
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



A thesis presented in partial tulfil ent of 

th require ots tor the d gree ot 

' aster of Aericultur l bei ace 

in Anim l c1ence 

at 

asooy University, 

New Zealand. 

D vtd G e C 

1 969 



hi 

oxt 

T u ho!' 1tJ 1 

1ov lunbl v1 

ebte to hi 

guimuico , 

up fficor, D . J •• n 
11, g1 v n th~owmo 

oft uay, both 1 t pul'&u of this grc 

ci nt1t1 t 1o1og. 

taff t .i • .iry Un1 • 

d ~ d to ,ov1 ton n-...... u d t U1 tt o 

to t t tly. 

1 l 11>&&..gJU~ to t Km3SOY 1 1 V Llb 

• fo 

f.n 

1 

tor ton ~ • ·~.. Htlcl if o • ~11 for tb 

pe ,, l e ot t t n1 • sod to 1 D.. u tt 

I l'b rt tor tbe p uct1on or pllOt gm 

Finally t uthor oul< 1 to x ht tl n tot st f 

y d 1 pn~ttcul rot t try o 10-

0 tr J it, all .tr1 nds• tr 

t 1 lp r1 t 



T 

li-' 

1 I TODUCTI 

1.1. Ll aoo 

1.1.1. Tort lnolor:v 1 

1.1. • 1 to~l 2 

1.1. ct1 D 3 

1.1.4. 7 

1 .5. 1 01,, 

1.1.6. 8 o1t1 1, 12 

1.~. D Dt 15 

1.3. tery Ltp14 b7 
16 

1.3.1 . Uy 1'0lyn1o or lo 8?'l' 11p1 
1 the D 18 

1.3.2 IlJdro 
t y 22 

1.3.3. o_t 1'01 
25 

1.4. 1, 1 1 b D 27 

2 DY 29 

:, 
,~ . , _. Colo~ 

0 

3 

3.3 1. t 0 

3. . 2 1 



C 

3. 3. 3. Ch ph1c p 31 

.3. 4. R 10 · ic 1 h 

3. . 1 . toteotopo COWi 1 32 

3.4. 2. 
32 

3. 5. D 33 

3. 6. ot F o Coo f) t • 
33 

3 •• 1. to 

. 6. 2. p 
1 35 

3. 6 .. tr 1 
35 

3. 7. In ttoo l?ro tor Foll tng 
l.lpol.)'81 

,.a. otion nd :t.;Xt ct lo 
38 

3. 9. 1 - t 

3. 9.1 .. 0 ' ot ., . 2 . r q t lo 39 

UL 

. 1 . A 1 1 0 

. t 

• 
0 

1 



p 0 

4 . 2. Lipolytic Activity of utr 1ae Rumen 
Liquor 48 

q. 2.1. Demonstration of lipolyt1e 
activity by qualitative thin 
layer chro atography 48 

4. 2.2. Qu nt1tot1ve nsure of lypol-
yt1c activity of otraiood 

n liquor .50 

4. 2 •. ,3. Eftect or con ntratton of 
otrnined ru n liquor on nt 
of hyd roly i s 55 

4.2 . 4. ftect of sub&t1'9te con o-
t ration on the rate of 
hvttrol y is by trained I'll o 
liquor 55 

4.3. Isol ation ot Rumen Lipase 

4. 3.1 . L1polyt1c activity of f roct1ons 
of strained ru n liquor 58 

4.3. 2. The eff ct of homoeenisation of 
un t raine n oo tents on 
lipolytic activity 61 

4. 3.3. The effect of bomogen1sat1on of 
tot ru o ~nteot on t 
fol'mat1on ot 40-1 11 d 
hJd rol · ie products t rom 14o­
t~1ol 1o by fr, ctions o.f ru n 
content 

4. 3.4. L1polytlc cttvtty ot 
It ct ot ob 68 

5 DISCU I 

.1 

5 2. 

5 • 

Pro u 

1o sh1 t 
t o of Ltpl 

72 

7 

a 



Qbapter 
6 ~ U.W.1ARY 



1 

2 

3 

Fatt1 actd coopos1t1oo of paoture 11p1dc 

Go,. por: tion or f - o atty cice f n~ ·ho fot tu 
actc.,.. of noutr i1 11'l1do follo~ri1ng 32 ; 1yt!roly le 
of llnsoeo 011 by ru: n contooto 

Foruafioo of 1 · l.nboll c hy, rolyc1o p!'ODucto 
t ijc-trlolo1n by one otio 11pooe 

ot 

Pogo 

17 

20 

4 

to r>l,y 47 

5 

6 tlon of t t ttJ e.nu1 1t1oa 
D 'oil y StP8100u -D liq 0~ 

7 u of on ot 1hc-1 b 1 a hydrol,oio pl'O(l cto 
t tr1ole1n by otl'01 d r n liquor 

8 .,ffect of 
OD t fo 
pro~ ct t 

9 

1 0 

11 

12 

t 

40 

51 

53 

62 

67 



fitrurg 

1 

3 

5 

6 

7 

8a 

8b 

9 

10 

11 

,2 

'.i'h~ no;}or pnttmoy tor tho hyt1 rolyolo or 
tr1elYC""1l"it1o by l1peoo 5 

The influence 0£ the caturation concontnitioo 
on tbo roto of hydrolysis of t i-1ecotio b:, 
pnnc110otic 11pooe 11 

Vonet1oo or the mto of hyr1 rolvs10 of o!mplo 
rl:,ooriden nith ttw chain lonr:th of the ratty 
nctd 

PatboQJ tor tho b:,Criogonatioo of 11oolen1c 
acid by N:.r.ioo m1croorranto:'IJS 

Tho relst1onsb1p between e~tine~ion o..,d treo 
totty ecle leYOls , tor solut1ono ot polmttlc 
eet,1 to ct.ilorotorrJ 

Hoc1ochro~atogf{}~ ocon of tho proc1ucto ot 
hy,] rolya1o of 1 4C-t t>1!>lo1o soparntcd bf thlo 
layot' chro ,ntoc r i.phy 

~;::~~= !~!'lf4~:~~i~!1~:n°in!~:!!!~dw~ 
poncreot1e 11paoe 

Thin loyer chro atograpllic aepamt1on of tl'Oc 
faitv ocltl ond trt.gl.vcorldo co pooonto tollow­
lne tho 1ocubatlon ot emoloittod poonut oil 
\11 \b ot rolno<l ruroon liquor 

Rote or for. at1{.Jn or rroe 1'ntty acid bV otra1notl 
r-.::::JOo liquor 

~~ffft;!t!!~c~ :=bri~~~.t~1t: :;r:!!~oa 
rumoo liquor 

Btroct or :nount ft s-tmlned I'll o 11 µor on 
the form tioo ot "c-tottr aeta fl'Ota L1C-ti,1ololn 

.rteet ot etl'Ote n ntr tloo on the ro 
atton of t e tatty ec1A1 b7 et 1006 w o liquor 

Po tton ot t1100 fotty act t.am lstt1ec1 
pe ut oU bs, t otton Pl'8PBJ'84 fl'O:!I etroioo 
rumen, liquor 

11 

26 

41 

43 

45 

57 

60 



p 

13 0 coo-
ctd bJ 

63 

14 tor tb p p tion oft ctlon ot 
n contents tor incubotlon 6 

15 p tton ot baote•1 l 11-troe xtr cto 
r tot l n tent 69 



1 

1 . 1 . 1 • Te .- !!,qolor~Y 

Lipolytic oz e t, y be co 1 co p c1 l cl ss~ 

n oxyl t I" & • - th '/ C 

iu lip1 i h t alcohol < t tt1 o 10 · ieti 

y to 11polytlc r lly bd1v1 into 

ti. ctins lip t Clog 00 t 

in tho for,· or 11· oprot tn (l1paprot in lip s o) ; anc tl noting 

on th~ tor boo<" 1n pho pholipiclo ( pho phol 1p · ) • !iOi'loV · th1 

cla~clftc tion booef. on bst c1f1ty 1 or 11. 1ted vnlao 

0¥ of th nzy:-oo tl t tY<l olyeo c rboxyl otorn, oxh1b1t 
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An oltemotivc det1n1t1on for lino£ou to thot baaee on the Tiork 

or · sN'!a onc1 -:or;nuclle (1958) who showed thot true ltpr.soo wtll only 

ect in on hot:: ror:ooouc !!!Or11ur:i, ontl (•o not 9ct , or t-ct vc ry clov1ly • 

on woter colublc aub-atrotoa . Fortunatc1-,, if n 11pm:e 1o <lofined o. 

on oo~vcc hydrol • cinr trir~lyceril'e eoterr., , O!' oc n en:-'.:y.ic h:,or-J l:,­

s1or- e 1 to !'S io a t,eterogonouo fJJGte:u, oo aenouo conflict or1sec 

beca . ce , of the co moo trt,·11cer1e.oo, only trincotin io apt rectobly 

nato r' oluble. lionovo r r1he0 o hote "::wenour: oyoto:n 1c pt"'..)Vido<l . 

lipnse1; will Lyt'lrolyoe r-lyc:eryl octerc .:JOro l"er idly tbno oetov of 

othv r nleoholo (hardn onrJ 1.e£nuo110 , 1958 ) . 

'.a.' he lote roatiooal union of B1ochcm1ot ry ( 1 S.61) occo re ine--li' 

c1cfinocl o llpaoe C· a " r lycc rol ster hyc,rola1e0 
( .... . \.., . 3 . 1 . 1 . 3) . 

ond further reco~.i:oonc'htcl thbt eotor omilo1onc be uoec1 us subetmteo. 
1J.'b1, 6cf ini t ion \1111 bO U..Oed in tho proc·oot rcviou , but 1 i. a1UU t be 

c 1phootzo<1 that tile re to uo ev1aenco t~ au,-; cc;t tLnt oc;te vtmo 

oct1vltJ w1tb ooluble cubGtratoo, nno lipncc octlvlty 1th 1nooluble 

eubstratoo ~ Nf'or to <11ffol'eot catnl.yttc t:JCctuml oo. 

Ltr,ene oct1vtty 1n the pancNoe ntra dornoostrntod es oorly ao 

1 G by Cloudo Berneri, and s:-oo1irto llp by ' arcot in 1858 { tlll , 

1965). Docpite i-apto o vonce lo zy.noloe, 10 tho lest 40 years 

vor1 little progreoo cs .. r o on tho puri.ftcatioo d pl'Opel"\1et: of 

lt.p. , enc] it •o not uottl be p t doc that hen lvo in­

to ottoo bee ova11ablo to thio ti ld, 1nlJ n o oUlt of tho 

wo ot 000110 nnd hie colleog a . Paoc tic 11pa 11n boon 

t t oxtono1ve11 Gt dton , but 11p 10 ot P d1ge tlv, 301 

o, 1 to n oiOl'OOl'cJ ot b vo eat a too? 
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e to tloo , with t po lblo .x t1 

lipoprotelo lipn • 

. t ro ntly d1,cove 

It 

th p 

en nz. p pa ~tlon • 

in~ rep rte in tho lite 

p-ur oat ly occu r1 g 

con q ntly this ha l d to nfll t­

• 11 ver, 1th tho propa t1on o 

c1ot2 t1c sub t t 
' 

nil the d v lo 

nt of n f ti n tion t · hotq o thll, quc tio hos l orrr ly 

P..) olvoc . 

f.,or cle 11 a vi o on Pl er ork w1 th 11 o • tho ecol' 

i ferrod to J, ... n ,J ( 1950) , 1 'OU 11 ( 1951 ) , il t 

and Borg t { 1955. 1956) , no'! te (1~0) . 1 nt O ?1'.:JGt i V 

vie· t:, h1ch ave bw publ1e (3 ntlJ ro -t rboao nua Jan z 

(19>5) , •. 111 (1 965 ) .od J. D ( 1967) , t l tter , inc ,Jainly 

COD ro d • 

1 . 1. 3. 

Llp 1f 1 all.N hyu l)' .tl .HJ y 

t Int attonol u 100 or - 1 tJO. l try ( 1961) ,. aod 1 th ri ., 

cf C e • bNc'l'OlJ l f trt ~1 1'1t1 follo t p tm ay o t -

11 lo l • 1 . 

~1 1 • 11 tloo u d , 
" or 

p t ttr 

41 • t ti 

e 1 • 
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b 1P f 1 
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follo"ing the 1·nte of elav1f 1cot1on or tho o:nulston. ~'ta liytl rolysto 

o! t riflyc .... r1do procJedr: ., the p,-odacta boco'3'_J incroo.o1uglJ wator 

colublo dld tho clor1.f 1cntion or tn.., turbie o ,iult.i1oo con be monoured 

(.i.:ottom and mlz1n, 13:i.4). i-. quontitotive and oona11;1vo aiffuoioo 

sGna, ., ~,;"l1cb. ucea a t h in l nJe r of a.ge.r, contu1niot o la,, c,::;nctm­

trut1on t o . 1 v/v) of triglyceride iJ.r,o boon cJcvolop-e<l by r.oorouce , 

Fryor onf: }otter (1 % 7), tor .ieo in tho dctoctioo or ~1erob1ol l1poeoo. 

( t) :.:oocuro no ,1 a£ rnts or rott.~ nc1a aw1:,;ct',09 

. .loot or tho moth.one tor oct1~t1nr 11;>n~ e oct1V1t¥ 12"..lr,.ortod to 

tho l1tcmture , ore bcoed on the aetormtnntion of free fatty ec1c1o 

11borote0 trom tri~lycendoe. 

Pur,) cultures of micP:.>0rgan1c.n& hove been gl'O't7o in tho proconco 

of rat or tr1gl:,ceric1c cubstl"fl~e (iiobr:on vnt .. 'nnn, 1961; ''a~ehrn on.; 

t.• 1r't: '\ .. or .on. ._,,,.,, 1 • 'rh..: nLol~ culturn 1cs sci f ifiod and ext~actod nlth 

othoF anr-1 tho total acidity c1otoP.n1ocd. 'l'hic ::iothoc: con bu er1 tic1oot1 

on the grounds thot ny of the ocido that ar1uo f ro;:1 protein 110,1 

corooh1dPnto o~tnbo11ocs ero oloo ether ooluble • . ochoc coll ouo­

poosiooo bsvo bo~o 1ocubatod with tnglycari<"'c (i.uro c.nd fie'9,Jr1d .. =e, 

't~~2) as .oll ao cell. wello enc cell troc oupcrnotnoto or oonv 

b octe1·1a . ~~ha 11.b-r-atcd tatty cc1~o a nor.;13llf extvocted anc'i thu 

ac1d1tJ aoter.aiood bJ titratloo w1\h alcob.ol1c Nauli ( Alford nnd 

Pio re , 196.3) . 

Cootlouow.1 nutomotto \11 t1oo or tho tott1 oota libomted fNfil 
-

tr1gl~c ~lee subotnto lo o pll etot (Sbnbao1 ~ r: ordn,. 

Azoulc.N - 196tu Sbeh and I Uson, 1965: DonooJ and Ant'l 

nuello encl 

o, 1965) llso 

the ooTen1ieeo ovoia c!1Nct t1tnt1on 'tboda (Dole ood ·otno•tm, 1960) 

to that too 1n1t1ol. l'Onottoo velocity c n bo aauret1 to ehol*t 
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Figure 1. The major pathway for the hydrolysis of triglyceride by 
lipase. (R', R'', R''' represent fatty acids of the same 
or different structure). 
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in ubatic.n t1 • llo evo!' tho fo I' ho ferG from tho r 

t hot 1 t 10 difttcal t to anut-c lips e activt tv t pU 7 .o. p robably 

due to lOCO'JIPleto titration of fatty oc1<Jo. r oil1cn ec,l , hod ho 

loo bu:in u ec to c.n;ti at f'ntt:, ccido witl o• t prior olv ot oxtract-

1on \'lw , Ct,nclon, Di .... l , --mil ~holmni , 19:xi ; ·;1k · , Yoohio n , ond 

/: h .. ,. 1 n., . (; \ 
• ~0 J './ }:J I • 

T·w r t of ocid prod cti . ..,a red c1aoo t rte 11y 

b dot r.l1o1nr the o o£ 11bett. tlon of CJ2 ro 

b r r { 7111 , 1 ,s1 ) . 

Colori trie d · tor.;iloatlo at ti 11bo ted f tty act hns b...: · o 

a teoolv 111. Orl1,:inol. 1 lved tbo or a poc1ol 

oub troto de lgned to F,ivo o colon d on product after hy<Jrolyc:ta ~ 

or one thr1t coul(l bu oooily ovuJ»ttt<· t o n colou d prolluct 

( f,el l r .. 100 , am1 :I cbloe , 1950) . ~thar th0< h ve be n b o on ti".o 

s loctlv trancte of copper or balt coopo into c hlorofo~. (Ayre , 

1956) . ·on 1t1vi v le 1nere " with 

triot nol 1ne bu tel' a . 1959) hyld1 1oc to 

tor c PP'..l l' ct ion ( ocor , 19S3) • tb f ll]. POD{;: fOJt t 

l.ntt 
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ln:, r 111c e 1 . to ob o Ile lo .. 11 o tio nd p e r nee of 

re c ~on pro<'l ct · by i. lley (1%6 ) . Th o ra uthor h- e v lop d 

-101'<.: r 1d nd ftici nt Dl y ro · t ho <'1 ection of lobolle -

f a tty ncidn, rele 1nod f row 1 bellac- tri ·-;;lJC,: rlc e by lipolyai 

Oolley., 1'.;:i }} . '.i.'t.uJ fatiy oc1 o in ltp1cJ .. 1lC ure e & o ed on 

idaydr ted h ro.1:,-cnal'gcd ion xci. nre reoln, thv other llp1d re 

• Vt!C by 1Ul hi 1~h uolv ot n the d ' orbo ~ t tty veld aro 

releo 0<1 1th q tu rna ry · 001 · b!l'·o r r co •tng. ht I tho 

h the cv t pe ti toll oni ulutio Ct!D b rr1 , out u1 rect-

11 in cln 1llat1oo vi l . 

' 0 t or tha 

.t · 1 8n p no 

rk on 11pa6 p rif icht 1on h • be n 1th th 

6 tho enz e ourco . 

t bv 1.13 of nc1 sorpt ion t.Jchniqu a , ano 1 t \lo~ not until Bor.ciot • : 

1 95 ., ) u cc. zon oloctropho 1 that any ft 11t advance nt''e in 

it p 1 • A lipo fr ctto 

th Pl"O in 1 t o i 1 el p tic 3 1 

ct1v1 y 50 tic e t h tot the origio juico. 

bJ 
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a.) 10 t 1 1 1 1 
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phoratic:ally and cbl'OOI tott!'S;>h1cellJ homogen ou.s . nzon o. 

r proved th pup1f icst1on t chnlquo by u ing l,oph111 ec1 p r--

notanto of~ ncre 

ooluctive proc1pit tion 

t orting t l"ial. Thi n~ follo ed by two 

i th a::- .ooiuc1 .... ulpnet t; nee ton... • ?h 

a tone pi-ec1p1tntu wvs elute!'.? on D · ,, · - llulo v c l o wi th 

p '.i0 phote butf r , pli a.o of 1ncru ing .:10larity • e 11p 13 

!16 8 ..,harp peuk oeeth~r 1 h 18,., Of vhC t tal proto1n D t. 

Ci r p rificotion s .. iOlari ty or t butt r 

achi vco y ubJectiog h1 

, P ph1c col o . Altl F l 

0 . 10. F\1 

te 1 l t ,-. ph d X 0-200 C 

-elntne cl otido 

sto­

e by 

th1G t p tt, pec1t1c ec 1v1ty c not 1 c o r thPt obtotn 

fro.a the D~ A.!. - llu.lo e column. ~ue to 1nactivation. 'l'hi fin l 

p '1'0(1U · t W. t, GtiL ~ tc to cont 1n 
,. 

65-. ectt·.re lip ) 

1 . 1 • 5. ngtorn bye rolX£19 

It 1 co nd (J b Iota ntion Un on 

(1%1) h t ltptd e lfiiOD use n b t te 

J' if th Ill> mte to ot e: al ifi d, Ol' it 

1 not • tl n t t nt of h. ing bu in 

:·e . 

ot 1o 

01' lip 

t 

t1o 

tu eo . 

1f1cation 

o1.aa 

n 1 port t r etor. "i'/111 (1961} ow cl t 1.t 1· :1 . • 
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' ( ) 
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1 • opt l by roly 1 

r to w ~1 y inn n 
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Daeou 11 , 1 961 ) • Alt ough t m>l tion or t ylbutyr e , tri 

utyi-1n or tr1ole1o are not co-, letely N, 1otant to lipece action , 

tho ffito or by('rolYJ!1e 1ncreactJE VCl'Y horply s the co.nconti- -tton 

of there co_ pouno 1o incroeoed to for:a o lute rogonouc c:;10te:.1. /.c 

at.t0-:; n in F i g . 2 tr1ecottn 1n olution 1.o clowly b:,d roly-sef , but the 

v.::loc1 t:i increaucti if the3 compoun , in prea~nt in the e;JUl,""if ie<1 fo~ 

( r~nnuelle , 1961 ) • 

lt cnn al o bo so n fro · Fip,. 2 th t tb.o r o tu ot l polyci 

plotted r.atn t th 1ot •rtoe1ol are o· \hQ ub troto ~iv co u1 -

11 r curve t ht obt tn~a bJ po t1oc velocity •· 1nct betrato 

c~o otr. tion fr a ypicol n~ in a i gonou t :.1 . , ills 

t~ tit 1 t adsorption of the 02 , et t.be 

1otu rft:ce tbet 1 1:aportoot . in nl1d1 tioo t<J thu nor: .• ol eo,zy:liC/s 

st tc eduorption. Do nu 11 (1 )->1) foun(~ th, t when triole in 1o 

t en tie into ~eiol 

a g ot .t . It hould b ointe o t t t t oe e:tpePi ,:wnts 

d to th dt iculty 1n e lu tine thll intort~ctsl 

aPOa • b tit c n bo tete th.a tb 

" n t io eFf 1 1 

1 ly 1 

t p ot . 

Alt 

lo 

1 g et t, 1 •• • n t 

ot t 1 

1 t 
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t ,, ~r, olbu:.rdn, c · mb1c, ooope ont1 yotbetlc 

cU':,inc orent ... et1va o lipon: hile oth 

1nh1b1t hy· roluo1 . Dile -oito hr"ro bc~n tho® t eiten v lY etudt 

b t the oituetion 1 not cle r ~hothur tboy 1ncro~ce t 

tr1glycor1l'-.? byorolyn1c bece ee thev si,e ou!'f co- ct1vo · gents . o .. 

baceute they have e ecif 1c octivntinf' effect oo lipa e 1 taelt. 

th t "tt 11 01v th t the e act a11 

. nt of onz oloc lo 1n the tot n' ecial l 1 is important , on 

thot bile Glll ts CJ p,o.. .. JOt th18 ul1r,n ,,ont" . 

(b) ·rtgct or pn 

I n T r 1 . tho optimum pli for lip .oo 1"" &PO od n ut r&lity or 

oo tho £,lk 1 v i e of' n ot. lit • ~o..,-._.ver t ff ct or pli on tho 

rote of hydrolys1 1s thi ro ult of tt c .. : 1oed eff ete on t he 

nzy. 1 ts~lf, trot~ cot on tl:e proport1oc of 

tho o botra /aqu. 01.1 pbHC tntt:l'f u:e (°.7111 , 1965) . 

( c) M 

ll.oct llp t 0() ct1 1 t:, 1n tho ta· e 

300-400. ,e. tut11 hnvo b n mftfle or ltp e t,bility t u 

1ft ot tu • 111& (1960) t at p DC a 1c 

1 l.O t 36 or 1 e 1 lt • 0 0 
• 

a thor 0 t l\y ~ 0 t 

n re lo 

n I' 

t 

1 lt 1 tio ( 11 • 1 1 }. 
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INTERFACIAL AREA 
(triacetin), 10 5cm 2 

iliilli...-,~ 
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I ) 

I 
I o~ ___ _._ ___ ...._ ___ ....... ___ --11....-~ 

0.5s . 1.0s 1.5s 2.0s 3.5s 
(0.328M) 

SATURATION 

The influence of the saturation concentration on the rate 
of hydrolysis of triacetin by pancreatic lipase. The 
substrate concentration is expressed as a fraction of the 
saturation concentration. (from Sarda and Desnuelle, 1958). 
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NO. OF CARBONS IN CHAIN 

Variation of the rate of hydrolysis of simple glycerides 
with the chain length of the fatty acid. Hydrolysis rates 
are expressed as a percentage of the rate of hydrolysis 
of triolein. (from Entressangles et ~l, 1961). 
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~ he hydrolyt1c activity or~ lip it pend on the ·tructu of 

both t fsttv tlcia an<'.l oleohol 01 t1o ... of tho Gub trnte. The 

specificit7 of · ~ny lipruJ-es nppeor to be rel tcd to tbo po ·1t1on of 

the fAtty nc1d · oioty on tho tr1glycer1c1 • an<" in other ens-0 , to 

the fo .. ty Heid 1 t lf ( choin leor:;th enf., g:ree of tur tion). 

( n) ~leohQ), .:9.2!etx 

The S('Oc fictty of lips cs to r lc the loohol ::aoi t :, of it 

e ... ter ub tmte ba not be n tovo t1{;ate in ,: nt , ... et 11. : ,ard 

ono rmu llo ( 1958) ebowo<l thnt thyl bu yr- to Hi h · rolyood by 

~Al re p.one t1c lip t prov1 od the e r wa re ent in en c .. ul ion. 

but hyrolys € no ver; a h elooor th ·n that ot tributyrin . ..r, 1,~o 

... 10 Lyl oleote : o i;yci roly ed by pone root 1c lipm:.c a one t ~11 rtietb 

t ho r .1.e or t 1ole1n. 

( ... ) 

7he rol tiv t of hyor lyni ot fat su.b t y lips 

ha been lnv tlgotoc 1 g dlft ront ocyl sic 

oio f ncto 

ion 

no ht o lotlu-.:o hy-d rolynin, o ti 

Tho t o 

xtont of at-

u th ch.alo l n - h of t CvD t n totty oc1~s. A 

n1oor coot y r-1 DOV r t tfect t tion of 

t 'l 1 o 1 OD tt ly 1 (1 0) lte by '111 (1965) 

th t Q t ac1d p ntt 11 h l'Ol e by 

1 t 0 I' 0 t U1 ttu 

(Cl C D ,. ). t,nv ry 11 ) 

b 1 G of 1) lt dto · n tttn 

the c1d 1 po 1 

l • 1 C 1 1 1 10 e 8 
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s11gt lY fo tor r to than ;") dl.J!tic acid in tho 1-porii tion . 

t c nucllo (19,;1) hac. conclu 0,1, th t for the c18 fotty netd e ioo, 

n •. tu?~:. tion l r, little 1r no erfoct on tha hyc roly 1 1''1te. 

f . verril tu< i.J ~ hnve bc .. n . ~d~e on tho cffuct o "' fntty r1 cid 

ci : in len r th on tL.: r ... tu of h y{'r: lyc;1s of tt.c c tor 11 nl-'".nr o . Th 

:1oot oxtr.rnnivo stu<4:7 in t i:, fiol!"l wri c rr1ec1 .:)Ut by ... ntNcr· . nglee, 

~-·ao.ero, t,ovn y , ·~ Lrd sod 1JC ,n •ll (1 :Y'.l1 ) . Thee ·or .... rs tvn oc 

eri c of t ri _;lyce r1 1..i£ , a lt'f foan<.~ tl ot t r1butyr1 • c hyd 120ly i.:c 

l ongth of th f r1t y uc1i, 1 

1 OOJ . 

to the e.xtont of 10>·• tho treJ 

(i.lutyr1c oc1<1/pol ~ it!c aeic) . 

th 1- ar.f ;~oooitions on t 1e 

d)· the l;t rh ff1n1t~· ot the 

'I h1 C f opoc1f ici ty ha oe 

P.neclo . an<. /\lt chul , 1962) . 

( . ) 

T 8 ct l t1nity or p 

pri 1 l b 

Be 

le • 1 

t 

t. t 1 ..., 0 

(1 56 ) t 1 

th otrect or ci. 1n 

ch n • on hy lf te ('.1'r1ol in 

fotty · cic1u \7e 1n the U.o 1 r,17 

,;u lip •·o C ot <11 tJ 1 :a1 h b o t; .., , 

t r1f;l yce r1cl .: :.aolecule • t 1· cleo ly 

enz for L or che1n tDtty oc1t'? . 
ob r•rv cl 10 11p ( Ory• ft . 

nc tor tho t I' o.r 

ro o. 1 • t on ,.0( 

yot t•tr1V rt nt 

h b1 n 1 ~ 

C • 

t 

., 11 

C u1 th . 1 ot 
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1 0,,0 

'the 11k l.1hoor of 1..,. cr1 at ioo r n in tipat d by ttoon 

on Volpoohe1n (1 962) . o rk r fouud tho 

1 e were die e od in el1p. tlJ lkal.1no eque u b t r o tio0 

hero .. rn id 1a rt nt1on to thu 1-::no c l¥ ri.do . P1-ov1ou t l 

th1 , bavory. Con t -nttn od o l ( 1 951 ) ob <n-vod tbr t rilOO t 

1nne r t t t:, scid c to of dtot l'V t rlg lyce rid ro rouo lo t 

1 ton io the fl · icron ~ri. yceride . Th1o ttnc11ng l ec1 to 

b 11 f that t 2- · noel:, rid bo bl1 t1 in GO· 

r1 g lip 

until tlw# ..J' 

. u ii with th 

1 , .... rlontioo 

o· r u r tty 

ol le c1cl t 

101 cul • 

or th 

T tt 

d 1 

t 

t SC • nzo ono (1964) to t t 0 2-

d1 1 t1on p 

r t1 f tty c1cl ~ e 

in b 

40/60. 

no;,,ly r1 in 19. vo , tho 

r tio c 00 q 111br1u:J At 60/1.JC. Th• p c nee 

octet 1ppeo l"tl to b 11 it,:<1 he too. or1 ut1on of 

to no r 1t1o o tb 

ron triply u 

11 J 01 

or 1,2 1 

1 

• 

• 
,. ' ) 

p 

t biol tc 11,. 1 ., t 

( 1 95 ) t di 

,-
110 

1 

t 

t 

1 of 

o ~ht 1 n 

t 

it 1 • 

t 



1.2. 

Th jOl" di 

s ne n l 

t 1 V O.f r,-;m 

tot .1 "ry ' ti r. 

11{)1<'1 f c loo. 

to t 

jor g actollpl c 

0 y]. di ., r1 

lolnEt 

t , . , hJd 

.e oink , 1 2). 

-1 -

t of d ic con 1 1 V C 

Ul'.l pl nt. .1. ~ eth r-ext p rtiun ot 

gen rilly co- t1tut bot o 2 - 8,J ot t 

01, ri t r r p to of hiD tot 

inly in fo 

1 o .. unt · phol1p1 e 

yl g].y ,1 t 1'£1, 

ulpbollpid. ~ 

d1galsot-

n1nk 9 1959, 1961; t. t-1 nl! , 1951 ) . Th -

111 t 

n f 

ct1 

t t V 

na1 t 

1d 

, 
(1·11 1 C , 19 • , 

It t ft be D ob fol' ot r 01 t rev too atf viz, 

11n (. rd na Allen , 1957) , art1f!c1 lly dr1of 8 GG, (Gorton , 

1950) < h 1 .. a , ~cott ona Doi'f on, 19(~) ,. t lip 1<1 <.-ontont o 

t tt td 1t1 1 tl :t of t b 

pot re . 

Tb t ty cid 1o t ano di ··1oct l ell 

l do p 1 

{ . ) bl 1. 

ot11 l tbo h l 

1 1 • 
t 

(1 ) 

l 1 • 
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ci • In th e OOt'1 VOi" 11 

cid (llilc11tct~, 19%). 

18 

ic 001a t t p d ino tu -

t t l lipio intokc po aay fo• non-

lnetot!nr; &11 rv C0\1 (buied oo c Coily con ltioo or 20 lb ~rs u , on 

d y 1 1, n it boc1s) ooule tot gion '-'50,:. ( t xtrt ct-

1blo p rtio of 5/.-) . 'Zhi coul " be high on 1 Kg for gro tog, 

p go nt o l ccta in • w 1c -
p 00 

of 2258 

-nprold tolg l of bi val ~ woul b in th c;i n 

t tu 100 (!urine the l oot dooae-10 h "ve b.wm th t ru:::.mn !.Dtoroor-

fl:. n1 ofto t oxt'-n .... 1v CL ago in th di tr 11p1 • The i-1 er 

obso otion whi (l it 0 81/'00t th t there 1 r nee 

or t • . 
d io t co t 1 <l ht • portion o 

C cid (II1ld1 ct t 19.., ) , 

< pot tat Of t pro rtl of 

... , , 1952 I' -, l'1 

(c} to 11 

), 

) 

( l ). 
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C16 
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r tty oc1d eompoa1t100 ot p otu 11p1 

(, b1 o gh ~ total tty acids) 

·, tty ;: c d 

( 'yr1 t1) 

... ol 1tic) 

{'1 t artc) 

m 

. . 
{P mi 

(Ol ie) 

(u1nol te) 

t ) 

1) 

2) 

,lov P-h i 
• o t (1) 

-
8. 9 

2. 

:;. 9 

7.9 

9. 5 

8 .1 

58 .. 9 

• 1955 

::1 ed "''n tu 
G o s (2 ) 

1 .. 1 

15. 9 

2.0 

0. 5 

2.5 

.5. 4 

13.2 

61.,3 
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ob orvot1o 1 tented t 

11p1 n cistea 

l 

The ~tic 01' ot tbo ! 

th Din 8 . ; 

{ ) hydrolutic Nl0£Ili0 of te 1ttl'.:o 

(b) ducttv ' C t1o l1 tu 

h8d n) . 

( c) t t tio of r gly l'Ol 11 

of 1 ctoa -lo C 11p1 

1. 3.1 . 

1 f Crol 10 if1ot 'JI lip1cl 1oel 

et1li r f t 

ot 11 tio ot th 

J ltp1< in ti . 
itJ tb (lie U'f l1p1 to 

attv acld , 

to ty old ( 1 • • 

r1o 

• 

~e l.eeoe or ttg 

eid troa t is co:lh1oot1o 1 h t1'1 V.ll1 "'ec. n< tba reles ot 

~elnetoue fro~ g ctollpide (t gr1oeipol fo'l'UI ot 11n1D in green 

l@ ). 

t t 

Uw 

l't t 

b 1 g D t 11 J 1 l'1 -

t 

1) 

-
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the effects of incubating linseed oil ano a nombe~ or other 11p1d 

s ubstrates were 9tud1e<l in t:tore detoil . Ge.rton et .§.1 (19F1) in­

cubate<l three naturally occurring triglycerides which differed in 

the degree oi' saturation of the fatty acidc· , and also in the fattJ 

acid compoai tioo, in an atte .ipt to sl10" if th~ enzyme exhibited 

soy specificity. The re ults suggeoted ttMt there wt:6 oo .e select­

tv.1 ty towards t r1glyce rides containing high p :roportione of unsat­

unted fatty acids , oapec1ally l1nolenic acia, although th~ 

aut hors pointed out that the 1110:rc saturated t riglyce ridef:i ere more 

a1£ficult to ~ulsify. 

Io an atte.3pt to examine this effect ore t h.oroughly Garton !t1 

§1 (1 961) carried out a partial hycx•olysis of lineeed oil by rw, eo 

contents. Changes wore noted in the fatty acid co,:Jpo[: ition of tbe 

free fatty a.cicif;, son the recidual r-lyce · dos art~ r hycl rolysif'l wao 

allowed to proceed to the extent of 325~ . Thene chtmr,oe are ehown 

in Table 2. 

Fl'Oll1 thef'.e r i r,ures 1 t oal d appear that linolenic acid has 

boon oeleetively hynrolysed from tho triglyceride . Ho-ever it 

i:: uot be re e be red that hy roeeoatio-n io so taking place con-

cut•rently and interpretation s difficult. The ree\ll.ta or Oar-ton 

.91 · (1961) ue et that hy rogenetioo ot f tty aci s tr e in the 

ru en. proceed at a fa t vr l'ate than if tho tatty c1<1 e 

s 111 t r1f1 ti . This s.uggestion as eontirme by Ba ko a 

Robertson (1964). In more pJ"eo1 tuclias, lla and 1lcock (1969) 

incuba .a 1-pal ttyl-2- 1-1 40 -11001 011-3-ole:;l ycerol 1th 

n cont nt of a cow !n v1tr.g. Anal 1 of t tatty ct 

d f tr oid of 1-. , t I' 1 cu ti ' 
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Co::;ipon1 tion or .trco to tty oc1<1o one~ the tatty nc:ic1 1, of neutral 
11p1da foll0\11ng .32,. h1{1rolynis of 11noooll oll by r .. Jcn contoota 

' 
Potty Aeld I i'"'r-oe fntty 

j tlC1(1 

I 

. .-u• ty uc1d 
veciounl 

, -1~·c,-,.! J•it1C£ 

t,oopoc,1 tion 
(w...: lght ,·) of 
l tnno1.:c"' oil 

..---------+--·-----·--1--------1---------..... 
pPl!Ji tic ocitl 

oloic aei~ 

l!noleic ac1,1 

11nolon1c acid 

lt .o 
2b. h 

33. I• 

2G. B 

5. 2 

18. 8 

·---------------·-------·~- .__..... .... -·--.-...r T P QIT --~ 

shower'! ttu:t hyoro(!cnat ion lu,,1 only token plr CC v1hen th13 fatty scir'o 

hPd been rov.ove<:1 fro.:1 es1or co:'lbinntion. 

The pntbwny ot hyd1"t0lyoio of trirr.lyeei-1<:tH; by J"U!DCD contoatc 

llao not beeo atud1ed io ony groat cxtont. Io tho 1!l y1 ·ra atud1eo 

of Garton .s,1 .fY. (1961) no cl1nlreeridc or f:l0nos::lvcor1Ce intol":Wd­

int:10 coul<.l be chono. Free Rl.vcorol woo <Jnl.1 round in troco 

a. ouniu. el though thin wc.o probably rortber fermented by the rumoo 

o1ci-oorcnn1a, • Hanko anO Robe-neon (1 ::,4) obtaiooo cbAJranto­

graphtc cvid oco tor tho preneoc ot 

t ru n eonto to ot e attei- lot lon of llDG au 011. aol' lt 

o suSBeated tbot tho ioto d1o 

0017. Tho 10 vt~.o otu4ton of H 

hail a tl'Bnelto~v e.z1otooco 

eat? 811 ck (1969) conf.1 d 

nee or :1000- and a1s1, Jl1<1o lnte 41oteo in t byitrol,-

stn ot tnglvcer1Co bJ bovl l'Ut19D content. 
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·1100 {19S8) tncu t 

cally l bell d 1n t 2- p it1on 

io ct1v 

1th tho contento o !' o 

rtt.rg am th ... 1'08Ults gge te< {i pee1fic1ty Of hydrolyBi 

for r tty ctds e ton.f1e 1 t tho 1- or 7. po 1tions oo tho trtc­

lycoi-ide :10lom.1lc . T::e N ult did not iod1cete ony eta 

spocificit1 be n hcco to pcm1t1on . 

htu 1 n on t lipoly ic eet1v1 tr of ~;JeO cont ot h oo 

b en eont1netl to t r i ~lycer1doc nnc p,olactollplt1c. < h p n 

cont nt vo b n h n to y rolyr;o l o1 1n ~na lyso1 citbio 

e:tvtog r1 to r t tty c1 e · d clue rvl p oepl~orylcboli 

(Da son. 1~~9) . ~b ~ -·- hav t tatt e1C n be 

llbeP.at a f cot combtn t1on with at rol o t ~? ~ ~thyl 

o tera by ohoop rumon aontontn (G rt.on,. unr,uhl1 ,h d) • oon BO 

( ::ri"ht , 1961). o-nt othVl ct:.:rc by oy; ru.ien e .. mtoot · ( :111 , 

.Of Jacob on , 196~) . r ylor, .'\lle 

tt pt to obt .1 11-t 11polytic p tto 

f j) rue- o ec 

(1959) 1 ol 

c pebl · or 
nnd t lf JO 

0 d 

• 
t 

1 1 

r1n hr,; no be n 

l,JC1 thin f '10 

l sing l c1thio vt 

id. 

(1961 J t . l 

c'1 

11 

cce stul . 

nt whtch t1 

r 1 ho pborvlcholt 

1 1 

on 

0 
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pointed out tha t ro p bablV not t on11 ono 

b1Ch h)'d1'0 JSC glyeerlc1 C 1n the PUti n, 'but b 08U o the l P • 

n ;iber pro ent (appro:ximntely 108/nl) t y p b blJ pl y a l o 

port to thtc action. Ilobson onll '*eon (1 9S1) nl o found tru: t tho 

bact eria dtd oot t boli the tro fatty oc1d ... rol ooo , s f1 

1ne that 1 1n roo ent w tll Go on 5!1 JU. (1 961 ) . ·.tore roeontlJ 

· oo , Bell, Grain or on~ Toekol (1963) introcluco 1-14c liool ic 

cid into tho ru en of o obe p ona round that locm t , n 1,4 ;, o! r c11o-

ctivitJ qt..en tlJ ap 'l'Ud io b stecu volo til! t ttuct 1 of 

or on ) fo ~arJ1occt1v1tv 1o cor 

aiox1 d t ttv octa o~ n looct le · then c18, follo ing 

th 1ncub t1on of c al'Odioloio (contn1n1og 14 ot-ol"lc cid) ith 

l'U OD cont Dt • 

T-ie .rolence f f;ol octoc r ro:-i r;ol 1ctol1p1do .... c cntolyoad bJ er 

nc.'fi g act aid , • Conchie cl L vvy (1957) bowed thot ~.1.xou 

- lcroo rEZont .. of h p n nt ot e od botbo< 4 eoloct-

0 ld octlvtty oot1 B 11 y (1952. 196 ) p l'Ct 1-f. x-

tract of bovine ru. D be e 1 wh ch hyd and 1p,ol-

acto Jl sli rol. Thoe ction how ve ule not rol e 

gal cto t t 1n1ng oJ. hol 1 of g y rol e 

1ft d . 1 iog to tb co cl t l"OlY 1 Pif ( 

t , p t1 1 .,,. . 
1<1 of u rot 

J'OlJ ri ,,, 

1th f t c1 00 

( , 3). 

1 2 

(1 51) 1 t t t1111 
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ho Ui y o hydrogo atu totJ t dd .. incubatt 

p 

oi' too oil 

tog 1nc 

n fl~1a 1th 11n e 011, t 11nolcntc ctd 

f :SO.: to app xi 1, 5% 1th 

1a t lovol or 11nole1c dd. Boiled o nt nt 

f n11 d to ve- th1 rr ct 

hnd beoo uao d bf n rlfugotion ., thus 1 t "" conelud t, thz:1t 

D · 1 1'00 ,An 1 , 

f 1 ga . Colby• &utl 

to1n1ns 5.,. 

c1d nt t in 

nt t 

ponn1bl tor th1 

r (19 2) t a at 

n<l con l det1 h 

pot• 1th t 

11 ion or 

bv ,arog t1on ot t un c18 c:1 ot 

t i P 01, . • 

.. 1 rand .:oady 19~;6) pro ld o the ti 

to tlJdl"O n tluo l ca 1n th n. ll y t 

ot 1 11, tl t r t :, 

1 r , 6 • 
co 1 d tl h:V roge t1o bot 1 the 

T 1 tv to h of 

ee1d 0 di t " ti l 

b d {1957) 

ot ol , 11 l cl 

t l7 • 

1 • 

• ·\·111 Y, 

iton con-

... te ne 
1D 1"0l. 

1 odu 

oU, bJ 

ct cvif oco 

d coat 8 1 t 

p ot 

Tbe re l 

o. 

t t.t, 

• ot · • 

, 
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, t (1964) rov14od usotul 1 to tioo 

t 1nt b,cll.'O at on by in ub t 1n 

t tty i d 1th p 7 n contaot 1n an i-t1f1cial n. 

In b t1on t 14c - 11 1, le id g ve r1s to · no-u 

c1d 1th 1ga~ tion. with the 

nt 13 o~ 14. L1 ol o1c cid i-1 two di no1c ac1d 

1 e with 

De 

o1 ctd to the no111-cmn 

oat on of 11 le c dil 

11 o 

(1957) bo tou t 

1 • En'i. 1 

lo h t 

t 

1 olc sci. 

1 

It ob tou h I du ng the hyf' th JIG t 

a n tfiernbl mount or 

tol hYdl'O notion 

lo 0 tur ted tott1 

ot 1n 

l t t ·ol n, 

T (19 ) 

1 C 1D D 

l 

) 

1 

). 
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t 

1 - 4 tu ies. ild 

oct de iooo1 ct n t 

t so (1 6) 1nol 

int 61at 1o the b1oh ?Ogen t1on• as en o-ctado tr1 note ae < 

ttb to ouble bond , eo jug-te nad ougg et d tba 1 al be 

o1tb r oetsdeca-9, 11,15-tri note oc1d or o octmlec 9,13,1 

tr1eno1c oci • Thi wou a " to 1 nd u port o tho ol*ll r work 

of t.io rland 

t , ojor 1ot 

(1957} 

1st to d 10th 

tor t h l'C> 

r, ll1l'OD , M 111 d 

11 . 1~ 1 001 e1 

cld 

an prod cte o~ t b1ohy(J1'Q8onatton or ltnol t c1d b 

hyC?O utu 

ct 

f.t u . 

tho l th 

l nol i 'I 

otol.ly .. 

1 1 

. ,. 

They fo 

or 

1eoo1c c1d• 

no 

o to r 1 ftO 

• 

11 

that th1D bo 

cto cc 1onolc ae1d and 

m1 1ly e 11 leic oc1d 

• 
e 1 te 

' 
- Q , 

1 ..::..&,;li.,;:a;li 

to 

1 
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ci s-c i s-ci s-octadecat r i eno ic acid 

( linolenic acid: A9 :12 :15 ) 

cis-cis-cis-octadecat-rienoic acid 

( Ii nolenic acid: A 9 :n (lJ):lS) 

> 

+2H 

cis-trans-(tran s-c is)­

oc tadecad ienoic acid 

' ' ' +2H , 

tran s-o ct ade ce noi c 

acid 

+2H 

' 

,,,, 
~ +2H 

Jc" 
stearic acid 

cis-cis­

octa dee adienoic 

acid 

octadecenoic 

/acid 

Figure 4. Pathway for the hydrogenation of linolenic acid by rumen 
microorganisms. (from Wilde and Dawson, 1966). 
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nob o oad no (1961 ) laol d s 

lnct1li$1gg~ from beep rumen ntents and to-una it to be c 

of te!'t'.JOnttnr , 'I rol to pror,ton1e ect6. It 1 eo that p,o-

p1onie nc1c1 ls tho ein pN><luct of {!lycerol fe~ntc.t1on (Joboe , 

195 3; I ob son and t.ono , 1 951 ; O ptoo ....J. 1951 ) . 

Galactoae n be fe nted to yield n . 1$ture of aeetio, pro-

pion1c b-uty ic ac1cls by i o1 tef1 bscte r1 nl ec1e l'OC} 

th ru:. o . Robson <1 t~ano (1961) d t t 

ul. ol O t n F 1 0 

by !lo 0 (1%1 ) . 

OUD t n P tozoen 

r v. ot " cto end 1t l b on bn -I.> 

bee Yie also po ees th! ... ability (Dlackbum 

1. 4. 

Altboucb the llp10 conteo t ,t 

8 1 , t 

a Y 

ttt; nt 

lo 0 

t 

l 

( 11 t 

1 

u 

b 

b b n 

quite 

to ol.1 t 

C f botlr 

to 

p 

t ) 

!.o e- out t b 

teer ble. Lipit ls 

jOJ' t boltc pro 

• 1 0 

ln o 

' • 

utt 

t 

tl t t 

~ nd 

.. 

1 

e could 

a (1959) 

co le ol 

lobso-n, 1962) . 

0 

t Ni11 nto 1 

of l1p1d por 

nt t t •Y e o-

tho , ,. 
Co q 0 1, 

ee tor ooe 
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t .fntt:, d 

d l U 111 loo 

1 •• tat c:1 

binc t on 

Th s it 1 parent that b iJ gre of etur tion of tho f tt1 

ctd v 11 bl.o to the rura1n nt , 1 p ot t oo th . et1v1ty of 

hydrolgtic onz to be n . Th1 coul ol o b 1'8fle tea 10 

the J1Ce ~ to tion of th t t y acid tn t o blood• oopot 

tiscue - a lo hJdrol11 of l t rv trl ly 

td e 1n the rui o could xp u or t of tty eel! to 

h rog n tion, d q nt p 1 t tv 
c1 1 th bodJ t ~ vh ilk. 

l'Ol.yi 1 1lable r,ly ro1 al to , to'I! 

to ntot1 n by Pu, a tcroorg -ni , p 1 i tu hor pgJ 

u for tho th form of vo tile fatty nei o (O too 

, 1961; lloboon tzeoo, 1961 ) • 
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Chopter 2 

r:tud1e6 c1ui-1ng the l t1r:t tlecarle have flhor-tn thot Fur:10n ui1cro­

orcon1r. l& coo otfect oxtonoive chaor-i::e lo <J1etary 11r;>16o. •..rhe r-o­

lotwe of f NJc: fatty acido f 1"0 oater link with v,lycerol bf 1--u:;"Jen 

u1croori;an1nma waa rt rot roported by Ga,ton £.1 ,a (1953) . 'i'h1a 

t1n~1ing bsu sabe gfl"Jntly boon coot1rme<J by Gut"ton .21.cl. (1959), 

Garton li .Al (1961 ) . lake and Robort:JOn (1961d , ond L1lc:ook (1968). 

"i'hooo oboo!'Vottono wore mo1nl:, cootinotl to s ~eeonotl'St1on of 

h~i!rolyt1c acttv1ty by both .1n v;m an(! !D. sll.m technlquco, o:r t-0 · 

ohoo the effect of 11p10 on ova,roll mctoboli~~. 

Garton ll .QJ. (195~) in their or1r.1ncl Dtuitioo, ohooo<J thot it 

\7~r~ tht.; Nmen bncterlo thot trero roapoooiblo for t hin hy(1rolyt1c 

ociivtty, but attenpto to obtntn oell-fl'e~ lipolvtic oo~!,--mo pl'Op­

arattono ot rumen bncter1a have not boeo cuoooscful. }tOii(!VoP, 

Dawson (1 959) inolated e lnoloe1thinooe . and Uobooo end Uann (1961) 

1oolntet1 rumen bncteria io puro oultl!FO which uore capable: of 

byarol:,slng trtgJ.yoerldcn uc:h an linseed 011. 

Tbe oblec-t ot th1o OO!'k wav to 1oolato the lipo1Jt1c f mctton 

tro tho bovtoe rucen• and if pono1b1e. preporo a 0011-rroo 11 

ol1ttc traet1o pablo or bJarol,e1og botb outuroi nod oynthot1c 

trigl¥ ride • 
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Ch. t or 3 

3 . 1 • • oA,vont t .l!.Qf... l eoeont 

All olveoto unoa weiv purif i 

all rooccntG ,, ro of 1::itbor .inol::. r tt or 'Toch 1icol " g Fu r"\: unlcn;o 

othorr;iso et tod. l.art1oactive gly r:11 t r1,01eat \J -1 - 14c) no ob-

OY of Lipa,..- ,st1v1tY b 

The :- vthoc o.:1~,1oyod ·mf osc . tio ly tho colo r1..iot r 1c .. t.Jtho J 

doV1Svt,i by Ayar (1 J5tj) POt; .J01'1f1oc by ll"WYOcl· (1'Jr":'J) an•: Dunco. ,be 

(1 953) . 

This mcthoc1 1o r"'~pon<1ont on the ror.:mt1oo or cooper or lt or 
free r atty aciflo ( ~F' ) in ehlorofol'n olutton , on t ho <'',-:itton ot 

o coppor ro gen t (9vol . oa . T -tr1othnnolro1ne ; 1v_1 . !.' - .cet1c 

a cic ; 10vol . :; .4~;: (w/v) C:.i( z; ' ) 2 - 3I\>O) . 

A 5::11 11quot of tho totol 11r,1c1 reridu-<10 f h incu-

b t onn , to give Fr ' in nr, o 0. 05 - 0. 5 u olcn, ea 

n bg 1nvo ion •1 

nti-if 

t 1t 

1D 

• 'I • 

t 0 . 1, •/ ) 

t 

- l ) . 

copp r ,o nt foJt 2 rJ inut 

.-.._ ent t tbc top o f.bu 

.. q ot 

to 0. 5 t l 1 

1 .t ylc?lthl 

l l'O" n 

t "" 1/ ln p 1 11 

t nd ti: o 

t ube a d 0 

' e 

lo rb 

1n 

n • 

ln 
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a blnn:t ool11t1on t hot lln<l heco r.ubjocto6 to tho uo.:1e proco<1uro , but 

~1th no o,eoa llpi ~. 

', he o 10unt of F•'r, in the pr..:>< ucta of iocubot1on coul ~ t hen bo 

c.1otem1nor", by co Jpt·~·inon aroinot :1 ntondorrl CUl'VC of known conco~)­

t rot ion (1-' i r . 1 ) • 

3. J . 1 . Prenornt1oo Q,f ..!,t._!,q _),C!iQ!!C 

Thin 1,-.voro or t,111cn Gol G (~ . "'erk, h. -' • • Dtu".1J~ t m1t, Ool'Cl::n1) 

wore preporcd by tihnkin • o wc1Bhed S!;'tOUOt or the c111eo (!Cl ff! th 

t wice the r.oi~ht of dlatlllod water. Lagol'S or n. 25~,m thtckne~o 

nero CPJ'Otd unto gl Rss pla too uoing a Doenr,e arpllcator. The 101-

erc wo re nllor,oc1 to nettle at rou , tv:-.lpC rotur-.; , oo<1 wero thon 

tranurer1'J{~ to so oveo ot 11 c 0 tor uppro~tmtoly Go rn1nut-:c for 

act i vnt1on. 

3. 3. 2. ~t£ryrpt1oc g~ th£, clut.1,nc cotvcntg 
Tho olut1nr oolvento uoca lo nll oopomt1ona r.ore hoxano. 

dlothfl ethor, nn<1 ocotic nctc i.x0t1 in the proportionc 70 : 30: 1 

( v/v) . i;!t th tho oxco-pt1cn or tho lntto r the r-.olvento ncre d ried 

ovcp onhydrouc oodlura calphoto. 

3. 3. 3. C]lromPto~rpnt>1q D,:OCQ"Y.m 

t aopleo woro token up in he~eoo onfl opp11 a to tho l JGrr. at 

t oi-tgin 1th gloeo capllln:ry tuboo. All lovem nere de-volopoo 

io e proviouoly cJrtot? ccole(1 chrot2 togrnphJ t n Following 

ilovolop. ot tho la,o woro tt~1 <l, one ror a •1ouol oppti teel. e,o 

oprnyod wttb o 0.1 >i {w/v) ool1.1tion or 2 , 7- dichlorotlo.ore colo 10 

otboool, oo<l v- eel tinder llltrov1olot 11r:;ht. Co!nponont,o ooro i&m-

tUiecJ by ~muitleoo 1th owo atm,ao o ,o. togroph d 
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1 ulta u ly o t l 1/ r. 

R <aoact i vi ty aa counto <1 1n .c?ooko .o ~1 3375 Liquid 

5c1nt1llot on ,i c l'O,, oter. The celnt11lot1on flui< con lste of 

o •. ~ >l ( /v} 2 , 5- 1pho yloxnzol { .t' u ) ,. nd o. 05,., 1 , 4- b 1 - 2 ( r. ph o ;v-

lo.xazol yl )- be nz ( ?t.iP ;1_,, ) , < olvct'! in tol ono . '-. >, PO '0 , an 
' 

nciot1llot1on P tolueno ro obto noc:1 tro, .rucloor ;-nte rt s 

L • , .... n~l n • 

A ult blo ltquot ot 

n1n . a 5 or 30 !croltt yr1n 

e pl ee<l to COUl 1n vol 

( i: .lltoo) , no v pom d o 

dr:,n a uodep 

dc1erl to ech 

T rr1 

cl d1 

wit C 

3. 1.i . 2. 

llpld C 

ult 1 

lt 

( 

1 

250r lamp . 1 0:.11 of sc1nt1llot1on lu!d n th 

unt1nr. vtnl. 

tbt.: 1t1og Bf ~ . .1 r . in d by in-

1 ot 14 xad c no 1n int ill t ion tluic , 

to ct1vtty b o o 

lo 1 JO• pl 

1 

1 

o; 

1 

5 ) " 

t 
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ot . pc l 1t1 to 

of lan ter (ri . co ·1 A.G., Zu.ncb) . A b8{ 

dr n tnrou m t o ft 

o u d unt11 e conGt t 

b .. c ro na . d t 

dtos · ·a obt in d. 

1 ht 

, lto . ivuly , dcto r.aio c aft r t 110 101 r 

e 1 ctl1 1 

(l it t t) pl . 

3. 5. 

T 

J y hi e 

IL n m..:,~ be r t 

-oonttally of 

n after ho 

01' th 

t he 

~ pling 

6. 

I p 

lJ 

pproprtete atea'1 of t 

to co ntlne vi 1 • 

count 4 d crl 

bl tu , pl 

h 

t c 1lk1ne; s 

eg so . 1 o. 

oorn n ;-- :• ilk nr- 0 

., ch l 8 t 

l t D ti t 

{nr,ant, 1959) . 

n 

1 D O p 

t,clotlll tion flui 

• 

tl'O l 

h A 

ztn~ on tn n 

clovvr. ! U'ilOO n. ,186 

t .. a tho nnit!Jr.1 hn<'? not 

ant t no 

l 10 n n o l' to 

t 1 

t 

' l! 

1ng 

ting 

Ot 1 

e ten 

1tion n 

1 

1 

t.-

-

) 
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all t1. o en a thRt 8 0 tu 

th t vot , nel'O kep sn l'Obic, tn 

p; o. 

6 tntetne , on 

cont1nuou6 otPO&ill o n1tro-

. hoo trnctionc tioo of rt n co t ntn invol vo-; locc of 

onch tr ct1on s ::i co ap to tl v volur of tho tertio wtoriol 

\i 1 tl clarlf ied llq 01• {U · ) , t X'Jl'l: it voli(' co D&l"i ··ooo bo-

tw~on froct1ona . T 

3. 6. 2. 

3. ~ . 1 . 

L tr in t n b cctod nti-it ga tion t 

500.c for 10 1ou e 1n o o 11 r.:oi!el • -3 A o ti · u r po d 

Cent tfu, uo1n a c_ I l"Oto , to p c1p1tnto fl) o OB ... ·100 too 

p ~ticl.ce . 1 cpa rat1on or protozo wen Ac.1 

tochoicne, bA t:?<1 on the moth of H ol -: , Oxfo 

v by o cc oontat on 

And t,urf! o ( 1 9!;2, . 

1 huftar rs 

2
H, 

4 

. ,1 

- :104 . 7i"20 

2• Q 

• t 1 

l 

3 
T b t 

ltt 

l 1 

, 

• . 

1t 

1. 5 

G.o 

0 . 05 

0. 05 

t11 l prior 

0 
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woo olla.vct'! to stsncl tor 3r n 1onteo nt 39° , lo VJhlcb t l e g roy1oii-

nh1 tc layer cone1Gting o£nent1Allf or protoaoo so~1meotod out at 

thv bottoo of tho funnel , nnn tho pl oot dobri c :intcr1r,l collected 

Pr. o t l11 ck sroon loyo!' ot the to:,.. The lover r,;i11ch. c-.-,nto1noC the 

pai-tir:lly pu r1f1ec."' proto7.oa ,·1t't~ run otr DnC woob,'!c.1 cvvoral tirooo 

o! th f ruoh barf r until the pr~c1p1tato oppcor ec: c~ o cloon whi to 

l~yer. Thio wnn thilo ruo orr ~ ! Of! n<.e up to t:.. ~ orirt1nol volu:oo , 

wt th G!::i for incubotioo. 

'£ho pJ.oot dobrta oo'6r1al oh1ch roso to the aurfoco to tho 

bu.ffev, wac cJ M \'10 orr 1th tho o1<1 or a ouct1on pu:np on<. mado up 

to tbs or1g1nnl volu:;e oo above. 

3. ~i . 2. ~ropnrulog of cl.c-n-:1f1c rq.aqn 11mmr ®' b'1s;\o,,rifl 

tresS\onv 
The ouperDntant troo tho t1rot SOOS ccntr1.tuget1on nas f)Ub-

j c cted to a turthor centrlt~a tion t 14 , 000.i:; for 30 ·dnutci . ~ho 

oupe l'Dat ru> t \la decaotud ott imf rocooiriru0od et 36, 000£ toi-- 30 

:"!1nuton ln a Gpinco f::0601 L Ultrnconti-1.fa£0 to yiolt1 r. non l t qaor 

which wne optically cloe r ( clerit'lcil rwoon ltquop,-CPJ.) . 

~be p1'&-c1p1tot fro the .tlret ceota,Uueetion •Ashet1 and 

10cootrlfu d venl tlmee wt tb CRL 'lo yleld cl on bactat-ial 

pellet. Thlfl ws .ae up to tho ol'1g1ool vol bf d1Dpora1on 1n 

cm.. 

J.6.,. 
Tot 1 l'l1 

not!IOSon1 oa lo 

r, CEL •eo ded to glvo 

o1oot1on. Al~ on 

movo t ,om the tberoaoo tlock 006 

gcoiD r to 10 • hero ooco 

ut tobl.o coootetenc3 for thoJ10agh homo­

mo to~ thio d tlton o th 
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p rlson coul.d be n e 1th otber trocttonc. Pollow1nf th1 tro t ­

:.1 nt tho txtur1o.: oc otroioed throu.rh tuo loyeru of ch -ec cloth~ 

on<· th,.m cont r1fugoD t 5C·O for 1 C :.11nutoc . ( ,upe mo tout ont con-

tr1fuc;ate vt'C tlmo troatoc"l c e c:i-iberJ in ' ect1o 

Durtnr, the cou !'flO of h1r otucJy • the ncubot1on r., roccdu 

woro cle odcot on th metho u ed for the ans y of 11P<>1Jt1c 

.cttvtt1. 

( ) 

uae~ for tho oocoy or lipol-

yt1c activity, 200;:lJ. of stre1nea ru~an contents wao v er: thu 

etort1n;: teriol . t-· p~roc! contrifur:at!!C mro ,11 pe o<'I 1n CH .. 

to c ive a fint:,l volll, · e qual to t·mt of thi? stortlne . mtur1ol. 

h f ction 1ocub tcd 1n 2~ w l'l D f,;;;?' tl in a ntor 

b t h t 39°. Flook.a were ttech to o e e to en uro tmn u~ .. 

u txln t roup:t out tho 1ocubeti n , nnt~ oltiohun a contin .111 

but)bliJt'l thro- P.h thu inc b tion 

0 

int 

D 

rob1c con 1o • 

fl 1 y to .. to 

P..o111n ., 

• 

d1u too- ch to un1otu1o 

bo 0 tn or ec! b o flo 

tr p to th v n f be l! elo 

p out 11 • . JO r Co ' ) C tbo 

t top h d 

t l. t coo rlr: n • 

to o~ toll 

) . i 

ft 1 D " l ton•- 0 
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11t>1 , nccntm ion of 1.o.· (v/v~ . &:; _,., 1quot e 1'fJ ri 1 thtJ n froa 

tiw 0101:lo incabatiooo t 30 im1to 1otc S"Valo up to o total ti · of 

4 h o a orm1n th mte or hy lin1o. 

In nil s Ei cootrol ruo eo u1 · tine: of 11 

ru on oontont wi b 8{, ieo a b t aw. or ~ n con o o uith oo 

O(GCO ub t te . 

( J) 

8 tovo ller 1t u ll rr1u l" to gi final Dt of 

2 c/20ml t in abet on .. t11u • As :, proco u VJ COOdl1Ctoc1 

r1t tion • 

(1) In PJ'-lJliu1tnory .t 1ec , 1n b t1 n n :,1 tioa nc xpe rL ot, 1 

pro C:u . w ro ic oticol to tho e te cPibell above , wtth the ex-

on thnt in o int noes 0 .. 1 ,· "ho ph~to b ffer pH 7 . 0 

pl cm... for oue ~ oo1og trtfuc t e . 

(11) r, n t 

l ~ lvtte t 

itb r ~ 

1 ~ to f 11 the 

t 

pa tloo of active 

• 

t 

r l r . 

t 

,1 

ctio , 

loco 

lo ct1 in .x 

1quot ot e c fractio~ . 

'to t ortgi 

v. In ti 

1 t :x p 

1 to t 

WO to 

1th 0 unlaboll 

vol 0 tho 

itiOD 

t 1 

p.t 

In 

too 
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3.a. 

The reaction eao or=a1nato by tbo oc.d1t1on of n oquol vol 

of oth nol , om'! boiling tho mixture for _ c11nutoc. Tho mixture 

w, n then trao ,forred to n cotleretinr. funnel rmr1 the lipici wa'1 ex­

t meted into chlorofop:1. T11u chloi•oro11:1 loyer wm1 run orr an<1 the 

..., -1nioinr aquoo •3 lnye r VJ chec'J t~1ce with tho 6 . liolvent . Tho 

oo'.':lbinod ehl.orotorm ext 

and evnpo nteo to o ryno 

11p1c3 ext ct 

re colleete<i 1n J'Ound-bot t~ fl nke 

The 

D p to known vol ot hloroto . 

( lorim.etrtc en· yoie) or hex ( rad1ocho. tool an ysia) . 

0 d 1 the ref Pig 

cont nt. 

o ot 4° to eit n y 1 of too1r 11p1 

3. 9. 

he proper Jt1on or 11- f o boeto~inl oit 

out 1n n nc1 vour to le t 

b eto • T of 11 bV o tte 0 

thod ot 060 nnt, Hop 1 (1 966) . AD ternott 

b d on hight quonoy on1 t1on, u tog o ntc p,o 

( I ra t L • ., Lo 0 • • 

9 1 . 

• 
11 

7 Ji 

'I 

7 

8 

0 

ctn•P1o 

b 

n 

OD 

1130A 

7. 0 • 

4 
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Ehak ~o 1 0 1nut t 

i 11.J,OOO for: 20 1oute 10 to rv 11 

llet os t o di persed to 80 lot ice-

cold 5 X 10-l •. , nu.,,-~s1UJJ o 01."ido onrJ rrontly tiF c in en ico-

b th for o .. toutes. F a ton tr-o~1 a ottti.tusotioo o. thi 

Cb t .... 

d crib~ lo L ction 3. 7 • 

.3. 9. 2 . 

Appro.xi lJ 1 c: of t 

butter to t th1 

b t .. f1 sub to on1 

• c1p1t to 8 apol'D toot 

t 1oeubElt1oo. 

t 

ti coll 

1 rr,. T 1 

loo toi- 2 

ct1on prop 

tr1furoe) ~ io-

1-1 4c) ror 1 br a 

tn p 

in ·D 1 -

• 

t 90 , coo re u d 
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Chapter 4 

Gt nd rd oluttons of p 1 1t1c c1d ore . o up 1n the i-nn 

• 51U rJOl to cthloroto • to tin 1 vol or 5 
I 

of f e fattJ acid ( , ) levo1o ore Peco 

• nr1 u 

1nct1on 

on a 

Beck an ~'o 01 DU ' ' U rtz c- p ctrophot ter. 

Tho l"Ol tion h p be oon ox ttnction and FF.A levels tor pnlm-

t1c c t.1 in chloro Ol1ffl te ho n tn 1?, .. 5. Thie'! etanda ,,tt-fll)h 

wan eel fol' all tho ub qu n PPA ec i . tione u.stn the colort-

t t~ie th • Appl'Opr1 

chlorofo~ w 1nclu 

1bl t 

l ly. 

~ lo t, •• • • 

'I ( ,fv) 2 ~ 

(T 

t end 

cb 

l s p 

1'1 ot 

I • 

· 1,10 

) ( .1 

ol tton of p 1 1 1c ac1 in 

1not1o • 

e t1c lip t t 1 

11 013 1 fl t 

t • 
t 1-1 ) t 

ot 1 tl • lt 1 - 3 
/l • 

z 1 0 5 5 X • , 
l 11 'I 1 1 
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Palmitic acid (µ moles) 

The relationship between extinction and free fatty acid 
levels, for solutions of palmitic acid in chloroform. 
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btlftor, pH 7.5. Incubations were conducted 1n a wator beth ot 38° 

with constant ohakiog. Too reaction f:ns ato.1pec1 nnd the lip1c1c 

extracted os dever1bed to ~ect1on 3. 8. Followinr ovopomtton to 

oryne£,c; tho 11p1a wee dissolved in o ouiteblo voluoo of hoxano anc1 

All aliquot of thin aolution ( contaioinr opproximstely 3 , 000 dpm) 

was applied io a thin la1or of o1lic~ gal sod chromotogrophed as 

deocr1bod 1n Lection 3. 3. 3. 

~he diotr1but1oo of ~nd1onct1vity bet\'.loeo the products ot 

lipolys1e, a.rte~ 1ocub~t1oo or 14c-tnololn with poocreet1c lipase 

for 5 ciinutoe , no obov.o by a rnd1ocbm:aatoe;i-n11 ccaa ot s thin 

lsver o£ s111ca gol, ta 111.uotmted ln Fig. 6. 

The f'or.nat1on of 
1~r- loballed hy<1'rolycie pl'Oduots tro.'il 1lte­

tr1oleio by pancreatic 11paoe wns determinefi by 1od1v1du8l 1n­

cubat1oM or 1 to 6 n 1nutec unu~~ the conditionc descFibod ebove 

(Table 3). 

Appro:itwatoly li5;J ot the total rnd1onet1v1ty wee recovered in 

tho FF'A trsctioo after a 6 oinutc incubation, the rate or relenro 

being al·ooet lloeer ovcl' this ~!"loci {P1i~. 7) . The fot".:lst1on ot 

dtglycer1do roached a :.mx1 um of 2~. J,, attar t, minute and thoo 
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Radiochromatogram scan of the products of hydrolysis of 
14c-triolein separated by thin layer chromatography. 
Conditions of incubation: 5 ul substrate containing 
1.4x1o-3 u moles triolein (1.1x10 5 dpm), pancreatic . 
lipase (0.02mg) suspended in 1ml 1M Tris-HCl buffer 
(pH 7.5), 5 ul 4% CaCl , incubated for 5 min at 39°. 
MG= monoglyceride, DG = diglyceride, FFA = free fatty 
acid, TG = triglyceride. (See text for scanning 
conditions). 
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Tl ME OF INCUBATION (min) 

Changes in concentration of labelled components when 14c-triolein was incubated with pancreatic lipase. 
TG = triglyceride, DG = diglyceride, MG= monoglyceride, 
FFA = free fatty acid. (See text for incubation 
conditions) . 
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TG 0 2 3 4 FA 

Incubation Time (hr) 

Thin layer chromatographic separation of free fatty acid 
and triglyceride components following incubation of 
emulsified peanut oil with strained rumen liquor. TG = 
triglyc~ride standard, FA= fatty acid standard. 
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TIME OF INCUBATION(hr) 

Rate of formation of free fatty acid by strained rumen 
liquor. Incubation conditions: 200ml strained rumen 
liquor with or without 4ml emulsified peanut oil, at 39° 
in N2 with constant shaking. 
• with emulsified peanut oil 
• no added substrate 
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Ef fect of time of incubation on the release of 14C-fatty 
ac id fr om 14c - t riolein by strained rumen liquor. (See 
t ext f or incubation conditions). 
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Figure 10. Effect of amount of strained rumen liquor on the 
formation of 14c-fatty acid from 14c-triolein. (See 
text f or incubation conditions). 
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Lffect of substrate concentration on the formation of 
free fatty acid by strained rumen liquor. (See text for 
incubation conditions). 
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Figure 12. Formation of free fatty acid from emulsified peanut oil 
by fractions prepared from s trained rumen liquor. In­
cubation conditions: 200ml of each fract i on incubated 
with 4ml of emulsified peanut oil at 39°, under nitrogen, 
with constant shaking, for 4hrs. • 500~ centrifugate, 
O 500~ centrifugate less protozoa, A protozoa, 
.a. 14,000~ centrifugate 
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----· ---· ---· ---· ---· ---· ----· ----· .t.--- 1:,.-1:,.---t:.. -t:..- b 
---1:,.-1:,.---t:.. 

2 

INCUBATION TIME (hr) 

3 4 

Figure 13. Effect of homogenisation of total rumen contents on the 
formation of free fatty acid by 500~ centrifugate and 
500g supernatant f ractions. (See t ext for incubation 
conditions). 

• Control 
o Strained rumen contents 
• 500~ centrifugate) Unhomogenised 
t:. 500~ supernatant ) 
o 500~ centrifugate) Homogenised 
• 500~ supernatant ') 
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Ti "-""'"'~t p?O ntee nfir.:a t ai-11e t1no1ng thnt homo-

sen1aet1oc 1nerea£e~ tL~ 11 ol~1c- oc v1 ty o_ the 500 , sup i-o .. t t 

pr .... pared f · rot.enen cont ntc. A 500. contrtru~ot1on f t 1 rl 

l'U on 1111uor (unbo::10 en1 e ) reou tee"' 1n all +h 11polyt1e t1ct1v1ty 

boion coot1noc! to 1 eeoti-1fuR ,to t t nd no L c iv! ty p cent 1 

u eoquent f rt.1ctiona propnrod f' t-o'n .the s,-in upa matent. no1t ... vott 

bo:,JO ~ n1 at ion of o n ru .. n eonte,n ~ ultod 1n tho for: at1oo or 
.s: in the 500. sup. n tont liich ~ co c d io b 11$, 

proeip1ta of this e pvl"Oat t . hinc of hi 14,000~ 

pree1p1t 1th p phnt but er, oof n Pit etion to o tnln 

cloeo b ct rt l t,, re 1 te 1n no l oo of ccti tty. 

h1 )tlwo for tbe t1on of Bct1 11polyt1c bocter-1 , 

ao ~sod to obtoto ot r 1 e ator tll. for furtieF leolation p 

dui-ee. 
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(a) UNHOMOGENIS.ED: 

100g Total Rumen Contents 

+ 50ml CRL 

strain. 

centrifuge, 

500_2 for 10min 

(i)centrifuga te @supernatant 

centrifuge, 

14,000_2 for 30min 

'2) c en tr if u gate @supernatant 

(b) HOMOGENISED: 

Figure 14. 

100g Total Rumen Contents 

+ 50ml CRL 

@centrifugate 

homogenise, 10min 

strain 

centrifuge, 5002_ for 10min 

@supernatant 

centrifuge, 

14,000_2 for 30min 

0
centrifugate ® supernatant 

Pathways for the preparation of fractions of rumen 
contents for incubation. CRL = Clarified rumen liquor. 
(1) to (8) = fraction numbers for incubation. 
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te 87. 8 10.2 I - I -
, OOOJI 

rnntont 99.0 I 1.0 I - I -- ~ 

unbooo~oo1so6 = stratoc~ wm~n 11quo~ 
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4.J.!:. It~ool:y~1s.._qc,!1~1tx .,2_r_C!9l1-·J:t9.£. _..JtXJ.J!ac;!L.o!'. l'gneo bocterta 
'i'he 11\iolytic activity or coll-free extructn or runcn bncteria 

prcpnred o y oo:1otic shoe~ nor: by hif. h rr-... :qu1.;flCV svu1c~tion 

t1c nct1v1!y of cn ch frnctim (1-·12. 1n 71r·. 13) \'?m; nor:nuro'"• 

rur1n0 propnrntion of oncl1 ti-nct1on~ ~ kno·.,n volu:-,ie of pnocr,hate 

butter, pH 7.0 w~u- a•"oad to 1-esunpcnded contrtturotes to enahlo 

diroct eoo,pnrteono to be nefle hoti,ucn oncb rrr,ctfon . A 5 ral nliquot 

or eneh .rr.1ct1on vmr. 1ocubator1 with 5 ,ul r:l'lcceyl tr1(oleoto-1 - 1lic) 
I 

r, 
(1.1::..--10 .... dP:.'l) 1n h:xane . :ro unlobollecJ cnr-r1cr won odd ... .:, hat ron-

stant chnkinr: nno na1ntn1:Jcc1 throur hout n 1 hour incubation. L1r,1.~a 

wero o.xtrncted nor' reaction prot"•uetc 'ictro r.epnrnt~d on th1 n l u~ro ro 

of Eil1co fpl n ;~ acnnnofi :>n ~he racJioch1-r:>~10t,y·rn 1. .1t, control in­

cuont ion cono1cttnr- o:' b~11orl Nr.lt30 contontc w! th no ndd._,d m1bot rota 

s i:.or:...:t r10 lipolytic oet1v1 t:,r .. 

Ttw for~otioo of radioactive productr. or incubation, fro• a 

Table 13. 

It to Oi>t>orent fro. Tnblc 13 th6t conoidornblc 11po1Yt1c 

activity UN) proeont in oocb inoubsttoo, \,1th tho o~copt1on or tho 

control, 90,000.5 ou!)Orontont {!•1 Poctlon 10). Th-: correspondiog 

sup~l'Dntante after oon1catlon {F et1on 8) ond osmotic &hock troet­

moot (Frnct1oo 1 ~} showed cono1i1.ereblo o.ctivtty. Thto 11polyt1c 

aot1v1tf woo tel ti ntter tbe ... e tracttonn baa boon l)Q8£0d th1.1011gb 

Z01tz f1lt"~, tod1cotlog that they won treo ot 1\1'" n bvetoF1e .. 

Llpo1ytlc octlvtty to also p noot lo tho 111.000,£ eopom toot 

(Froctt oo 5) . When thio tJtOetton wo l'OCCntritago<.l ot 30, 000.ll t 
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Total Rumen Contents 

homogenise, for 10min 

strain (i) 

centrifuge, 500g for 10min 

centrifugate supernatant 

0 

c entrif ug ate 

© wash and 

recentrifuge, 

14,0002, 3X 

centrifugate @ 

(bacterial pellet) 

sonicate, 2min 

centrifuge, 

90,0002 for 

30min 

centrifuge, 

90,0002 for 

30min 

® centrifuge, 

14,000g for 30min 

supernatant 
@ 

osmotic shock 

centrifuge, 

90,0002 tor 

30 min 

supernatant supernatant s u p.e r n at ant 

centrifugate 
@ 

centrifugate 
© 

centrifugate 
@ 

0 

Figure 15. 

® ® 

Preparation of bacterial cell-free extracts from total 
rumen contents. (1) to (12) = fraction numbers for 
incubation. 



• 

, 

10 

11 

1 

1oolu 

ion of 1~C-labellef1 hytlrolyo!o proaucto trom 
oloin by rrnct1onn or total ru:,en cootonte 

r:!o'11ocettv1t ch 11pif com;onont 

'l' r1Fl~1C<; r11o ";onor.lYoo ptr1e 
............,., I ., ... + 

n contoot 
:omoaentont1on) 

11 . G 75. 0 9. 3.6 

,o 
hock- 90,0 

1P.l)' DD 

(ettor -wssh1n 

ot~itugftte 

upernetant 

nt r,tf URA te 

nt 

c,-,ot riturmt 

ot 

31.2 

28.1 

42 .D 

71.6 

·~9. 5 

~ i . O 

uO . 7 

~0. 3 

1 oo. o 

23. 9 

h7 . !) 

59.5 

61 . 2 

44.3 

20. 

47.5 

21 .1 

22.6 

65. 0 

... 
23 . 2 

.,3. 8 

cor1t'fo no• on unlllont1t1o,:i compon 
fatty 0C11D oo o thin l ayor cbronato 

loo or tho cllro~eto.r: re. '11 -rooolut1on to 

4.6 

7 . lt 

7. 8 

5.7 

-- .o 

. 7 

1 Lt. 3 

o.n 
-

Sr?.~ 

13.a1 

4 . f• 

3 • .3 

5. 2 

2 . 

h. 3 
2. t, 

4. 9 

-
5. 0 

b1ch chro:-Jntorrr cpn"' 
• Duo to tho h1r;h 
tnrle peoko coulr not 

ho r;oc10 uniOontifio11 co1nooont on obove. 

• 
~ 
t 



- t 

to 100 of ·, " of 1 

a ult! in\11 to th t t b rt 

l at! lJ s. all nnd tb the 1 e 

top totel p e1p1tat1on. 

-
trlf 0 y. 'fhi 1 ln 

-
ntP1t ,,:a io snot o f1o1oot 



-

;J . 1 . 

t • d~1 g tvt 1 1 it 1 ti,,wl b 

,.:p t ol 0 OOZY.Kl « ?: t t 

1 

ct to 

11 .. • t 

d 

6o · ot> t l ol 

• 
n -1 on_. 

• 

1 1 0 

• 

• 

1 ) 



- 73 -

reaction velocity could bo tileasured in short incubation tices . licm­

evor ti tratioo methoas have the disaovantaee that 1 t is diff 1cul t to 

oeeaure lipaoe activity close to plI 7 .o, becaune of 1nCOuJplete 

titration of fntty acids. 

Colorimetric determination of tho liberotef fatty acids heo the 

acvonta{!e of increoeod seos1t1vit1 ovor titrL,etric r.iothodc . The use 

of aubstrotos which give coloured end- products aftor hyfrolysis, or 

ones which can easily be converted to coloured products were firGt 

doocr1bed by Seligman ana Uachlac (1950). Duoco:nbe (1953) developed 

thio method to achieve a sensitivity or 0 . 05 - 0 . 51u mol ec oE FFA by 

color1raetr1cal1Y determining the formation of a complex of copper 

soapo of liber&ted fatty acids in chlo:rofonu , 1th tliethyldi thio­

carba:..1ote reagent . Although relot1vely timo consuu11ng, this method 

WDE used eatisf ectorily in prelLaioary work for de te 1-.Jiniog tho 

locot1oa of the lipolytie traction in ctrainea ru~on liquor. 

Rao1ochernicol methodo bave beeo developed over tbo lust few yea rs 

1o an endeavour to achieve greater censi tivi ty and n more rapid 

aoalys1s procedure. Theoo methods tnvolvo 1ncubst1on of rao1oact1vo 

substi-ate ana the aubseguont aoalfsis of the raa1oact1ve prooucts ot 
· 14 

hydrolysis . Kel l o1 (1968) aeeaureo the formet1on of C-labellod 

tatty acids troo 14c-t1'1gl:,cerido by aoeorpt1on on doh:,dNtoa bJdroxy­

charged ton exchange ras10. and subsequent deten1nnt1on by liqa1o 

oeint1llat1oo spectrometry. Other 11p1ao wen 10moved by washing with 

oolveot pi-tor to counting. 

A major disadvantage ot these motbodo 1c thot only the FFA can be 

aete rmtnea read11y,. end other p.roducts ot byr1 ro1.va1a roguiro further 

anal.ytieal procodul'Cc. Chino ao<J Gilbert (1 965) isolated each of the 
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Table 11 ). 

Tho formation or di ~lycertuo ona monoC).ycerlde interme~toteo 1n 

the h~dl'Olyo1n of triglycoricJe wee not oboo!"Ved to tho 1o1t1ol otud1os 

by Garton, but lltmke anc.1 Robot'tson (1 9"'J4) obtained chl'Ocimtogrophic 

ev16ance for their roTraot1on. ,,11cock {1 968) aloo domonotrato'1 tho 

presence of t hooo 1otaroac!1ot aa u.o1ne a o1tt1lor l'SCiochomical ootho4 

to tbo ooo dcoor1bed 1n this study. From t he aoto quotod to Chnptor q 

tt lo opporent that bot h d1glycor1ao one uoaogl:,car14o oro to~ ed ao 

1nto,mo~1otoo to the h1drol1s1s ot tr1r,1Jcor1clo b1 rumon liquor, but 

t rom the low levoln obno rvoa, 1 t would oppoor that they hsvo o t vooo-

1 torv ozielence 001,. 

i?anci-oettc lipat1 hrs been cbown to be cpe e1f 1e fol' tho hJal'Olynlo 

ot pricmry alcohol. estol'G (Savarv ond l)ecmuello , 1 956) , aod o o1m11ar 

opec1t1c1t:, hno boon obcorvod foi, o tlk llpeoo (Jonoon st Jll •• 1 960) . 

On Uw othor htmd• U1q1nua 11poce ( Eiavory ot ol., 195-9) end 11 ·.oproto1o 

11pno~ (Kol'O , 1951) ao not oxh1btt tbio opecit1otty. Pollowiog t 

tncubatloa of atroinad rumoo liquor with 14c-11001onlc acid to the 

2-pooltton on the tr1P.1Jcertuo ool oculo. Slloock (1968 ) oboerveil tho 

to stloo ot rac11oact1ve dtglycenao enc moooC'.lJcorl The tormui-

had tnnsttoi-g o.x:1eteooo 0011. but · noglycortae lovele ten4od to 

ioa,0000. ~olloao4 bJ tho llborotioo ot the to1og ooteP1f 1ell tottJ 

ac1a at a ol.ower 1' -to. It uao concluded thn'I bJdl'Ol,ele br o 

11quo• epeclttc tor t.be pn rv alcohol eotol'U d tho, tbo el 

ot l!Ol to ot tho ro1Jul t tot 

nsa\lou tho tatt, c16 to a pr! rr po 1 tioo boto bfd 1011910 

Ql(J take pleco. 11a1~rar t the nal. t PN tad So thto t1t~ 

tbero woes to be 12.ttlo ov1 QOO to• aoJ po ltlon ecUlcttv o• 
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by rol1st .- bi, Nmeo 11quor. rt yeeride 1 l nehe epprost · 1, 

6; or the t-otal ioactlvitsr aftur 1 hr or 1acubnt1o • followed by e 

c-it'- to 1> - z; of the "otal reo1oact1vt 'I o.fter 4 bi, of incub ,t on .. 

'i"l perceota · md1ooct 1 i :, in the monop,.lyc,opt e r mctioo at,poo c to 

reach ebout h .lf of the dtrivceride level, 1th no further inc ase. 

The rate of 1•1<".A formation by stPnined ro~:reo liqao¥- m:.m ltnec.r 

ov~~ tho II hr period of incubation (Fig. 8b) • ooc1 tac. ien on the ctfoct 

ot amouot of n liquor (Fig. 10) ond t· ft1ect of t.rtrate oon-

nt t1oo ( ig. 11) on eyc1rol 1e to , plot typic l ooz 

ctoriot1 • Fig. 11 1 t ould r th tr1 

n nt t1on oi be eu 5() nd 100 Et/100 of rein d r ... n liquor 

e 1ve a au te of bVdJtOl • 

Garton (1~) eing l11t'fe ~otiel centn.tuc tioo of a roio cJ r-~ n 

liquor- o tablioi d thot ru .100 bt1ct\; r1a ,varo re ,po.n ·iblo i'ov t.10 hJ(1 ro­

l 11i of triµJ.:tce 1 ~ , end eoneeqoontly lt , eotic1potou th t the 

oxi? 11pol le activtt.u e b t rial c.,oeontmt 

p po1'ed cribe in 6 tton 3. 6. T pre · at in T blo 6 

" \'able 10 from lncubntto tP ho en n • on t y 

ha t 

con nt 

• 

nt tug 

l tpo tlc 

Di 

t 

Ile tnt 

t 

• ll 

ntrit"1 t1on ot st ine l'Uu n 

v-..1oAD.A. t thot ot total 

h 

p 1p1~~.,~ t t 
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n oft 
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rinelp 1 11:JOlJtic org 1 • °!nffljrnrn r, the proto o 1 1 too f · 

th ~artl or1al by t ntotloo a 

(1952). did not zb1b1t oov lipol.yt1c n tiv1 y. ore. it.e 

11polyt1c tlvl y ot th port1cula tr c ton wh1oh iood atto1' 

tb re val ot protozo" an \AU\.1..uulntsb • 

It hne n bg rou 1nvoa'l1@ toPD {Kin , 1956, 

1959; f"irft{Jft,11:1 • • 1965; Han te. 19GG) t e llu.lolyttc 

0 th lb pa 1clo of 1 . * ao tl'OO tb 

abo t tton it t l . lJ t t l1pol,t1 c r1 h 

totlon. t --.. -nt 11' usnc:1nrt1 1n the 1n111al 

It 

1 tion 

1nto t 

n tent 

t 

that ubJ ttns the p t1 1 

t rrt li lytlc activity 

11 and T bl 12) . his upo 

u.~.-t all. or tbo 11polyt1c 

l ol ling 

ot 
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• 

1 -
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p 11 tor the pion f ba 1'1 11 1 

er 1ot1on of l.tnol at 2-c:1 • 11- t 

• Honie onctllot on l techn1 th t 

b n p p tloo o 0 ct from 

Thl ullY p llul.nr 

unit of oxt<..ot 1 'VI phor,iat too ( Bl'O lo 

n o.,, 1957). n<l Hop 1 (19't6) I" 0, 

d t1v DZ tic ho • 

T ot lo 1 te 1tb1D bout 1 t 81' 

ot ae 1 • It thourrht t 

1't lo z 1 

ll b rrt 1'1 OF t 

lo t1on. u tb e c. e 

to psrt1cul r 

cti ly ,ect by , tic shock. In 

the p Dt t dl it to au:r1cu1t to nt rpNt het r t 

1 tot llul. P or tt tot ll ell. 0t.:Jot1 ., 

1 ly t 1 t D 
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11 r 0 t 

• 

1 l ~ ' 
l 

' 

' 

). 

• 



5. 

t 

t 

- 79 -
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oatant. Clal'Uiod ro.rooo llguor d1d not exhibit en1 11P01Jt1c ectivlty 

lo tblr eta41, olthouzb tba supomatant tl'O!ll a 14,000 cootr!.fugntioo 

or homogoo1oed raaao contoots (Fr:1ctioo 5, Teble 13) d1o sha:1 coma 

bydrol ys1a ot trlgl.vcorido.. Ha.,ever e rurtbol' ceotr1rur:nt1on at 

30,000.a t ranetorl'Od all ttw ect1v1ty to the contl"it'ugote , s ggeutiog 

t hat pooe1bly o_t tho 11?0-lyt1c orgooisma or the ruoeo are very 

amall boctcJtia. 

5.4. %h Relgt,1gnghlp 49tqocq H51rg1tm1 md 1lydm,gennt1gg , t 

L1ptd 1n th!l Ru;Jog 
Hydl'Ol,s1n ond bfdrogenatioo oro ena:,mat1col.1V cootrollea re­

acttonn (Rel o~. 1951 J Gorton Jt1 ~ 1961 ) and too l etter nuthoNJ 

ouggeotciJ that trlgJ.ycen,,o hfdrol yo1o .1ns carried to coaaple1.1on botoiac 

t ho subot rate wns ,oleo.sod f roo tho enz:,:ne thuD pPOcladlng the 18-o­

l atloo of f?Oe d1glyoo!'1ne or aooo[!lycerlcJe intormet'.11atca in tho 

bydrol 1sts proceoo. Howovcr thooo 1ntel'!llod1e1os haw boon 1nol tud 

mol'e Mcently by Hawke aod Robertson (1 9Gb) , S1lcock (1 968) . onu 1D tho 

pl'Or.ont e t udv. 

Olloock (1968) cooeludod thol tet1iJ odd ore found to bo wore 

eat,netod wbeo t e lo tile ruooo llquov tboD hen lo eatorttlod toN~ 

but t!l d not <I t coun, th pocslbll11y ot hJd u t1oo ot estertt1ed 

tatt,- et • B .- 1n 1"0 p elce tuotoa (Haltke <'! 8S.lcoc· ~ 1969) 

lt was touo that hJll gen ~loo OOlJ pJ..aec ltb troe ~o'itJ 

c14 ubat t • 1'b1 ttoat co lc1 1 1, thot bJdrol,a tho 11mi -

S.n t otor ia t Jdl'Oge,n tioo or dtetar, tn ta-tf t tt ed c-

T o~ hfd101,ote dairJ p~cte,, 

obvto • nto ~ bJ'em,ct l OJt 

tloft l n• tba b q ni ot loo ~ o 
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b t t t b t • 1D tr,. 

T ~iati in t 1 vol r on a tty cl"' 

1n butt rt t b beun ob _ l'V8d by n n :bet- f 0 Ka 11, Rot 

d ? t ell• 1957; H e . 1963), ne hoo been explain t'I o a eJtt in 

•tent bf fluctuationo in ti levol o uncs\urat&d t tty oci or th 

(1963} f ed o got1c lo 1et ot hon 
tntion •Y • 

t t 

'! ntlv f"l e 

t -. 1 f • A 1 11 

<ditioo to h oo 1 g 

1 un tu 

1 ot 

r al byc1 BO t ion 1a th 

t g of .. tuPity. OU 

e ratty 1 WO 

t d t ty 1d tn 

11 to 

n. In tho 11ght of th1 dl a ion 

ho v this tf ct may al o b Xpl in by l t d hy rolysi · 
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Chapter G 

1. A study h'lo beau aaae of the hvf rolyo1s or tr-ic;lycori~eo by ~n 

contonto undur .in vitro coodi t1ono uo1nr peanut oil aotl cynthct1c 

~lycoryl tri{ol"ato-1-11~c) ac oubotmto. 

2. A radiochemiCP.l toehntqLtO has bocn ttevelopof'! for rws ~vtoe lipauo 

activity. Tho products or hyCrolyo1o of glycaryl tr1(01eoto-1 - 14c) 

\JON i;epamtoc by thin layar chro. otor,rophy anri tho ftK11or~ct1v1ty 

a6ure<1 by two elternotivo tecbnlquec. Tbe nppropt"ioto crece of the 

chmmator;rc., tie re flCl"Dpoa toto couotio~ v1alo ror 11qutt1 cc1ntillat1oo 

countioe, or th,1 chro~atog11ot'1 wan 6connod by n rotlioch:ro::mtogram 

ocoonc r , followca by plaolroet rte tAieooure:aont or peak &J'eoe. 

3 . Tl.o hydrolyo1s of tr1elycor1fh.t v1a d1r.l:,cer1c1e aoc? r~onoglyca r1do 

lntonaadl ates to f iee fatty acid , by atrnlooc1 ,uraeo 11quol' h o been 

oloorlr do:noootrated. 

b. The orgootsm& responsibl e for l1polyein oppenJ1Cd to be clooel7 

oreoctetod with tbe pal"t1culoto oater1al tn the l'UtJOo. Attar homo­

a1oat1on of total. JIU o contonto, 11po1Ji1e scttvtt1 no tranoterred 

~o tbo boctorial poUe, (1~ ,ooos otrttugate}. 

5. Ll 1Jt1o aetlv1t7 .rouot1 to 11-t!'Oe e.ztrnc:tn of n 

b ctctrl _ prepal'Cd t ,s 90.000.a ot,U altoo. otter the orgao1G , 

bod bcoo sub ctud to tic oho t;ro nt or ooolcatton. 
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6. 11 ly 1 z ( ) tot llulaJt 1' to 

ibi pee 1ctty 01' hy 1"0118 tor tntt1 1d 1n t h ft 

p 1t1on or I r1£!',lyce rl.<'' has bean <115 ee. 

7. die i or :,·1 rolyni 0 p q cit ror the hy t.ro-

u nation or d1 ry u ture tot'ty cl & b be n di cusse. 
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