Subaoq:uci.l~ itlftatl Uoll8 extonded the 

prolM;U~ with a vi.de n.D.l!IO ot lipid t la ( o. 2 - 3. 0g. / tOO::il . 

n liquor) aad. a er o1 di:tfereni lipide (pe&mlt, cod li r tlD:d Una 

oils) . rt.llxrnts involved t u ot iGlpO bl appara'tua a:od 

one.bl th otfoct of lipid on t.otal awl individual !A ' s to ho further 

d tod. 

lp=yi '-ro OJCJ;MlZ'J.mjm1ia , ua 

liquor and -~·-.. 

n li 

of total VPA, t.& , 

at>aronc1e of amu.« U 

in an 

• 

c nuowt fl l'8 ot clgifi 

attempt to atm~:"V 

t 



Since almtlat . 11 the rk roportied on the tel"JDO»taUon of glyeerol 

baa •bA•- that i.ho predominant VPA to ia propionate, (a-14c)g]Jcorol 

glycorol moiny ot t.riglyooriclos 

to tho propiona~ tormoa. under the ccmdi tiona of the prea.ont expert · t. 

The e-ttori of lipid on th concontrationa ot Q.Ti'IMDi in rwnen liquor 

1lBB elao investigntod• ammonia being ano~r end product of rumen fermontoti®a 

ntte.oted. by the add1 Uon ot lipid. 



a.ch vltb a. n tistula vere the n ouroe of rumen liquor. Th y "4tl'8 

tod tvio dally (7. 00 " ' • and ) , 00 p , ) vith 10lb, ot good ndow h"Y 

either on 

pasture . 

t lo at 

or 1n a holdJ.na ~ vi.th no acoees to fresh 

lable ad lib!t • P ding ot t.hia di t started 

bef n WU l ling, 

mll!Mm. liquor lee ven ex ct.cl, "'•l' wi lcling tood 

o •might, e region t u ~ 19641 

o.nd Do.vey 1965, st UN throuah HVO• l 1 pl's o~ alln into a 

the s tluk pnviowsly to 40°C . Since liquor from e&ttlo 

lUld •hffp ia interoha.np blo if id.mil r ra ions re tod (Loli' vro & 

1960) , n liquor w also obt .94 from Y' ed ti tuln Ro ey 

sampling t bniquo s tor the ova , 

n t.iqtAor (J>Uly t ) 

• lln. Pt 

tup4 ill en .Ut 

a"m1rn.:tiJ:aa •t a»i~·x.1nio·tely 00 r .p.m • 

oe .wi•I' 

• 



fluids oollec 

ually ol&riti -

, both the nain outlet t p he overflow 

l4 vere clearer than somples obtain by u ing 

the mrihod of Dawson, Val'd & Scott• 1964. T:b.o cla-J"Uied 

stored in retri ra.tor (9°C) untU us d. 

liquor va.a 

G!,e e fibre 

3., - 6 1 .Arild l!'Vllwn''d dry ttor) wu colleete.d in -the a.ut 

and ss..t thro 

pas fibre vn.e 

Tb1 ¥ ing pl'OC 

14)'91"8 ot alin 

a nt.o.ll •Protea • xtraction plant . The roaulte.nt 

ho4 vith hot t p vu.tor awl 1 tt to o tn 2 hr . 

,,.to squeeaina tlbre dJ'y tvee 

tibre o.e obtain t "' • ot heh 

onelo•ed in pl etic bait 

fib (24. clry tier) 

troa n (-9°C) un-tU 

us. d tor all th e1po 

Og. ot treez.....-,.r-a_ed 

uired . Tho a • 

nta . Dry tter 

vu 4etemine4 by drying a pas tibr aomple t 100°c tor :: hr. in 

tol'ced-dl' ugbt oven. 

LiJ?!d Suba · tea 

Qa.w U.n cl oil , co4 liver oil 

iu he f.n..iritro lneu tions. '1'h 

(S0150 w/v) with 1~ Li.sac.pol N. ,· . (I 

• lfyina 

ff:!ifia l , 

A.rtltio 1 a 11YO (3 . /1 

) 

buffer l.tna 
( ), 

by a a lutt 

• 

ponut oU we• uaed u eub tra'Me 

oil/vater mulsion.:s 

ve stable. 

) vu ed in all 

l• • f ioial 

T.o. 

( 

of 

J.1 1.0 • 



0 
Ra41oaot.r 25 pH meter. The pboe~t. butter vu •tor-4 in a retriprator ( 9 C) • 

Rc.410::\Ctive coapounde ueod varo 14c-tobo.ooo leaf redduea ( 14c.celluloae 

14 
••• not Ullitormly labollecl) (Speoitio aothit;y • 28.0 )IO•/ma.) and (2- C)glyoerol 

(Spoottio activity• 8. ()m) . /m-mole) , both obtained from Th• Radiochemical Centro, 

Prel?!.J!'tlona Th• 14C-Oelluloae vu in a povder form Nl4 llMU required 

vaa veip.4 1n aaall (1cm.) alua or polypropyleu rlala . 'l'h• (2-
14

c)al.ycerol 

vu Uaeolftd int.o 10Dl. of 4ietille4 vat.r (50J1C./1aitl .). ot W• atock 

aolu~ion 1111 . contdniq 5 yo. vu cliluted by m-oti.r 10m1. of 41atUlecl vawr 

(O.T5'JIC. /llll . ) . Both oompoun48 veN et.ond ill a re~ri .. rotor (-2°c) until 

roquir.ed. 

When eas pl"OduotiOD vao oeuUNd (preUminAr;y •Jll'9rimcmt) one pint 

glaee bottle• flttea vitb rubber etoppero "" uee4 u incubAtlon naeels . 

Pres8\&1'8 hosing comwot.ed the •ix ll'W2Gaeten to one of the lea4a tJiroup 

tho a~ppora, vb!le the eeconcl lud vu fitted vith a .alw alloriJlc the 

a44itlon of otl f!Nmlslon, and aof.4ltic•tion of the ~ontente. All ~ 

bo•·tl•• ven held ln • •bd•r nok b:aereect 1n a vat•rbath vbioh vu 

maintained at o. tempe tun of J9°c ! 1°c. 

sured t 3Q:al . slu• bottles• vi tb 

rubber •toner• aa4 b\&naen ftlT•• a•taohe4, wn ue4. ID expertmmu 

coatalnlna mao;y •natmimia a 11 .... litre alua tlaek,,.. u.a to aable 

quick pnp6l"&tioo of Use 11un:ak•ton n•••l• . u2 vu blOVD i nto tbe 

atoppt"4 flaak aD4 tbro'Qlb tb• U.quor/butfe~ cd&ture (10. 3) it 



by prossuriaing tho tlask, filling incubation veasols ra.pidly vith the 

roquired vol of solution.. 

A modifi tion of this experimon-tal prooedurG ;.m.s made in oxperiments 

14 14 co.ft'taining C-Collulo.so t.o pel'tllit collaction ot co
2 

in 'llynain~ • b,ydroxido 

(British Drug llouso, Poole, l;;nglend) . Incubation vessole ~1oro gassed vith 

N,. prior to the exporiaont to ensure anaerobic conditions and t the co .tlotion ... 
of the experioont to oxpel all the 

14co2 into the 'ltyamine' bydroxido. 

nio throe me 

deaeribcd by Danson, Ward a Scott., 1964 (Pig. 1. ) . 'l'hc op ratus 

i nod in a thcrmost.atico.lly controllod w.torbnth (J9°C) throughout ho 

ntiro incubation poriod . 

The cbrifiod rumen liquor was gr vity-tod from B rosorvoir (o.n 

invorl 2 li tr conicnl flnsk) , tho r to of infusion being adjUBtod to 

ut 40al . /hr. Th flow of 1{., t.brough tho o.pparatus i ahovn in Pig. 1 • .. 
Pro bl 

of rumen liquor in itlbly occurred once 

liquor to spill o r into t.ho dia.lya t.& end tondod to lit 

,..~~nu liquor. Low gn fl and lipid to tho top of th 

hot.hi~ and fort r {,tJ'. Dl"OIVG'.:10' 

bulb, eontnini tour 

tJ."Ot.b:i.Dg9 f 'IA'll'AP't'.hA 

itioial rm'1DYILl!I' 

obt ined by t 

li bl to ~up 

a tibr 

t.os reduced 

distribution 

olved in tho 



FIG. 1 • 'llt.C Ml Cf 'tTIFICL\L P.m · ~ . (Dnwson, -Wo.rd & Scott, 1964) . 

!• Lc.r1 glnss jnr. !!· Tiod-ott di •lyais sac connected to a. 

gln.as tub<> (.£) by n rubbor bnnd. D. Glnes tubo through i.thich 

subs'trnt.e m.s introduc into the io.lyais sac . li• orvoir 

containing clariti Uquor (Di 'to) .. ! . · tro.nco tubo 

for N2 gaa. !!• r:.ntranco tub for dialys te. !!• Gas d atrl.btttion 

bulb. l · ·~ tobo tor N2 g nnd dinlysnto. ~· 1 • uring 

cylinder oont.a.ining coll ted di6ly te. 

donoto t.ho n ot N2 ond/or din t through 

ra.tus. 
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Due to miol'Obial ettack (VaJ"Dor, 1956t El-9buly .!!, .!!•• 1960), the 

colluloeie membrane of tho di.Glys1s eace ~i~lly disllltearG~ \/hen 

incubatod for 48hi'. and even dt;or 24h1'. onnao c"n ho4 'to bo token 

when Jwldling them. 

tn tho initial e:tpericon'tB 50ml . ot rumen U.quo~ vna Mdod w tbe 

di~lyoia oao (36tln. di~er) , but the J.'W'OOn liquor volume YaS incrouod. to 

1CX>ml . (dialya1s sac 6'1:m. d.i.Nleto:r) 1Jl latter experf.oenta to enable lo.rg()r 

acollnta of WA!a t.o be pl'Octuced and t!Mtntore mo~• steadily detected. 

ADAlyticnl M•thocla 

Oaa hocly.ct'an 

Gu pro4uot1on wae Mo.aured by dieplac~t of vator hoc largo 

Do.no tors (:?60ol.) vhiob wn o.~tachod to tho u..ritl'O bottlea by rubbor 

preolJU.l"o hosina. It ao.a production exceeded th• ccpa.city of t.lw CAnOinet.oro, 

pa could be released via a ..alw a.t"r rea41nga had been noor4e4 • 

.Acidification of rus::i.n liquor enabled PJt>ff exact t.imi.na of ~ period ot 

~eraenta.tion (Johnson, 1966) . 

Apg2rde Detemina.t!on 

AaaoDia in rumon u::r,pl•• vaa 4-t~ by tlw m.W of Convo.y a 

o•~talley (1942) . 111ll . of boric aci4 (O.- in ~ alcohol , oOJtt,ain.f.na a 

miX94 tn4icator ot broaoonool an-n o.,'1' -4 .tb.Yl N4 o.~ in alcohol) 

vu pipet.te4 into t.he oentn ota.ambel' of a Convtt.y dieh. In the outer chamber 

1ml. of eatun'h4 Potaaaiwa oU'bonate vu PlP9tW to OM a14e tlhil• 1.i . ot 

J'UIHll liquor vu aoovat.J.y pf.,.t~ Ofl th9 othttr aide of tbe cli•h• A ala.a 

ccwe...,.Up vu placed upon ea.oh ~ U•h aJJ4 aealed vitb gum c.caolA 

tints.... The At•h \IU elovly ffl•le4 to ooaplet.ly cb tbe WNO liquor 

cm4 potualum cU'bol:ul.te. fripU.oat. JnlNn __,1 .. ven ~ye.a for mi3 
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concentntiona by tit.rating the boric a.oid aixtve with o.°'N 11:1 tollovina 

on incubation of 2 hr. a't room teapera.ture. 

Isolation and Dotol'Qinatlon of ~ho VPA' a 1n Rumon Pluid 

Total volatile fatty acid• (111.A. ' •) wen isol "4 hoc l"1l1l*l tluida 

by et.am dia't.Ul4tlon in & r.wmer d.ailCll' to Jobns(195,) , but vith ao::se 

moditiotltiono . TotAl VPA'fl vere dotol'lilined in ,ml. ot l"UL.19Il contents by 

b&vf.na 1 tll. . of 10N.~so4, aatun.tod with Mgso4, ftddecl to t• followed by 

oteoc diattllaUon in the Moftboa •till for not lee• than 12min. 

Quaotita'ltw reco-..1')' of tho actda vu obta.lned by coll.c-ttnc 7<k:tl . 

di•tUlat.o ln aoat . ol co2-t.- 41•tlllo4 water. Collection of a further 

70ml . dtatillato 'M» servo a• a blook was inltinlly only colleatod at regular 

inter.ala durina a aerieo of disttllntiona, but later on they voro oolloct.od 

tor ea.oh l'U08D oample. Th• clinillate wrut titrated vith standardl••d NcO!I 

oolut1on, in th• TicWty of 0. 05N., vith phenolphthalein a• indicator • 

.Atwr gunntitat.ive Anlllyois, an exoo•a of 0.05N.llo.OJI we.a added to eooh 

eample bolore ••»e>ntJ.na w 41'ynu• in either A torced-drausbt own (S0-1<X>°C), 

on a bolU~ watabath; or in a roto.ry •'faI>Ontor. 

NQ(Jll Standa§J.~Uo1u Th• HaOH used tor titn.tion vu st.andardiaecl ea.oh 

day uaing approzimately 0.051. of pot.uli\1:1 ~n pbtbalate 41•e.olvod 

tn 90ml . of co2-trff 41•tille4 wat.r vith phenolphthalein u indicator. 

Dtettllattea and fttn.tlQn Teohnie•• DUfloultt•• vi.th nprocluotna 

titration NOlllb 184 to a a 1 tnnatiptlon 1DW the 1-at mtho4 ot 

<UatUlattcm cm4 Utntlon (ff• fable 2) . t'IMt lip.na in fable 2 uo the 

IDltGll ftl•• of thne Aetemf.nr.tiou . 



i rtaneo ot plaef.nt t a.round a 

conical durins the collection ot tile ditJttll t.J 

coll cttns the cUatillato in 20ml. • ot co2-tne dlettll cl 

V t.erJ d bubbling CO,-tre &lr through tho dia~illAt 

prior to ti tr tion. 

Method 

le., H20 and Bu blbg 

a,.o, Blabblina 

bling 

.. 

Titration (ml . NaOJt) 

distill ~ prior to titrAtion, it. wao found t.eo.ble to coll ct th 

di tillc in t l ee~ 20ml . of co2 ... tr o di11tUl v tor . '1'h9 pre ence 

ot io ~ no 1 rtance . Thia ttohnique of 

dist.ill 

vuiattou pe sistocl end "" • 

rumen 11 "°"• ln 1 t.t 

vial .oaa. 

lally l 

nto only 

a'to:Nd in. ftfriae ll -~l-~ 

1 

when cUatUl olorifi-4 

• 
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Th• . ponl of tic , pro:piord.o butyric oi • in t.be ao<li 

l iquicl chro :tio pby 

(Jamoa a rtt.n, 1952) . n- t: Lo-val rio id vu not to nod . 

'the col 

(Applied &11 nee Labo toriea ino., Sta e Coll•ge, ~ . ) U.q\114 phu• on 

C U. t• 545 ( oc ilbt ratoriea Ltd., , ) u solid rt 

and 14 in w.:pou» jacket tt 13v°e lo lli 1 cello olw ( . ell 

tbvl Oxitol) . 

lnlUt.lly the pac;ked ol cU4 N lv the Vf.A'a 

a t1.efactorily, but u1 bl col 

ot J a ID.Ftin (19,2) 1 ?oua et A 11 s FllY a Mill (1 5) . 

C li 54, . was initi lly •i a4 (J 8 then hea 

400°c toz 6 hr •• allowoct to cool , w.lth c • !El for 1'1d • 

w-~IH vi tb boll 

t.Mn cold di1Ull.cl va r to ram~ 11:1 . the Cell finally rJ.u 

I.A o.n-~ v/v ortho 

• Coli vu W.U:tl'O:Ugfl~. ( iuol 

( ' •15 vi )• 

4 ' ) 

ly 

f 1 • '' tlu• 
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column. Thi• plua vu Cl~ a.pproximt•ly overv '° cna.lyeee. Tho packed 

col•111 vae coD41Uonect nt 1JT°C for OObr. tm4. operated at nr°c vtth the 

llltroaon pnsauro botveen 9-12lb./in! 

Cf>lUt13; 9iel'Slt,i9flt !he VPA oalta VOl'O t~foned to ttw ~to~pq 

ool\llm by toktn.g thoc up into tqpodemio B)'rinae (5-10ml. . ) . Either 

mw or tvo dropa (0.01...0.olal . ) ~ the o.queoue oe>lutl.on vero added to n 

Teflon 'boc:lt oonta.intna the aol4lttootlon co.terial, • mU.tu.R GI Collt. and 

lll004 (50150 v/v) . Tho Teflon boat wa npidly puabed ln_, the ool\IZ aaJ4 

the N.., nl nd. !be tttmtf.ea cell vu flllecl vith Jb;euol nd in41cator 
"' 

(o.~ v/-r tr.. ti•Ulloct wto) . ntntton vu vith o.oa..o.OSN. BaOD, 

the t orma• pnei'ally boiq mow QPll oabl• fOl" VPA' • •Nm l'UCJeD liquor. 

Complete aeparctlona of aceta-to, p&'Oploaato and butyrato usually took 

4()...50r:d.n. No'l'allly, duplic~tee ot enoh aaaplo vore eno.lysod but U 4upltc4toa 

won omitt.4 ~ standard WA •ample voa used after every al.rib H~tion ~o 

chock tho etticionay of the colw:m. 

Xn a44t:Hon to uolna a pa-liquid chl"oaatopapb ttttN vl~ an 

cutol!Sa.t1o tltnto.i-, tho p»o)'OJ'tlona ~ oo.Uoi p:opicmlo, lfo-butyrlc, 

o-bv'l;vl'l.o, l•o-val•rio ao4 o-w.lerto weft 49-'kltdned ulna two co4ol• of 

Vait1&11 Auopapb ( t '20 am 1200) . The tom.it vu equipped wt~ both .. n 
l oaiaaiion aetctotor <• . l .D. ) a4 • tbezimal oolducuvtv &tteotu (t .c .D. ). 

'!'be la\ter had~ a P.I.l>. but, UDltb -. foftKtr, bad no rin apU.tta. 

u2 or 8a vere -" ... cent..• ..... 

-.riom oolw:DB VU UH4. '•• d aupport. VU nftiole't for arrr OM 001 

aa4 vu o4a..4 to aw. ~ u. lf4ul4 ~ nlmt.oo a.n • Buobne'J' flaaJc. 



. 88Uft in t 

» 80'11' v 

tor 15min. Th put into a into~ 

ppli d to~ 5mln. 

tore t: c t cl support v 

id s requlftd 

xo4 wt h tho nnm•te plloqbol'to idf u. aolutln 

tho vator lowly !!'O!:llantd 

................. in a fOftledi""4U:'alllrdlt 

tho col 

t • 

funmtl att h"' to the o r 

' x " coll d etainl as s 

' 

• A 1 0 

th 

• 

wt I •• fi · , 

ot 

• 
alt. $1 ly 7' x l'' coil 

to . l tb8 otia.r al • 

•• 
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the ti ~ ttcm c•ll ven nl:lOveA fatty 14 had l'gOCl, to Qtv• 

S l•a of 1 ta aol4 OOIRQllU.l'lla pllwol ncl indio ~. 

allov 

ue4 to l'Glllove tlt ati a4 to vaahlns• 

c ll comiat.4 ot fi t vith • Ma Ult'O'Wlh 

two l f tit 

pipet • fillff , The tit :U ell 

T.l'llaan up a BQQ.bM 

After 89Di>n011!'&:t.lon of ~ 86lt• of h 

•flcil1e4 at r .cl 5ml . & le 

ln ol'der t,o ramDYa 

othn v1th a Grit in 

aa.1..u. vlth • es• 

i to~··• . of 

~!ml 41 til ti 

distill '9 w re collect 

fift ........... .. tm a• »n• • 'lhtt colourl •• 

of 41• lll 

d &ml~TIOUQlilo 

ailf. .., .... . r • 



'f'1al•· 

All tmdloaotlvo samples oounted wiina' a. ~ bi~ lf.qu.14 

aoi.llt1.ll.otion counter. Countt.na et: tci.enq 'WC)& cleteftdned ust.i.a 14c-be~en 

anc1. 14 
xodecaneWB Wied M !Dtenal tt\DtlAJtd when quenehiq 'WO.G suspooted. 

t<Ul. of Dftf''o eoin't.llla i soluU _ (60g. ~-, 4g. a,, 
4lJho19'1naaOJA (PPG), 0 . 2 • 1,4-bl....a-(5..ph lcxe•ayl)'beuene (POROPlt 

lf.tn 

• ot 

clrieftdnl113 ~~~'Vu it? off W •a on4 co2.IOJQD1ao•Mns ·~· 

~. 

n:i~l'lt.mflllM -....~.- fo" aoalnl• 

anie4 

( O» 

ltoat. 

l 111 

:lD4t 

ol 

ltaM l.DitlalJ.7 llPQ..~llQ 

CHI.-_ •1 t96T) · a11dfi 

.. 
• 

.... ., .. I, Umlta 

VDl~Gtut IJReftCIDOll8t tor JP\Dtn 

• 



.)/ b,y • to a D • tb.05 • 

1967) . Th• Stucl.enti•e4 ~tat la a mon c •na: lw ~ t for alpitl • 

tb8ll tu leui 1pltlcaat 4ift•HDC• (LSD) t• t, N\lUirilta luav Uttnence 

• • The LSD 'te t 

Siaoe pe ~· an n.ot a.dm.lly cUetribu 

proporUoaal 41.vlbutl of 140 • bdln 

•XIW 1Df 14
c-oel1Ql •• by 'Uanafo...a1U111 

into angle• ( 1• • ala. ,./ Sii ) • ( u•, t 9J7, U l'91pit0CWO·e4 in 

~<10001" a , t f) . 
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1 . Prelitd.nary emriment,s 

Two e-xperiments (hooted (i) and(ii} vere conducted to 

re-invost-ipte the xperiment by Roberteon & Bavke (l964)J they st.udied 

the .tormentntion products ton:ied 'When grass fibre was incub ted witb 

rumen liquor in t prose.nee or ~c of added lipid. The design 

~ the two experiments is sho in Table l . Mano wra were eormec-tod 

TABLE l . eign f t pnl · experiments to investi. "te the 

effect of lipid VPA a.ad ammonia prochlcti·on ot' rmlMRl 

liquor c:onU!Dtng gre.ss fibre within bpe a.ble ap 

~le 

Control 

Rumen Phosphate Grnss 
I.iquor(ml . ) Butter( 1 . ) Pibre 

(g.) 

100 30 
tf " 

" 1 

" t 

n " 1 

Experiment l " 1 

n 1 

" " 1 

c of tM 

Linseed oil Di»t.illed Incubation 
Emulsion a2o (ml.) Time(hr. ) 

(ml . ) 

2 0 

2 48 

2 12 

2 2 

- 2 48 

4 12 

4 - 2• 
4 ... 4i 

24u. l••· 
a&Ution of • or um .. 82so4 

• 
(VPA) t tton WR curl 

t • t Gas p!d.ueti 

G 



•• Gu, &llDOld.a, and tot&l VPA J1'04uotion fl'Om t'Umi9D 1iquor( 100ml. ) tncubated vitb Unaeed oil 
an4 OMe tibH, 

Illcubat.lon ~rlmut U.) ?wziment (11) 
Time(br,) B• c•• E*** B c E 

0 32 32 )2 112 112 112 - - -Pn4•tlon(ml.) 12 - 115 191 - 188 219 

24 - - - - - -
160 27, 281 126 - 254 256 

0 1.12 1.12 1.a2 9,.10 9. to 9.10 

.a l'l'04U0'\1CDllUdlL./lfJUllll•) 12 .. 18.96 19.64 - t7.85 21 .,9 
24 - 27.'46 26.16 .. 25 .76 24.7, 
48 29.24 41 .65 J8.8' aJ . 12 33 .32 28.39 

0 84.6 84.6 84.6 98.4 98.4 98.4 
12 - 118. 2 12l., - 1l9.5 132.8 

24 .. 141.:) 14).1 - 151 .6 161.6 

48 112.1 160. 8 110.1 110.6 190.0 190.4 

• Blankt W1Un liquor only. 

C** a li~uo. + araaa tlbre(1.01.). 

,., ... ~ U.<1.uor + ana• tibN(1 ,.0g. } + lin11eed 011(2.03.). 

denot. losses . 

t 



ot lipid att.r 12hr. bid lower attn 24 and 48br,. (Ta.bl• 4) . Endop:nou 

Di production alt 48hr. ~ thtftls of :t ad in 

tM enc o~ llptcl • in c 1 

12hr. ( 4). Tbl• ..... .a b.T 

24 •• • VPA pn4\le~1 appl'Od.matel.J' the I 

bo contnl an4 -....- lipi4 aamplea in upat"f.mant (ll) . In experiment (l) , 

401' ot tho VPA proc1ud could be a.t.'trl :MM! to en4o ti :ttoa 

in conU-01 Gddlld Upl.4 after 48hr. Thie contribttti was 

:t (11) . 

t (:I.) . ..,., 48hr. ants producti 

DZ'll!.amM:e of U fibn 

rrntl"ae4 in expert~ (U) (!abt. 5) . Ia 

and F8' vaa ~ after • in 

vi th 

COQn>aJ~hl• 

l 17 8CCJOUlllW 

~RU~ (U). 

• 1 • 

pf. 

u 
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FIG. 2, The effect of linseed oil(2,0g,) on 

incubated in rumen liquor (50ml,) for 48hr, 

grass fibre ~ ; (c) no substrate added, 

individual VFA concentrations (m-mole / l.) when 0.5g. 

(a) 0.5g, of grass fibre + 2.0g. of linseed oil () 

of grass fibre was 

; (b) 0.5g. of 

A 
-·-·-Acetate--- --- Propionate Butyrate 

ta 



'f, ' 1•/1.) to on incubation of 

hlel"lNnt (ti) 
•••• B a E 

0 61.39 61.39 61.39 'D.40 73.40 7'.40 

12 - a;J.14 88.,7 .. 101.84 93.28 

24 - 101.10 101 .1T - 10S.30 112.18 

.)8 112.24 118.95 16.11 135.49 127.2 

0 1 ... 16 14.76 14.76 ,,.98 15.98 15.93 

12 - 21 .76 21.e - ''·'' 13.28 
ti 

:4 - 2,.90 21.00 - 29.05 J2.59 

19 ... 61 31 .74 ''·84 22.09 35.28 '40.48 

0 .. ,, 8AS a •. 45 9.02 9.02 9.02 

12 - tl.30 13.28 .. 15.29 15.29 
·ah hoctuaU 

24 - 14.)0 13.92 - 11.01 17.04 

48 12.12 16.82 11.,. 11 .at 19.27 a2. 

a• AllkJ ,_.n liquor only. 

C** Contm11 l"UmG ltquo• + aru• ttbro(t.()a.), 

.... "8.lf Jl"Ullen • ftbn(l.Og.) + lina•ecl oJ.1(2.0g.). 



2 . Effect ot different amounts of l ipid substra~e on tota l and individual 

VFA pl'Oduction and nia production from grass fibre incubated in 

n liquor for 24, 36 1 48 or 72hr . 

The d sign of the e~periment is shown in Tab! e 6 . After incub ~ion 

TABI.E 6 . Itesign of the experiman~ to determine the effect of different 

evels of lipid substrate on VPA and ammonia production from 

g ss fibre incubated in rumen liqu~r for 24, 36, 48 or 72hr . 

Ru n Phos ha~e G s Linsued Oil Incubo.tion Distilled 
s. mple Liquor Butter Fibre T (hr J H?O( . ) 

( 1. ) ( 1. ) (g. ) ~ 

1 ; 22 . 50 

Blank 

Control 

2 ; 2) 

3; 24 

4;25 

5;26 

6;27 
7;28 

8 ; 29 

9;30 

10;31 

peri tal 
11

'
32 

(1g . lipid/100ml . ) 12;33 

13; 34 

Expori tal 

(2g. li id/100ml . ) 16137 

1T;l 

18. 39 

19; 4'0 

20J41 

21 J42 

" .. 
" 
rt 

.. 
" 
" 
tt 

" 
" 

.. 
" 

" .. 

15 

n 

" 

" 
•• 
fl 

II 

" 
" 

It 

" 

• h s 

undi 

l• was eentr~d f or 1 • a 

ted fibre . The to l A. indi'ri 

were ured in e au • 

0 . 5 

" 
ft 

1 . 0 
11 " 
ti •• 

.. 
.. 2 . 0 

" " .. " 
" rt 

3.0 

" 
It " 

l VPA• 

0 

24 

36 

48 

72 

24 

36 

48 

12 

24 

36 

48 

12 

24 

36 

72 

2 

36 

48 

72 

1 . 5 

R 

•• 

1 . 0 

fl 

., 
,, 

0 . 5 

rt 

II 

1. 5 

" 

.. 

t.rations 



2 . 1 i'ota.l VPA producti on 

The overall effect ot lipid va.s to decrease the production of total 

VPA (P.c::;: 0.05) . When the meo.ns tor each lipid level vere compa.recl only 

th differenee betv n no lipid and 1 .0g. ot lipid vas significant 

(T ble 7, Appendix 1a) . 

TABLE 7. Effect of lipid and time of incubation on the fo tion of 

totnl VPA( n liquor(50ml . ) incu ted vith 

grass tibr (0.5g). (Me values) . 

Lipid Added( . /100ml . ) 24 '1' 
OP INCUMTIO (hr . ) 
)6 48 72 

0 

f 

2 

3 

Incubation Time Me 

Significance ot 

dit'ts . (P .C:::: 0 . 05) 

90 . 05 

86. 30 

88. 00 

87. 80 

100. 15 

96.90 

96. 85 

95 .95 

104 . 90 

101 . 90 

101 . 30 

105 . 35 

109.65 

105.55 

111 . 40 

108.60 

88. 04 97 . 46 103 . 36 108. 80 

24<'36, 36 -< 48, 48 < 72. 

48 a 12. & 12. 

Added 
Lipid 
Means 

101 . 19 

97.66 

99. 39 

99.4) 

x • 99.42 

Siptf. 
of ditts . 
(P< 0 . 05) 

t<:: o 

S • r fermentation bot.tlea me • t 2.19 m.-mole/l. 

'lo 1 VPA production in.ere eel with i.Derea.aing 'time ot ineubnt.ion. 

VPA production at all inc :t.ion 

t y (P< 0 .01). Then re n ipiff.can't 

lipicl l la Uon tiM•. 

tibn to i 

VPA producUOB· (P.(' 0 . 01) (Appendix 1 a 6a) . 



2. 2 Aee-t.ate production 

t.ipid depressed the production of cetate. th& di~f renees in 

acetate pr.00.uct.ion bet.voeu all lipid lev l.s b ing oigniticf'..nt (P~0 .. 01) 

(Table 8 9 .Appondi.>i: 2a) • 

Ac-et te production o.bo increcumd vi th inereaaing tine of 

incubation (P..C0 . 01) e.lthough vhen tlte mt>Q.nS for each incubation vero 

compared, t.he ditteHne&s in acetate production be'tweon the 36 and 48br. 

incubations. and between the 48 a.nd 72hr. incu tions wore not sta.tistically 

significant . There wore no igniticflll.t in'kraoU~ns be't incubation 

times ond lipid l ls . 

TABLE S. Ettoct of lipid o.nd time of i neube.tion on the fo tion of 

ec t.e( 10le/l . ) in rum n ltquor(50ml . ) incu ted vi.th 

grass fihru(0 .5 . }. (Mean vnlu"Ets) . 

'flME OP nlCUBATION~hr.) 
Added Signit. 

Lipid .Added(g . /100cl. . ) 
24 56 4i 12 Lipid o~ di.tts . 

eons (P~0.05) 

0 62. 87 69.63 12 . 02 74.55 69. 77 0 > 1, 2 , 3 . 

1 58. 49 63. 93 65.63 67 . J) 6J.84 1 '7 2. ) . 

2 57 .. 01 58. 42 59.51 64 . 27 59. 80 2 > 3 . 

3 53.12 54.74 59. 16 60. 12 '6 .11 

Ineuba~ion T 57,.83 61 . 68 64. 15 66. 55 -= 62.54 . 

Significance o~ 24L 36• "36 L 72., 

ditts . (? ~0.05) & 72. 

S.E. rt bottl•s • %1 l•/l ... 

tion ot 0 . 5g. of fibre to the liquor inc ti 

~ed t• p ti (P ~0.05) (Append.ix Zb 6b) . 



Lipid iacreased the produ.ctio: of pl.'Qpionate-. t.be produc-tion tor 

all lipid levels differing signUicant.l y {PL' O. Ot) ('f&bl 9 , .Ap mix la) . 

Propionate production inc as d vi b increasing ~ ~ ineubat.ion 

irr.epe~tive of lipi tre nt , the product.ion for o.ll incubation 

tioes also dif:fering slsnitican~ly (P..(0 .01) . 

TABLE 9. Eftect ot lipid title of incubation on tho to tion of 

propi le/l . ) in liquo (' 1 .. ) incubated 

vi.th as tibre(0. 5g. ) . ( value ) . 

Lipid Added(g. /100ml . } 

0 

1 

2 

) 

TIME OP INCUBAT'lOB(hr. ) 
24 36 48 72 

18. 36 :?0. 71 23 .05 15 . 29 

18. 74 22 .99 25. 82 27 .06 

21 . 28 27. 42 31 . 22 )5 .23 

24.04 10.9 )'·"'° 36.42 

ded 
Lipid 
? ans 

21 .8) 

23.65 

28. 79 

31 . 71 

Inc tion Time M04m& 20.60 25 . 52 28.81 30. 97 - 26.49 

Sigaif icance of 

ditfa . (P L O.°') 

s .. 

l6L 48, 48L..72 . 

• 12 . 

t.tl • 

(PL.0 ,.01) in 

2.0 or ) . O • ot 

24hr • 

.. o~ graaa f1 

• in ) .. 

Signif. 
of cliffs . 
(PL O.OS) 

OL 1, 2, 3 . 

1L 2 , J . 

2L. l . 

le/1 .• 
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2. 4 Butz!!;te pl'OducUon 

The overall &tfoet ot lipid WAS to ine~• ~ product.ion of 

only tho differences betveun no lipid and 2.0 01' 3 . 0g . ot lipid vere 

aiguit"ic~ (Table 10, Appondi;1t 4a} . 

Butynte pndw.ttlon lncr~ with tnereastna 'timo of ineu tion 

(P' 0.01 ) - t;hougb the only significant. tlifferonc -wns tween tho 24 and 

72hr. incubnt.lODS. Th in notions betve lipid levela and ineU tion 

t were not atplfloant. 

the to t1 of 

gra.sa tihl'o(0.5g. ). (Meaii values). 

ti_.d .Addod(n. /lOOml.) TIME OP mcuBATION(u.) 
,._ • 24 j6 41 72 

M4e4 Signit . 
Lipi.4 ot 4itts . 
M (P..:::0 . 05) 

0 8 .. 8) 9.S2 

1 9.08 9.99 
2 9.72 11 . 02 

' t0.65 10.2' 

!no . 9 .. 51 to.21 

igniftc ot 24'-72 · 

cliff • (P<=0.65) 

(P.c:0.01) •'PIMllDGJl.X 4b 64) .. 

ettec:t or 11 • 

»rcilCla.:rui:to- fu · t.ion ts. 

9.84 
10.46 

10.58 

0.19 

10. 42 

9,91 

11.17 

11.91 

12.13 

9.60 0"-2.3. 

10.1 

10.81 

10.95 

-! 0 .. 72 le/1 .. 

pate pnJCJ.uc:tion 
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2. 5 a l!!f!!o't£ 

The o Gl'all otteet. ot lipid 

the meGl!lS tor Mah lipid level re compared 

only ditt ron.c s "v no lipid o.n4 2.0 or ) . Og. of lipid v. n 

~ l vel (Ta.bl• 11 , Appendix Sa) . 

8 betv 

• 

(P..c0 .05) (Al1Pcmdllx 

prOO.ue'tl a nre4 to be nrt.t:mJt"t.ly aff~tocl btJ the d01D.'1t. 

8 ti' 02' 

'!ABLE 11. t ot lip14 and. t of in t.l the ~o tlon ot 

oaaiml.l~mti..im,J100ml . ) in Z'lmlm 

vi th 

0 

SJ.plft.oaaMt 
cU.tts .. (R.a>.07) 

fl {O.Sg.) . (Me 

37. 02 41 .02 
32.56 

s 

• 
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FIG. 4. The effect of time of incubation on the ammonia concentration 

(mg.NH3/ 100ml.) of rumen liquor (50ml.) containing 0.5g. of grass fibre 

and linseed oil (0,1,2 & 3g. / 100ml.) • ... rumen liquor 

• II II +0.5g. of grass fibre. 

t) II II +II II II II +-0.5g. of linseed oil. 
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LIPID (g. / 100ml. rumen liquor). 

FIG. 5. The effect of linseed oil (0,1,2 & 3g. / 100ml. rumen liquor) on 

ammonia concentrations (mg.NH
3

/ 100ml.) when 0.5g. of grass fibre was 

incubated in rumen liquor (50ml.) for 24hr • D 36hr. ~ 

48hr. • or 72hr. 
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!ABLE 12. 'fhe pU rumen of liquor(5Qml . ) incubat.od with 0 . 5g. of ......... "" ... 

fi , wt-th gra.u fibre and 1. Sg. of line.Md oil , or without 

Samplo Dupli.cat<:t TIME OP DlCUBATIONihr. ) 
12 24 36 48 72 

Blank: A 6 .81 6.St 6 .. 94 7 . 12 'f.,40 
Rmnen liquor. B 6 . '15 6 .85 1.09 1. 22 7.35 

~- \ 
A 6 . 32 6 .30 6.40 6 . 50 6. 60 

B 6.4~ 6 . 39 6 .51 6.62 l.80 

6.)§ t.10 ffisR!rimentM: A 6 .03 6.-03 6 .04 
!U:JOU liquor + grn&a 
fibre + linseed oil . B 6 .34 6 .06 6 .00 6 . 12 6 . 20 

Rutten liquor pB • 6. 80 Rumen liquor + butter pH s:; 6.96 

The pH o~ liquor waa seed to tho 

lncutm'biono c ining lin oil (Tabl t 2) • 

with DO Additional. 

c1i4 t l'QeliOJl a mfnfmmn 

tall 

liquor UIOMaaeCI 

PB value ~ 6. 96.. J\?' 72br •• 



oil with limteo4 oJ.l 

TABLB ''· d .tt.n ~ li.nne4 011. 

· l!wr oil and oil tbe of' VPA.•e in 

llqqor(5Qal.) • 

ftbzoe. 

• ~1184 J:'Uttu Pibn 
( . ) (a. ) • > 11:ao(ml. > 

Zen Bl 11to '' - -· 0 o .. , 
Bl 2111 " - - 48 .. 

)J12 " Li.nHe4 oil .... -
" .... , " li.,g o!.1 - -
tJ ,,, • oil - .. -... , • - o., .. ·' Tt16 ft -
D 111 " , ll oil " • -... 9f18 • oJ.1 ti' • -

3 1 



Lll'm)(1 .) 

No llpl. (0) 

(L) 

liv l (.c) 

oil (P) 

ll oil 

104.6 

103 . .., 

'°"·' 10) 

8 • 

w 

un.4 
103.2 

103.9 

Llpi4 Stplf. 
cUtts. 

(P~o.o 

t .o::. o. 

le/l. 

llTU' oil al 

ly 1 • ·~-oil 

(P<0.05) when .iDCutaaotecl with 8 ftl:Jn ia 2'llmllMI li~ ( 

AppltDllllS 111) ., 

• 

• 

s • ·! o. 

le/l.) 
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Pftpi p uction-. wt only cod Uver oil tncre 

produc'tiou igni:ticantly (P..c.0 . 05) when iocubo.ted v i th fibre 

in l"Ul:30t1 liquor. Cod liver oil produced lgnifie tly nlO propioMt.o 

than ll.DS-004 oil or peftflUt oil (~0.05) (1' bl 16t Appetldi.."t 7iil) . 

'!'ABLE t6 . Tb ottect ot vario lipi d on propionnte coue t.ru.tion 

( •/1 . ) of n l i quor incu ted tor 48hr. wit.b o.sg. 
ol f i bre. 

LIPIDS(1g. /1 P!Wll cates Lipi d sliilit. 
of diffa . 
( ·0 . 05) 

i . 

Lipid (0) 23. 24. 87 2 . 22 

1J.mi oil (L) 22 23. 96 23.38 

Cod Li r 011 (C) 2'7. 16 26.73 ·" c> o. P. 

P t. ll (P) Z4. 83 24. 36 24 .60 

24 .. 98 X • 24. 79 

s • per fff'tlml10A'tion ttl• • t o.69 le/l,. 

Alt.bQU8h lil'lMed oil 

n . 
1 

1 1 

»Otmt.rt oil increased butyrate procluction 

11 . 44 

1t 

1 ... 01 

Unaff4 oil 

Cod ll: oil 



pnp~t.o oo4 wtynto produc'Uon ro no" sianitJ.oont (P.>0.6') 

(Appendix 7). 

Cod 11 

59 

procluc and butynt and leas te than vbeu the 

other U.pids n o.ddOO... so cod liv r oil vn: used lipid subs-trat.e 

iu a.11 &Ubsequont exper-lmnts. 

In ed lipUe, 0.5g. ot graaa tibl\ inc ood the 

of the tlbn eleo d on the type ot lipid. pre "· 
'UBLE 18. The eftNt ~ lipi4s OD total ' aoet.a • ioaate 

butyn c ( le/l.) ot li uor( SQ:U.) 

tad tor 

Md f'ibft 
(a./100m1.) lipid 

0 65.45 11.,.15 
fo~ VPA 

1 105.00 104.10 103.20 

0 43.,) ... 4J.9'7 
Aee- t.e 

1 69.,, .09 63 .sa 
0 t3 • ., t, .. t .41 15.12 

1 24.22 23 .. ·" 24. 

·'° T.61 T~ 8.67 
1 11 4 11.1> 1 10 12.03 

). 



Vhen lipida wore added to l"UQlltD liquor contaSntna 0 . 5g. ot Sl"M'• 

fibre, tot.Al VP.\ and a.cettlte produ.ctiOM wero 4eor-oa.aod, \lhilo ~yr4to 

ODd propionate 11ore iocroaoed, 0'1ieopt tor U.naffd oil vhioh cloprussod 

propion~te p~oducttou. 

\Jhon liplcla voro incubated in rucon liquor alon.t total VPJ.., 

noetato a.od propionat. productions voro lncnuoi vberMa butyra.to vaa 

docnued, with the ncept.l.on ot peo.nut oU vbiob ln.onaaecl butyrate 

procluotton. 'ftwo• ottecno on t.ot..l v1.u., e.oetate 6n4 but.Yl'"M wn 

the optO•it• 'to tho•• vbtob occurnct in tho pn•ence ot fibre ,, 
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4. The use of 14c-cellulose in rumen fermentations of lipid and grass 

fibre within impermeable apparatus 

Initially, an exploratory experiment of three incubations was 

carried out (Table 19) to determine total VPA production, percentage 

incorporation of 14c into co2 and VPA, and the relative proportions of 

14c in acetic, propionie and butyric acids. 14 The use of C-cellulose 

as a marker was an attempt to establish the source of VPA's formed in 

rumen fermentations of grass fibre and lipid. At the conclusion of the 

0 incubation period the samples were frozen (-4 C) until analysed. 

TABLE 19. Design of exploratory experiment when 14c-cellulose(28.Q )lC./mg.) 

was incubated in rumen liquor(50ml.) for 48hr. with grass 

fibre(0.5g.} and with or without cod liver oil(1.5g.). 

Phosphate Grass Cod Liver Oil 14 C-cellulose Distilled 
Sample Buff er Fibre Emulsion (mg.) H20(ml.) 

(ml.} (g.) (ml.) 

Control ( 1) 15 0.5 1.95 1.5 

Control (2) " II 2.13 1.5 

Experimental (3} II If 3.0 2.15 

' 
4.1 Total and individual VPA produetion 

Although the lowest total VPA production occurred in the presence 

ot lipid, the greatest amount of propionate and the least acetate was 

produced in the presence of lipid (Table 20). 

TABLE 20. Total and individual VPA concentrations of rumen liquor 

incubated for 48hr. with grass fibre, 14 C-cellulose, a.nd 

with or wi-thout cod liver oil. 

Sample n(-moleZ100m1, 
Acetate Propionate Butyrate TOT.AL 

Con-trol (1) 10.31 2;7) 1.46 14.50 

Control (2) 11.20 2.63 1.30 15 .13 

Experimental (3) 9.32 3.03 1.35 13 •. 70 



TABLE 21 . 14 . 14 Diatribution of C inw VPA (n) al1d co2 (b) trotJ C-Colluloao 

inc:ub&ted 1n n liquor tor 48hr .. vit.h · s .fibre with 

of vi tJlout. Cil4 li T oil . 

s le 

Cotltrol ( 1 ) 

Omtrol (2) 

~(l) 

b 

(2) 

121 .. 212 x 106 

132. 401 x 106 

6 133.644 x 10 

112.401 . Jt 1il' 

'''· x 10
6 

79, '67. 870 
19,m .cno 
82, 050, 140 

Tout 
.. disln ~~i 

1n 002 

ot 14c in co2 

~"'""''""• .,.4~,-· lvi1.y ( bL 21b). 

(~ le 22) . 

65 . 48 

60.)9 

61 . 39 

0 .41 

1.ur 

1 c 



incorporated in propi >te if). lipid it be nt 

ineorpor te into kot nio oompounde in tho ab of 11 ·d, and. 

en lipid vaa adt:'kxt. 

TABLE 22. Tho diatribution ot tho otnl 14c-VP .. , to t 
, 4 ellulose, in ao te, propionAte alM1 bu to. 

le 

c ol (1) 

Control (2) 
2 · '' ) 68 

tyrate 

12.89 

A s ocmd xpe :b (Tabl• 23) ooaduc 4 to rlond the 

oxplor tor:; oxpertoont. uei 14c-collulos • onq 

eonnooted t.o tut-tubee oonte.iniDg tho CO.,-ooll o • l\vdroxido . 
fl., 

23. h•isn t the xpe:r 14C-0•11ulo (28 p./i .• ) • 
ted in l . ) tor " th • tibr• 

(o.sa.> aD4 0 .1 - 1. llftr oil. 

t• Graaa 1 n·e~ill llul a2ot . ) ( .) 

1110. 15 - - t.09 o. 1.00 

J11. .. ·' - 1. o. 1.00 

3112. f1 ,. 0 . 2 1.00 1.09 o. 
4J1). " . 3 1. 1. o. 5 

;1 . It .. o. 1.00 1.09 o. 

'''· •• o. 1. 1 <It 0.1, 
Tt16. " 1.0 t.oo .tt o.5o 

111. ft ,_, 1 1. o.2s 
t18. fl " 2. 1.1 1.00 -



total WA - . . I 

Net VPA prod . 

of 

11 tho 48hr. incubations . 

t ~ion ot to l 

:t lipi-d level :ore m>t. 

aignitic t (P.>0.05) (Appentix ) ., 

Mo'-• not oll l la of U.pid, 4 . 

All lipU 1-eT ls inereaa the t U 

ll . cl and 2.0 • 

ot lipid · pi.tioant (i'..c 0 .05) (Table 24• ApJ~llx le) . 

TAIJL'e 24 . » prod .otf.4n ot 1>ropi .._,._,,..~) tibft{0. 5g. ) , 

llllld 14e-c lluloae 1w:U :ted in Uquo-r for 48br. witdl 

0 .1 ... 1 .Og. o'f c U. oil., 

p14 

11 . ts 

14. 79 

1) 92 

tl• . + 1 . 43 ..... 



'' 
TABLE 25 . Net production of bu'tyrat ( le) from gras fibJ'e (0 . 5g. ) ; 

and 
14

c-eelluloae incubated in n liquor 'for 48hr. vit.h 

0 . 1 ... 1.0g. of cod liver oil . 

Dui?lic tea 
Lipid Added(g. /100ml . ) »1 »2 

0 5 . 00 5. 10 

0 . 2 5. 58 8 .51 

O. l T. 25 6. 84 

0 . 4 8 .92 9 .09 

0.5 8 . 04 7.40 
1 .0 9 . 56 9.46 
1.5 8. 35 8 .79 
2. 0 11 . 86 8 .99 

Duplicate :ans 8.07 s . 02 

Added 
Lipi.4 
Means 

5.05 

1.04 
7.04 
9 . 01 

1.12 
9 ,.51 

8.57 
10.43 

-X • 8 .05 

Sign.if . 
ot diffs . 
(P .C::0. 05) 

2. 0.> o 

S.E. per fermentation bottle•± 1. 12 UMDOles 

4 . 5 14 
Incorporation of C irrt.o VPA and. co

2 

14 The percentage of C incorpor ted in'to VPA nnged from 37 .7 to 

63 . 09% with an o.erall .wem incorporation ol . $ . No tronds in 

incorpontion v re apparent. vitb th presence or absence of SS fibre 

o.nd. lipid or vith lipid level . 

As fou.Dd. in expl t.ory expe~, 

into co2 was very lov ranging from O - 1 .~. It v hi st with t O. )g. 

of lipid le no incorpor t.ion vas tound h 0 .5 - 2.0g. l vels of lipid. 

D t.ribuf.i on of 
14c VPA' a 

oc1. in ae 

le t ~he npnsentbg the diatributi ot total 
14

c-VPA 

in eithfl' etic, propl.onic o• but.yrie acid&. 

14 
Lipid dee th4t pndueUon t c-a.c.ute (~bl• Z6• Ap 

and inc.re ea tbe produoti 

14c-butyrate (Appen4:h 9c) • 



14 14 
• C-cteetate production frot:i c...eollulos• incub(l.ted in rw:lOU liquor vi.th 0 .5g. of grass fibre 

0 .. 1 - 1 .o, .. of cod liver oil . (Percentages transformed to angle•} . 

Lipid tovels(a. /1 

lieato . 0 0.2 0 . 3 o.4 0 .5 1. 0 1.5 2 . 0 ...... plicate 
Means 

»1 54. 45 53.73 51 .59 50. 42 51 .47 48.85 so.01 48 .73 51 . 16 

»2 53. 19 52. 53 49.54 51 . 41 ,, . 30 52 . 12 50. 36 49 . 43 51 .. 24 

53 . 13 50.57 50.92 51 .39 50.49 50 .19 49 .08 x .. 51 . 20 

Signj.f icano• ot 0 . 3.:::.0. 0 .4~0. 0 . 5 ~0. 1 . 0 ..:::.. 0. 1 . 5 ..:::0 . 2 . 0..c::.o . 

41tl•· (P..t:: 0 . 1) 

!ABLE 21. ...... C ... l>l'Ol)iona.te production from 14c-oolluloae incubated in rumen liquor vith o.5g. of graas 

• of cocl liver oil . (Percentages tranatomed to angles) • 

Liptcl Adcled(g . /100ml . ) 

lieat• 0 0 . 2 o.i 0 . 4 0 . 5 1 . 0 1 . 5 2 .0 Duplica.t. 
Means -

1 -7.63 27. 28 28. ,9 29 . 4? 28.9) 30. 00 29 .53 30. 13 28 .95 

»2 27.69 27.42 31 , 24 28. 66 29 .. 13 28.S6 10.00 30.66 29. 23 

27. l5 29. 92 29.01 29. 13 29. 43 29 ."17 30.40 y • 29.09 

o., ;;>'o, 0 . 4 :::0- 0 . 2. o.s > 0 .. 2. 1 .0~01 1 ·' "701 2 .. 0 > 0 , 

& 0.2. & 0. 2. & 0 . 2 . & 0 . 2 . 

~ 
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all the other lipid levels , ~copt tho 0 . 2g .. lipid 1 vol , wen sigJd.ticant 

(P <"0 . 1 ) • 

n 

no lipid and 11 t.he other lipid levels except for the 0 .. 2, 0. 4 " 0 .5g. 

lipid lewb (P c::::o . 1 ) . Tbere vere also signitican't ditferences between 

14 the lover C-propione.te proclueti.on of the 0 .2 • lipid le¥ 1 Gad all t.he 

other levela ot lipid. 

There were no 

Thero were also no signi.fi.cant dittGl'GllCU beWeen clupli tes in 

either 14c-ac tate, 14c-propionate or 14c-butym" production (P ,..0 . 05) 

(Appendix 9) . 



!J. l'h,e i99uba.t.i,on Bf ( ~-1 4C}gl~ J'O\ {.q•'iir>Jc•l :.l !n !!Jfl!D U.smoi- vith 

lltMB fibr 

Tho nt of tho contribution ot tho glyoerol ioty ot 

triglyoeritloa to VPA , or moro spocifion ly, thet ext n.1'. of tho 

contribution ot glycerol to propio to production both in tho p ono 

ab• ot gr • tibro and lipid vc. inv atign'i by e.tld.ing 

("' 14c)glyoorol to t rmontations vtthin i :po t\ble o.ppa.rat 

(t' blo 28) . 

TADU:: :ZS. sign ot the expor t vh ( -
14

0) lye rol (o.4;'J10./al . ) 

Sactpl 

Blank 

Control 

,, 

n 

0. 3 • 

inoub&t. i liquor( 50m1.) tor 4 • vi th • 

tibro(O.Sg) . oncl o. ,5 - 1.r. • of cod livor oil. 

l'bo pha't.o G • Buff or Pibr 
(ml . ) ( . ) 

1 J6. 15 -
2;'7. ft 0. 5 ,, . " ft 

•a9. " .. 
5;to. ,. 

Co<l Livor Oll (.., 14c) Diat1lled 
ai n 

(ml. ) 

--
0. 3 

t.o 
3.0 

glycerol U"'O(ml.) 
(ol.) .. 

1 1. 50 
.. 1. 50 

" 1. )5 

1.00 

" -

ting 

CJOZM)OD.~J'Ati D.8 of 11 

•ft ot U. 1 V11A -1.able, 

3. 

tt 

U. (cl l le ( >O. 



o~ tyn.te.. No signttlc t clifl•rences bet en lipid l ela ven found 

t rr 1the-r ooid (P > 0 .. 05) (Appendix 101> 10<1) . 

Lipid inere 

1 el of lipid en eigntticcmi (p..c.0 . 01} ( · lo 29• Appcmdix lOc) • 

Although no-t eonfi 

ditterenc (P < 0.05) i: the 

lipid le ols (O.), 1.0 & 3.0fl.) 

p te ' 

ant 

propi - bctt;vec~ the 1 ( o. 6 1. • ) 

otU.i. 

t pnduot,i of prop14 te( 

(2-14C)glye rol 

0.15- 1 .5 • of cod 11 r oil. 

Lipid (g./100ml.) D"' 
'" 

0 11' 22 

O.) 10 ' • 

1. .T5 • 
J.O 1 • .,, 

t, .. .oi ti ' 

(,. .) 1 1• 

le) fibre(0.5g.) 
liquor tor 48br . ith 

Sipll. 
of 4.lfta .. 

(P <.0.01) (P < .05 ) 

9 

.S9 o., .,. o. 
9.-35 1.0 >o,. 

to 3 ? O. l.0 7'0 .. 3, 

1.0. 

1•/l 



14 14 
~ ineorzorntion . of c ~ (2- c)gln rol into 

'total ~ intlivl4ual VPA's 

VPA• in f,bo vari ta, rnugod trom 51 . l3% to 61.2 F't vith en 

l :nr ot S4 .m (To.ble 30). No trend ln ~l incorporation 

TABLE 

s 1• 

Bl 

Con'trol 

0 .3 • Lipid 

'· • L1 4 

'· -. Li 

toto.l 

( 

VP.A 

Ac• :to 

Propio 

lndiYi<lual WA• • 

i /' • x 1 o3 ). 

471 

t.e 22 

Butyrcte 25 

'l'OTAL 518 

At: :te 479 

pi :te 60 

19 

618 

67 .,, 
'4 

419 

6 

15 

TO!AL 552 

(2-14c)glyce.rol into 

e t l tivit7 o 

1 
tton Aetzivlty 

46.67 507 S0.24 

2.18 34 l .. 37 

2.48 37 l.67 

51.3) 578 57.28 

47AT 457 45 

5. 52 5.15 
7.8) 37 3 .. 67 

1.2-4 54.11 

'°·"' 424 42.02 

6. 87 

1.2 48 ... 16 

14 :rr 
• 

75 T 3 

5f 8 51.33 

,,_,. J7i ,.,. 
1.9' 
T.43 .1) 

54.?0 ' n.1 



The jod:ty of th 
14c v in.corpora d into oeetato with only 

A 11 portion being i eorporated into propionate and butyrate . In 

14 11 samples the combined ineorpor tioa ot C into propionate 6.nd 

butyrate nrely exc~ one/third of ii' e 14
c ineorpora.~od into acetti.te . 

14 The ineorporatio:n of C in'to propionet and butyrate vas l st. vhen 

g.:ross flbn and lipid were no't added to th& liquor. The e>ttoct 

of grass fibre cud ineroasiag 1 ela of l ipid v to d crea .e the 

incorporation o~ 14c into inc e th ineorpor ti of 

14 
C into pnpiona ao4 tyr te. 



6. In-vitro •Xftril:»n'h ueW the snloro-ariU~ct;Ol r\Dt.n app.n'tua 

A •ertee of •xperir»nt• were UD4e~ to 4.etendne the production 

of totel a.od. ln4S:ri4ual VPA•• in Jl\Gen liquor inoubo.t.od to~ 24bl' . with 

pua tlbM alld vtth or without cod liver oll vttW.n a 41~lya1a ea.o troc 

vblcb end product.a ot tezmenta'lion vore l"OmOvod by a oon~inuou::a flov 

(40ml ./hr. ) of clarifiod rumen liquo•(dblyaato) . In all expericent.a 

tho tbro4t mio~lfical l'UileD units, deaoribod eorlior, wen ~ 

exper1.mento.ll.y u in Table )1 . In the flnt tvo exponmonta (clenoto4 .! 

each ariltloial l"IDm vu colleotocl N ono 

TABLE )1 . Experimnt• wslq t.be atoro-oriitioial l'UmOD anuetue. 

mm 

mcm1t 

Control 

De•iSD of ·~ to dotoftdne tbe VPA pnduotion tl'oo 

5Cbl . ot N::lft Uquo7 11lcub&M4 tor 2<4hr. with •itbe7 o.s •• 
ot lft\9• fibres crus tibH am. 1 . 51. of co4 Unr oil• or 

vtth<nn a.dd.lti eubef.nlw• • 

OJ'CWS• Cod Ll"r 011 Incubation mn111.a. 

Pibn(g. ) Ei:alleton(ml . ) Thlo(hr. ) ~O(ml . ) 

- - 24 '·' o., - " 1. 5 

~imentol 0.5 s.o .. -
ita pll edjuatea to 9.0 - ' · ' with N/S NaW and wapon.'4Ml to approxlcAtely 

100 - 200ml. in a rotA&'y ..-porator, bcaton beJ.oa ~ed. ID a. f\&rther 

ponlau •Vft'Y 2 hr. to~ ~la. 

Sino• only one oov vu c-n.tl bl• 4-!Qa •X»U~ _ on4 ,h, l'Ul!1ltD 

b 

loble S2 • 



TABLE 32a . The ~otal VPA concentrations , in expori~ents a and b, ot the rumen l i~uor(5vrui . ) 
incubi.\1.~ for 24 hr . vith grass fibrtt ttn<l cod-l iv'er-oil , and ot t.be clarified 

n liquor(dialya~te ) co ll ected from each nrtifici~l-rumen unit . 

Sa.mDle Sampling Ti me F:xperiment a }'"!,<periroent b 
(hr.) ~-mo l e/l . m-mol e/50ml . m-mole/ l . m-mo lo/50nl . 

IJl Li quor: O 59 . l 2 . 96 58 . 0 2 . 90 
Blank 24 55 . 1 2.76 53 . 1 2.66 
Control 24 61. 4 3.07 58 . 1 2. 91 
E,Xperimentol 24 56 .7 ~ .84 57 .7 2. 89 

Clarified Rut.ten Liquor: O 53 .~ - 53. 20 
Ble.nk 24 57 • .?9 - 54.93 
Control 24 60 . 63 - 55 . 53 

l 24 57 . 38 - 57 . 59 

TABLE 32b. The t.otal and individual VPA produc"tion(m~le/50ml . ) in experi ments a und b , frot'l 
n l i quor(50ml . ) incuboted tor ~4hr . vi th grass fib.re and cod l iver oil .-

:.>ump lo 
,.,,,, ...... iii: ________ ... - Ex;eeriment b 

A• p 1 B'' ,,,.. Total A p D Tot.il 

Blank 3.36 - 0 . 91 3.89 0 . 90 0 . 38 0 . 21 1. 49 
5 . 18 1 . 02 l . 34 7 .54 1 . 21 1. 29 - 2 . 3·~ 

l 3.16 - 0 . 54 .J . 06 1. 63 1 .73 1 . 02 4 . 38 

A" Acetate P •" Propioni&te B Butyrate 

Bl&nkJ rumen l i quor only. 

Control s rur::ien l i quor+ grass tibre(O. Sg. ) . 

rimcmtal J ruriaen liquor+ gnas fibre( 0 . 5g. ) +cod livor oil( 1 . 5g . ) . 

~ 



s fibre n 1 r 

colleriml 

appant 

in the dialysaw 

~nu~ M.in.wi• .... ..._..... in OXJCriment 

collected 

bo s tibro end cod liver oil. 

14 

-



tota.ls nnd the sums o-f individual VPA • s have occurred boc'&US:e of these negative 

values (Table 32b) . 

6. 2 'E!J!rimen'ts c and d 

Th l'esult-s ~ xperi nt.s c and d a.re shovrl in Tables 33 an4 34. - -
Th• toV.1 VPA c~ent-ration o~ ch 80ml . port.tan 

the proporiiona ot 

r sults ot T bl ll 

h 1.a. in 

given in 

·ceding 

ot both ( le/50ml . ) and ( le/l . )_. 

the la~t.er being used for contondty and to allow ~ vlt1h ~ 

TABLE ''· The WA prodw:U 1:a !. em At tnm rtmm 

m. 
c COit' _ -
4 

A* 

U.quor(50ml.) incmbo.tecl fo-r Mbr. vi.th u ttt>re aid 

co4 u.w.r oil. (o-.2 • aempl.a). 

,.,.11m Uquu + t?Sl#a 

0.10 

0 

0 

!l"bJ!!'llillft l~ + enMPJ ft~0.5 . ) + 



to 

1'0'.rAL 

B 

imont c -

'4) to 

~~and~ 
t 24hr. ti 

4 -

ti an 

(s Pi • 6 7). 

. only 

:to 8l¥l 

.Dn~88ltl'CO ~ ll 4 than 

le/50Al. ), in 

liq r(5Qr:d.) incubated 

\tod ll oil. 

16 

+ o • .so + o + o,..83 - - + 0.11 

- 1 - 1 ,., - 1 ·' - 0 ) - o. - o. 

2.ttt 

_..UHi ft (0, •>• 
~- lirtnidt + g.n.1"8 ~' (Q ' .) + 
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FIG. 6. Total VFA production(m-mole/ l.) from rumen liquor(50ml.) incubated with 

(a) 0.5g. of grass fibre + 1 .5g. of cod liver oil () (b) 0.5g. of ·grass 

fibre ~ ; (c) or without additional substrates ~ , for 24hr. within 

the semi-permeable apparatus. (Experiment_£.) 
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FIG. 7. Total VFA production(m-mole/l.) from rumen liquor(50ml.) incubated with 

(a) 0.5g. of grass fibre + 1 .5g. of cod liver oil Q (b) 0.5g. 'of grass 

fibre e ; (c) or without additional substrates • , for 24hr·. within 

the semi-permeable apparatus. (Experiment i•) 



'the elnriti 4 ruiaen li~ rei:»iDintf in tho 8{}puatu at the couclwd.on 

of the incuOOt.ion pori<Ml.. ~ oorrec'tions requirod w variabl 1mt llO 

overall ttect on ~he pwduetion ot total VPA oceurrod .. i.o., in bo'Ul 

e and. d - - ~Uy 1D P • 8 MCl 9. 

teotto 1 ~ 

eon 4 - 8 hr. (Pi • 8) vitb 

containing U.pi4 ooutiln:d.Da' th a h1ghu to of total VPA pnduotion 

b:om 14 - 24hl'. In upor ,! the re.to of tota.l VPA prOOu.oil-. 

at 6 hr. vhile 't 

til>n: ow gns tine u:od lipid at 10 and 1 • . apect1 ly. 0.. 

lip14 aD4 pe.8S £f.bro lncUDO:ti 

14 -

Jnbo 

ll'lE!l8tt 114 • In 031JW'lalmt 

lat r lnoubatl (Pi • 9) . 
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Fig. 9 . Rate of production of individual VFA's · (m-mole/l./2hr.) within the 

semi-permeable apparatus containing 50ml. of rumen liquor incubated for 24hr. 

with (a) 0 .5g. of grass fibre + 1.5g. of cod liver oil 0 
grass fibre •; or (c) without additional substrates • 

(b) 0.5g. of 



aome recovery in propionate production bad oe-currod after 14br,.,, tho 

peak 'tes d propto :te production had t n place at 2 hr .. for o.11 

ineulmtions . 

The rate ot but.yro.to production waa rlr ly wriablo be-tw n 

experiment and hetveen incubations vi thin ach xpe:rimont. (F • 9) • 

tiv ly, 

while u of butyrate pi-oduc~ion tor incubatio c ta!ning 

lipld were hip st. at 14br. ill inc tions boved s indieatt of 

a gradual deer o in the t.es of butyra.W production over the :?4hr. 

period. 

containing lipid W9M highent at ot 

production were among tho lowest that oecu:rnd during the incu 'tione. 

No l'ifld.lar ml.isaticms could be toWld tor the incu tions 



1 . ..u.......,_o.,.t..._
1
_
4
c..,-c.......,e..,l,_l .. u..,lo ..... ....._.i..,n...,..ruine __ .,.u ...... t ..,ermcm ... -...ta.,., ... t1 ... • on.....,a.._.,o .. f _l ... 1.,.1,..1 .. d_und .... · ...... ealliiiilOO· ... s...,· ... t ... i.,b.,,r.-.e 

vithin the micro-nrtilicial rumens 

Grass fibre was supplemented with 14 Sl:l311 uaount ot C-callulose 

as a J'ker in order to deitonll.ne accurately vb.cm the ineroa.s.ed propionat. 

foma.tion, observed when lipid was added to n liquor incubations 

within emi- permeable appa.r tus ( e~~perl t. 6} , oecurrod. Approxim tel y 

mioro-Gl'titicin.l ns were :ranged xperimental ly in Table 15 . 

TA\BLE 35 . lncu tion ot 14c-cen o in s ble a'ftllriia.nl'f:tJls . 

sicn of the • t in which 
1 

C-Cellulon (28 .. ) 
vu incub :toc1 in rumen UMtOr(100ml) . tor 24hr. vitb ss 

fibre(0 .5a. ) and 1.0 - 3.o,. of cod liver oil . 

Gr 8 Cod Liver Oil 14C-c llulo e 
Incubation Distilled 

UNIT Fibre lbulaion ( . ) Ttme(hr . ) ~O(t!ll . ) 
(g. ) ( 1 . } 

Control 1 5.02 24 ) . 0 

Experimen l 1 1 2. 0 5.00 " 2.0 

Expe l :? 1 6 .0 5.02 n -
1 . 1 

ove 11 t tion o:t VPA 

fibre l . Og. ~ c u oil 

tton t~ 

• 
th4t 41 (f.abl• '6) . Tile • of nor 1 in • 

ot to VP.A in be me ti. ft te 

in ob 

• • diffi • 



TABLE 36. Th• procluction and 4eoreuee in total VPA (m-cole)of rumon 

liquor( 1 OOml • ) incubated tor 24hr. in a dialy.ia •c.c vi th 

£'l"C.IB tibre(0. 5g. ) , 14C-Collulose , and cod liYor oil 

(1 .0 and 3.0g. ) . 

Control 

Ex.perimont.cl 1 

Expoa-ir::iontol 2 

Production 

4 .85 

5 .58 
5.00 

14 Total and indtridual C-VPA R£04uotlOD 

In thi• experiaent, VPA pl'OduotiOD dtd occur becaua• 14c-VPA 

vu formed (Pig. 10) . 14C-VPA production vae at a peak tor all incubation 

14 unit• 6 hr. Gtter the ccxi:cenoe nt ot tho •~riment. Total C-VPA 

production was groateri Yitb the lov Upld l.-..1 (1 . 0g. cod Unr oU/100ml . ) 

o.nd leaat vi th the high lipid l evel(3.0g . cod l1'9'9r oil/100a1 . ) . Exc luding 
14 . 

tho amount of C-VPA produced at 16hr. (vhicb vaa accidentGlly loat) , 

th• percentage incorpora·Uon of 14c-colluloee into WA'• vao 26 .1~ for 

~ lov llpidt 24. 12" fo-r tho control• am 22.38% tor th• hip lipid 

incubation . Compared vith pnvioua expe~t• ot "hi• atudy, in vbioh 
14 C-Cel luloae wa.s used, the•• vere lov percentage• of lncorpora:t.icm. 

th.ta vu not aucoeaatul because of extremely poor ropl'aductbility due to 

a.4aorpt1on of WA'• on to th• col\m!De and pottlna phenoae • An 

lnve•t~pUon of th• oxteut to vh1ch a4eorption Gn4 canyoqr of VPA'• 

vu occurr1ng cm~ colwma uod. vu uoden.Mo. 14c-a.cotate of known 

ro4ioa.O~l'rity vu a4a.4 to a VPA emapl• am f.ta pa-ltqutcl chr :to11"4phf.o 

bebanour ilmt•tiptecl. 
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FIG. 10. 
14 14 

The production of C-VFA from C-cellulose incubated with rumen liquor 

in the presence of (a) 0.5g. of grass fibre ; (b) 0.5g~ of ·grass fibre + 

1.0g. of cod liver oil 0 or (c) 0.5g. of grass fibre+ 3.0g. of cod liver 

oil ~ , for 24hr. within the semi-permeable apparatus. 



7 . 3 Invostiptiou in~o the ad•oWion and ott.l"l'YOV!r of VPA'e on 

fZ4!=11quid cbroDatosram colu:cna 

14 
A 10 )ll . e.liquot ot c - VPA vu injectod And Sepu'Bted on a. tro hly 

14 pneked ·• ' x. _" glasa column (1~ PalA - Celit• 545) t1.Dd C-froo to.tty 

ncicla colleo-ted by tho titrimotrie method. Tvo conoeout..ive non-rcdioo.oti.ve 

14 
VPA 1Hu11ploa wore separated folloved by another C-VPA sample . Pina.Uy, 

t,..,, mon non-radioGCt.iYe aacopl•• vere separated o.nd collooted tor 

14 
annlysea . The resul ta a.re preaented 1n Table '7. Al though the C-a.cetato 

adsorbed on the coluc:n vu aubaequent.ly dbplaced by aucoeaai•• WA 1uu:11plee , 

'thi• oanyovor ot WA' s vu lov and roln.tively oonatant for both 14c-vrA 

aenpl•• • 

TABLE 37. Uee ot radioactiw and non- mdioaot.in acotate incorporatod 

in VBA samples and separated. on n pa- liquid obrot:DAtogn.p~ 

column (157". PEGA - Celite 545) • 

.. ;cu;iple(10 )ll . ) 

Radioactive 

Non-ndioacti.-. 

Non-ndioaot.i •o 

Bc4ioactin 

Non-ro.dio t1Te 

Non-ft.Clioaotiw 

13, 172 

346 

46 

16,776 

"'' 1().f 

2. 56 

0 . )4 

2. 6) 

o.60 

A. •lllilar colucm (1'-' PEG.l - Cellte '4') vbicb hA4 aepue.'Mcl appro t.ly 
200 radioacti'ft WA aeaplea (mdnl.y 14c-ec.t te) vu analysed tor a48ol'bod 

roclioanivity. The colw:m, containtna 9-tOg. ot •olt4 auppon, vaa 

••Umated to h6" adaorbe4 a to-1 nc.U.oacUn~;:v ot ao80 • 2110 

dlaintepat.tiona/cdn. 



A largo lo•• ot tho 14c injected on to the column ooul.4 no'\ 
14 . 

b. o.ocmm~ for. Oaly 44.2~ <ind '6·'~ ot tho C vu roooYGred, 

'" i-oepootivoly, froo tho tvo C-VPA aanploa ffPt\r6tod. Evon all~ 

tor losaoo from acid1fic111·Uon in tho nol'l:ID.l C1Cm1or, ~ largo mz10tmt ot 
14 C '\11:\9 still una,ccountod for. 

i 

a 7' x 1" ateinlos• atoel oolWlll vaa froahly propo.l"Od 

(7% P1lf.A - Analtro:l 50/ 00} ond uaod for tho sopAmtion ot 14c-VPA 

de'kotor &Dd. oolleot.od in c.olloaitton tube• oont.Sn•na •ilioonhtd. 

alae• tlbr• moistened vlth tioluono •cln~1llatiou flu14 

T\to mothocla ot injooting 1.0 ... 2. 0 )ll. of VPA ~lea (radioactive 

and non-ra.dJ.onoti•o, alt.ornately tvioo) v.ro triod.. One aothod involvod 

taki~ up tho roqulro<l eU.quot of tho non.ooicUfiocl VPA GMlpl•, thon a 

anD.11 ~t. ot air, folloV'ed by 1.0)11. ot 85{. B)P04• In tbo aocond 

fQOthocl 1Jlo VPA saaaplo vae aclc1it1cd vith 1101 anct tho aoiclifio4 tdxture 

The porooutago ca.n)"Ovor (tho proportion of tho total ro4J.oaai.1Tit.y 

dotooted ill tho non-ra4104CtiT• aoporationa) le a!Mn.n in Table ;ss. 

t'ho motho4 of 1z13ocUo ocq bavo ictluonood tlw otteo~ of 

eo.rqoveit vbich lncreuec1 hom 28 .. l1l' \!hen aol4lflod VPA aampl•• 

voro uo4; or thi• lncl'OUo 'be an acoucmlatlw eftoot of the 
14 

c-.m:.p1e1 bject.oa on tbe ool\'Dl• 

The 6"orbe4 rodloaril•tv of tho 11' ma •Anakrom 50/60 ooluam, 

ueecl tor tlMt pr rl~ V1A aopuo_Uout ,_. 200 diaint.arationa/mtn. 



TABLE 38. • ot nd1 ti and tato inoorpo t.ed 

in VPA l t.ography 

col (7't Pf»A -

(a) t tcli.tiod WA aliquo'tc 

• 1' Car.l'yOYer 

2 .o Jll· rad1oacti • 1. 723 
1 . 0 )11 . 669 21.91 

1 . 0 Jil • ndloactive 1• 1, 409 

1 . 0 )11. . noa.- i:l.ve nmpl 547 27.97 

(b) 14ltled WA oll ts 

s l• cu. ~ 

1 . 0 JI]. • ra4i h 899 

1 • 5 )11. noo-rac11 SZT l6.96 

1 .o J.ll • radioaettve ltt 940 

1. 5 J,11 . n4J.oactiTO le 742 44.,11 

7'30 af.ahlMSft1'1.0lll8 • 

16t 220 d1eintegrat1 

50/60 col • Only 42.~ ot 

1 C OCCW'l"lred 

• 



Tho r 

oovo indicntod tbat. th oddition of lipid ! clistincti vo tt t upon 

to tation ot o lluloso 6nd pro~ly o r tneolublo o~rbobydr t • ot 

forao1tion of tho VF. 's ond o r ond produota ot fermon tion. 

p uct1one 

ch 

rmlO'D Uquctt i:tlC\toa'l"iGG vith • flbro " ly 

ocmduot-od by bort.aon & Ho.vko (1964) . Th bighor tot.el VPA produotiolJ. t 

t 48br. in th pros nee of lipid (Tablo 4) 4id not gro vith t 

rf)Suli.e o1 llobortaon & & "' (1964) mero lipid d pr n to-tnl VPA 

pr uotton at 48hr., a.ltbo b e.t 12 24hr. the bi !' VPA produc d 

vi th their •ul • tho hi r ~ vrouuu 

which OctCuno4 '1h ho ~ o4 lipid to co t vaa pro bly u 

ft t ol Upi on rbohydrat.e di t.I. • G t1b r?Gjor substro.ti 

add to 1 t thU 

li 1 le 

liquor), ho pROd 

u. 
to 

WI 

of • 

• 

(1,2 ,/100na1. 

1) . ' • 



ogr&Qd '11th tho results ot P..obortaon & Rnvko 'tlbilo the other hcl4 no 

cocplooc.mtory docrouo in &)Goto.to ovon o.lthougb propiona.t~ produottou 

hM. incroo.ood. 1foverlheloaa, lipid c:lid incroa.ao :vropionnto p:-oduction 

aubste.ntitilly from A wb11trato nor::nlly rocognia9d to bo ton:ientod t.o 

aoe"t.Bto, and in ono of 't.be prollminary oxporicente aoet.ato production 

\r"na decroa.eod '-Mn lipid wo.a nddod, civioe cd.oqua.to ca.ueo tor furthor 

lnvoatiant.iou to bo oO'lX'luci.cd. li'hon analyaina the otfoota of -.ariows 

lo•ol• of U.pid o;n ~o individual WA' • (1'3bloa 8, 9 & 10) it wu found 

t.bAt lipid aillftlticontly 4ooroo.aod tho production ot aootate aD! •ignifioontly 

1ncroaeed the produot.ion ot both proplODAto and butynte. lncHUing eoount.a 

o1 lipid turther riocentuated those oft~. No inoreue ooourrecl ill total 

produotion when lipid Yao addod (in to.ct " 4ooroaao ooourre4), yot. a lugo 

docrNl•o in ncetato production to account tor tho dcor oao in total VPA 

production voa ooneid~rably otfaot by inorocaea in propi0"4te and bU'tyro.to 

produotton. 

A •ioilu pottom of to1al and incU'ridual VP.\ prod.uot1ona omorgod tor 

oxporimenta l, 4, 5 & 6 . llbon 1ipi4 wu e4dod in oxpei-imoAt S (Appen4ix 1().1)) 

total VPA producrtion we Yal'iable bet.vean lipid lovelaa it "..,, doprcaeod in 

oxpor~t l (Appendix 71) u4 1n the Wtial exglorato17 incubations of 

oxporu..11-. 4 ('Peblo 20h and lboroued tn • eocon4 1Doub6Uon ot oxporlaont 4 

(AppGDdix So) OIJd. f.n esportmon't 6 (Table 33) itloro the t.ner ... o ill pro4uot.1on 

vaa pluo4 by hlahor n.'M• ot pro4uot.ion 4urtna tho latter nace ot tho 

incubattcma. Not all ~ ~ in aoe'h.te, pl"Op1ou.te &n4 butyra't.o 

conoentrattou wen at&tl•U.oal~ •ipitloat, but when Up14,.. e4decl tb 

oxporlmoftta ulna lapormable al)P6ratu, u..t.e.te vu 4ooreued onc1 proplono.to 

=4 butyrate proctuotiona voro lnoJ'.aod. 



The '\<> 1 an<l 1ncl1vid'UA1 VP. p uctiena at Tari.GUI t a of 

n ftrioua le 1• ot lipid inoubn.tion 

than 0: ' th tea ot production did tall off d th t • tbouch 

produo't1ona t • inoubnti • 

rlitioi l ruoono uao4 a ma r of time primarily 

ti of lipid alter th t 

obtained 

bu~., production at tb& a 

propiooet. pro :uct.tan oceurrod. 

n .t •a 

ltp14. BUlta ( le 32 33) 

only tru~ lu®lo into tion 

lipid th 1 et mto ot ecoteto 

time .. tho h1 0 tJf 

'lhe tal ~ produoti cUtter 1y ~ oxper nte 6 

(a, ht s. thi• •im11 to b¥ (196,) 

nt.io th problem of 4itf • in it.tty ot U.q or 

ooll • .Utter :ti. • 
"8U1 

and al 1 4l 

li 

ll ft> • 
wto ri 11 

of :\ 41ft• 

1 1 

, 



c 

tor lonctlw incubctio ( ~4, 36, 48 7 r.) , a on oritioiaod on tho 

grounds that nc1 tion could inhibit the t11 of 

fomonto.t1on and intluo o pathwy of t tntlon (Louv .!! ...!• 1949; 

a.nd DohorU,y, 1963) . It could bo argued tor 1 tbBt tho l.t\rgo t 

ot propionate fo vhen U. t4a "WOro oM an artit t of the !Pe!Jtm 

ad of tho 

of o t 

into h 

nt ol ctti ot 

\/ a otta t by the dltlieulty in do'toot 

In an at pt to inc o the ~..uu 

to • 

rJS.•H~OlllOJ::-T.ifiOial ftll'IV!n u 

tht• ~ 

1!'6!:lwm.11~ ln production. 

~1nn liquor 

to 100ml. , but Wa fdlod to procure the i reu ct • 

Th 416lyaie of lo 11 r in tho clia.lpia 

4i&ly• f\ll'tbor c tho alt oonootio bad . for 

(T bl 34) . Difficulty ountt>r 

thi• 

l"\1:301118' were • 

• ri in 



nocordina to U~reton (1948), end in t.M• atudy aubet.antlal VPA Jm)4uotion 

tl'OO greas ff.bro a'tUl occun-94 botveon 48 - 72hr. fhoro \llLe ditticulty in 

cocpletoly pre~ting frothing a.nd hence Oarl')'QWr of nmcn nu.id ini.o tho 

dio.lyea.to. Thi• problem ftlt\V 2-vo been cluo to tho nattlr• of tho rumon 

In future, provided. troth.1114 doe• not OC'CUJ', tho csioro-cu-t.itioinl 

rumo::i paaotbly could bo coneiatontly •ucooastul it a't 1 aot. 20Qzal. ot rumen 

liquor WU hlcubated '\."it.bin th• 4ta.l,y•i• 8QO 80 that. (Jl.'OOter QQOUDU ot VPA 

aro tormocl. '1'bo lncrecaee ln tho Vi'A ocmoontratlou of tho ~t.o czuat 

bo •ubet.cmtial uXl oaaily 401.oo'kd it the row>. u aN to "-t tbatcm4 tho 

lDhercnt ~xporimcat&l orron ~ tho proooduro ot aoperatiug individuAl VPA •e, 

~ the subt.rc.o't.ion ot the indi..-14ua1 VPA eoro hour oonoantration from tho 

VPA conoontn.tiou ot OGCh 11Uooeecling ponion ot dialy te. PouJ.bly a.nothor 

"'lli.V ot ool rl.ne W• probloa wulcl bo t.o dooroooe tho now mt.e ot ~ 

dinlyante. A.a oxporioontal oquiieont tho m3or ctieadvantaao of tho 

mioro-a.rtttioial 1'tElOn \IU it• eooplolC.lty u4 tho U!GbilUq to portorm 

larco number• ot aporiccnta v1Ua lt, a. orltlolm Glao aenttono4 1J7 

Johnaon (t966) . 

T1lCt im»el'DOC>.bl appftl'atu8 uaoc1 vu lldwmteaooua bocauao ot tte 

ef.apl1o1\y end oue of 4up11oA'\lcm. tora m:d>on ot iDoU tiona could be 

Ue ot 14c-gel1Bla!!l &a ;SM Jmmttblo Appgatga 

14
c-oollulon,,.. uao4 a.a a mrt:er to •tabllah the 90l.lreo ot VPA' • 

it the taor..-4 popionato produced ta. the pr.._.• d lipf.4-. t>.tna toftl84 

hol9 ~ 4Sgoatton ot ~t. .. ~ted by Rot..~• 0968). 



The a.Mitton of lipid did not sianiticantly aftoot tM incorporation 

of 14c into "ta.l WA (Tabl• 21e.). ln so tar o.s indirtd.ual :l's wrc 
14 eoncome4, ~ to produotion w. aigG1tioantly door od cm.a. 

140-propionato produciion ign!flo ntly inoronsod 'Whm1 lipid ~ s added 

(Te.bleo 26 8: 27). The roaulte of thi o:rper:l at oletl.l"ly shoved that inoo 

lipid hc4 oo ef:f'oc"t on the individ.13-1 \>"'FA' tomod from 14C-Oelluloae, i't 

moot. ltknly had imilcr oft 't" on tho collu1o . Mid tho othol' ineolublo 

gnea fibM. 'tho o oi e anil of to o 14C-Collulo 

ua qui ~ta at.aoo lipid a f.milar etf oct 
14 olllll • A8 it did OD 

VPA•a to 

n ttor • (1964) e.d4e4 ( 14c)c lluloao ao4 ( 14c)b cellulo 

proporlicma Gk the 14
0- ~·• produc re calou tea. by atrlcU.nc tho total 

tivity (41eintogr tiou/cain.) of h ~ion collocted trOQ th 

1Q1 labelle4 vu ac 

2. '4 - 2.62 4 n4i 

DIJ in but-yrate 

cUVU. r tor propi 

ISC1"/P>OPl•'Mf to 

11 I 

of e 



and ~ elf.mi to tor llDn'MIH co Uom t 

GJCCludo &1\Y VPA t 

Unfol"tunatoly thi · nlll'l:Klr'1mtm 

lac of a :t.id wry ¥\ni.QIW. 

tlti-imetrio ,,,.,.. ... l\llW'I 

a.riiti 1 

, to U80 
14c-e llul 

tndi 'rid 1 WA• · • 'rho 



eomplotoly O.t.JJ.l:umllOC 

ao tins 
14c-n • •· ftft'l"lA-i,f,()U and. 

obtotmble t to 

tree 14 ~v • 

(1968) oil .. auppl :tar,y ot 11 

dt lari id 

iU to t of u ol en ta t 

ous u. WA 

(t of 

u. ti.me tno tot& 

, Nottl " oil DO ti t 

cm VPA • 0 u r oil "-u to 

liquor ti pro.pt product.i 

by (t h (19(i3), 

ria, {1964) 

•• iQ r oil wu 

ff 



'UllLE 39. CciapooS:Uon of Poamlft• Ltnaood. an4 Cod L.iwr 011 ti' wteht) 
(Hl141toh, 1956). 

97 

Petumt Oil Linsoed Otl Cod Liver 
011 

Sotunt.od fatty utda • 15 - 24 6 - t 6 1, 
Una tuntocl fotty aoida t Total 85 - 76 94 - 84 8, 

Oleic 66 - 39 13 - JG 20 

Lino lo lo t9 - J7 to - 2"5 29 

Linol•Dic - GO - 30 26 

> C18 - - 10 

Ubon ltnMCK', pooimt and cod liwr olle "°" uaoa. lt .. tOUDd tm• 

cod Uftr oil, 1D tho p:roeeaoe d pua fibre u eubstmte, bDd by t~ tho 

pootori ettoct of inoroulna proptcmato (Table t 6) and bu~te (Tablo 17) 

production and d4onoaina aootat.e production (Table t5). Poe.nut oil alao 

pl"Od.ucod ao1"9 buVraotG and propionate OD4 loaa e.cotate than llnacod oil. 

!h.1• :ould oom to be o.t 'ftl'i&moo vlth tho ~u of Sbc.v a Unaor (19'9), 

atnco acoordina to tlwt ttaaroa stTOn by IU.Wtoh (19'6) in Table l9, linaoocl 

oil (bo 

t.tv a.olcla) wou14 bo apeo-W to inonaao proptcmo.te am 4ocl'OUO ooetato 

tbe moat. LtD8004 oil oriual~ depnaeo4 propiomte pnduriicm. (Tobi. t6). 

\bon tho three 41ttoront Upicla n .aa.a to l'UQeD liquol', tot41 TP.A 

lnonued 1D the abaeaoo u4 ~ in t.IMt ~ of fP'U8 flbnt 70t 

poplcma'to pro4DoUOA "'8 tDcroue4 la~~ (Mle ts). I• ... 

dlftloult to apla1D the tno...o in acetate 4D4 4eone.eo in butynt4» 

peohotf.on '4dJilD Uptcla wn ed4e4 to rQmlll liquor ill tho ...._,. of pue 

ttbft uold• • iatuoameniclll of ..-t. io butpate (Laa• Bl'ri~, 1966) 

.. lnhlblt.4. 
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A aim11a:r1ty botvoon tho renlta 8howD iD to.blo 4 m¥1 tbo:so obt61no4 

by nolMntoon 6 Jln'4t.D ( 1964) .....,.. the ottoo'l of lipid in dooroa.at.na tho w3 

produotion at 48br., Gltbouch higbel' W, produotf.OD o.'t 12br. ocouno4 in 

tho p.roaonoo of lipid in tho pz"Olim1nm.'Y oxporimate ot th18 ~. 

lrreapoatlvo of tbo 4ittonnt. cmounto of lipid o44o4, lipid 

aipUi~~ doo~ Nil:t po4uotlon ('lablo U). rue ottooft ot ltp14 

on !lll:, pi-oductlon vu ~t vtt.b tho l'Oaulte of tht proHmt"N'Y 

OXJOl'imoutet &l'tboQah, alDce thon w.a a cleol'OUO in total VP. (Table 7) 

lm4 tbowfmo fOftJOD •:lm, tbo 4oorooao lD ?lfl:, pn4uot.icm oould poeeibly 

be oxpoctoa. Cbalmen (1900) toaad t!Dt tba e&Uilon. of oil to a ratiaa 

W.Soh oantaino4 ~ or leaa niUosen rosultocl in • clo uton in l'UDOD 6m01lin 

l04t0la '4Jiorou, ~ aMec1 to ntiono vith a Dltrogon !O'ftl o~ 4.S.1, cm 

inoroaaod oonoO'JJUatlOD Of annmia raeultod. lt la poalblo tint tho arooa 

tlbro ueod iA t.bla ltuc\Y oont61nod ),1 or loaa mtroaon. Uawwr, W• vu 

n.ot 4crtomino4. 

oaonoue tormintaUcm accountoA to'lt a largo proportion ot t.bo mi, 

Fod.UCod ill &11 tho incubAtf.cmo. In taoi., ha tbo apel'imnt oanto:1D1.as 

"81'f.OWJ lnela ~ llp14, tho m, ;proanotSon ,.. ~~ Mahn' ~ 

eD4.ogonaaa lenxmtat.imi tJrrm la tbe t.ncmb&U-. ~ bot.b llp14 GD! 

gro.ee ftbft (fta. 4). im, proc!uoU• ._.tab~ a~~ tbe 72hr. 

lnoubaUOD#t rato of m, 1110&1uo•icm 4eonuSQB ~ dovJ.y '4 •tao, 

Etttq d WP'A • !ilw rfi st hr' 149H9! 

l'hl "'*' U9,UOl' iD ti. alo~W ...... 414 -' a11n.\Vll pl'Oduo 



liquor 

purpose of detomin.i.ng the pt1 of 

validity of tho incubat.ions in i:nmarmoab 

ncrea.se in pR after tho ini tlol dee in 

only' 1'UIDOn liquo:r 

by ond 

pro-i.oin. en 

(Table 12) -to a 

t:o 

VPA • ... only all 

:la ~i 

t·o:n.a. .• 

'to pll ot 7 .. 40 which pn 

in t ~i poe 

t of 11 

ly after • ThiAI 

by 11 

DB RARY 
MASSEY UNIVE~SlTY 

ly can be for 

egz'Q(]c:~tion f mo al 

- (1961); 

• 
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of tlM '
4c, vttb ~ 13,~ ot u. 1"'c unacoOUD'Md fca. 

:hen (2.-14c) glycorol .. Gd4e4 u oubef;nw in raaon li~uor 

contcJosoa both '1'988 ft.bro am1 eddod lipid, 6pproximt.ely 553' ot tho 

glycol'Ol ~ ino~tod into VPA'• (Tablo 30), 'Uhich la aia.ilar to that 

found by Gnrt.on, Louah 6 Vioque• Hobaon & Unz:m., JahaaJ am4 Vrigbt. \'be 

g~orol could ban PoQib~ boon tormmrt.od to othor on4 prot1uot.I (lGotato, 

l po:rilou bef.na ~rated into proptomto o:Q4 batymto. i'horo voa1d 

a.ppoar to bo no rouon ~ a~l &lhould tom pS"opf.osmto predamlmn1ily 

ainoo t.• vou1d tmttal!T toftl ~te vi. tho gJ..yoo¥io po~ botoro 

1-ina o<Jll"ffrte4 into VPA'•• The pa'Oduou of aqoorol toramt.e.~iono ooul.cl 

"t'U')" vi th tho mture of i.bo mcrobW popalo.U«i cm4 it 1a lil:c~ thorotoro 

U.• tho cUotaq roct- of tbt ..,Snant oGU14 haft an bportcnt boorins OD 

tho aDOU1Ji9 ot each 'fPA toioaod. ln work daDD tv Jolml ( 19'3) I llobson A IS= 

(t961h aD1 vom po~ a• tho ~t eOGrOh InaU~ (1962). the 

a~l _.. t~ &lt:!a'RR• le o.rioD, Loaab Vioqm (1959) added 

a~nol to c fo4 lalV' aa4 oc.oat...- .u-., cc:rnDD~ • proplanate 

~J.na ~. ri ~ (t969) aaoct Uciuor tiw ryeszus-clO'lor 

fod Gow. to~. i cu.'4c) ~nl to ........ C::02• OI* 'butyrate 

and laoti&te. 'IM ~ lit'* --4 in ~ PR••Dti naa;, .. ~ tftla 

oon teeclina • bq* GD4 oaat.•De4 o blah~- of aootato (To;S)• QQIDj=o 

ooetate produo!Da ~~ Pa.-oporiloaal17 b!abeit lnoo:rpoaUona of 

(a...f4c>a~rol l.oto aoet.to ooourna ta tbt ~1.- in '4d.Oh £lTo•nl 

wa the ~ ~ (Mb JO). Tbt aMltiOD ot Cl'U8 tibn l84 to a 



while tho- addition o-t lipid lDCrea&ed 

(2-14c)glycorol in~ propi~iw. 

101 

parallel t in the proponioue ~ W • bro rh about by tfT'll.B.s 

:tihr and lipid• U, that. the incorporation d (2-14c)glycoro1 

1nto VJ.IA ' crobial 

c 

11 .... la ital 

~ a.ot c offOO't t lipid 

v1 
. 

in propi t.& and 

and in • Al to can be 

to butyra • in to 

t 



portant f.onlGD'l~ 

picmio a.eJ.4 la o 

Uuloeo• a.ncl. einco aucoJ.Jmte is 

1:Jr0tlnft·t , of W.. a:pccd • hi proportion ~ 

_ .... iov,. The third type, .!!!!~!SU1lS:&!!~Bb 

t. ~ to, f'o _ te and 

chi~d' butyn pr in 

fbe llU.Vinl 

l1pol:rtJ.c Opi;l•U-At.irG Clll'l)G~. 

but ia prJ.marily ro edod ot 

llu , 

~ ~ f.D lDCUbaUOD8 CQ!ZlLta1lniJlg liplcl bo 6D OSIMmU&l ~'l:ftr 

of thle eJl'f'i . :t-. 

4ol:J1"01m1ll.H the nrodUCUcm ~ 

,cro-arii.fioiAl rtaena 

tbe PClamlCG 

t 

• 

' 

ttoo'\ rd 

·:icpe·ricld.118,, 1n Wi 

mto ot prop!: tct 

ot 

the 



tbt aarno"t'i.lms OCC:t\Jl'll."Od 

fa:VOUl'Cble for 

It tbis 

inhibit '1M!i:- IOD1Wl~Lon 

IlUllU..mlilJ.J ia 

-~lial"ial 'W'OUl4 

tion. 



i!l.umnae&ble apparatua 

VPA pl'tJ4uction of m-- licJ,uor f.ncuba 

ih&tlmr total 

Ahl'llrrt, by lipJ.4 

lJM!tnt~- lewls 

l.no1reaaea 

deoirecaaes 

ti • 

•• 



tr the Jl'Ull:Hln Uquor t,o 

of 

tlltticml" to utel'mino am eo::IPOJl'O. 

1.nenmtod in J!tl:.1an liquor al 

eftoc'ta vbi 

• 

11.ul 

lipid did RO't affect tbia incozpon ion of 1 C iat.o 

) 

~.-£ic.tm.Uy 

~:tr01P10m1:.o-. Lipid baa no sigDi..lhant etteo~ 

n • 

'e 



production of individunl Vlt\'ta 

14 in se · ting tho c-vPA's an 

dittieulty 

f 06 

~ booe.uae ot tho difticult.y 

liquid chromotot;J'O.pl\y col . • 'i'hia 

end their m.tbooqu nt contamination. or auecOO<ling VP.A 8'lml>lOJJ ., An invoetigo.tion 

iut.o tho problem 1 adaoJption ,.'GS carried out. .. 

d&preu • otWil tho cnm:r.om·~ pro&.ici,ion 

t.rom moon liquor i.neuba.t a.lone 

f il>r and llptd. 

s. 
doproasod t. 

produced. •.fti!M:'t'J""-• 1;boy za:rely mttl:oftf:IOO. 

gl,ycerol into n...-1.1.T..A'I!~ . 

le c~ m:tm:J 

alao 

140- ·~··· 
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(a) 

(b) 

A.PmmlX 4 

EffHtl ot llplcl levels an4 lno'uba'l1on tlaeo on ti. but)"ftote 

pl'04uoUon (D-mDle/1. ) iD Ex»e~ 2. 

Anunt• ot vutaoc• 

Souroe o~ Vo.J"tAnoe 

J)Qpllootea 

Llpi4 JAvel• 

ftoe• 

Llp14 Lffel• JI ftm• 

Beaictual 

!O!AL 

Control • tlpf.4 
Bet\IMD Llpl4 Lofth 

4.t. 

1 

3 

' 9 1, 
)1 

1 

2 

s.s . M.s. r 
0 . 02 0.02 0.04 

9.2, >.08 ,.92 
11.'19 '·" 1.'6 

3. '9 0.'8 o.n 
1.n o.,:a 

'2. 20 

D Yalu nqu.ln4 • 1 . 04 

B4toult 

u.s. 
ft • 

• • 
s.s. 

• * 
11.s. 

Eff eot. ot pus tibn 1-ftl• MA incubation time OD the buVft'te 

p&'Oduotion (m-aole/l.) in E)Cpel'iaent 2 . 

:YP:m!• 0£ "!£!sec! 

SOUoe o~ VU'i.Anc• 4.t. s.s. MeS4 ' U.oult 

DQ!f.c&W• 1 0.49 0.-49 J.21 • • s. 
ftbft tnela 1 4). tO 4). 10 237.» . .. 
ft.mo ' '·07 t .69 tt .~ • * 
•tbN IAftl• Jt .... 

, o.:rr 0,.09 o.«> .s. 
f.cbaa1 1 t .06 0 . 1, 

fOIAL 1, 49.99 
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ot u. level• 
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ADAlt!le o,t VU"ieao 
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,1.0 n.02 2.04 N.s. 
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.s • 

420 • 2 .01 
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APPEND 6 

f ect ot • tibl' time of tno tton on tt . to ~ton ot to 1 

VI t aoe'hnte , PT pioDAi.e but w( · le/1 . ) and a( .w,1100a1.) 

in l'i nt 2. 

(a) Tot lell t..} ~Mo!! v 1 ) 

Plbr• Adde4(a. /100ml , ) 

0 ''·'° 67 .. 7' 66,17 

1 90,05 100. 1, 104. 90 "101, 19 

(b) ) 

111-. (1./10<D1.,) 

0 4). 30 ... ,,, 41.11 
1 62,87 69.6> 12.02 74,,5 69 .rr 

(c) 2lonate !)yd.WJ 1 :<!tsctl•Llsl ! im•> 

,/10Qd,) 

0 12.v' 
1 2).°' 21.8) 

(d) 

<•·'' 
0 '· 1 9,91 9 .60 

(•) ) 



APPENDIX 7 

'1'be otfect of linaff<1 oil, cod liver oil and. peo.nut oU on tinal and 

indi..S.d.®1 volai;ll• fatt.y Mid lQ'OCluoticm(o-aol•/l . ) f.n Experiraent ' · 

(1) 'l'oto.1 Volatil • Petty Aoi4 Pl'ocluction 

An lz.!l• of Varic.nce 

Source ot Varicmoe 4.t . s.s. M.s. p Rosul\ 

Dupl1oa'hs 1 o.cn o.oa o.086 s.s. 
Lipida 3 4.45 1. 48 6 . 34 '°" a.at.duAl , 0.10 0.2''' 
TO'fAL 7 5. 11 

(it) Ac.tat. Pl'o<luotlon 

Mialzeio of vu.aaeo• 
Souroe or Vu-ionoe 4.1. s.s. H. $ . p Result. 

Duplicate a 1 o.04 o.04 O.OM N.s. 
Li pt ch ' 46,47 1, •• 9 17. 1, ~ 

Re•l4ua.l ) 2 .?1 0,90J) 

tor AL 7 49. 22 

(~)LBJ> ftlue nquift4 tor Upicl m&DD • ' ·02 

(lU.) bopionaw Plro4uotio 

AMJ.ni• o! Varianoe 

• of YU'l&Doe a.1. s.s. M.s. • aui• 

J>uplloat.e 1 o.>1 o.J1 0 ,66 u .. s. 
Lt.p148 , 14, 01 4.6T 9.94 • 
&lai4\161 , 1 • .a o.•1 
!OW. ' 

.. ,.,, 



(iv) -lT..A Production 

~l, of Y!J!fW&~ 

SO\ll"Ce of Vartenee 

Dupltoa.tes 

LipUs 

Beetdwll 

'IO'lAL 

( 

a..t . 

1 

3 , 
, 

)LSD val 

s .~ . 

0.21 

9 .49 

'·'' 
11.,2 

ut 

0.21 

3. 16 

o.981 

N.s .. 

tow Upt.4 mime • 1 .ao 



The ettoct of 

(a) Not 1To&aotion of total VPA 

(l) lYpis ot Vft!1 c• 
SoUl'Ce ot Vari d,I . s.s. M. i-' . p Ree t 

Jluplio :t.. 1 2 .n 2 ,.,, 1.59 .s. 

Lipid T 111 . 40 ,,.91 o. .s. 
Re• 1 126.20 ' •°' 
'?Of.AL 1' ·'' 
(11) 

Lipid A.dded(g./100ml . ) DupU.oatea 
»1 »2 

- '5 . 10 9.8, ,2 , 

0 . 2 60. 30 "· .9' 
O,J 52. 90 .10 54.80 

0 , 4 58.20 6, .10 61. 5 

0. 5 60.60 ,0.10 ,,.6' 
1.0 ,.,, ,., .to '7·'' 1., "·'° ,,.40 
2.0 61 . JO ,,,00 

' . 19 ''·'1 
• • . ,. •• . ' 1• 



(b ) Net Proauotion of Acetate 

(i) AnAlYll• of Varianc,• 

Source ot Varioaa• d. t . s.s. M.s. ' Result 

!NpUcatea 1 11 . 96 11 .96 1.20 N.s. 

Lipid Levels T '''·'' 21 .9' 2 . 19 t1.s . 

Roaiclul 7 10.00 10.00 

tol'AL 1, 2,, ... 7 

Lipid Add•4(1. /100m1 . ) Dupli.oat.• .A44ed I~pl4 
n, D2 "-arut 

'8.:n M.2, )6. 28 

0,2 J9.29 J.4.9' 37. 12 

o., 32.30 )5 .38 3).84 

0. 4 33.1' .o. J1 37.03 o., 36.90 11.21 34.06 

1. 0 31 . 20 Jt . 17 31 . 11 

'·' ''·'' 28.66 J1 .00 

2.0 >0.22 2'. '6 27. 89 

DQ})llcat• )f.ttma )4.,t2 32.69 -: . ),.,, 
s .n. ,. .. tea.ntaticm bn-tl• • t3. t6 m-aole 

,. 



(c) 

(4) 

.APPENDIX 8 

tr.t Production ol PJoopioDAte 

Azell!i• of Variance 

Source of Variance 4 .1. 

DupU.cat.e 1 

Lipid Level• 7 

BeaictuAl 1 

TOTAL ,, 

Control • Lipid Leftla 1 

BftVMD Lipid Lnel• 6 

s.s. 

3. 28 

11. )0 

14 .. JJ 

88.,, 

M.s. p neault 

3.28 1.6 N.s. 

11 .04 5. 39 • 
2.°' 

• * 

u.s. 

D ~lue requil'Od fol' l l pld lrrel meADa • 5.87 

Het Pl'o4uctiou of Butyrate 

Aee!Dl• of vmapc• 
SOurce ot Varlanoe a.:t. 

Duplic"t.o 1 

Lipid IAY•l• 1 

Reel4ual 1 

!Of AL 15 

Cou.-01 • tJ.p4 "*"'9lo 1 

a.-..n Lipid Leftle 6 

s .a. 

0 . 01 

..0.11 

8 . 81 

48.99 

M.s. p S.ault; 

0 . 01 o.ooa u.s. 
,.,. '·" 
1.26 

w.s. 



9 

The effecrt of ftrioua amount• of cod l lvn oll on the cllai.ribu\ton of 
14c (ineOl'J.lOl"&te4 into VPA boa 14c-cellulo••> omoua lndtv14ual 't'Olatll• 

h:'ty aota. (pel'Cen_,.. trmafon.4 to ual••) in Ellpedment " · 

(a) 

(b) 

14c-o.cet te pro4uo•ton 

Qe.~nl• o! Variance 

Sou.ft• ot Var1.anoe 

Duplicate• 

Lipid l.Nfel• 

Be•lctua.l 

'fO'lAL 

ConU-01 'f' Lipid 

Between Llpf.4 Lrftle 

4.r. 

1 

T 
1 ,, 
1 

6 

14c-pioopionaw pl"Od.uoti.on 

Abal.Y8i• 2t v ' c• 

s.s. 

o.OJ 
J.f. 29 

9.1• 
44.06 

15.74 18.,, 

M.s. 

o.OJ 
4.90 

1 . '9 

., Reeult 

0 .02 N.s. ,.,, 1~ 

• 
s .s. 

(10.') LSD Yalu tor lipid lnel ceano • 2. 24 

SOUl"Oe of V&l'iaDce a.t . s.s. H.s . ., Reault 

Dupltoa"-9 

Llpi4 LM'•l• 
Bt•f.41»1 

TOTAL 

Coo°'"l • Liplct 

Doi.WMD Li}'l4 Lftel• 

1 

1 
1 ,, 

1 

6 

o.,, o.,, 0 . '2 u.s. 
16,06 2. 29 3.'8 '°" "·'° o.64 
20.19 

• 

(1 ) Lim Yalm fOW lipi4 1"91 MaDe • 1. ,2 



9 

(o) 14c-butyrat. 

e 

s.s. M.s. t 

Duplioat a 1 o.9t 0.91 o. 5 N.s. 
Lipid Lnela 7 ''· 1.9> 1. .... 

• • 

el.cl 1 T 1.51 '·°' 
'IOIAL 15 21. 



APmmll 10 

The ettect ot "farious amowrta ot cod livn oll on the nn pncluct.ion 

ol total 804 iDdivictuo.1 ftl&til• tatty eo14a(m-aolo) ln Exporilant ' · 

(a) Net production ot WW VP.A 

~J.ri• ot v:wcmo• 
SOUZ'04t ot Varf.eiaoe 4.f . s .s. K. s. p a.auit 

DuDllcatea 1 14.8' 14.8' 1. 80 s.s. 
Lipl4 L9'tvl8 ' 13. 12 ' ·'1 0. 5' H.s. 

Be•14ual ' 2•.'D a.~ 

!Of.AL 1 ,2.10 

(b) W•t pftduction ot Ao.tat• 

AnAl.70b of Variance 

Soun• of Vuf.uo• 4d. s.s. H,S, I' ault 

Duplf.ca._ 1 o.'6 0. '6 o.°' N.n. 

Llp14 Leftl• ' ,2. 86 10.95 '·" u.s. 
•lcba1 , 19.1' 6.,8 

tofAL ., 92119' 



(o) Net p 

Soun• ot V: 
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G d . f . 
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10 

s. :. 
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0. 25 
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f u 
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.-... .,. p t 

'·" 44. 50 • • 
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o. 
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