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ABSTRA.CT 

Samples of inedible bulk mutton tallow were collected 

uo��hly throughout tTio killing seasons fron one �e�t killing 

pla11t. r.rhese samples plus one s a .. mple from another plant, �·:ere 

CJ.nalyscd for fatty acid and trie) .. ycerj_de cornposi tion. In the::-:e 
sar:t�Jles, four f�tty acids (myristic ( H1-:0), pc;,lmitic ( 16:0), 

stearic (18:0) and oleic(1o:1)) compr�Lsed 2�8.6'h of the :otal 
fa.tty acids, a�C. there v1as an avere.ge of 16% trisaturated 
triglycerides, j8% disaturated triglycerides and 46% of 
triclycerides with a greater degree of unsaturaticn. Overallj 

there was a significant decrease in the proportion cf 14:0, and a. 

significant inc�ease in the proportion of 1B:O, from Noveober 
to .June; c..nd there was a signific�J.t difference in !:he ::rrea.:-! 

proportion of 16:0, and also 1b:l, bet�een the t�o seasons. There 1 

v:c�s a significant difference i�, the proportion 'J: cis 
monounsaturated triglycerides, and the �o�e highly unsaturated 
tr-ie:;lycerides, between some of the different t2�1c·.;,;s analysed� 
�here �as a significant decrease in the proportion of 2-oleo 
disatura�ed triglycer�des from Nove�ber to June, �ith a range fro� 
'10 ""'"! ( " ' � l.....•iu 1·12-.y, 1978) to 20.5% (November, 1976). 

An acetone fractionation scheme was developed with the �ain 
aim of conccntra�ing these 2-oleo disaturated triglyceridcs �i1to 
one f'rac tion (the in te::.·media te fraction) which rr,ay be lJ_se ful ,:::_s 

� co c a� buLte� re� lacc � mhe fl· �s� ��e ��n l· � Q t C ( t � o h��l P�·ct���·)· Cl. c;;. \.. � );-' ..;;; .)... • .l • .... '" .!::' - 'J -- lJ- � c� ...: \ � .\1 'J • - �.,.)... a - .... d � .J... •..J .l 

was separated by filtration, and the filtrate �as adjusted for 
solvent : fat ratio and then further cooled to precipitate the 
intermediate fractio n. After separation o: this precipitate, 
acetone was distilled from the filtrate to pro du c e a final 
fraction (the se ft fraction) .  

A screening experj_ment showed that the solvent : fat :;-·at:Lo 
at oach crystalJ.isation, the temperature to which the 

solut:i.on '-'ias cooled at each crystallisa�ion, the i'/.?,tt?l' content 
of :he acetons and the degree of a..gi tation during cry[..; t al.1isatj . . cn 

�ll affected the fractionation. The effect of these variables 

u�..:o::-1 one sample of :nutton tc:J.2.0\'l \'!e,s stud.Jed, a.nd r.la-'.:.hemat:i.cc..l 

f;.·a...:;tions a!lc the r11elting :9roperti .. es or t.h;:; intermediate fracti•:;,.-t" 



iii .. 

fraction was used to estimate the fractionation conditions which 

would ·give ·an in termedia.te fraction with melting p ro perti e s  most 

similar to those of cocoa butter� From this, a fractionation 

was performed with first and second crystallisation temperatures 

of 9.2°C and 5.2°c respectively, solvent to fat ratios at the 
first and second crystallisations of ·1.0: i �m.d 10.0:1 
respectively, a water concentration in the acetone of 0.6% and 

a defined agitation condition. The yields of the hard, 

intermediate and soft fractions were 34.5 wt %, 2.5 wt % and 

63.0 wt % of the tallow respectively. The intermediate fraction 

contained 51.0% of 2-oleo disaturated triglycerides (compared 

to 68.9% in cocoa butter) and had. very similar melting 
properties to cocoa butter. Then the fractionation scheme 

was modified to give a greater yield of the intermediate fraction 

(8.3 wt %) but the melting properties of this inter::-.edj_ate 

fraction were less similar to those of coc oa butter. This latter 
frac tiona tion scheme was scaled up (from 20 g tall m¥ to 200 g 

and 1 kg). On each scale an intermediate fraction �·1ith consistc�1t 
yield and melting properties vias obtained. The yislds of the 
other two fractions varied, however, and o-vero.lJ. there ·::as a 

considerable difference in fue behaviour of the fractionations 

on each scale. Attempts on the 1 kg scale to produce an 
intermediate fraction with properties simi2ar to those: ;J f the 

best 20 g intermediate fraction (i.e. similar to cocoa butter) 

\'/ere unsuccessful. The highest proportion o f  the i�pOl't�'1 t 
2-oleo disaturated triglycerides attained in a 1 kg scale 

intermediate fraction Vias 36.e%, and this fraction melted over 

a wider temperature range than cocoa butter. This intermediate 

fraction may be useful as a cocoa butter substitute in a coating 

chocolate, but is unlikely to be able to replace cocoa butter in 

chocolate. The hard fraction produced from this 1 kg fraction
ation (23.0 wt % of the tallov1) showed promise in a baking 
shortening blend �ith butter, but was too hard to be useful as a 

pastry shortening. The soft fraction nerformed well as a deep

frying medium and in mayon::-.aise. 
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CHAPTER 1 

PRELUDE 

In the y e ar e nding June 1 9 79 , New Zeal an d .  e xp o r te d  

90 , 000 t o nn e s  o f  t al l o w .  Nine ty- s e v e n  per c e n t  o f  t hi s 

was ine d i b l e  mixe d bee f and mut to n  t allow whi c h  .;v1as so l d  

at a n  ave rage pri c e  o f  only $ 475 p e r  to nne . 

I n  t h e  s ar.'le p e rio d ,  t o t a.l impo r t s  o f  oil s and f a t s were 

about 22 , 230 tonne s at a n  average pri c e  o f  appro xim a tely 

$ 760 p e r  t o nne ( N e w  Ze al and O f fi c i al Ye arboo k ,  1 9 80 ) . Thu s .. 
i t  would b e  ad van t ag e o u s  i f  New Ze al and c o u l d  expl o i t  thi s 

l arge dome s ti c  f a t  re sourc e o f  t al l o w  to a gre a t e r  e x t e n t  

to  r e duc e t h e  ne e d  t o  impo r t  fat s and o il s .  

Tall o w  has a gre at num b e r  o f  component trigl y c e ri de s 

v1hich e xhi bi t a vari e ty o f  pro p e r ti e s .  Thi s make s t al 2. o v: a 

pro duc t wi t h  v e ry l imi t e d  u se s  ( Ludd.y , Ham p so n  & H e r b , 1 9 7 7 ) . 

Frac ti o natio n  o f  fat s i s  a well - e s t abli sh e d  i ndus tri al 

p r ac tic e . Frac tio n a t i o n  o f  a fat c an give produc t s  wi t h  a 

t rigl y c e ri d e  compo si tion and phy si c al pro p e r t i e s whi c h  di f f e r  
m arke dli from tho s e  o f  t h e  s t ar ting ma t e ri al ( S w e rn , 1 964 ) . 
Frac tio n a t i o n  h a s  b e e n  appl i e d  t o  m any fat s ,  i n c l u di n g  t al l o w ,  

bu t there i s  l i t tl e  in fo rm a t i o n  o n  t h e  nature o f  t h e  pro duc t s  

o b t ainabl e from frac ti onating N e w  Z e aland mu t to n  t al l o w .  T h e  
aim o f  thi s w c rk w a s  t o  s tudy t h e  n a t ure o f  the fat s whi c h  

c o ul d  b e  p ro duc e d  by frac tionating N e w  Z e al and m u t t o n  t al low . 

Tallow frac tionation o ve r se a s ,  particul arly b e e f t al l ow 

frac tiortati c n , has given pro duc t s  sui t abl e fo r a wide vari e ty 

o f  u se s ( Do b so n ,  1 9 6 7 ; Wei s s ,  1 9 70 ; Luddy , H am p so n , H e rb & 
Ro thbar t , 1 973) . T allo w o r  t allo w  frac tio n s  have b e e n  u s e d  

i n  t he typi c al e di bl e  fat s di scussed in t h e  follo wing s e c t io n s .  

1 . 1  PLAS T I C  SHO RTENINGS 

The o riginal subj e c t  o f  t he t e rm sho r t e ning w a s  any solid 
fat ty mat e ri al which e xhibi t s  a sho r t ening e f fe c t  in b ake d 

pro duc t s .  H o we ve r , in the U . S . A �  all fat s and o i l s  ar e no w 



2 .  

c al l e d  sho r t e ning s t o  distingui sh them from margarine s and 

o th e r  high fat c o n t e n t  produc t s  whi c h  al so c o n t ai n  non- fat 

mate ri al s ,  and thi s t e rmino l o gy will b e  used here . Sho r t e nings  

may al so c o n tain emul si fying age n t s  (W e i ss , 1 9 70 ) . 

Pl astic  shor t enings are u sual ly prepare d by bl ending a 

relatively large o i l  frac tion ( the  base stock)  with  a mino r 

pro portion o f  a hard fat ( pl as ti c i se r ) . The so f t e ning ac t i o n  

o f  the  base s t o c k  i s  bal anc e d  wi th t h e  h ar d e n i ng ac t i o n  o f  t h e  

plas t i c i se r  t o  o b t ain a sho r t ening o f  t h e  d e sire d c o n si s tency 

and pl asti c range ( Thomp so n ,  1 9 63) . 

Th e pl a s t i c i s e r  i s  usually pre pared by frac tionaticn o r  

hydrogenati o n .  The l a t t e r  pro c e ss pro d u c e s  a high propo r t i o n  

o f  t ran s i somers , and b e c au se nu t ri t i ve val�e o f  t h e s e  h a s  

b e e n  que s tioned i t  may be prud e n t  t o  mi nimi s e  t h e i r  l e vel s  i n  

fo o d s  ( M e l n i c k  and G o a di ng , 1 9 60 ; Mi shkel and Spri t z ,  1 9 69 ; 

Luddy e t  al , 1 9 73) . Fo r thi s re aso n ,  frac tio nation i s  o ft e n  

t h e  p r e f e r r e d pro c e s s .  

1 . 2 L I QU I D SHO RTEN I NG S  

Li qui d . sho r t e ning s are pourabl e and c l e ar ( Wei s s , 1 9 70 ) . 
T h e y  are c o nveni e n t  to use and are gene rally sui tabl e fo r all 
sho r t ening re qui rem e n t s  e xc e p t  v1h e re plasti c i ty i s  re quir e d  

( Swe rn , 1 9 64)  • 

..G2 , FLUID SHO RTEN INGS 

.An i d e al fluid sho r t e ning i s  a s tabl e su sp e n si o n  o f  so l i d  

di sc re t e  particl e s  o f  fat s in  o i l  a t  a t emperature o f  1 5° to 

40°c . The suspens:Lon shoul d remai n  fluid thro ugho ut thi s 

t emp erature range wi tho u t  any signi fi c an t  c hange in vi sco si ty 

and wi t ho u t  se t ting o f  the  so lid frac tion ( S wern , 1 9 64)  • 

.l.!!t FRY I NG SHOR'rENINGS 

Frying sho r t ening s  mu s t  have l o w  fre e fat ac i di ty and 
high smoke poin t ,  and sho uld no t pro duc e o b j e c tionabl e o do ur s  
during fryine ( We i s s ,  1 9 70 ) . They are normal l y  d e o do ri s e d  

be fore u se ( Swern , 1 9 64) . Li qui d  frying sho r tenings have t h e  
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advan t age s that they c an be pour e d  and fil tere d wh e n  c o l d  and 

c an be h e a t e d  vii t ho u t  the dang e r  o f  burn ing on ho t c oil s .  

However they generally h ave l o we r  re si st anc e t o  o xi d a ti o n  

than p l a s t i c  sho r t e ning s .  

J . 5 MARG ARINE SHORTENINGS 
M argarine s are sho r t enings in emul sion fo rm . The purpo se 

fo r whic h  t h e  m argarin e  i s  u se d  d e t e rmin e s  t h e  p ro p e r ti e s  r e 
qui red o f  t h e  sho r t e ning . T h e  short ening in a table 

margarine mu st be plastic and spr e ad e asily a t  r o o m  temperatur e , 

bu t sho ul d m e l t  compl 8 te l y  i n  t h e  mouth . 

B ake ry margarine s are u s e d  in baking in t h e  same manne r  

a s  sho r t e ning s ,  b u t  u sually impart more fl avour and o do ur t o  

t h e  pro duc t .  They are no t r e qui red to  m e l t  at body 

temperat ure , and a sho r t e ning w i t h  a wide pl a s t i c  range i s  

ge ne ral ly u s e d  ( S we rn , 1 9 6 4 ; W e i s s ,  1 9 70 ) . 

1 .  6 SALAD O ILS 
S al ad o i l s  are l i qui d at ro om t emperature and do no t 

cloud o r  solidi fy at normal household re frige rati o n  

temperatur e s  ( 4 . 5- 1 0°C ) . A n  oil whi c h  b e c ome s sol i d  i n  t h e  

re fri g e r a t o r  i s  inc onveni e n t  to h andl e and l e ss sui t able fo r 
mayonnai se m anu fac ture ( Vl ei s s ,  1 970 ) . 

T h e  s t andard t e s t  for e v aluating sal ad oil s i s  the 
·' 

c o l d  t e s t  o f  t h e  Ame ric an O i l  C hemi s t � s  So c i e ty whi c h  .re quire s 

the oil to remain c l e ar aft e r  holding at . 0°C fo r 5i hour s 

( S wern , 1 96 4 ; Ameri c an Oil C h emi st ' s  S o c i e t y ,  1 9 73) . 

S al ad oil s are normal l y  d e o do ri se d ,  and bo th d ark and 

ligh t c ol o ur e d  o il s  are pro duc e d  ( Swern , 1 96 4 ) . 

1 . 7 COCOA BUTTER REPLACER FATS -

C o c o a  ( o r c ac ao )  bu t t e r  i s  a p al e  yellow s o l i d  fat 
o b t ai n e d  by hydraulic e xpre ssi o n  o r  solvent ext rac tion o f  t h e  

whol e  b e an s ,  o r  t h e  ni b ( c o tyl e don) , o f  ·the t ro pi c al plant 

Theo broma c ac ao ., C o c o a  but t e r  has v e ry uni que p h y si c al 
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properti � s  for a fat . I t  m e l t s  v e ry sharply at a t emp e rature 

just  b e l o w  bo dy temperature , but at l o wer tempe rature s i s  

qui te  fi rm , do e s  no t feel  gre asy t o  the touc h , and e xhibi ts 

a di stinc tly bri t t l e  frac ture b e l o w  20°C .  The  m ai n  u se o f  

c o c o a  bu t t e r  i s  in the manu fac ture o f  soli d c ho c olate 

con fec tio n e ry and c o atings fo r c ho c olate s ,  c andi e s  and baked  

go o d s  ( S wern , 1 9 64 ; Mi ni fi e ,  1 9 70 ;  Wei s s ,  1 97q ) where  i t  

bind s the o ther ingredients  and impar t s  de sirabl e mel ting 

properti e s upo n the pro duc t ( Feuge , 1 9 64 ; So e t e r s , 1 9 70 ) . 

The high pri c e  o f  c o c o a  but t e r  relevant to o th e r  fat s ,  

price fluc t u ations and unstabl e supply have re sul t e d  i n  m any 

at temp t s  to pro duc e c o c o a  b u t t e r  al ternati ve s from c h e aper 

fat so urc e s ,  ei ther fo r par t  or  to t al replac ement  ( Farr , 1 9 54 ; 
Feu g� and Lovegre n ,  1 9 58 ; C ro ssl e y ,  P aul , P ardun and S o e t e r s ,  

1 9 60 A & B ,  1 96 i  A & B ;  Be s t , S o e t e r s ,  Davi e s  and P aul , 1 9 6 1 ; 

Lan drnann , Lovegren c..nd Feu ge ,  1 9 6 1 ; Spad aro , Lo vegre n ,  Feuge 

and Pat ton , 1 9 6 1 ; Sinnem a ,  1 9 6 2 ,  1 9 63 , 1 96 7 ; D e c o ssas , 

Ko l tun , Spadaro , Feuce , Po l l ard and Pat to n ,  1 9 6 2 ;  Arnold ,  
1 963 ; Lo d e r s  an d  Nucoline , 1 9 64 ; Kawada and H a  t sui , 

1 9 68 ; Akiya,  1 9 70 ; Babayan , 1 970 ; Ryberg , 1 9 70 & 1 97 1 ; 

Errbo e ,  Braemer-Madsen and Andersen , 1 9 7 1 ; Kassabi an , 1 9 7 1 ; 

Bha'!lbani , Shi tole  and Kane , 1 9 7 2 ; Feu ge ,  Gaj e e  and Lo veg�:-en , 

1 9 73 ; Love gren , G a j e e ,  Gray and Feuge , 1 9 73 ; Luddy , H am:p so n ,  

Herb and Ro thbar t , 1 973 , 1 976 , 1 978 ; H asman and Z i e l i n ski , 
1 9 74 ; Wol f ,  1 9 75 ; Luddy , Ro thbar t , Hamp so n ,  Mil l er and 

Al t ,  1 976 ; Tho�as and Paulicka,  1 9 76 ; Anonymo u s s  1 97 7 ; 

Min6 wa,  Ma syo shi , Toyo shima ,  Yasuo , Yasuda  and No zomi , 1 977 ; 

Luddy , Hamp son and Herb , 1 9 77 ; Luddy , q e�pson and Koo s ,  1 9 79 ; 

Baliga and Shi to l e , 1 98 1 ) .  A fermen tatio n pro c e s s  has e v e n  

be en d e vel o p e d  to pro duc e a c o c o a  but t e r  replac e r  ( Fu j i  Oil 

C o . ,  1 9 75 , 1 97 6 ) . I t  has b e en predi c te d  that the c o st o f  

c o c o a  b u t t e r  will continue to incre ase dramati c ally un til 

at l e as t  1 990 (K ooyker and Gu s t a fson , 1 977) . 

The principal i ngredi e n t s  o f  c ho c o l ate and c h o c o l at e  

c o ating s are cho c o l ate li quo r o r  c o c o a  powde r ,  sugar and 
addi tional c o c o a  but ter.  
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I n  many c o un t ri e s ,  inc luding N e w  Z e al and , the  u se o f  c o c o a  

bu t t e r  al t erna t i v e  fat s i n  c ho c ol a t e  i s  pro hi bi t e d  by law . 

H o w e ve r ,  they c an be u tilis e d  to  p ro duc e c ho c o l a t e - like pro duc t s ,  

particul arly fo� c o atings ( Fe u ge , 1 9 64 ; Mini fi e ,  1 9 70 ; N e w  

Z e al an d  De p ar tm e n t  o f  H e al t h ,  1 9 73) . 

The e x t ra added  c o c o a  but t e r  in c ho c o l a t e  i s  the fat fo r 

whi c h  an al t e rn a t i v e  i s  de sire d e  The p r e senc e o f  some c o c o a  

but t e r  i n  cho c o l at e  o r  choc o l a t e c o a t i n g s  i s  unavo idabl e 

sinc e t h e  de si red fl avo ur c an o n l y  b e  ac hi e ve d  by the  u s e  o f  
c ho c o l at e  l i quo r o r  c o c o a  po wd e r  ( J ohnsto n ,  1 9 7 2 ) . Whil e c o c o a  

p o wde r  from whi c h  t h e  c o c o a  bu t t e r i s  r gmove d by so l ve n t 

e x trac t i o n  c an be used  wi th a c o c o a  bu t t e r  al t e rn a t i ve to  p ro duc e 

a 1 1 c ho c o l a t e " c o n t ai ning no c o c o a  bu t t e r ,  and t hi s  avo i d s  the  

pro blem o f  fat  c o � p a t a bil i t y  ( Sh eppard , I v e r so n  and W e i h r au c h ,  
1978) , the  e x t rac tion pro c e s s  remove s o ther c ompound s ,  

e sp e c i al l y  an ti - o xi d an t s ,  fro m the  c o c o a  po wd e r . r.;:'hi s l e ad s  

to  fl a v o ur d e t e ri o r a t i o n ,  and su c h  pro d uc t s  are o dourl e s s  b e c au s e  
o f  t h e  l a c k  o f  c c c o a  bu t t e r  ( Hini fi e ,  1 9 70 ; W e i s s ,  1 9 70 ) . 

Thre e di f f e r e n t  type s o f  c o c o a  bu t t e r  al t e rn ative f a t s  
may b e  di s ti ngui she d :  

( i )  �n equi v al e n t  - thi s c an be  m i x e d  wi t h  c o c o a  

but t e r  i n  any propor tio n wi tho u t  c.� t e ring t h e  
m e l t i ng c h ar ac t e ri s t i c s ,  a n d  h a s  i t sel f si�i l ar 
mel t i n g  prop e r t i e c ;  

( i i ) an e x t e nder - t hi s  c an b e  used  a s  a part 

repl ac ement fo r c o c o a  but t e r ,  but  do e s  no t 

ne c e ssarily r e sul t in similar mel ting prop erti e s 

over t h e  who l e  range o f  ad di t i o n , and 

( ..: -j ; ) ..l - - a sub sti tute  - thi s al t e r s  the  mel ting p ro p 8 r ti e s  

o f  c o c o a  but t e r  and may i t sel f have di f f e r e n t  
mel ting c harac t e ri s ti c s 1  bu t c an b e  u s e d  a s  a 

C o ,. 7"_ l· n z f_ ;:; t -' ""  C e "" t a··l ' 1 � ;  � .- , , m .::: i· �. n c n c 1, P � ull. r" k a  ........, _ ... .._.. ._.... v .J.. .L.;. .o.. C: .-.1. \..• . ..:... .1. "" '-'· ""''" -....J - c.,.;., ... _ .._., ..;:)  Cl. '-J l- . ,  

1 9 7 0 ,  1 973 ; Chapm an , Ake hur s t  and Wr�ght ,  1 97 1 ) .  
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C o atings made wi t h  fat s so f t e r  than c o c o a  but t e r  are 

re qui r e d  fo r c ake s ,  fro zen d e s s e r t s  and i c e  c r e am where the 

c o c o a  but t er ingre d i e n t  o f  c ho c olate  se t s  to o h ard and pro duc e s  

a bri t tl e  c o ating vihic h  fl ake s o f f .  

Co atings made wi th fat s harder than coc o a  bu t te r  al so 

have some u s e s o  A co ating fat Tii th a l arge proportion o f  

high-me l t ing triglyc eri d e s  extends  the  plastic range too far 

abo ve bo dy tempe rature and a waxy sensation on the pal ate  

r e sul t s .  However the s e  may be u s e d  in c andy pro duc t s  where 

the primary e ating sen satio n i s  deri v e d  from the c e ntre s and 

the co ating s are re lat�vely thi n ,  o r  fo r c andy bar and bi s c ui t 

e nro bing where the mel ting point o f  c ho c o l at e  i s  too l o w ,  

e sp e c i ally i n  sum .. rnc r .  H e r e  i t  i s  no t nec e ssary fo r t h e  c o atings 

to melt c ompl e tely i n  the mouth as they are m a s t i c a t e d  wi th 

solid component s ( VIei s :3 ,  i 9 70 ; Dal l o w ,  1 9 74) . 

H e nc e ,  as well as  demand fo r a c o c o a  bu t t e r  e qui val e n t ,  

c o c o a  but t e r  ext enders and sub s t i tu t e s  are u se ful in some 

c i rcum s t anc e s .  

1 . 8 DEVEL0 �1ENT O F  NEW ZEALAND MUTTO N TALLOW AS A SOURC E  
O F  EDI BLZ O I LS AN D FAT S . 
New Zeal and t allo ws , e specially be e f  tallo w ,  are u s e d  

di rec tly i n  fryi ng and are al so u s e d  on  a sm all sc al e  i n  bl ends  

o f  fat s as  margarin e  and frying fat s .  They are  no t partic ul ar

ly sui t abl e ,  howeve r ,  b e c au s e  o f  their high mel ting poin t s ,  

and New Z e al and impo r t s  l arge quanti tie s o f  vege tabl e oil s .  

From overse as  e xperi e n c e  i n  frac tionating tallo w s ,  i t  

might b e  po ssibl e to separate N e w  Z e aJ_ and mut to n  i n to an oil 

frac tio n whi c h  c o ul d  r epl ac e at l ea s t  part o f  the impo r t e d  

vege t abl e oil s ;  so ft  and h ard frac tio n s  whi c h  could be  bl e nde d 

to give m argarj_ne s and sho r t enings fo r baking and tabl e u se ; 

�nd a c o c o a  but t e r  replac er whi c h  c ould repl ac e  some  o f  the  

impo r t e d  c o c o a  but t e r .  A s  w e l l  as impo r t  sub stitut� o n , e xpor t 
o f  the s e  spe c iali st  fat s ,  alone  or bl e nd e d  wi th milk fat o r  

o ther fat s ,  could d�velo p .  
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r o  gatn insi gh t into the c ompo si tion o f  N e w  Ze al and mu t to n  

t allow,  and henc e the po ssible c ompo si tio n o f  produc t s  from i t ,  

mut ton tallow sampl e s  were c o l le c ted  from throughout two 

se asons  and analysed for fatty acid and t riglyc eri d e  c ompo si tion . 

From thi s study , a l aborato ry- scal e frac tionation scheme was 

d evelop e d  t o  pro duc e thre e frac tions from N e w  Zeal and mu t t o n  

tallo w .  The pro c e s s  was op timi se d fo r the yi eld  and m e l ting 

properti e s o f  the frac tion whi c h  was likely to pro ve  the mo st  

valuabl e - a fat  wi th mel ting propertie s si�ilar to tho se  o f  

c o c o a  but t er .  

To pro dut e su f ficie nt quanti ti e s  o f  the three frac tio n s  

fo r te s ting o f  their pro p ertie s i n  di f ferent c omme rc ial 

appli c atio n s ,  att emp t s  were m ade to inc rease the sc ale o f  

the prc c e s s  to frac tionate 1 kg o f  tallow per run . Suf fi c i e n t  
o f  e ac h  o f  t h e  thr e e  pro duc t s  fro rn thi s sc a� e  were pro d u c e d  

fo r further te s t ing as c o oking a:1d baking fa t s  b y  t h e  Fo o d  
T e c hno l o gy R e s e arch C e n tre ( M assey Universi ty) and a s  a c o c o a  

butter  su b s ti tue b y  C adbury S c hwepp e s  Hudson Limi t e d  ( Dun e din) . 

The triglyc eride  and fatty ac i d  c ompo si ti o n  o f  the se 

frac tio n s  v;as al so d e t ermin e d  an d c o mp ar e d  to that o f  the 

o rigj_nal t allow and c e rtain c ommerc ial fa t s  p r o duc e d  fo r 

sp e c i fi c  u se s .  



2 . 1 INTRO D U CTION 

CHAPTEH 2 

LITERATURE REVIEW 

The aim o f  t hi s l i t e rature revi ew was t o  s tudy the 

relation ship be twe e n  t h e  c h emi c al compo si tion  and t h e  phase 

be haviour o f  fat s i n  gene ral as a background t o  und o r .s t ru.'1 ding 

the behaviour o f  the  t riglyc e ri d e s in t all o w .  The fir s t  

S 8 C t i o n  d e sc ri b e s  t h e  mel t ing and sol i d i fi c ation pr o p er ti e s  

o f  fat s an d ho w c hemi c al c ompo si tion and p o l ymo rphi sm a f fe c t 

the s e  pro p erti e s . The fat ty ac i d  and t ri gl y c e ri d e  compo si t i o n s  

o f m u t  ton a!L d b e e f t allo ws from around the  wo rl d  w e r e  s t u di e d  

t o  de t ermi ne  the fac t o r s  that c ause di f ferenc e s  i n  their 

c ompo si tion and pro p er ti e s ,  and to e valuate the  fe asi bili t y  
o f  produc ing pro duc t s  wi th sp e c i fi e d c ompo si tions and 
pro p e r ti e s  from tallow . 

The m e tho d s  by whi c h  frac tionation c an pro duc e fa t s  wi t h  

sp e c i fi c  m e l ti ng pro p e r ti e s ,  by c o nc e n trating t ri gl y c e ri d e s 
o f  sui t abl e c ompo si t i o n  in the  v arious frac t i o n s ,  were 

reviewe d ; and in p ar t i c ul ar frac tionation scheme s alre ady 

used on t al l o � s  o v e r s e a s  were s tudi e d  t o  see i f  they w e re 
appli c abl e to New Ze al and mu t to n  t allo w .  

2 . 2  M ELT I NG AND SOLI D I F I C A T I O N  O F  FATS 

Thi s se c ti on r e vi e w s  the  e f fe c t s o f  c hemi c al s truc ture 

on the mel ting o f  pure trigly c e ride s ,  t h e  di f fe � e n c e s  be twe e n  

t h e  mel ting o f  trigl y c eride s sep arately and in mix t ure s , 

p o l ymo rphi s� o f  trigly c e ride s ,  tri glyc e ri de c ry s t al h abi t 

and h e w  t h e se e f fe c t s are t ransmi t t e d  t o  natur al and c omm e rc i al 

f at s .  

T h e  unu sual c ompo si tio n and c o rre sponding unu sual m e l t i ng 

p ro p e rt i e s o f  c o c o a  bu t t er  are al so re viewe d .  

2 . 2 .  i The E f fe c t o f  C hemj_ c a l S t ru c tur�o n  the H el tinF: 
o f  Trig_ly__c.�ri d e s  

The mel ting point o f  a pure trigl y c eride  d e p e n d s  upo n : 

( 1 )  d e g r e e  o f sat u r a tion o f  t h e  c o n s t i tuent fat ty acid s ,  



( 2 ) l e ng t h  o f  the fat ty ac i d  chai n s ,  

( 3) c i s- trans i someri sm o f  unsat�ratod fat ty ac i d s ,  

( 4 ) po si tio ning o f  the fat ty ac i d s  wi thin the triglyc eride 

mol e c ul e ,  

( 5 ) po si tioning o f  the doubl e bonds wi t hin the fatty . ac i d  

( Li t c h fi el d ,  1 9 72) . 
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Fo r simple triglyc eri d e s  ( t ho se  containing o nly one fat ty 

acid spe c i e s ) there i s  a de c r e ase in the mel ting point  wi th 

increased unsaturation and d e c re ased c hai n l e ngth . Tran s  i somers 

melt at higher t emperature s than the c o rre s.po nding c i s  i som e r s .  

Wi t h  mixed tri glyc eride s ,  t h e  pattern i s  very c ompl e x .  

I n  tri satura ted  mi xed trigly c e rid e s ,  t h e  mel ting point i s  

ge nerally l o wared a s  either the di f ferenc e be tr:e en the  l ength 

o f  the  t e rmi nal c h ai n s  o r the maximum di f ference  i n  c hain l a r. g t h  
be tween the mi ddle and terminal c hains i s  inc rease d .  A simi l ar 
p a t tern e xi s t s  for the mixe d  unsaturated triglyc eride s ,  but t h e  
number , na ture and po si tioning o f  the double bonds are al so 

si gni fi c an t  fac to r s , \'!ith an unsaturated acid in a t e rmin al 

po si tion lowering the  melting point mo re than a similar fatty 

acid in t h e  2- po si tion . 

rrhi s great number o f  i n t erac t ing fac tors make s the 

pre dic tion o f  melting poin t from trigly c e ride struc ture very 

di ffic �l t  ( Bailey , 1 950 ) . 

2 . 2 . 2  Solid/Ligui d Phase Behaviour o f  Hixture s o f  Triglyc e ri de� 

I n  a mixture o f  triglyc eride s ,  the mel ting point o f  any o ne 

triglyc e ri d e  c ompo nent i s  a f fe c t e d  by the o th e r  c ompon en t s  and 

may deviate  c o nside rably from that o f  the  pure triglyc e ride 

( Bailey , 1 9 50 ) . I f  the solubili ti e s  o f  individual triglyc e ri d e s  

in mi xture s  e ven appro ached tho se o f  t h e  pure c ompounds , then  

e xc ellent se paration would b e  po s sibl e by  either  sel e c tive 

c ry s t alli s ation or solubili sati o n  ( Bro wn , 1 955 ; Bro wn and Ko l b ,  

1 955) a 
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C rystalli sation o f  c ompl ex triglyc e ride mixtur e s  pro duc e s  

cryst .. ::J.l s  c on t aining more than one kind o f  mo l e c ul e . There are 

thre e pro c e s se s by whi c h  thi s may o c c ur ( Bailey , 1 950 ;  S ambuc , 

1 9 64 ; Ro s sell , 1 9 73 ; J ac o b sberg and J ac qmai n ,  1 9 7 6 ) : solid 

so luti o n s ,  c rys talline compounds and layer  c rystal s .  

2.2 . 2.1 Solid Solu tions -
Solid solutio n s ,  in whic h  mo l e c ul e s  o f  one c o n s ti tuent  

enter  the  lattice  o f  the  o ther and are uni fo rmly distribut e d  

throughout i t ,  o c cur when t here i s  c hemi c al simil ari ty between  

t h e  mol e c ule s involve d  and there  is  no  gre at di f fe renc e in t h e i r  
si z e s  ( Maro n and Pru t to n ,  1 9 69 ) . 

I n  a c omplex mi x ture o f  tri glyc eride s ,  such as a natural 
o r  c ommerc� al fat , there are many triglyc e rides  c apabl e o f  

forming solid so lution s ,  and the fo rmation o f  a pure triglyc eride 
c ry s t al is no t po ssibl e .  Si:nilarl y ,  the parti al so l ubili sation 

o f  such a fat do e s  no t pro duc e a li qui a ph ase c o n t aining a 
pure tri gl y c e ride  spe c ie s ,  bu t pro duc e s  a mixture o f  

triglyc eri de s .  

T h e  phase di agram fo r triglyc eride s which fo rm ideal 

li quid and solid solutions i s  shown i n  Fi gure 2 . 1 .  

I f  a li qui d mixture o f  c ompo si tion x i s  c o o l e d  from a ,  

so lidi fi c ation will begin , in  t h e  ab senc e o f  superc ooling , at b ,  

wi th the first  solid h aving the compo si tion repre sen t e d  by c ,  
and will end at d ,  wi t h  the l ast mat e ri al soli di fying h aving the  

compo si tion d.  I f  the sys t em i s  cooled to  point  f ,  the  

separating solid and l i qui d will h ave the respec ti ve c ompo si tions 

h and g o nly i f  cooling i s  rapid eno ugh to avo id c ry s t alli sation 

i n  the i n t erval b f .  I f  it  is c o o l e d  slo wly , only the  l as t  

material solidi fying will h av e  t h e  c ompo si tion h - the r e s t  will 

vary in c ompo si tion from h to c .  I f  such frac tionation o c cur s ,  

the system will no t b e  in e quilibrium a t  f .  The t wo phase s will 

even tuall y  appro ach g and h in c ompo si tion ,  but the a t t ainP.lent 

o f  thi s  e quilibrium may take a long time t o  o c c ur - mo nths  o.r 

even years ( Bai l ey , 1 950 ;  Sruabuc , 1 9 64) . 
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Figure 2 ·1 : Phose diagram of two trig lyceride species wh ich 
form ideal l iqu i d  and sol id  solut i ons. 

! Sambuc, 1964) 
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Figure 2· 2 : B inary phnse d iagram for a system exh i b i t- ing  
incom plete so!. i d  solu b i l i ty. 

( Bailey, 1950) 



A sy stem whe re c ompl e t e in t erso lubili ty o c curs i s  rare 

fo r fatty substanc e s  ( Bail e y ,  1 9 50 ) , tho ugh mi xtur e s  o f  ESS 

and SSS and POS ru1d SOS ( E  = e l aidic ac id , S = s t e ari c ac i d ,  

1 1 • 

P = palmitic a�i d ,  0 = oleic  ac i d ) do sho w  con tinuo u s  soli d  

s o l u bili ty ( Ro s s e l l , 1 96 7 ; J ac o b sberg & Jac qmai n ,  1 9 76 ) . Th e 

o c c urrenc e o f  limi t e d solid solubi li ty i s  more common and 

has t wo main e f fec t s : 

( i ) t he formation o f  a solubili ty gap ; 

( ii )  depre s sion o f  the s o lid u s and li quidu s 

line s ,  c au sing a minimum fo r e ac h .  

A phase di agram for a simpl e 2- c omponent sy s t em e xhibi ting 

i n c o mpl e t e s o l i d  so lubili t y ,  a n d  the o c c urrenc e o f  the se 

c h arac t e ri s tic s ,  is sh o wn i n  Fi g u r e  2 . 2 .  

A sy s tem o f  c ompo sition x brough t t o  the t emp erature 

r e p r e s e n t e d  by b �ill separ a t e  into t wo soli d  phas e s  o f  

c ompo si ti o n s c and d .  

A more c ommo n sys t em fo r triglyc e ride  mixture s e xhibi ting 

l imi t e d so l i d so l ubili ty is where the so lubili ty g ap e x t en d s up 

into the li qui.d regio n - thi s i s  kno ·::n G- S  the e u t e c t i c  sy stem . 

T h e  phase di agram for a binary e u t e c ti c sy stem i s  sho \·m in 

Fi gure 2 . 3 .  

The point E i n  thi s  figure i s  c all e d the eut e c ti c p o i n t ,  

and i t  i s  the l o we s t  temp erature fo r app e aran c e o f  the  l i qui d .  

A mi xture o f  compo si tion corre spo nding t o  the e u t e c tic point 

mel t s  as a pure c o mpound . Fo r all c ompo si tio n s  b e tween y and z ,  
mel ting be gin s at thi s poin t .  O u t side tni s  zone , he ating o r  

me l ting pro c e e d s  a s  for a sys t e m  showing ideal s o l i d  so l u bil i ty . 

Binary tri glyc e ri de mi xture s whi c h  e xhibi t e u te c tic  

be haviour inc lude PPP and SSS , EEE and SOS ,  POS and PSO , PPP 

LLL and PPP and SOS ( P  = palmi ti c ac i d ,  S = s t e ari c ac i d ,  

E = e l ai di c acj_ d ,  0 = o l eic ac i d , 1 = l auric ac i d ) , ( Ro ssell , 

1 9 6 7  and 1 973 ; J ac o bsbe rg and J ac qmai n ,  1 9 7 6 ) . 
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W i t h  t ri gl y c eride mixtur e s a spe c i al c ase o f  eute c ti c , t h e  

mono t e c ti c , in whi c h  t h e  e u t e c ti c  point c oinc i d e s wi th o n e  o f  

the c ompo n e nt s ,  i s  o ft e n  e n c o u n t e re d .  A mono t e c t i c  phase 

diagram fo r a binary mixture is shown i n  Figure 2 . 4 . Bin ary 

triglyc eri d e  mi x tures whi c h  sho w mono t e c ti c  behaviour i n c l u d e  

S S S  and 000 , S S S  and 111 , PPP and POP a n d  S O S  and SSS ( Ro s sell , 

i 973 ; J ac o bsberg and Jac qma.i n ,  1 976 ) . 

A fur ther type o f  behavi o ur in triglyc eri d e  mix ture s in 

whi c h  i n c ompl e te so l i d  solubil i tl o c curs is p e ri t e c ti c  behavio ur , 

where a so l i d  so lution o f  o n e  type i s  tran s fo rm e d to a sol i d  

solu tion o f  ano.th e r  type at a d e fini t e  t emperature ( Bail e y ,  

1 950 ; H annewi j k ,  H aighton and H endrik s e , 1 964 ) . Binary mix t ur e s  

o f  SOS and SOO e xhibi t p e ri t e c ti c  behaviour ( Ro s se ll , 1 96 7 ) . 

2 . 2 . 2 . 2 C rystal l i n e  C ompound Fo rmation 

Thi s unusual behaviour has b e e n  o b se r v e d  be twe e n  som e 

trigly c e ri d e  p ai r s . C h emi c al c ompound s are ne t envi sage d ,  but 
rather c ry s t al l i n e  :inter x tio n s  c:md pre fere n ti al c ry s t al 

struc tur e s .  I n  e ac h  c ase where t hi s e f fe c t  has b e en o b served 

b e twe e n  triglyc e ri d e  pai r s ,  a fatty aci d  at the 2- po si ti o n  i n  

o n e  mo l e c ule i s  rep e a t e d  at t h e  1 - and 3-po si tio n s  o f  t h e  o th e r  

mol e c ul e , and e qual proporti o n s  o f  t h e  t\'JO mol e c ul e s  h ave b e e n  

re quire d t o  o b t ai n  the e f fe c t .  Thi s sugg e st s  t h a t  there i s  

some und e rlyi ng c ause , such as c h ai n  pai ri ng , to e xplain t h e  

behaviour ( Ro ssell , i 973 ) . I t  c an c au s e  t h e  i n c l u si o n  o f  

high e r  t h an e xp e c t e d  proporti o n s  o f  relatively un sat urat e d  

trigl y c e ri d e s  i n  s t e arine frac t i o n s  pro duc e d  by c ry s t alli sat i o n  

e . g . in solven t  frac ti o natio n o f  p alm o il ,  c ompound formati o n  

be twe e n  s n  - OPO and s n  - POP c au s e s high pro po r t i o n s  o f  sn-OPO 

to be c ry stalli s e d  wi th t h e  s t e arin e  frac tion ( Be rge r ,  1 977 ) . 

C o mpound b e h avio ur has al so b e e n  o b serve d  in a mixture o f  

SSO and SOS ( Ro s se ll , 1 973) . 

�. 2 .1� L ayer C rystal s  

B e c au se o f  the simil ari t y  i n  s t ru c ture and pro p e r ti e s  

o f  di f fe r e n t  t rigly c e ri d e s  i t  i s  po s si bl e , _ whe n  a fat i s  

c o o l e d  slo wl y ,  f o r  the l ayers o f  o n e  t o  depo sit r e adily o n  

the c ry s t al sur fac e s  o f  ano t h e r ,  thus pro ducing c ry s t al s  wi t h  

a l ay e re d struc ture . T h e  high mel ting point t ri glyc e ri d e s will 



tend to  the inner layers,  and the  low mel ting to t h e  o u t e r  
. . 

layers , e ven i f  solid int e rso lubili ty prevents the sep aration 

o f  the di f ferent  members in pure fo rm .  

2.2 .2 Phase Behaviour o f  Natural and C omm erc ial Fat s 

The  type s o f  phase behaviour o b se rved be tween  triglyc e r

ide  pair s  are transmi t t e d  t o  natural and c ommerc i al fat s in 

whi c h  the se tri gly c e ri d e s  are maj o r  c o n sti tue n t s  ( Berge r ,  1977) . 
Howe ver the mixture o f  trigly c e rid e s  pre sent in any natural 

o r  commercial fat i s  to o c ompl ex to  all o w  ac c arat e predi c ti o n  

o f  their phase b ehavio ur from th eir triglyc eride c ompo si tion  

( Ro ss� ll , 1 973 ; Berge r ,  1 977) .  Fo r ins tanc e t allow,  wi t h  ten  

ma j o r  fat ty aci d s ,  c an have a the o r e t i c al maximum o f  550 
triglyc e ride typ e s  ( no t  inc luding o p ti c al i some r s ) . A s suming 

65% o f  the se o c c u r ,  there will be  abo ut 350 di f fe r t: n t  

triglyc e ri de sp e c i e s pre sent ( Li tc h fi eld , 1 97 2 ) . 'l'h e  a t t ainment 

o f  phy si c al data fo r suc h a sy stem is o bvi ously imp rac ti c al .  

Even i f  phase data were avai l abl e fo r triglyc e ri d e s  o f  a natural 
fat , i t s  appli c abili ty to any real si tuation �oul d b e  se verely 

limi t e d  b e c ause o f  the di f fic ul ty o f  o b t aining e quili brium in 

fat ty sub stanc e s .  Phase diagra� s  are o nly appl i c abl e to  sy s t ems 

in e quilibrium , bu t thi s i s  v e ry di f fi c ult  to o b t ain wi t h  fa t s .  

Onc e mi xe d c ry s t al s  are forme d ,  e quili brium c an o nly b e  

e stabl i sh e d  by mo l e c ul ar di f fu sio n ,  but the di f fu si o n  o f  long 

c h ai n  mo l e c ul e s  in a solid i s  v e ry slo w  and c ompl e t e  homogeni sa

tion may t ake mon th s  or even y e ar s .  'I'he  very po o r  t h e rmal 

c onduc tivity o f  fat s  and their t endency to wards po lymo rphi s� 

add to  the di f fi c ulty o f  o b t ai ning e quilibrium ( Bail e y ,  1 950 ) . 

2.2 .3 . 1  Phase Behaviour and C ompo si tio n o f  C o c o a  But t e r  

C o c o a  b u t t e r  h a s  very uni que physic al p ro p e rti e s  for 

a fat ( se e  se c tion  1.7) . The di f ferenti al scanning c al o rim e t e r  

( DSC ) melting pro file s  o f  t \'lo sampl e s  o f  c o c o a  bu t t e r  are 

pre sen t e d  in figure 2.5 . The t emp e rature mel ting range o f  c o c o a  

but t e r  i s  very small c ompare d to  o th e r  fat s .  

T h e  di stinc tive physic al prope r ti e s  o f  c o c o a  bu t t e r  are 

due to i t s  uni que triglyc e ri d e  c ompo si tion ( Hildi t c h ,  1 964 ; 

S o e t er s ,  1970 ; Chapman , Akehurst  and Wri gh t ,  1 97 1 ; Huyghe baer t  

and H endri ckx , 1971 ; Padley,  Paulu ssen , S o e t e r s  and Tre s se r ,  

1972 ;  Ou g a n  , 1 976 ; Go rdo n ,  Padl ey and Timm s ,  1 979 ) . Whil e 
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Figure 2· 5 :  Differential scann 1ng calorimeter (DSC) d i agram for h,.;o 
samples of cocoa but·ter. Uohnston,  1972) 

{ a ) pressed from shell-free \;Jest African cocoa 
( b) pressed from shell- free 6raz i lian cocoa 
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the fat ty ac i d  c ompo si t i o n  ( se e  Tabl e 2 . 1 )  i s  simi l ar to t h a t  

o f  some o th e r  fat s ,  includi ng t all o w ,  ( Luddy e t  al , 1 9 73 ) the 

trigl y c e ri d e  c o mpo si tion ( se e  Tabl e 2 . 2) is  unusual . I t  h a s  

a h i g h  c o n t e n t  ·o f di saturat e d  t riglyc e ri de s ,  and i n  parti c ul �r 

2- o l e o  di saturat e d  tri glyc e ri d e s .  A c o c o a  bu t t e r  sample anal y s e d  

b y  Sarnpugna an d J e n sen - ( 1 96 9 )  c o n t ai n e d  71.J, o 1 %  o f  di satura t e d  

trj_ glyc e ri d e s ,  and 93% o f  t h e se h ad o l e a t e  at t h e  2- po si ti o n  

( se e  T a bl e  2 . 3 ) . 

T h e re i s  almo s t  i d e nti c al therm al beh avio ur b e t w e e n  a 

c o c o a  bu t t e r  s c  ... >np1 e and a t e rnary mix ture o f  the  m ai n  2- o l e o  

di satura t e d  t riglyc e ri d e s .  ( C hapruan e t  .31_ , 1 97 1 ) .  The qual i t y  

o f  i n f e ri o r  c o c o a  bu t t er c an b e  impro ved b y  t h e  addi t i o n  o f  

2- o l e o  di s a turat e d  trigl y c e ri de s  ( P adl ey e t  al , 1 972) . 



Table 2 . 1 :  Fat ty acid  compo si tio� o f  c o coa  but ter  

SOURC E FATTY AC I D  (NOIJ-;:; % IN COCOA BUTTER) 

1 4 :  0 1 6 : 0 1 6 : 1 1 8 :  0 1 8 : 1 1 8 :  2 1 8 :  3 20 : 0 OTHERS 

HJ.ldl tch and 
W illi am s ( 1 9 64) Thomas and 
Paulicka 
( 1 9 76 ) 

Chapman ,  
Akehurst and 
Wright ( 1 9 7 1 ) 

Willie and 
Lutton ( 1 9 6 6 )  

Lo vegre n ,  Gray 
and Feuge 
( 1 976 ) 

0 .  1 

· tr 
Ryberg ( 1 9 70 )  tr 
Gordon ,  

Padl ey and 
Timms ( 1 9 79 ) tr 

Hampson ,  
Luddy and 

26 . 2  

25 . 8  

24 . 4  

25 . 5  

34 . 4  37 . 3  

0 . 3  34 . 5  .55 . 3  

35 . 0  36 . 3  

36 . 5  35 . 0  

28 . 4  0 . 1 32 . 1 36 . 1  
26 . 0  1 . 0 3 2 . 0  .54 .0  

25 . 0  3::· . 0  37 . 0  

Ro thbart 
( 1 9 75 )  1 . 0 24 . 0  35 . 0  _58 . 0  

Sheppard , 
I verson and 

2 . 1 

2 . 9  

2 . 8  

2 . 0  

3 . 0  

2 . 0  

1 . o  

1 • 1 

1 . 0 0 . 5  

0 . 3  t r  
2 . 0  1 . o  

1 . 0 

Weihrauch 
( 1 978 ) * 

Brockerho f f  
and Yurko w
ski ( 1 9 66 )  

0 . 1 25 . 4  0 . 4  53 . 2  52 . 6  2 . 8  0 . 2  0 . 9  

24. 1 0 .4 35 . 0  36 .0  3 . 4  1 . 1 
Average 
( c alculated )  0 . 1 25 . 5  0 . 2  34 . 3  35 . 8  2 . 8  0 . 1 O e 5 0 . 4  

* M e an o f  1 58 analy se s .  

Tabl e 2 . 2 :  Triglyc eride  compo si tion o f  cocoa  butter 

1 5 . 

I 
-------------------------..__ ______ I 

TG GRO UP ( HOLE % O F  COCOA BUTTER) 

SOURCE TRI S ATURATED DISATURATED MONOSATURATED TRIUNS �TURATED 

Ka.wada and 
Mat sui 
( 1 968)  

Hampso n ,  
Luddy and 
Rothbart  
(1 975) 

Ju.rr-iens and 
Kro e sen 

1 . 9 77 . 1 

2 . 0  84 . 0  

( 1 965 ) 2 . 2 78  .. 3 
Swern ( 1 9 64 )  2 . 5  76 . 9 

1 6 . 5  

1 2 . 0  2 . 0  

Hildi tch and :l 2 . 0  7 7  . o 
Willi am s  0 964)1 2 . 5 83 . 0  1 . 0  

1 6 . 0  
.20 . 4  
2 1  . o  
1 3 . 5  

Ave rage 
( c al cul a t e�··--=2�·�2 

________ 7�q�, �- 4�-------�1 o�� �. 6�--------�1�.8�-----
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Tabl e 2 . 2 :  Compo si ti o n  o f  t h e  di saturat e d  tri glyc eri d e s i n  c o c o a  

but t e r  ( S ampugna and J e n se n ,  1 969 ) 

TG ( XOLE ot /0 
o f  c o c o a  b u t t e r )  

sr.-SOP • • • • • •  • • • • • • • •  1 6 . 3  

sn-POS • • • • • • • • • •  • • • • 1 6 . 5  

POP • •  • • • • • •  • • • •  • • 1 2. 1 
SOS • • • • • • • •  • • • • • •  24 . 2  

sn-OPP • • • • • • • • • • • •  • • o . o  

sn-PPO • • • • • •  • • • • • • • e 1 • 1 

sn-PSO • •  • • • e • •  • • • • • • 0 . 3  
sn-OSP .. . • • • • • • • • • •  • • o . o  

.9.J1-0PS • • • •  • • • • • • • • • •  o . o  

sn- SPO • • • •  • • • • • •  • • • • 2 . 1 

sn- SSO • • • • • • • • • • • •  • e 0 . 8  

SI_l·-OSS • • • • • • • • • •  • • • • 0 . 7 

� 2 .�  Polyco rnhi sm 
Fat ty ac i d s  and glyc e ri de s ,  i n  c o auno n  wi th vir t u a l l y  all 

l o ng c h ai n  c o mpoun d s  and ffi�ny o the r sub s t anc e s ,  e xhibi t t h e  

p h e nomeno n o f  polymo rphi sm o r  exi st e nc e i n  m o r a  t h an o n e  c ry s t al 
form ( B&i l ey ,  1 950 ) . 

Po lymo rphi sm ari s e s  fro m di f fe r e n t  p a t t e r n s  o f  mol e c ul ar 

p ac king i n  the c ry s t al . 

The packing o f  t h e  hydro c arbon c hain s  in a tyiglyc e ri d e  

domina t e s i t s  solid s t at e  struc ture . T h e  c h ai n s  are arrange d 

in the t rigly c e ri d e  mo l e c ul e  in an extend e d  pl an ar zig- z ag 

c on fo rmation wi th t h e i r  axe s aligned par allel to o n e  ano ther 

( No rri s ,  1 9 77) . T h e  relative o ri en t atio n o f  the se zig- zag 

pl an e s  be tween ad j ac e nt mol e c ule s i s  an impo r t an t  fac t o r  in 

di f fe r e n t i ating po lymo rphic fo rm s  ( Lu t to n ,  1 9 7 2 ) . A more d e t ail

ed ac c o un t  o f  triglyc e ride polymorphi sm ia gi ven i n  App e ndix I .  

Al though fat s are compli c at e d  mi x ture s o f  triglyc erid e s  

t h e y  o ft e n  dj. splay polymo rphi c behavio ur simil ar t o  that o f  

th e· c omponent trigl,y c e ri d e s  ( Bai l e y ,  1 950 ) . 
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Polymo rphi sm i n  natural fat s i s  gene rally mo s t  pro no unc e d  

when t h e y  are relatively simpl e in compo si tion and c on si s t  

pre dominantly o f  o n e  triglyc e ride o r  o n e  class o f  clo sely- r e l a t e d  

t riglyc eride s. - Fo r ins tanc e c o c o a  bu t t e r ,  whi c h  c o n si s t s  

pre dominan tly o f  2- oleo di saturate d  tri glyc eride s wi th very 

similar struc ture s ,  is  a strongly polymorphic fat . Six 

polymorphi c stat e s ,  named I to VI in o r der of  incre asing mel ting 

poin t , have been o b served fo r co c o a  bu t te r  (Willi e and Lut to n , 

1 96 6 ; Wi t zel and Be cker , 1 9 69 ; Huyghe b aert  and H e ndri ckx , 1 9 7 1 ) .  

Polymo rphi c behaviour i s  o b serve d to a l e sser e x t e n t  in b e e f  

fat , whi c h  has a more he terogeneous triglyc eri de s truc ture , but 

is o b serve d to a gre ater  extent a f t e r  the fat has  b e e n  

frac tionally c ry s talli s e d  t o  yi eld a n  o l e o  oil o f  muc h more  

uni fo rm compo si tio n .  Simil arly , whereas  partially hydrogenat e d  

c o t tonse e d  oil shows li t tle polymo rphi sm , hi ghly hydrogena t e d  

c o ttonse e d  oil i s  qui t e  marke d in polymo rphic behaviour , and i t  

i s  even more pronounc e d  i n  hydrogenat e d  oils  consi sting 

predominantly o f  1 8  c arbon aci d s  whi c h  form mo stly tri s t e arin 

a f t e r  c omplete  hydro genation ( Bail e y ,  1 950 ) . 

I n  fat s ,  the  end  group may be di storted  to allow 

ac c ommo dation o f  c hain s  o f  di f fe re n t  l e ngth s .  The longe r 

c h ain s ma·y be bent near the ends o f  ad j ac ent  sho r t e r  c hain s  o r  

they may pene trate i n to o ther l aye rs o f  mol e c ul e s .  I n  c ompl e x  

triglyc e ri de mixtur e s ,  the � ·  fo rm i s  more stable than i n  pure 

mo�c i d  triglyc e ri d e s .  Fat s in whi c h  the c hain l e ngths show 

l i t tle vari atio n  are � t ending ( No rri s ,  1 9 77) . 

The polymo rphic fo rm in whi c h  a fat c ry stal i s  o b t ai n e d  

from t h e  mel t d e p e n d s  upon the t emperature a t  whi c h  c ry s t alli sat

ion o c c ur s .  I f  c o o l e d  qui ckly , the mel t c an be supe r- c o ol e d  to 

a tempe rature j u st below the mel ting point o f  the lowe s t  

mel ting fo rm ,  b u t  o nly b y  very li t tl e .  For prac ti c al purpo se s ,  

the  poin t  at whi c h  solidi fi c ation b e gins i s  the m e l t ing po i n t  

o f  the l o w e s t  polymo rphic fo rm . I f  the  mel t i s  c o o l e d  slo wl y ,  

c rystalli sation in o ther fo rm s  o c curs.  Cry stal s o f  a low 

mel ting fo rm c an be tran s fo rmed  by hol ding the mat erial a t  a 

t emperature abo ve the  m e l ting point o f  that fo rm and all o wing 

mel ting and re- soli di fi c ation to  o c c ur . Transfo rmation will 

al s.o o c c ur wi tho u t  mel ting , the rate o f  tran s fo rm ation being 

g�eater the clo ser the t emperature is 
· t o  t he mel ting poi n t  o f  
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the  polymo rphic form ,  and inc reasing wi th decre asing ch�in 

l c�g th o f  the mo l e c ul e s .  At  temperature s well below the mel t ing 

point o f  an unstable form, tran si tion pro c eeds  very slowly , 

and the unstable form m ay persi s t  almo st  i nde fini tely . Becau se 

o f  the low rate o f  heat  tran s fer in fat s ,  i t  i s  usually 

impo ssible to get pure unstabl e fo rm s except  in thin laye r s .  

C rystalli sation o f  fat s from solvents  almo st  alway s pro duc e s  

c rystal s  i n  the mo st  stable fo rm ( Bailey , 1 950 ) . 

A polymo rphi c transi tion c c:m b e  considered as a real phase 

change li£i:.e mel ting or vapo ri sation as i t  involve s reconstruc tion 

o f  the crystal latti c e  and i s  ac compani ed  by discontinui tie s  

i n  the h e a t  content , the speci fic  volum e  and c e rtain o ther  

proper t i e s  o f  the material . H enc e a measure o f  any o f  the se 

properti e s  over a range o f  tenpP.rature s c an be used to study 

the phase behaviour ( including polymorphic behaviour) o f  a 

sub stanc e ( Bail ey,  1 950 ; Mullin , 1 96 1 ; Chapman , 1 962) . 

Sinc e the compo si tion o f  mixed c rystal s ,  as well as  their 

polymorphi c form , is  dependent upon the  rate  o f  c ooling , the  

thermal behaviour o f  fat s is  very compli c ated ( Norri s , 1 977 ) . 

2 . 2 .5 prystal H abi t 

Al tho ugh triglyc eride s no rmally o nly pack i n  the above 

fo rms , the relative si ze s o f  the fac e s  o f  a particul ar c rystal 

c an vary c onsiderably , c ausing great varianc e in the exter�al 

shape or  habi t o f  a c rystal .  The crystal s  may grow more rapidly ,  

o r  b e  stun t e d ,  i n  o ne direc tion ; thus an elongate d growth o f  the 

prismati c habi t give s a ne edle- shaped  ( acicular) habi t whil e  a 

stunted  growth give s a flat plate-l�ke c rystal ( tabular , platy 

or flaky habi t ) . The c rystal s  o f  fatty acids  and glyc eride s 

usually appear as rather  elongated  needl e s ,  though thi s c an 

vary considerably depending upon such fac tors  as the nature o f  

the solvent  or  the pre sence o f  impuri ti e s .  Many fat ty compou�d s 

gro w as fans or  spheruli t e s  consi s ting o f  needl e s  radiating 

o u tward s from a common c entre . Crystal s  u sually assume their 

mo st highly develo ped  and charac teri stic  fo rms when they are 

g.ro vm slo wly from a mel t  or solution only slightly supercool e d �  

and i n  whi ch there i s  free  c irculation o f  the li quid  abou t  the 

c rystal s .  Rapidly formed  crystal s  tend to  grow wi thout  the 



developm e n t  o f  all fac e s ,  a s  there are u sually m e c hanic al 

re s tri c tio n s upon growth i n  all dire c tions ( Bail ey , 1 9 50 ; 

Mullin , 1 9 6 1 ) .  

2 . 2 � 6 C o n c lusions  
--

1 9 .  

The mel ting behaviour o f  natural and c ommercial fat s i s  

e xtremely compli c at e d  and i t  i s  no t p o s sible to ac curately 

predic t the behavio ur o f  any such fat from the pro p e r ti e s  o f  

the indj_ vidual c omponent triglyc eri d e  s .  However chemic al 

compo si tio n  o f  a fat do e s  give a bro ad i ndic ation o f  the type 

o f  behavio ur Ylhi c h  c an oe e xp e c te d .  In order to g e t  a c o c o a  

bu t ter· sub s ti tu t e  from tal lo w ,  the frac tio n mus t  c on t ain a 

high pro po rtion o f  2- o l eo di saturated triglyc eride s ;  oil s must  

contain a high pro po rtio n o f  un satura t e d  fat ty ac i d s ;  and 

very hard fa t s  mu s t  c o n t ai n  a high proportion o f  saturat e d  fat ty 

ac ids.  

2.  3 FRAC T I O ! !ATION l-!ETHODS 

Any compone n t s  o f  a fat that di f fe r  conside rabl y in mel ting 

point c an b e  pre ferentially separated  by c rystalli sing out  the 

higher mel ting compo nent  or di s solving the lower m e l ting 

c omponent and separating the t wo phase s .  

Thre e  me tho d s  by whi ch t h i s  i s  achi e ve d are : 

( i )  frac tio nal c rystalli satio n ; 

( 2 ) frac tional e xtrac tion ; 

( 3 ) li qui d/l i qui d e xtrac tio n .  

2 .3. i Frac ti onal C rys tallisation 

Frac tio nal c ry s t alli sati o n  is  a separation pro c e s s whe re 

some component triglyc e ride s are pre ferentially crystalli s e d  and 

then sep arate d  from the li qui d phase . 
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Thre e frac tio nal c rys t al l i s ati o n  p ro c e s s e s are u s e d : 

( a) dry frac tionation - t h i s  invo l v e s c o o l i ng t h e  f a t  

t o  a t emp e rature whi c h  allo ws t h e  d e si r e d  frac tion 

o f  hi gher m e l ting triglyc e r i d e s t o  c ry s t al l i s e  and 

t h e n  se p ara ting i t  from t h e  m el t .  

( b ) . a. t"o" . . 
s o l v e n t  frac t l o nl\ - t h e  fat l s  dl s so l v e d i n  an o rgani c 

so l v e n t  and c o o l e d  t o  pre c ipi t at e t h e  d e si r e d  

t r i gl y c e ri d e s .  
�

T h e re i s  n o  p ar t i c ul ar di stinc tion 

b e t w e e n  t h e  p ro c e s s e s o f  m e l ting and so l u t io n .  Bo t h  

a r e  p ro c e s s e s o f  di s solution go v e rn e d  by t h e  principl e s  

appl ying to all s o l i d  - l i qui d phas e  trans fo rmatio n s .  

H e n c e a triglyc eri d e  fr ac ti o n c r y s t al l i s e d  from 

so lvent at a hi gh t emp e ra ture will h av e  a high e r  
m e l t in g p o i n t  than a fr ac ti o n  c r y s t all i s e d  a t  � l o w e r 

I/ 
t emp e rature ( Bai l e y ,  1 950 ) . 

( c ) d e t e rg e n t  frac tio n a t i o n - the p artiall y c ry s t al l i s e d 

fat mass i s  mi xe d wi t h  an aqueous  so l u t i o n  o f  a sur fac e 

ac t i v e  age n t  whi c h  replac e s  the  oil phase on  t h e  sur fac e 

o f  t h e  c ry s t al s . T h e  c ry s t al s and t h e  a qu e o u s 

so l u t i o n  form a susp e n si o n  whi c h  c an b e  separ a te d from 
. t h e  l i qui d o il phase by c e n tri fugati o n  ( S e ug� an d 

Vinc o nn e au ,  1 9 75 ; Braae , 1 97 6 ) . T h e  w a t e r  m ay b e  

r e pl ac e d b y  an runmo ni a s o l u t i o n  ad j u s t e d  t o  a d e n si ty 
b e t w e e n  t h e  d e n si ti e s  o f  t h e  s o l i d  an d l i qui d ph ase s 

( F o o t ,  Di j ksho o rn , H ai ghto n and V e rburg , 1 9 7 5 ) . 

Frac t i o n al Ext rac ti o n  

I n s t e ad o f  c rys t all i si ng t h e  h i gh e r  mel t i ng frac t i o n  from 

a mel t or o rgan i c  s o l u t i o n  o f  t h e  fat , i t  is po s sibl e to 

pr e fe r e n t i all y  di s s o l v e  the l o w e r  m e l ting frac t i o n  o f  t h e  s o l i d  

f a t  an d s e p ara t e  t h e  t wo ph ase s ( S innem a , 1 9 63 ) . 

� • .2.�.2 Li auid - L:b_gsi d Extrac t i o n  

I n  t h e  l i quid - li qu i d  e x trac tion p ro c e s s a f a t  i s  bro ugh t 

t o  e qu i l i brium in c o n t ac t w i t h  a sol v e n t  w i t h  whi c h  i t  i s  

inc ompl e t e l y  mi sci bl e  and the t wo phase s are all o w e d  to  se parat e . 

�he po r tion o f  fat di s solved  in the so�ve n t ph as e will b e  

d i f f e r e n t  i n  c ompo sitio n from t h a t  remaining i n  t h e  f a t  p h as e .  



( Hixson a.nd Bo c ke lm ann , 1 942 ; Glo ye r ,  i 91+8 ;  Prat t ,  1 9 53 ;  

N aude t ,  1 9 64 ; Uni l e ve r ,  1 9 74 ) . Li quid - li qu i d  e x trac tion 
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c an b e  u s e d  to g e t good separat i on s bu t the  p ro c e s s j_ s v e ry 

l abo ri o u s . I f  i t  i s  per fo rm e d  i n  bat c h ,  t h e n  many s t e p s  are 

re qui r e d  - t h e  d e gr e e o f  s e p ar a t i o n  from a singl e s t age i s  
r ar e ly si gni fi c an t  i n  pro du c i ng frac tio n s  o f  c om m e r c i al 

i mpo r t an c e  ( G l o y e r  and S t e ·Har t , 1 9 50 ) .. A singl e - s t age l i qui d

l i quid e xt rac tio n gi v e s  far po o rer  separati o n than a singl e - s tage 

c ry s t al l i s a t i o n  ( G o s s ,  1 949 ) . 

I n  p r ac ti c e ,  l i qui d - l i qui d  e x t r ac tion i s  p e r fo rm e d  

c o n ti nuo u sly i n _ tal l  c o l um n s  i n  whi c h  t h e  solve n t  and fa t fl o w  

c ount e rc urre n tly . The  fat i s  fe d i n  h al f- w ay up t h e  c o l umn 

and the  so l ve n t from t h e  to p . A po r ti o n  o f  the e x trac t i s  

r e c y c l e d  t o  t h e  c o l um n  to inc re � s e  t h e  e f fi c i e n c y  o f  separation . 

Al t e rn a t i v e l y  a s e c o nd solve n t , mi s c i b l e  Tii th t h e  o i l  but  

imQi 3 c i bl e w i t h  the fi rst s o l v e n t , may b e  fe d i n to t h e  c o lumn 

( S�e rn ,  1 964 ; � i sni 2k and E arri e n t o s ,  1 9 6 7 ; P ar s o n s , 1 9 75 ; 

C o n t re ras $ M i cli aro & Ra f fo , 1 9 7 1 ) .  

?: ·2·.'± Compari son o f  Frac t i o n a t i o n  H e tho d s  

T h e  c l ai m e d advan t age s o f  frac t i o n a l  e x t r a c t i o n  o v e r  

f r ac U. cm al c ry s t al l i s a t i o n  are t h a t  a t  a e;iv e n  t e m p e ra tur e t :1e  
l o v:er-mel t i ne fr ac ti o n di s so l ve s r.m c h  mo re quj_ ckly than the  

harder frac t i o n  c ry s t al l i se s i n  frac t i o n al c ry s t al l i s a t i o n , 

o c c lud e d l o � e r-mel ting c ompo ne n t s are e x tr ac t e d , u n s aponi fi abl e 
c o n s t i t u e n t s  are remo v e d ,  i t  i s  e as i e r  to  c arry o u t  c o n t i nuo u sl y  

a�d t h e  pro duc t i s  mo r e  c on s t an t t h an wi th fra c t i o n al 
c ry s t al l i s a t i o n  ( Arno l d ,  1 963 ; S innema 1 963 & 19 6 7 ) . 

The m ai n  di sadvan tage i s  that the c ry s t al s  e n t e ri n g  t h e  
so l i d  frac t io n  are no t no rmal l y  a s  pure as c ry s t al s  e n t e ring 
the soli d fr ac ti o n in a so l v e n t  frac t i o n a t i o n  p ro c e s s . I n  

s o l v e n t  frac t i o n a t i o n ,  t h e  c r y s t al s  are gro wn fro m a sol ve nt 

and thi s gre a tl y re duc e s  th e o c c urre n c e  o f  mize d c ry s t al s ,  
e n ablin� p ur e r  p ro du c t s  to b e  o b t ai n e d  ( Bail ey ,  1 9 50 ;  K r e ul e n �  

1 97 6 ) . H o �e v e r , i n  a fr ac t i o nal e x trac t i o n  pro c e s s the c ry st al s 

� n t e ring the sol i d  ph ase have no t gro wn i n  thi s manne r  and 
h e n c e mi x e d  c ry s t al fo rmatio n is enhan c e d . 
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Li qui d - l i quid extrac tion migh t o f fer po s sibil i t i e s fo r . . 

fu tur e d e velopme n t s , but the only impo r t ant m e tho d o f  fat frac t-

ionatio n o n  a comm e rc ial sc al e up to now is by frac tional 

c ry s tallisation ( Kr eule n , 1 97 6 ) . T h e  applic atio n  o f  li quid 

liquid e xtr a c tio n wi t h  fat ty pro duc t s  h as b e e n  v e ry limit e d  

( Naude t ,  1 9 64) and r e c e n t  l i t e rature doe s  no t re ve al any 

further sub stan t i al de ve lopme nt  o f li qui d - li qui d o r  

frac t i o nal e xtrac tio n pro c e s se s .  

H e n c e  frac tio nal crystal li satio n  app e ars t o  b e  t h e  mo s t  

promi sing· proc e s s fo r frac ti o nating t al l o w  in thi s wo rk w h e r e  

go o d  sep aration o f  a sp e c i fi c  group o f  tri glyc eri de s i s  required 

i n  o rd e r  to pro duc e a c o c o a  bu t t er replac e r .  

2 .3,!.2. S o r:lpari so n o f  Frac tio n al C rys t a l l i sat i o n  H e t h o d s  

S o l ve n t  frac tionation give s b e t t e r  separati on than 

d e t e rge n t  fre1.c ti.ona tion, �"1 d d e t e rg e n t  frac tio na t i o :n  give s b e t t e r 

separati o n  tha11 dry frac tionation ( Bern ardini , 1 9 6 8 ; K a s s ab i an , 
1 9 74 ; Loncin , 1 9 76 ;  Berge r ,  1 9 7 7 ) . C ry s tallisation  from 

solven t s  c an pro duce a numbe r o f  fat p ro duc t s  whi c h  are 

i�po s si bl e to o b t ai n by dry frac tionation ( Bail e y ,  1 9 50 ) . 
De t e rgent  frac ti o na tion give s poorer s e p aration o f  palm oil 

thc:m do e s  sol vent frllc tionation ( C o n s t ruzioni M e c c aniche  

Be rnardini ; Kas sabi an , 1 974) . 

Wi th c entri fugation an e s sential o p er ation in d e t e rg e n t  

frac tio nat io n , both capital and running c o s t s  are high ( Taylo r ,  

1 9 7 3 ) . O ther di s advan t age s o f  d e t e rg e n t  frac tionation ove r  

solvent fr ac tionatio n  are that the solid fraction in de t e rge n t 

frac t i o n a t i o n  i s  c r y st al lis e d  from the  mel t ,  which e nhanc e s  t h e  

d e gre e o f  mixed c ryst al formation ( Bail ey ,  1 9 50 ; Kreul e n , 1 9 7 6 ) , 

and d e spit e extensive  washing i t  is impo ssi bl e to comple t e l y  

eliminate d e tergen t  from t h e  frac tio n s  ( Ko slowsky and L e t c>...n ,  

1 975) e C ommercial pro blems h ave o c c urre d in the di spo sal o f  

fat s c o n t aining e v e n  trac e s  o f  d e t erge nt ( C o n struzi o ni 

1� e c c anic h e  B e rnara i n i )  c D e t e rge n t frac ti o n 2.tj_o n has been u s e d  in 
som e o th e r  pro ces se s ( Unile v e r , 1 96 6 ; Tayl o r ,  1 973 ; Poo t , . 

Di jksho o rn ,  Hai ghto n  and Ve rburg , 1 9 75 ; S tein and H ar tm ann , 

1 975 ; Fek,  1 977 ; Bu s se y ,  Ryan , Gray and Z�bik, 1 98 1 ) to give 



ad e qu a t e  s e p aratio n ,  b u t  i t  app e ar s  that n o n e  o f  the se have 

l e d  t o  c om m e r c i al appli c a tio n .  
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Di s advan t �ge s o f  so l v e n t  frac t i o n a t i o n  are that c ompl e x  

and thu s e xp e n si v e  e quipm e n t  i s  re quj_ r e d ,  c ompri sing l e akpro o f  

a."1 d  fl ame p ro o f  i n s t all atio n s ,  an d s a fe t y  e quipm e n t  whe n the 

s o l ve n t s  are in fl amm abl e (' rayl o r , 1 97.3 ; S o c i e t e P o ur 

L ' E quipm e n t  d e s I n du s t ri e s  Chimi qu e s  S p e i chim , 1 9 75 ) . O rg ani c 

s o l ve n t s  are al so g e n e rally e xp e n si v e , and i f  they have hi gh 

vap o ur pre s sure ( as do e s  ac e to n e ) high l o s s e s  o c c ur ( A arhu s 

O li e fabrik , 1 9 64) . H e n c e  whi l e  solve n t  frac t i o n a t i o n  giv e s 

b e t t e r  r e so l u t i o n  o f  frac tio n s  than d e t e rg e n t  o r  d ry 
frac ti o na t i o n s , i t  i s  al so p ro b ably the mo s t  e xp e n si v e  

frac ti onal c r y s t al li s a t i o n  pro c e s s .  

H o w e v e r  b e c au s e  i t  was d e si r e d  i n  thi s � o rk t o  c o n c e n t r a t e  

a very sp e c i fi c  gro up o f  tri gly c e ri d e s  i n to the i n t e rm e d i a t e  

frac t i o n , i t  Tia s  thought tha t i t  � a s  pro b ably n e c e s s ary t o  

u s e  the mo s t  e f fi c i e n t  frac t i o n atio n pro c e s s .  T h u s  so l v e n t  
ctnv" frac t i o n� �as c ho s e n  a s  the m e tho d for further s t udy i n  �hi s �a rk . 

SOLVEIIT FRAC T I OiiATIOH 

Two suc c e s si v e  s t ag e s c an be d i s t i n gui she d i n  the solve n t  

frac t i o n a t i o n  p ro c e s s : 

( 1 ) fo rm a t i o n  o f  the solid phase 

( a) c o o ling o f  t h e  li qui d  t o  sup e r s a t u r a t i o n  

( b ) progre s si ve gro w th o f  t h e  c ry s t al s .  

( 2) s e paration o f  the li qui d and s o l i d  phas e s c  

2 . 4 . 1 Fo rm a ti o n  o f  t h e  S o l i d  Ph a s e  

T h e  obj e c t  o f  t hi s s t e p  i s  t o  p ro du c e a c ry s t al l i n e  pha s e  

o f  the d e si r e d  t ri gly c e ri d e  c o mp o si t io n whi c h  c an b e  h andl e d  
e a sily and whi c h  s e p arat e s c l e arly from the mo t h e r  l i quo r 

c o n t aini ng the l i quid triglyc e ri d e s ,  The nature o f  the c ry s t al �  

from the fi r s t  s t age a f fe c t s  the d e gre e o f  s e p ar a t i o n  � f  the 

c ry s t al s  po s sibl e in s t age t wo . The irigl y c e ri d e pur i t y  o f  

fo rme d  in s t ag e  o n e  i s  seve rely limi t e d  by t h e  



24 . 
p h a s e  c harac t e ri s t i c s o f  t riglyc e ri d e  mixture s whi c h  p re v e n t s  

t h e  g r o w t h  o f  pure c ry s t al s  - s e e sec tion 2 . 2 .  

2 . 4 . 2 S epar a t i o n  o f  t h e  Li quid and S o l i d Phase s 

B e c au s e  fat c ry s t al s  are volumino u s  and e n t rap l ar g e  

quan t i ti e s  o f  th e  mo t h e r  li quo r ,  m e c h ani c al s e paration o f  

the t�o p h a s e s i n  s t e p  two i s  di f fi c ul t  and t h i s  al so r e s t ri c t s  
t h e  d e gr e e  o f  s e p arati o n  p o s si bl e  ( M agnu s son and H ammo n d , 1 959 ; 

C o pp a- Z u c arri , 1 9 7 1 ) .  T h e  h i g h e r t h e  s o l v e n t : fa t  rati o , t h e  

l e s s  mo t h e r  l i quo r i s  e n t r ap p e d  b e c au s e  o f  dil u t i o n  ( Bro wn , 1 95 5 ) . 

Washing o f  t h e  s e p ar a t e d c ry s t al s  v1i t h  fre sh s o l v e n t  al so 

h e l p s  to d e c r e as e  t h e  d e gr e e o f  m e c h ani c al e n t rai nme n t  

( S t e ve n s ,  1 9 52 ; P r a t t ,  1 95 6 ) . 

Fi l tr a t i o n , c e n t ri fug a t i o n  and d e c an t at i o n  ar e all u se d  t o  

s e p ar a t e  t h e  pr e c i p i t a t e d  t ri gl y c e ri d e s  from t h e  li qui d .  T h e  

fo r1�1 '.'lhi c h  t h e  c ry s t 2� s  mu s t  b e  i n  to ac h i e ve t h e  b e s t  

s e p ar a t i o n  d e p e n d s  u p o n  the s e p aratio n m e th o d  u s e d .  

Fo r fil t r at i o n  t o  b e  u s e d  suc c e s s fully , i t  i s  e s sen t i al 

t o  gro w d i s ti n c t l arge c ry s t e,l s t hrough whi c h  t h e  li qu i d  \'f i l l  

fl o w  i n  t h e  fil t e r .  T h i s all o w s  fo r f a s t  fil t r a t i o n  rat e s 

\'li t h o u t  blo c ld.ng t h e  fil t e r  ( J ain e s , 1 943 ; Via.r engo & _!?a,sClll:], 1973) end 
al so fo r ad e qua t e  \'lashing o f  t h e  c ry s t al s  U'lucke r h e i d e , 1 950 ) . 

C e n t ri fug a t i o n  h a s  b e e n  u s e d wi t h  some so l v e n t  frac t i o n a t i o n  

pro c e s s e s ( J ame s 1 943 ; Rubi n , T e asdal e  and M e r t e n s ,  1 9 59 ; 

Kas sabi an , 1 9 7 2 ; C avan agh , 1 9 7 6 ; T a t sumi , H a shimo t o , T e rashioa 
.::md r-t at suo , 1 9 77)  but fil t r a t i o n  is t h e  m e tho d u su al l y  u s e d 

wi t h  so l v e n t  frac t i o n  ( Kreul e n ,  1 9 76 ) . Ko slo w sky ( 1 975)  and 

Ko slo w sky an d L e t an ( 1 975)  u s e d  i s o p ro p an o l  �i t h  a 
"natural addi t i v e " ( un sp e c i fi e d )  to frac t i o n a t e  p alm o i l ., T h e  

so l v e n t  w a s  i nc o rp o r a t e d  i n  t h e  c ry s t al s  ( like w a t e r  i s  i n  

o rg ani c c o mp o und s as the w a t e r  o f  c ry s t alli sati o n )  and d e c r e a s e d  

t h e  d e n si t y  o f  t hem t o  suc h  an e x t e n t  tha t  t h e y  fl o a t e d  o n  t h e  

sur fac e o f  t h e  o i l  and w e r e  r emo vab l e  b y  d e c an t at i o n . The 

so l v e n t : fat r a t i o n  w a s  1 : 1 ( v/ w ) . 
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However Kassabian ( 1 974)  found that thi s  was suited only 

to small scale operation . The resolution was not good enough 

for large- scale , continuous, commercial operation. 

In some cottonseed oil winterisation processe s ,  settling 
of the crystals was achieved by using high cooling r ate s to 

pro duce small crystals and by using high solvent to fat ratios 

to reduce the viscosity of the oil. The crystals were thus 

able to be separated by decantation ( Cava.rlagh , 1 959 ) . Howeve r ,  

centrifugation gave more ef ficient separation ( C avanagh , 1 97 6 ) . 

Farr ' s ( 1 -954 ) processes utilized both filtration and 

decantation with fractionations , using acetone , of winterised 

cotto nseed oil bottom s ,  but filtration was the pre ferre d 

me thod. McGuine and M o s s  ( 1 960 )  used a com bined fil tration/ 
decant?tion process .  

? 4 "" 
t- e  •2 Fac t o r s  I n  f2. u e n c i ng t h e  !1 a ture o f  t h e  Freci pi ta. t e  

There are se veral fac tors which c an in fluence the nature 

of the precipitate : 

( 1 )  nature o f  the solvent - both so lvent type a�d 

wat e r  content of the so l vent . 

( 2) solvent to fat ratio. 

( 3 ) cooling rate . 

( 4 ) de gre e of agi tation during cryst allisation . 

2 .4.3. 1 Solvent Type 

Many solvents , both polar and non-polar ,  have been 

used for solvent fractionation - see Appendix 2 .  

The crystals obtained from polar solvents are generally 

granular , needle-like crystals wi th good filte ring and solvent 

washing properties,  while those from non-polar solvents are 

flat , pearly , plate- type crystals or  <J.InOrphous slimy prect�itates 

not suitable fo r separation by fil tration ( James ,  1 943 ; 

Denunerle ,  1 947 ; Nuckerheide , 1 9 50 ;  Bo u c h e r  and Skau , 1 952 ; 

Subrahmanyo.m and Achaya, i 958 ; Aarhu s O lie fabrik , 1 9 64) . 
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When Muckerh eide  ( 1 950 )  frac tionat e d  l ard from i so propyl 

ac e ta t e , fil t ra t io n was ac hie v e d  in 1 minute  c omp ar e d to l i  h o ur s  

when a non-polar p e t roleum s o l  v e n t  w as u se d .  

Whil e  a pre c ipi t at e  o f  di stinc t l arge c r y s t al s  suc h  a s  

that o b t ained from p o l ar so lve n t s  i s  sui t abl e fo r no rmal 

fil trati o n ,  i t  i s  no t sui t abl e fo r separation by c on t inuo u s  

c e n tri fug a t i o n  a s  such c ry s tal s will p a c k  o r  i n t e rlock and no t 

flo w  thro ugh the c e n tri fuge . Fo r thi s purpo se the  soli d s  are 

r e qui r e d  in a flo �abl e fo rm anal agous to a very vi s c o u s  li qu� 

so that they flo w  through the c e ntri fug e . Thi s c an be achi e v e d  

b y  u si n g  no n-po l ar solvent s  ( whi c h  are generally c heaper)  o r  by 

ad j u sting o t h e r  c ry s t alli sing c o nd i t i o n s  ( e sp e c i ally rat e o f  

c hill i ng and degr e e  o f  agi t ation ) with p o l ar so l v e nt s 

( J <.�.;:le s ,  1 943 ) • H o v: e v e r  suc h  c ry s t al s  are no t in t h e  b e s t  fo r:n. 

fo r sub se que n t  �ashing ( �uckerheide , 1 950 ) . 

An advan t age o f  p o l ar sol v e nt s i s  that trigl y c e ri de s  a r e  

l e ss solubl e i n  them t h an in non- p o l ar so l v e n t s  and henc e 

higher c rys t al l i. s a t i o n  t emperature s c an be use d ,  thu s re d u c ing 

r e fri g e ra ti o n  c o st s .  By adding i so p r c p rulO l  to 2c e to n e , the 
l a t t e r ' s  solvent ac t i o n  i s  dil u t e d  and frac tiona t i o n  c an o c c ur 

a t  hi gh e F  t emperatur e s  ( Kassabi an , 1 9 7 1 ) .  

A s  well as pro duc ing c rys t al s  i n  a fo rm sui t abl e fo r the 

se para t i o n  me tho d to  be u se d ,  a sol vent wust b e  c apabl e o f  giving 

g o o d  se p ara tio n  o f  the de si red t ri gly c e ri d e s .  Hil ditc h  ( 1 9 6 4 )  
p e r fo rm. e d  end r e vi e  '-!e d a v a s t  number o f  s o l  vent 

.... I • ,J... • 
r rac �lona �..- :.. o n  

pro c e s se s upon a wi d e  vari e ty o f  fat s mainl y  a s  a n  anal y ti c al 

t e chni que . H e  c o ncluded that ac e to ne ge n e rally gave · the b e s t  

frac tionating po�e r .  Ac e to n e  i s  the so l v e n t  mo st o ft e n  u s e d  

in prac t i c e ( C a rding , Wi l l ard , Edward s  and Eskew,  1 953 ; 

Kreul e n ,  1 9 76 ) . H O \'I e v e r  p e tro l e um e ther i s  be t t e r  than 2.c e tone 

fo r the se p aration o f  the saturat e d  and unsaturat e d  frac tio n s  

o f  ku suru o i l  ( Kundu , 1 970 ) . Construzioni M e c c aniche 

B e rnardini o b taine d t h e  high e st yi e l d  and b e st quali ty o f  

l i qui d o i l  from palm o il fr ac tio nation u sing h e xan e , but 

Kas sabi an ( 1 974) fo und that t hi s  gave po o r  r e solu tion . Boucher 

a n d  Skau ( 1 9 5 1 ) fo und t h a t  ac e tone was more sui t ab l e  than 

h e xane i n  e v e ry Day fo r the frac tionation o f  c o t t o n s e e d  o i l . 
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Thus o ve ral l  ac e t o ne i s  the mo st wi dely r e c omm e nded sol v e n t  

where fil tration i s  t h e  m e t h o d o f  separating the  phase s .  

Howeve r ,  there are c e rtain fat s f o r  whi c h  o th e r  so lvent s appe ar 

t o  be m o r e  sui tabl e .  

2 . 4 � 3 . 2  W a t e r  C o n t e n t  o f  the S o l ve n t 

The wa t e r  c on tent o f  a solv e n t  i s  very impo r t an t  
b e c au s e  e v e n  sm all omo un t s  c an d r am at i c al l y  c h an g e  a so l v e n t ' s  
pro per t i e s . Tho s e  solvent s whi c h gi ve fat c ry s t al s sui t abl e 
for fil t e ring are g e n e rally c apabl e o f  di s so l ving ·uat e r from 1 t o  
1 5% by ·;1 e i gh t at 20 ° C  ( Hu c ke rh e i d e , 1 9  50 ) .  Hi gh \'la t e r 
c o n c e n t r a t i o n s  �ll o w  the c ry s t cl li sati o n  t o  be  c arri e d  o u t  at 

higher t e m p e rature s ,  thu s r e du c i ng re fri g e rati o n c o s t s ,  b u t  
t hi s  may be d e t rim e n t al to the c ry s tall i sati o n .  I n  t h e  

frac t io n a t i c n  o f  �hi t e  gre ase ( a  pro duc t similar t o  t al l o w b u t  
o f  l o vter m e l ting poi n t )  from ac e t o n e , se p arati o n  w as 

s e ri o u sly imp ai r e d  \'Ei th ;·1at e r  c o nc e n tr a ti o n s  i n  e xc e s s o f  Z}b ,  
t h o ugh a c e tone �i th a � a t e r  c o n c e n trati o n  l e s s t h an t h i s gave 
the b R s t  s e p aratio n o f  a numb e r  o f  so l v e n t s  ( C o r di � g ,  D i l l ard , 
Edwar d s  an d Eske � ,  1 9 53) . A de c re a se i n  re so l u t i o n wi t h  

i n c r e asing w a t e r  c o n c e n t r a t i o n  i s  g e n e r al for mo s t  so l ve n t s 

( C a rding e t  al , 1 9  53 ) . C av an agh ( 1 9  59 ) c l air:1 e d  t h a t  minu t e  

qu an ti t i e s o f  mo i s t u r e  m ay ac t as  c ry s t al muc l e i  f o r  t h e  h ar d  

f r ac t i o n  a n d  h e n c e  be b e n e fi c i al .  H o vte v e r  HcGuine ( 1 9 60 ) sai d  
t h a t  uat e r  i n  the s o l v e n t  sl o � s  d o �n c ry s t al agg l o m e ra t i o n  and 

hi nder s the o p e r ati o n o f  a c ry s t alli s e r . The p r e s e n c e  o f  '.'l a t e r  
do e s  no t a f fe c t  t h e  t y p e  o f  c ry s t al fo rm e d  ( Mu c ke rh e i d e , 1 950 ) . 

McGuine ( 1 9 60 )  re c omme n de d that the  water c o n te n t  o f  t h e  

sol v e n t  should no t e xc e e d  5%, while Rubin e t  a.l ( 1 9 59 ) s ai d 
that 4/� v1as t h e  upp e r  limi t .  D emmerl e  ( 1 947) , Hililitch 2nd W:iJJi.:ms ( 1%4) 

and Luddy e t  al ( 1 9 73)  all rec ommende d  the u s e  o f  " anhydro u s "  
ac e tone , v1i th D e mme rl e d e  fini n g  " anhydrou s "  as b eing l e s s t han 
CJ/; wat e r . 

Ac e t o n e  i s  c ap abl e o f  di sso lvi ng w a t e r  at l e ve l s  muc h  

higher than tho s e  r e c ommende d and henc e t h e  wat e r c o n t e n t  mu s t  

be c are fully c o n t ro l l e d . I t  wo u l d  be pre f erabl e from thi s p a i n t  

o f  v i e w  t o  use a s o l v e n t  i n  whi c h  wat e r  i s  l e s s  solubl e  ( e . g . 
me t hyl i s o bu t yl ke t o ne , i so p ro pyl ac e t a t e , e th e r  a c e t a t e ) . 
W h e n  t h e s e  so l v e n t s  be c ome �at e r  saturat e d , fur t h e r  wat e r  



s e t tl e s  o u t  i n  t h e  o i l - so l v e n t  so l u t i o n ,  t h u s  au t o m a t i c al l y  

c o n tro l l ing the w a t e r  c o nc e n t r a t i o n  o n c e satur a t i o n  i s  

a c hi e ve d ( C o rding e t  al , 1 9 53 ; Rubin e t  al , 1 959 ) . 

2 . 4 . 3 .3 S o l v e n t/Fat Ratio 

S o l v e n t  t o  fat r a t i o  al so has an imp o r t an t  e f f e c t 

upon t h e  n a ture o f  the p re c i p i t a t e  o b t ai n e d .  C ry s t al habi t 

i s  al t e r e d  un d e r  c o nd i t io n s  o f  high f a t  c o nc e n t r a t i o n  a s  

t h e r e  are u sual l y  m e c hani c al r e s tri c ti o n s  upo n gro w t h  i n  al l 

dire c t i o n s  ( Bail e y , 1 9 50 ) , and t hi s may i nhibi t t h e  

e f fi c i e n c y  o f  t h e  s e para t i o n  p ro c e s s .  T h e  p o l ari ty o f  t h e  

s o l v �n t  i s  al so a f f e c t e d  i f  t o o  gre a t  a c o nc e n t rati o n  o f  

f a t  i n  so l v e n t  i s  u s e d . T h e  s o l i d  t r i gl y c e ri d e s are t h e n  

p r e c ipitot � d  fro m a so l v e n t  c o n t ai n i ng a l arge pro p o r t i o n  o f  

d i s so l v e d  l i qui d t r i gl y c e r i d e s ;  su c h  a mi x t ur e  i s  di f f e r e n t  

i n  pol ari ty from t h e  so l v e n t  i t se l f ( M u c ke r h e i d e , 1 9 50 ) . 

Simi l arl y , t o o  gr e a t  a c o n c e n t rati o n  o f  fa t i n c r e a s e s  t h e  

amo un t o f  l i quid t r i gl y c e ri d e s e n t rapp e d  wi thin t h e  solid 
p r e c i pi t a t e .  Low s o l v e n t  t o  f a t  r a t i o s m ay c au s e  handl i n g  

p r o b l e m s ,  i f  t h e  vo l um e  o f  pre c i pi t a t e  i s  su f fi c i e n t  t o  
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produc e a t h i c k  p a s t y  sl urry whi c h  i s  di f fi c ul t  t o  pump . H e n c e 
t h e  m aximum fat c o n c e n t r a t i o n  i s  di c t a t e d  to a c e r t ai n  d e g r e e  

b y  t h e  so l i d  trigl y c e ride c o n t e n t  o f  t h e  f a t  b ei n g  p ro c e s s e d . 

T h e  l o w e r  t h e  c o nc e n t ratio n o f  fat , t h e mo re sel e c t i v e  i s  

t h e  frac t i o nati o n ,  t h o ugh t h i s  m ay o nl y  b e  b e c au s e  o f  

d i l u ti o n  o f  t h e  e n t rapp e d  o i l  ( J am e s ,  1 943 ) . H i g h  so l v e n t :  

f a t  rati o s d e c r e a s e  t h e  vi s c o si t y  and all o w  fo r f a s t e r  

fi l t r a t i o n  r at e s ( P r a t t ,  1 9 56 ; Swe r n , 1 9 64) . 

T h e  u p p e r  l imi t o f  so l v e n t  r a t i o  i s  dic t a t e d  b y  e c o no mi c s .  

C apac i ty o f  the e quipme n t  and r e fri g e ra t i o n  and s o l v e n t  

r e c o ve ry c o s t s  a l l  i n c re as e  a s  t h e  s o l v e n t  to fat r a t i o  

i nc re as e s .  

S o l v e n t  t o  f a t  ratio s whi c h  h av e  b e e n  u s e d  r ang e from 

0 . 1 : 1  ( v/w ) ( Rubin e t  al , 1 9 59 ) to 20 : 1  ( v/w) ( Pramuk , Whi t i n g  

and M c L ar e n , 1 9 53 ; S i nnem a , 1 9 6 2 ;  L u d d y  e t  al , 1 973 ) t h o ug h  

mo s t  frac t i o n a t i o n s  o p er a t e  at rati o s o f  2 : 1 to 5 : 1 .  R u bi n  

e t  al ( 1 959 ) an d H e r t en s ,  Rubin and T e asdal e  ( 1 9 6 1 )  u s e d  a 



29 .  
0 . 1 : 1 ratio fo r the wint eri satio n o f  c o t to nse e d  o il with  

ac e tone , and thi s re sul te d  in v e ry sho r t  c ry s t alli sati o n  time s .  

However � e i s s  ( 1 9 6 7 )  found that this p ro duc e d  a vi scous 

mi s c e l l a  v:hic h  was no t muc h be t t e r  t h an a solven t- fre e sy s t em . 

Kawada and Mat sui ( 1 9 6 8 )  fo und that  the b e s t  be e f  t al l o w  

frac ti o n s  were o b tained \'Ji th a sol v e n t  to  fat ratio o f  3 : 1 .  

Muckerheide ( 1 950 ) r e c ommended a 3 . 3 ; 1 ratio and Spadaro , 

Lovegr e n ,  Feuge and Pat to n  ( 1 96 1 )  �ho u s e d  ac e to n e  to  pro duc e 

a c o n f e c tion e ry fat fro� hydro genat e d  c o t tonse ed  o il , found 

that a 4 : 1 ratio �as on timum . S padaro e t  al ( 1 9 6 1 )  exp e rim e n t e d  

wi th ratio s a s  high a s  30 : 1 ,  bu t n o  app r e c i abl e di f ferenc e i n  

i o di ne v alue s o r  yi e l d s  o f  their frac t i o n s  �as o b t aine d wi t h  

r a tio s great er than 4 :  1 .  Hil clitch .:mrl WiJ.J.iw:ls (1%4) cdvisEX:J. 1 0 : 1 ,  but 

thi s \'!as mainly fo r sm all - s c al e  anal y ti c al purpo se s wh ere  

re solu tion was t h e  mai n  c ri t e rio n . 

I n  any c rys tall i sation where fil tration i s  the m e an s  

o f  separa tio n ,  t h e ai �  i s  t o  pro duc e a smal l number o f  nuc l e i  

aro und �hi c h  t h e  c ry s t al fo rmati on gro w s  l arger i n  si ze  a s  

c o o ling i s  c o n ti nue d .  I f  a va st number  o f  nuc l e i  are fo rm e d  

then fil tration will b e  di f ficul t  due t o  the mas s o f  sm all 
crystal s .  On the o t her hand i f  the  c ry s t al s  group to ge th e r  i n  

c l ump s ,  then t h e  li qui d phase will be  o c c l ud e d ,  the r e sul t being 

poor separatio n  and yi el d .  To e nabl e proper growth t o  t a.ke 

plac e ,  the c o o l i ng rate must be c omm e nsurate wi t h  the gro wth 

rate and mo bili ty o f  nuc l e i  ( � ei s s ,  1 9 6 7 ;  Taylo r ,  1 9 73) . 

T h e  re adin e s s  wi th whic h  the di f fe re n t  polym o rphi c forms 

c rystalli se is in reverse o rder o f  their stabili t y ,  h e nc e t h e  

l e a s t  s t abl e fo rm appears i n  a s t ro ngly unde rc o o l e d  m at e ri al 

as l e s s  entropy o f  ac tivation i s  invo l v e d  i n  t h e  fo rm a t i o n  o f  

t h e  l e s s stabl e , l e s s  highly ordered  c ry s t al s  ( Bail e y ,  1 9 50 ) . 

I n  the pre s en c e  o f  a sui t abl e so lvent the t e ndency fo r a fat 

to sup e rcool is very small , a t  l e ast partly bec ause o f  the 
reduc tion in vi sco si t y ,  and crystal s  o f  the mo s t  s t abl e p o l y

mo rph i c  fo rm ,  whi c h  are l arge and e a sily- s e p arabl e ,  are u sual ly 

p ro duc e d  even a t  re l a t i vely high c o o li ng rate s . Thi s de c re ase s 



th e re t e n ti o n  tim e i n  bo th the c ry s t al l i s e r  and the fil te r  

( Bail ey , 1 9 j0 ; Kreul e n ,  1 97 6 ) . 

Trigl y c eride solutions i n  polar solve n t s  c an be c o o l e d  

very rap i d l y  and still pro duc e precipi t ate s whi c h  c an b e  

e asily fil tered  ( Muckerheide , 1 9 50 ) . S up er c o oling i s  

o b s e rve d to  a gr e a t e r  extent  in c o t to n se ed  oil/he xane 

solution s  than in c o t t o n s e e d  o il/ac e tone  or c o t t o n s e e d  oil/ 

ac e to ne/he xane solutio n s  ( Bouc her and Skau , 1 9 5 1 ) and thi s 

m ay at l e a s t  par t l y  e xplain the  gene rally poorer fil t e ri ng 

properti e s  o f  fatty m a t e ri al s  c ry s t alli sed from non- po l ar 

solvent s .  G e e  ( 1 948)  c l aim e d  that chi l ling fat s at 1 . 1  to 

1 . 5° c min-
1 

in bo th polar and no n- polar so lvent s gave 

p r e c i pi t a t e s sui tabl e for fil t e ring , and L ac ey and L e ad e r s  

( 1 9 5 1 )  fo und that c o o l i n g  fat s in pro pan e  at 0 . 9°C min- 1 

p ro du c ed  e a sily- fil t e � abl e crystal s .  

Muckerh e i d e  ( 1 9 50 ) re c o mm e nde d a c o o ling rate  o f  
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g r e a t e r  t!1an 0 .  75°C min- 1 to mi nimi se ho lding time and 

n e c hani c al d amag e to the c ry s t al s .  T h e  c o o l i ng r a t e  i s  al so 
impo r t an t  e c onomic ally as i t  de t ermine s the size o f  e quiprr1 e n t  

( Demmerl e , 1 94 7 ) . 

C ooling rate al so a f fe c t s  the c ompo si tio n o f  the c ry s tal s  
fo rm e d  ( B ail e y ,  1 9 50 ; Hinnek e n s ,  1 9 76 ) . 

The sur fac e are a to vo lume r a t i o  o f  a c ry s t alli ser may 

al so in fluenc e the cry st al l i s ation no t onl y  b e c au s e  the 

inc reased sur fac e are a  wil l  all o w  the solution t o  b e  c o o l e d  

mo re  qui ckl y , but b e c au s e  solid  sur fac e s  c an pre s e n t  poin t s  

favourab l e  fo r the ini tiation o f  cry s talli sation .  The 

materi al o f  whi c h  the c ry s t alb. se r  i s  m ade  may al so  b e  

imp o r t an t  ( Bail ey , 1 950 ;  Hinneke ns,  1 976 ) . 

2 . 4 .3.� pegre e o f  Agi tation During C rys t alli satio n 

I f  during c o o ling a c ry s t al i s  broken up , then e ac h  

o f  the fragment s  may ac t a s  a nuc l e u s  for further c ry s t al 

growth . Shat t ering o f  c ry s t al s  into m any pi e c e s  pro duc e s  a 

l arge num b s r  o f  nuc lei  and a l arge num b e r  o f  small c ry s t al s  
whic h  are di f fi c ul t  t o  fil t e r  are form e d .  
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Agi t ation during cry s t alli sation i s  impo r t ant as i t  h e l p s  

c or..t ac t all o f  the o i l  vJi t h  t h e  c ry s t al nuclei t o  pro duc e 

uni fo rm and fas t  c rystalli sation and aid s  heat tran s f e r .  
H o we v e r  i t  i s  impo r t ant to use  low shear rat e s  o r  c ry s t al 

at tri tion and an un fil t e rabl e pre c ipi t a t e  re sul t s  

( D emm e rl e , 1 947 ; M uckerheide , 1 950 ; Rubin e t  al , 1 9 59 ; 

1'-icGu.ine , 1 9 60 ; Tayl o r ,  i 9 73 ;  Vi are ngo an d  P asculli , ·1 9 73 ) .  

IJ.'o maintain go o d  h e a t  tra.."l s f e r  thro ugho u t  the c ry s t al l i s ati o n ,  

scrap e d- sur fac e c ry s t alli s e r s are re quj_ r e d ( Demmarl e ,  1 9 l�7 ; 
Muckerhe i d e , 1 950 ) . Mucke rh e i d e  ( 1 9 50 ) r e c o mme nde d that t h e  

c o oling �ur fac e b e  sc rap e d  n o  mo re than o n c e e v e ry thre e to  

si x t�e c onds  t o  minimi se the amount o f  m e c hani c al \':o rking . 

Agi to. tion �t:i so r c du� e s t h e  degre e o f  superc oo ling re quire d 

be fo re nucle ation o c c ur s  ( Ee rge r ,  1 9 77) . 

2 . Lj . • 4 C o n c l '1 Si o �� 3  on S o l v e n t  �-rac t i o n a t i o n  

Solvent  frac tionati o n ·  se ens to  b e  t h e  most  proni sing 

p ro c e s s to pro duc e u s e ful frac tions  from Ne� Z e al and ou t to n  

t al l o \'I . 

The c h o i c e  o f  c ry st alli sation tempe rature ( s ) ,  so lvent  

and sol v e n t  to fat  ratio ( s) , c o o ling r a t e  and d e gre e o f  agi tation 

all a f fe c t t h e  nature o f  the pro duc t s f ro m  a so lvent 

frac tio n a U. o n  pro c e s s  - bo th tf1 e  yie l d c an d pro p e r ti e s o f  the 
d ' ' pro _ 1_;_ c  'i.: s ,  e.n a. al so the sui t abili ty o f  the c ry s t al s  fo r the 

s e p aration pro c e s s  to be u se d .  The s e  v ariabl e s  c an all be  

al t e r e d  to give pro duc t 2  wi t h  the d e si re d  prope r ti e s , but  t h e  

ul tim a t e  limi ting fac t o r  in ac hi e ving thi s i �  t h e  phase be h aviour 

o f  the sy s te!":L . 

I t  i s  no t po s si b� fro� the l i t e rature t o  ac c urat el y  

pre dic t t h e  e f fe c.  t o f  t h e  abo ve va.riabl e s  upon an y  s1_:: e c i  fi e 
frac t i o n a t i c :J.  pro c e s s , and hence i t  i s  ne c e ssary t o  e xamin e  

their in fluenc e up on any pro c e ss d e v e l o p e d  i n  thi s wo rk .  
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2 .5  TALLO� COMPO S I TION 

T allow is a triglyc eri d e  mixture pro duc e d  a s  a by- pro duc t 
o f  the  m e at indus try by the rendering o f  me at ti s sue . 

There are seve ral main typ e s  o f  tallow pro duc e d  in New 

Zeal and - ine di bl e  be e f , i n e di bl e  mut ton , ine di bl e  mixe d ,  

edibl e b e e f  and e dible mi xe d .  A s  well , seve rol minor tallo w s  
are pro duc e d ,  inc luding margarine grade , neat s fo o t oil , K 

grade and e di ble mu t ton . Each o f  the  main ine di bl e  tallows i s  

further grad e d  ac c o rding to col our . 

The  c ompo si tion o f  tal l o w  i s  in flue n c e d  by bo th the 

compo si tio n  o f  the  depo t fat s  o n  the animal s e n t e ring the 

meat killing plant and the prac tic e s  fo llowed during pro c e s si ng 

o f  the animal . 

The  body fat o f  animal s e n t e ring meat killing plan t s  

i s  in fluenc e d  by season , the sp e c i e s  o f  animal , t h e  po si tion 

o f  the fat o n  the animal , di e t ,  age and se x o f  the  animal 

( Sho rl and , 1 9  53 ; Cramer and n arc h e- llo , 1 9 6Lf- ;  Hildi t c h , 1 9 6 4 ; 

Dunc an and G art o n , 1 9 67 ; Garton and Dun c an ,  1 9 6 5 , 1 96 9 ) . 

2_. 5.  1 Fat ty Acid  C om n o si t i o n  o f  l-1 u  t t o n  Tal l o rrs 

The fatty ac id compo si t io n s  o f  mu tto n tal l o w s  from 

vari o u s  c o un tri e s  are pre sented  in T abl e 2 . 4 .  I t  c an be seen 
that there  i s  wi de  variation in the pro po r tion  o f  some fat ty 

ac i d s  be tvte en tallO\'IS o f  the di f ferent countri e s ,  but al so 

b e tvre en  di f ferent  t allo\'I sampl e s  from Au s tralia.  

The e f fe c t s  o f  season , b1eed , po sition on  t he body,  

di e t ,  age and sex upon the fat ty acid compo si tion o f  she e p  
depo t fat s are di scussed belo w : 



Table 2 . 4 :  Fatty acid c ompo si ti o n  o f  mu tton t al l o \'l s  from 

vari o u s  c ountri e s  

FATTY AC I D  ( MOLE % IN TALLOW ) 

COUNTRY 
O F  ORIGIN 1 2 : 0  1 4 : 0  1 6 : 0 1 8 : 0  20 : 0  1 4 : 1 1 6 :  1 i 8 :  1 1 8 : 2  � 20 

un sat d  

-· d .  a 1 n  l a  2 . 9  27 . 8  27 . 7 1 • 5 0 . 4 2 . 7 33 . 0 3 . 4 0 . 6  

South 
Am e ri c a  a 1 . 0 2 1  . o  30 . 0 43 . 0  5 . 0 

No r th 
Am e ri c a  c 5 . 2 0 . 8  23 . 6  24 • 5  0 . 8  0 . 3  2 . 5 35 . 3  4 . 0 

Au s t ra.li a a 2 . 0 25 . 0 23 . 0  47 . 0  3 . 0  

Au stral i a  
d 0 .  1 2 . 6  20 . 4  25 . 6  0 . 8  2 . 5  37 . 7 4 . 3 0 . 4 

Au s trali a a 
4 . 0  25 . 0 3 1  . o 36 . 0  4 . 0  

A u strali a e 3 . 8  25 . 5 22 . 2  4 . 7 38 . 3 2 . 2 1 . 6 

Engl a n d b  4 . 6  24 . 6  28 . 1 2 . 4 36 . 0 L� • 3 

Ave r age 0 . 7 2 . 7 24 . 1 26 . 5 0 . 6  0 . 2  1 . 6 38 c 3  ...... ':) ) . u 0 . 3 
a- Hi.J ditci1 & \"r]l-iar:l S C 1m; b •. ::> t.·.re rn ( 1 9 6 L;. ) ; c - T!1om a s  and ? aul i c ka 

O t h er s 

3 . 0 

1 . 0 

5 . 6  

� ' i • c.. 

( 1 9? 6 ) ; d - C raske and Ed.v,'ards ( 1 970 ) ; e - Herbert and K e arne ;y 
( 1 9 7 5 ) .  

Fat ty acid analy si s o f  sub c u t ane o us and p e rine phri c fats 
from she ep gr.::tz e d  o n  N e w  Zealand pasture s shO \'IS small vari atio n i n  
t h e  c o n t en t o f  indivi du al fat ty aci d s  from c o rre sponding t i s sue s 

be tv:een animal s o f  the s ame atJ.d o f  di f fe r e n t  bre� , sugge s ting 

t h a t  enviro nm e n tal fac tors  are more impor tan t  than bre e d  in 

d e t e rmini ng the c ompo si tion o f  sh e e p  depo t fat s ( H an s e n  and 

C zo c h anska, 1 9 7 6 ) . 

2 . 5 . 1 . 2 Bo dy S i t e  

Vari ation in fat ty ac i d  c o mpo si tion b e t w e e n  di f ferent 

ti ssue s wi thi n the same adul t animal i s  we ll illu s t ra t e d  

( Dunc an and G ar to n ,  1 9 6 7 ; Chri s ti e and Mo ore , 1 97 1 ; L ' e s trange 

and Hul vihill , 1 975 ; H an sen and C zo c nan ska, 1 976 ) wi th a gene ral 
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tendency to wards un saturation in the fa t s  o n  the out side  o f  t h e  

b o dy . I n  the . mo st e xpo s e d  tissue s ( l e g s ,  e ar s )  oleic  a c i d  c an 

ac c o unt fo r as muc h as  60 to 70% o f  the  t o t al fat ty aci d s  pre se n t . 
Ho we v e r  re gardl e s s  o f  their lo c ation in the bo dy , all she ep 

' 

t ri glyc e ri d e s  have saturat e d  fat ty aci d s  pre ferentially di s tribu t e d  

t o  th e 1 - and 3 - po si t io n s ,  and unsatur a t e d  ( mainly o l ei c )  

pre dominantly in the 2- po sition ( Dunc an and G ar t o n ,  1 9 6 7 ) . 

Fatty ac id anal y si s o f  triglyc eride s from thirteen  di f fe re n t  

bo dy si te s o f  she ep sho wed  t h o  o l ei c  ac i d  c o n t e n t  t o  range from 

27 . 0% ( adre n.al s )  to 4 1 . C;b ( l i v e r ) , the e l aidic  ac i d  c o n ten t from 

1 .. 6% ( plc:lsm a)  to lte 6% ( h e art ) , the palmi tic aci d  c o n t e n t  from 

29 . 6x; ( t e s t e s )  to 2 1 . 4% ( pe rineal fat ) and s t e ari c ac i d  from 

1 2 . 21� ( li v e r )  to 3L!- . 7% ( p e rine al fat ) ( C hri stie  and Hoore , 1 9 7 1 ) .  

2 . 5 � 1 .3 Di e t  

i'Ter; Ze al and she ep f e d  o n ryegra s s  have a signi fi c an t l y  

h ighe r  p e rc e n t age o f  t o t al un satura t e d  fat ty ac i d s  i n  t h e i r  

s u b c u t an e o u s  f a t  and t h e i r  lcg:Lssi:A.u s do r si mu scle  fat t h an she e p  

fe d o n  ·.·;hi t e  c lo ver ( 3 ho rl ar:.d , Be1r to :!1 , C r 8.ID. e r  a:ad C z o c h an sb:.. , 1 9 6 7 ) . 

G ro up s o f  she ep fed  di e -t s  l e e.din.s to  high proportions o f  tran s  
f a t ty ac i d s  o r  polyun saturate d fat ty a c i d s  in t h e  lipids o f  t h e i r  
rum e n  content  have sinil arly high propo rtions  o f  the se fat ty 

ac i d s  inc o rporated into the tri glyc e ri d e s  o f  their depo t fat s 

( G ar ton and Dunc an , 1 9 69 ;  Herbert and Ke arne y ,  1 975 ; H awke , 

Mo rri son and �o o d , 1 9 77 ) . 

Trigl yc eride s from the perinephri c and subcutane o u s  t i s sue s 

o f  neonatal l ambs are v e ry similar in f a t t y  ac i d  c ompo si tion t o  

e ac h  o ther and al so to the compo si tion o f  the  subcutaneous ti s sue 

o f  the grO \'ffi animal . A s  an .:mimal m ature s ,  t h e re i s  an 

incre asingly selec tive depo si tion  o f  saturat e d  and trans un saturat e d  

fat t y  ac i d s  t o  the p e ri renal rather t�an t h e  sub c u t an e o u s  fat , 

and inside subcutaneous rather than o u t side subcutane ou s .  

· ( C al l o w ,  1 9 58 ; Sink, W atki n s ,  Zi egl e r  and Mil l e r ,  1 9 64 ; G arton  

and Duncan ,  1 9 69 ) . 
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However the di stribution o f  fatty ac i d s  wi thin sh e e p  

t ri glyc eri d e s  i s  simil ar i rre spe c tive o f  age , wi t h  saturate d 

aci d s  pre dominan tly i n  the 1 - and 3- p o si ti o n s , and 

un satura t e d  ( almo s t  e ntirely o l e i c ) pr,e dominan tly in the 

2- po si tion ( Garto n and Dunc an , 1 96 5 ,  1 9 6 9 ) . 

S c o t t ,  S e t c h ell and Basse t t  ( 1 96 7 )  said there was a 

l o wer conc entration o f  o l e i c  acid in the heart , liver  and ki dneys  

o f  adul t sh e e p  ti s sue t h an fe tal ti s sue , but  t h e  o ppo si te  wi th 

brain ti s sue . 

2 . 5. 1 . 5 S e ason 

S e ason in fluenc e s  she ep fat c ompo si tion , wi th m aximum 

i o dine number o c c urring in S ummer and the  minimum i o di n e  number  

and  maximu� mel ting p o i n t  o c c u rring in Wint e r .  T h e  o l e i c  

ac i d  c o n t ent o f  l a1nb f a t  d e c re a se s b y  1 L1% from Spri ng t o  W i n t e r  

fo r perine phric fat , an d 1 0% f o r  subc u t a n e o u s  fat . T h e  
c o n c e nt ra tion o f  s te ari c acid in c re a se s c o r r e spo n dingl y ,  and 

p almi tic  ac i d  r em ai n s  aoo u t  c o n s t an t . Th e m e l ting p o i n t  o f  

bo th subcutan e ous and p e ri nephri c fat s incre ase s p ro gre s siv e l y  

from Spring t o  Win t e r  ( L ' e strange an d Hulvihi l l , 1 975) . 

2 .5. 1 . 6 S e x  

S e x  al so in flue nc e s fatty ac i d  c ompo si tion , wi th 

fer.ial e  sh eep having gre at e r  amo unt s  o f  a l l  fe,t ty acids  

� o n t aining six t e e n  acyl c arbon atom s ,  r e g a rdl e s s o f  d e gr e e 

o f  saturation , and l o � e r  p er c e n t age s o f  all acids  wi th l e s s 

than sixt e e n c arbo n a t o m s  ( C ram er and H archello ,  1 9 64) . 

2 .5. 2 Triglyc e ride  C o mpo si ti o n o f  Mu t to n  T all o w s  

T h e  prope r t i e s o f  a f a t  depend no t o nl y  upon to t al fat t y  

aci d  c o n t e n t , b u t  al so upon the di s tribution o f  t h e  fat ty acid s  

wi thin the  trigly c e ri d e s . 

F e w  mu t to n  t al l o � s  h ave  be en analy s e d  fo r t ri glyc e ri d e  

c ompo si tio n ,  and there i s  c o n si d e rabl e  di spari ty be tween the 

re sul � s  publi she d . The triglyc e ri d e  c o mpo si tio n s o f  a number 



Tabl e 2 ._2 :  Triglyc e ri de compo si tion o f  mu t to n  t al l o v;s from 
v ariou s c o un t ri e s  

COUN'l1RY O F  
ORIGIN . 

TRIGLYCERI DE GROUP ( MOLE % O F  TALLO�) 
T ri- Di- Mon o -

36 . 

satur a t e d  s a t u ra t e d  satura t e d  Triun s a tura t e d  

J ap anc 

I . .  
a n a l o.n 

Engl i shb 

Nor t h  

No rth 

A . a merJ. c an 

r:, • a t .merl c ::m 

A v e r age 
( exc l udj_ng English t al l o w )  

1 8 . 0  4 7 . 1 

28 . 0  29 . 0  
26 . 0  30 - 5 2  

1 5 . 0  L�6 . 0  
1 5 . 0 4 2 . 0  

1 9 . 0  !1- l • 0 

a - Hildi t ch an d Wil l i am s  ( 1 9 6 4 ) ; 

b - S we rn ( 1 9 6 4 ) ; 

c - Kawada and M a t sui ( 1 968 ) . 

2L� . 3  

�-0 . 0  

0 ... 44 

36 . 8  

3 8  .. 0 

34 . 8  

1 0 . 6 

3 . 0  

2 . 2 

5 . 0  

5 . 2 

of t allows are p re s e n t e d  i n  T a bl e  2 . 5 .  These re s ul t s  show 

there to · be abou t 40% of di s a turat e d  t riglyc e ri d e s in m u t t o n  
t allow . I t  i s  a common fea t u r e  o f  mo s t  animal fat s that  o l e i c  

acid i s  p r e f e re n t i al l y  ( bu t  no t exc l u si v e l y )  di s tri�u t e d  t o  

the 2 - po si t i o n  o f  the trigl y c e ri d e s ( Hi l di t c h  nnd Willi ar...ts 'f  1 9 6 4  

Brocke rho f f ,  1 9 6 6 ; Brocke rho f f ,  H o yl e  and \'io lmark , 1 9 6 6 ; 
Li tch fiel d ,  1 9 7 2 )  and Gart o n  and Du:1c an ( 1 9 6 5 ,  1 9 6 9 ) and Dun c an 

and G a r ton ( 1 9 6 7 )  h ave shovm thi s to hol d for she e p  fat s 

i rresp e c ti v e  o f  t h e i r  po si t ion i n  t h e  body o r  age o f· t h e  animal . 
Henc e t h e  di satura t e d  trigl yc e ri d e  frac tio n o f  m u t to n  t all o w  

probably con t ai n s  a signi fic an t qu an ti ty o f  2-ol eo di saturat e d  

t riglyceri de s .  
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Tabl e 2 . 6 :  Fat ty ac i d  compo si t i o n  o f  b e e f t allo w s  from vari o u s  

c o untri e s  

COUNTRY OF FATTY AC I D  (HOLE % OF TALLOW)  
ORIGIN 

1 2 : 0  1 L1- : 0  1 6 : 0  1 8 : 0 20 : 0  1 lt :  1 1 6 :  1 1 8 :  1 1 8 : 2 20- 22 
unsat d .  

No rth Am e ri c a  b 6 . 3  27 . Lj. 1 4- .  1 
Englandb 0 . 2 3 .  1 24 . 9  24 . 1 
I ndi a b 0 . 2  3 '7 37 . 1 29 . 4 e I 

I n d i a  a 5 . 7  33 . 4  27 . 9  
I nd i a  a 5. 9 40 . 8  25 . 5  
North Am eri c a  d ·2 . 0  4 . 0 27 . 0  1 4 . 0  

1-� o r t h  Ame ri c a  b 5 . 0  30 . 0  25 . 0 

Averag e  0 . 3  4 . 8 3 1 . 5 22 . 9  

0 . 8  0 . 4  2 . Lj. 
1 . 2 0 . 4  1 . o  

0 . 5  1 . 9  
0 . 7 2 . 8  

2 . 0  5 . 0  

1 . o  

0 .. 6 0 . 6  1 • 7 

49 . 6  

4 1  . 8  
25 . 9  
29 . 0  

22 . 9 
42 . 0  

37 . 0  

-· .. r.:: Y :J • ..J  

2 . 5 
1 . 8 0 . 5 
0 . 9 0 . 2 

1 • 5 0 . 1 

1 • 1 0 . 3  
2 . 0  
2 . 0  

� 1 . 7 0 . 2  

a - I:::_l_cllich arrl '.'illli.a.m s, l95l1 ; b - S i'iern , 1 9 64 ; c - Ka.nadCJ. and H CJ.  t sui , 
1 968 ; d - Luddy e t  al , 1 973 . 

Tabl e 2 . 7 :  Triglyc e r i d e  c ompo si t i o n  o f  b e e f t al l o \'f s  from v ari o u s  
c o un t ri e s  

CCUJ'I'P.Y OF 
O R I G I N  

J ap an c 

No r th Ame ri c a  d 

N o r t h  P.r!l.e ri c  a b 

Engl andb 
India a 

I nd i a  a 
I ndi a a 

Ave rage 

TRIGLYC ERIDE G RO UP C·lOI E % OF rrALLO'.'.' ) 
Tri Di-

s a t u r a. t e d  s a t ur a t e d  

1 3 . 8  lt3 . 3 
8 . 0  4-0 . 0  

1 3 . 9  22-·54 
1 5 . 5 3 1  . o  
28 . 0  5 1 . o  
36 . 0  52 . 0 

1 8 . 0 4 1  . o  

1 9 . 0 42 . 3  

Ho no -
satur a t e d  

Tri- I un satur.-.<. t e d.  1 
-------------------· ------------- I 

26 . 9 1 6 . 0  

40 . 0  1 2 . 0  

0-64 0-3 

53 . 0 

20 . 0 

i 2 . 0  

4 1  . o  

3 2 . 1 
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2 .  5 .,.2 C o m p a ri s o n  o f  B e e f and [·lu t t o r" T al l o v: s  

The C Qmpo si tio n s  o f  b G e f t allows  from vari o u s  coun tri e s  

are pre sented  ip Tabl e s  2 . 6 and 2 . 7 .  The range o f  c o n c e n tra t io n s  
o f  fat ty ac i d s  and tri glyc e ri d e  group s in mut to n  and bee f 

tallo�s  overl ap e ach o ther, so thore  i s  no c on si st e n t 

di f fe renc e in  their c ompo si tion . Howe v e r ,  b e e f t a l l o w  app e ar s  

to b e  gener&.lly slightly ri c her i n  p almi ti c aci d ,  and g e n e r al l y  

mu t t o n  t al l o w has a sl igh tly higher mel ting p o i n t  t han b e e f 

t al l o w  ( Swern , 1 9 64 ; P a t tin s o n , 1 9 75 ; Patterso n ,  1 9 76 ) . 

Be e f  t al l o w i s  e xp e c t e d to have a signi fi c an t  amo unt o f  

2- o l e o  di s aturat e d  tri �l y c e ri d e s fo r the same re a so n s  as 

mu t t o n  t al l ov: , and signi fi c an t  amoun t s  o f  th e se t rigly c e ri de s  

h ave b e e n  d e t e rm i n e d  in be e f  t allo w ( Lud dy e t  al , 1 9 73 ; 
Pat t e r so n ,  1 97 6 )  • 

.0..2.� V o.ri a. t i o n  i n  Tal l o r; C o  .1 D O  s i  t i o n  

The publi sh e d  an s.l y s e s  o f  tal l o ·:I s from vari o u s  c o un tl�i e s  
( se e  S e c t i o n s 2 .  5 . 1 .  and 2 .  5 .2 ) sh o w  that t h e r e  i s  c o n sid eraol e 

vari ati o n  in the c ompo si tion o f  bo th mu t t o n  and b e e f tallo w s .  

There i s  no publi she d  in fo rmation on  the c ompo si tion o f  

N e w  Z e al and t allo ws , tho ugh s o m e  analy se s o f  i n divi dual bo dy 
fat s o f  H e w  Ze al and sh e e p  have b e e n  publi sh e d  ( Sho r'l <:md , 1 948 ; 

H an sen an d C zo c h an sk a ,  1 9 76 ; H av1ke , Ho rri son and Wo o d ,  1 9 77) . 

H o crever Swe rn ( 1 9 64)  fo un d no c o n si s t e n t  di f fe r e n c e s  i n  
e i th e r  i o di n e  r..umb e r  o r firmne s s  among e di bl e t al l o w s  from t h e  

Uni t e d S t at e s ,  S o uth Ame ri c a , Au s tral i a o r  N e\'/ Ze aland . Thus 

i t  se em s likely t h a t  N e w  Ze al and tallow has a simi l ar 

c ompo si tion to o ve r seas t allow s ,  and thus simil ar frac tions  

would be  abl e to  b e  s ep arat e d from i t .  

From the studi e s  o n  sh e e p  d epo t fat s whi ch sho w e d t h at 

the  compo si tion o f  som e depo t fat s vari e d  wi t h  the age o f  the  

sheep , it  wo ul d b e  e xp e c t e d  that  the  compo si tion o f  mu t t o n  
tallov: s  pro du c e d e arly i n  t h e  kil ling se aso n ,  whe n  y o ung ( 1 0  

we ek or  so ) l am b s  are b eing kil l e d ,  woul d b e  di f ferent from t h e  

mut t o n  t al l o ws p ro duc e d  later in t h e:  se ason \'Jhe n older l am b s  

an d sh e e p  are being kill e d . Simi l arly , the trimming prac ti se s 
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fo l l o w e d  in any p arti c ul ar e s t abli shm e n t  a f fe c t to  a c o n si d e rabl e 

e x t e n t  t h e  c om po si ti o n  and c o n si s t e n c y  o f  commercial t al l o ws 
( S vrern,  1 964) . 

B e c au s e  o f  the  l arge numbe r o f  vari abl e s  whi c h  a f fe c t  bo t h  
t h e  c ompo si t ion and in c i den c e o f  raw mat e ri al s t o  re nd e rin g ,  i t  
wo ul d b e  e xp e c t e d t h a t  vari ation in the  c ompo si tion o f  t al l o ws 

e v en ni thin one c o un t ry Vlo u.ld be qui t e l arge , and A sh t o n  
( 1 975)  c l ai m s that t h e r e  i s  li t tl e  s t and ardi sation o f  tallo ws 

pro duc e d  i n  New Z e al and . Thi s i s  c o n fi rme d by t he variation 

i n  the fat ty ac id co�po si t i o n s  o f  di f fe r e n t  Au s t rali an 

mu t ton t al l o w  sa.mpl e s  ( .3 e e  Tabl e 2 . 4) and in the variati o n  

i n  fat ty ac i d  and t ri glyc e ri d e c ompo si ti o n s  o f  di f fe r e n t  
I ndis.n be e f  t al l o w  sampl e s ( s e e  Tab l e s  2 . 6  an d 2 .  7 ) . Sv:e rn 

( 1 9 64 )  said the re nas c o nsi d e rable vari atio n in t h e  hardn e s s  

o f  di f f e r e n t  l o t s  o f  c o mmerc i al North Am erican e di b l e  t al l o w ,  

an d i t  i s impo ssi b l e  t o  mai n t ain the l. e v e l  o f  t al l ov1 c o n st an t 

in bl e n d e d  shc r t e ni n g s  and still maintai n  a pro duc t o f  uni fo rm 
c c n s:L s t e n c y . 

B e c au s e  t h e re are se asonal c hange s in the c ompo si tion 

o f  some she ep depo t f a t s  ( s e e  S e c ti o n  2 . 5 . 1 . 5 ) , there i s  

po s si bly a c hang o i n  die t thro ughou t  a s e a so n  a s  grass gro �i ng 

c o ndj_ tj_ o n s  c h ang e , a.nd the lam b  t o  she e p  ratio a l t e r s  thro u gho u t  
a ki l l i ng s e aso n ,  i t  seems  like ly that t h e  variation i n  t al l o \'1  
c ompo si tion fol l o n s  some seasonal p at t e rn ,  but t h e re i s  far 

too  l i t t l e  i n fo rma ti o n availabl e to b e  abl e to p r e dic t t r. e  

n ature o f  o n y  o veral l  s e a so nal e f fec t o n  t al l o �  c o mpo s i t i o n . 

Luddy e t  nl ( 1 973 ) ,  ho we ve r ,  cl aim e d  t h at No r th Am eri c an 

oe e f  t z,ll 0 \'1 ·:1as 1 1 a  re aso nably uni fo rm pro duc t : r \'Ji t h  no t muc h  

di f fe renc e i n  the di f fe r e n t i al sc anning c alorim e t e r  ( DSC ) 

pro fil e D  o f  various t allo w s . So lvent  frac tionation o f  di f fe r e n t  
taJ_ l o w s  pro du c e d  similar pro po r t io n s o f  t h e  vario u s frac tio n s .  

No rmal vari atio n  i n  t h e  c ompo si tion o f  p alm o il has a 

c o nside rabl e e f fe c t  o n  solvent  frac tio nation o f  p alhl oil 

( Be rge r , 1 977) . Any vari ation i n  t al l o w  c ompo si t i o n  may h av e  
simi l &r re sul t s .  
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2 .  6 SOLVE1TT FRAC TIOlJA'r i O H  SCH�1ES FO R TALLO '.'/ 

2 . 6 . 1  I n t ro duc tion 

'I'all o w  is c ompo s e d  o f  a gre at number o f  c o n s t i t u e n t  

t riglyc e ri d e s whi c h  e xhi bi t a wi de range o f  physi c al pro p e r t ie s 

( Luddy e t  al , 1 973) . S o l v e n t  frac tionation c an p art i ally 

separa t e  the se tri.glyc eri de s ,  and t he l i te rature c i t e s  s e v e r al 

frac tionation schem e s fo r t all o w .  

The se frac tionation scheme s have b e e n  de v e l op e d  for o n e  

o f  tVJo purpo se s :  

( 1 )  To conc e n trate gro u p s  o f  simil ar tri glyc eride s 

a s  an ai d  to anal y si s ;  

( 2 ) To pro duc e frac t i o n s  wi th p ro p e r ti e s  sui t e d  to 

spe c i  fi e use s ;  

2 . 6 . 2  Analyti c al Fr�c t i o n a t i o n  S c h e � e s 

Ri e m e n s c hn e i d e l� '  Luddy ' s ·.·;a:i_ n and Aul t I s  ( 1 946 ) s c h e m e  

u s e d  suc c e s sive s o l v e n t  frac t i o n ations wi t h  ac e t o n e  to p ro duc e 

seven frac t i o n s  fro m e di bl e  ou tto n t al l o w  as a m e an s  o f  anal y si s  
( se e  Figure 2 . 6 ) . The trigl y c e ride c ompo si tion o f  the frac t io n s  
i s  given in Tabl e 2 . 8 .  I t  i'las  CJ. s sum e cl.  that e ac h  o r  the 

frac tio n s  c o n t ai n e d  only two o f  e ac h  o f  t h e  t ri gl y c e ri de 

c l a s se s o f  t ri saturat e d ,  di s aturat e d ,  m o no satura t e d  o r  

t ri u:� sa.tura t e d  triglyc eride s .. 

Frac t i o n  P4 h ad a yield o f  38% o f  t h e  original t al l o w  

( \'I/w ) and c o ntaine d 9 2"/o di s aturate d trigly c e ri d e s  and 8% 

mo no satur a t e d  t riglyc e ride s .  This i s  a c ompo si t i o n  v ery 

similar to t hat o f  c o c o a  bu t te r ,  but no anal y si s o f  t h e  fat ty 

aci d s  a t  the 2-po si t i o n  o f  t h e s e  t rigl y c e ri d e s was given . 

Hidi t c h  and Shrivastav a ' s ( 1 949 ) c ry s t alli sation s c h em e  

u s e d  ac e t o ne and d i e t hyl e th e r  a t  di. f fere!1 t  stage s t o  pro duc e sL� 

frac tio n s  o f  wi dely di f feren t  i o dine valu e s from sh e e p  bo dy 

t ri gly c e ri de s .  The solven t : fat ratio was 1 0 : 1 ( v/w) a t  e a c h  

stag e . S e e  Figure 2 . 7  fo r the c rystal l i sation se quenc e ,  and 

T able 2 . 9  fo � t h e  t riglyc eri d e  c ompo s i t i o n  o f  t h e  pro duc t s .  



TALLOW (edible mutton) - 1000g 
I 8 : 1  

( solvent (acetone ) : 
fat, v /W) 

P1 

P2(190. 2 g l  

P4 1 381 . 2 g l  

.fb 

8 :1 
P3 

�( 

• PS 
6:1 1 - 13°( I 

F1 

30( 

F 6  13 :5 -zacc 

P = precipi tate 

F = filtrate 

P 6 !209 . 1 g l  I 
__::::_..:::___j._ l P7 F 7  

I �80( 
.::._::.. __ FB ---43-.� - 35"( I 

P8 1179.4gl I 
P9 F9 79 1 Lsoc � 

I ::..::.-::.- F 10 30 : 1  I -45°[ 
P 10 ( 17. 5 g l I I 

�10=0�: 1.!....p--�.l
1
_

1
_..:::.4=-5o..:::..c - F 1 2 ---� 11 

P12 1 9. 5g l F11 -F1 2 (1 3.1 g )  

Figure 2·6 : Fractionation scheme of R iemenschneider et al 
(1 946 ) 



7-6g. 
9. 7. 1. V. 

1 1  
4 .2 22.2 

48.4 43 .1 

E 

302· 9g. 
39. 4 . /. V. E l zo· I 295 · 3g. 

39. 8. /. V  Eloo 
I 3.6g. 

I 
214.0g. 

50. 0. 1. V Ejoo 

A = acetone 
E = diethyt ether 

I 210. 4g. 
28. 9. /.V. 50. 3. /. V. 

r 195 .7g. 
47. 8. 1. V. 

i .Og. �-3oo 72. 9 .1.  V. I ADD TO 

Al-300 
1 1 4 .7g. 

86. 3. /. V  

FRACTION V 191 .3g. 4.4g. 

I 162 .6g. 

47. 1. 1. V. 84. 8. 1. V 
Al-1 5° 

I I 

43. 8.1. V. 
28.7g. 

68. 0. /. V. 

Al-15° 
I 152 .  3g. 

42. 2. 1. V. 

A 
I l l  IV 

349 50. 0 

81 .9 70.4 

-, 
10.3g. 

67 2. /. V. 

V 

67 9 

40.0 

VI FRACTION 
85. 9 IODINE VALUE 

19. 1  GRAMS 

Figure 2· 7 :  Crystall isati on sequence for separai" ing sheep body 
Triglycerides i nto s i x  fractions of widely d ifferent 

iod ine value.  
( H i ld i tch and Shrivastava , 1949) 
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Tabl e 2 . 8 :  Triglyc e ride  compo si tion o f  frac ti o n s  by the  s c h em e  

o f  Ri eme n s c hneider  e t  a l  ( 1 946 ) 

T riglyc e ri d e  group ( mo l e  % o f  frac t i o n )  
Hol e % 

o f  Tri- Di- Mono-
Frac tion No . t allow sa tura.t e d  sa tura t e d  saturated  Triun satur at e d  

p2 1 9 . 0 77 . 5  22 . 5  

p4 38 . 1 9 2 . 3 7 . 7  

p6 20 . 9  28 . 6  7 1 . 4 

p8 1 7 . 9 24 .8 75. 2 

p 1 0 1 • 8 63 . 9  3 6 . 1 

p 1 2  1 . o  45 . 5  54 . 5 

F 1 1 -F 1 2  1 . 3  l l� . 0 86 . 0  

To tal t al l o w  1 4 .9 46 . 0  36 . 9  2 � 2 
( mole  %) 

Tabl e 2 . 9 : Tri glyc e ride  compo si tio n  o f  frac tio n s  by t h e  s c h e m e  
o f  Hildi t c h  and Shrivastava ( 1 949 ) 

Triglyc e ride gro up ( mo l e  % o f  frac t i o n )  
Ho l e  % 

o f  Tri- Di- Mono-
Frac tio n No . tallow  saturat e d  satur a t e d  satura t e d  Triun satura.t e d  

I 1 6 . 0 84 . 4 1 5 . 6  

I I  1 4 . 5  35 . 2 56 . 4 8 . 4  

I I I  27 . i 2j . 2  42 . 3  34 . 5  

I V  23 . 0  1 3 . 0  23 . 4  63 . 9  

V 1 3 . 2  8 e 1 9 1 . 9 

VI 6 . 2  54 . 6 45 . 4  

T o t al t al l o w  28 . 0  28 . 5  40 . 7  2 . 8 
( mo l e  %) 
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2 . 6 . 3 S c heme s to P ro d uc e Frac t i o n s  fo r S pe ci fi c U s e s 

The scheme o f Farr ( 1 9 54) en t ail e d c ry s talli sing t al l o w  

i n  ac e tone  ( 3 : 1 s  ac e to ne : 

then fil t e ring and washing 

then held at - 1 °C fo r fo ur 

t al lo w ( v/w )) at ro om tempera ture 

the preci pi t at e . Th e fil trat e was 

hour s and fil t e re d  t o  give a 

c ry s t alline frac tion sui tabJ. e as a c o atin g  fat . 

Unil e ve r ' s pro c e s s  ( C ro ssley , P aul , Pardun and So e t e r s ,  

1 9 60 ) frac ti onat e d  mu t ton o r  be e f  tallows  by the s c h em e  sho wn 

in Figure 2 . 8 .  With mut ton tall o w ,  the p r e ci pi t a t e P3 c o mpri s e d 

1 7 . 3% ( v.r/ w) o f  the ini tial t al lo w and i t  v1 a s  c l aim e d that  i t  

c o ul d be u s e d  in c ho c o l ate  to replac e 4 1 %  o f  the a dd e d c o c o a  

but t e r  ( 1 5% t o t al f a t ) wi tho u t  adve rsely a f fe c t ing app e aranc e ,  

t as t e  o r  snap . A simi l ar frac tionati o n  o f  be e f  tal l o w  produc e d  

a frac ti o n  wi th a y i e l d  o f  26% o f  the t al l o w  by w e ight Jnd whi c h  

wa s c l aimed to b e  abl e t o  satis fac t o rily repl ac e 6 8% o f  the  

adde d c o c o a  bu t t er ( 25% t o t a� fat ) in c ho c o l at e ,.  

Kawad a and M a t sui 1 s ( 1 9 6 8 )  frac tio nation me thod to pro d u c e 
a fr ac tio n wi th a high c o n c e n t r a t i o n  o f  2-o l e o di s a turat e d  
t riglyc e ri d e s from J ap an e se mu t to n tal l o w  invo l v e d  c ry s t alli sing 

the fat from �c e to n e , 1 - or 2- ni tro pro pane o r  h e xane and 

fi l t e ri ng o f f  the c ry s t al s a s  a fi rst frac tion , th e n fur t h e r  

c o o li ng the  fil trate t o  fo rm more c ry s t al s  and removing th e s e  as 

the  se c o nd frac tio n .  This s e c o n d  frac t i o n  had a high 

c o n c e n tration o f  2- o l e o  di saturat e d  t ri glyc eri d e s .  The be s t  
re sul t s  \'I e r e  o b t ai n e d  u sing 2 - ni tro pro :p an e  and a solve n t : 

fat ratio o f  3 : 1 ( v/w) and cry s t alli sati o n  t empe ra t ure s o f  

1 0 t c  1 1 °C and 3 to 4° C fo r the  fir s t  and se c o nd c r y s t alli sat i o n s  

r e sp e c t i ve l y .  Thi s pro duc e d a s e c o nd frac tion wi t h  a yi e ld o f  

33 . 5% o f  the  original t allow ( w/w) an d c o n t aining 77 . 7% o f  

di saturat e d  triglyc eride s .  O f  th e se di saturat e d  triglyc eride s ,  

64 . 1 %  had o l ei c  ac i d  in the 2- po si tion and 3 . 0% had p almi t o l e j_ c  

acid in t h e  2- po si ti o n . V/i th ac e tone u�d e r  the sam e  c o ndi t io n s  

t h e  se c o nd frac tio n had a 30 . 2%  yi eld an d c o n t aine d 69 . 3% o f  
di sa turat e d triglyc e ri de s , 56 . 1 %  o f  whi c h  had o l e i c  ac i d in t h e  

2- po i si tio n ,  and 3 . 0% had palmi t o l eic ac i d  in t h e  2- po si t io n . 

Wi th n- h e xane , the y i e l d  o f  the  se c on d frac tion was 28 . 5% a.nd 
this c o n t ained 75 . 8% di satur a t e d  trigl y c e ri d e s ,  52 . 5% 'J f whi c h  

:1:' -?..d o l e i c  acid in the 2- po si tion , and 2 . 4% had p almi to l e i c ac i d  



TALLOW (mutton) - 670 g 

50 :1  
[solvent (acetone) :  fat, v/w] 

22 g losses · [ --·
-

--'---
--6

-
:
-
1 
-i

l 23"C 

P1 (331 g l  

I . 
I p2 (136g) 

P = prec ipitate 

F = fi ltrate 

F, {339g l 

3g losses 

Figure 2· 8 Uni tevers fractionation scheme for mutton ta l low. 
(1960 ) 

F3 (54g l 
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i n  the 2- po si tio n .  

C hanging the c ry s t alli sation t empe rature s t o  1 8°C and 1 0°C 
and u sing 1 - ni tro pro p une and ac e to n e  pro duc e d  the following 
re sul t s  ( s e e  Tabl e 2 . 1 0 ) . f h e  fat solution was h e l d  for 30 
minute s at t h e  � r st c ry s talli sation tempe rature and 60 minute s 
a t  t h e  sec ond . I t  was propo sed  that frac tion 2 c o uld be  u s e d  
a s  a c o c o a  bu t t e r  r e p l ac er  in c ho c o l at e , but there was n o  
men tion o f  t e s t s  t o  d e t ermine i t s  e f fe c tivene ss  a s  suc h . 

I n  the pro c e s s o f  Luddy e t  al ( 1 9 73 , 1 976 , 1 9 7 8 )  No rth  
Ameri c a  be e f  t al l o w  was sep arat e d  i n to five  fra c ti o n s  by  solvent 
frac tionati o n  u sing ac e tone . The frac tionation sc h em e  i s  
sho wn i n  Fi sure 2 . 9 .  

Frac tion 3 had a triglyc e ride c ompo si tion an d  t h e rmal 
properti e s  very similar to c o c o a  but t e r .  I t  c o n t ain e d 9 0% 
di saturat c d  t ri gl y c e ri d e s ,  87� mono sa tura t c d  and 2% t ri sature. t e d ,  
and sho we d e x c e l l e n t  c ompat abi l i t y wi th c o c o a b u t t e y  o ve Y  all 

rang e s  o f  a d d i t io n . A t e s t  c o ating wh e re the t al l o w  frac tio� 
compri sed 93% o f  t h e  to tal fat , wi th the remai ning 7% comi ng 
from t h e  c o c o a bu t t e r  i n  t h e  c o c o a  po � d e r ,  had e xc e l l e n t  
fl avo ur,  glo s s ,  snap , moul d rel e ase and bloom re si s t an� e . 
Blending o f  frac tion 3 wi th  o ther fa t s  pro duc e d  a c o ating f a t  
wi th so f t er  or h arde r  properti e s  fo r spe c i al ty u s e s .  

Frac tio n s  1 an d 2 were h ard fat s whi c h  could b e  used , 
wi t hout  hydro ge natio n , fo r hardening sho rt enings and margarine 
fat s ,  and frac tion 5 ,  whi c h  ac c o un t e d  fo r 60% o f  the t allo w,  
was a l i qui d fat whi c h  coul d b e  used in fo rmul ati o n s  o f  sal ad 
o il s ,  margarin e s ,  li quid and p l a s ti c  sho rtenings as w e l l  a s  
fo r non- foo d  u s e s suc h  a s  t h e  manu fac ture o f  syn the tic spe rm 
o i l , fo am plastic s ,  lo tion s ,  c re am s  and ointmen t s  in c o sme ti c s  
and pharmac eu tic al s . I t  remaine d li qui d at 7°C and at 4 . 5°C 
after t h e  ad di ti o n o f  a c rystal i nhi bi to r . I t  c o uld b e fur t h e r  
impro ve d as a sal ad oil by the  remo val o f  2 to  3% o f  t h e  
higher m e l t ing t ri glyc eride s o r  by t ran s- e s t e ri fi c atio n .  



1000 g tallow 

r 
Precipitate 
Fraction 1 

yield 75g 

crystallization temp., 25° C " t ime 1 8hrs. 
solvent -acetone 
solvent rati o 10 : 1  

fi lter l 
Fi ltrate 

crystallization temp ,  2°( " time 18 hrs 
solvent acetone 
so lvent ratio 1 0 :  1 

fi lter 

Prec ipitate 
crystallization temp., 1 5°( 

time 18hrs 
solvent - n e  etone 
sol vent rat ic 20: 1 

l 
Fi ltrate 

Fi ltrate 
Froct ion 5 
yield 600g 

r f i lter 
Precipitat-e 
Fract ion 2 
yield 75g 

crystal l isation temp., 2°( 
t ime 1 8hrs 

Prec ip itate 
Fract ion 3 
yie ld 200g 

solvent -acetone 
solvent rat i o  1 5:1 

fi lter ' 
F i l trate 
Fract ion 4 
yield SOg 

Figure · 2 · 9  : Fractionat ion scheme of Luddy et a1 
(197G , 1 977, 1978 l 
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Table 2 . 1 0 :  C ompo si t i o n  o f  pro duc t s  from solv e n t  frac t io n a t i o n  o f  J apan e se mut t o n t al l o w  

( Kawada an d  Mat sui , 1 968 ) 

Trigl y c e r i d e  C ompo si t i o n  
( mo l e  % o f  frac t i o n )  

Exp e rimen t Solvent : fat Fra c t i o n  Y i e J_ d  I o di n e  
Ho . Solvent ( v/w) N o . ( %  tallow ,  w/w) value Tri satd.  Di satd .  Mono sat d .  Mo re Unsatd .  

1 -ni tro- 1 0 . 0 1 23 . 'I 23 . 7 
pro p an e 2 29 . 9 37 . 9  2 .  1 79 . 1 1 1  . o  7 . 8 

3 I-1-0 . 4 60 . 9 ( 0 . 44* ) 

2 1 - ni t ro - 7 . 5 1 2() . 9 23 . 7  
prop ane · 2 27 . 9 36 . 2 0 . 8  '?6 . 5 1 5 . 2  7 . 5  

3 43 . 7 5 8 . 2 ( 0 . 56* ) 

3 1 - ni tro - 3 . 0  1 35 . 0 24 . 2 
propane 2 ., I' 7 c:.o . 3 8 . 6 0 . 8  75 . 6  1 6 . 3 7 . 3 

3 39 . 3 5� . 6  ( 0 . 69 * ) 

L� ac e to n e  1 0 . 0 1 - , 6 c'- l • 1 5 . 5  
--. 35 . 1 36 . 8 5 . 9  75 . 7  1 2 . 3  6 .  1 c:. 

3 39 . 7 59 . 2 ( 0 . 48* ) 
5 ac e to n e  " 5 ( . 1 21+ . 6 1 5 . 5  

2 3 1 • 1 36 . 6 5 . 7  77 . 8 1 2 . 3  4 . 2  
3 L� 1 • 7 5 8 . 2 ( 0 . 52* ) 

-

6 ac e t o n e  3 . 0 1 35 . 7 22 . 4 
2 32 . 0 40 . L� 5 . 7  7 2 . 2 1 3 . 8  8 . 3  
3 3 2 . 9  6 1  . 4  ( 0 . 5 1 * )  

* Pro po r t io n  o f  disaturat e d  t ri glyc e ri d e s whi c h  h ave o l e i c  ac i d  in the 2-po si ti o n .  
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More re c ently ,  thi s fo ur- s t ep pro c e s s has b e e n  reduc e d  to  

two ste ps  - wi th a simul t aneous re duc tion in pro c e s s t ime and 

solven t : fat ratio ( Elias , 1 9 79 ;  Luddy , Harnp son and Ko o s ,  

1 9 79 ) . Thre e pro duc t s  were o b t aine d : a solid frac t i o n , a c on

fe c tio n e ry fat and an o i l . The yi e l d  o f  t h e c o n fe c tionery fat 

was 40% high e r than by the four- s t e p  pro c e ss ,  but i t had a 

wi der me l ting range . A sati s fac to ry c h o c o l ate c o ating has 

been made u sing t h e  fr ac ti o n .  De t ai l s o f  the pro c e s s h ave 
no t b e e n  publi she d . 

2 c 7  G ENERAL COHCLUS IOHS FR0!-1 LITERATURE SURVEY 

The li t e rat ure survey h a s  s h o wn t h a t  t h e r e  are mru1y fac t o r s  

whi c h  i n fl ue n c e t h e  c ompo si tio n o f  t all o w .  Tallo ws from 

di f fe re n t  c o un tri e s  had a wi d e  v aria t i o n in t h e i r  c ompo si t i o n s ,  

an d t h � r e  was a simi l �r vari a t i o n i n  t h e  c ompo si ti o n s c f  
di f fe r e n t  t al l o  r1 sampl e s  from \'ii thin the s ame c o untry . T h e :- e  

\'/e r e  n o  r e p o r t e d  anal y se s o f  N e ·:: Z e al Cl.nd mu t te r.  t a.l l o n , s o  

it v1 as no t po c sible t o  asc e r t .:lln d e fj_ ni t e l y  i f  i t  i s  simi l a r  
in c ompo si t io n t o  t al l o w s from o th e r  c o u n t ri e s . H o w e v e r  t h e  

i o di n e  nwn b e r  o. n d  fi rmn e s s  o f  N e v: Z e al an d  t al1 o vis h av e  o e e n  
fo und to be  simi l a r  to tho se o f  o ve r s e a s  t allo ws . All o f  t h e  
tallo �s wi t h  analy s e s r e po r t e d  in t h e  li t e ro.tur e c o n t ai n e d  a 

si gni fi c ant quan t i ty o f  di s a t u r at e d  trigl y c e ri d e s . A high 

pr o po r ti o n  o f  the di s a t urat e d  trigl y c e ri d e s found i n  t al l a Ti s  

are likely t o  have o l e i c  ac i d  a t  � h e  2- po si ti o n . 

S e a s o n al t r e n d s  i n  the c o mpo si t i o n s  o f  c e r t ai n  indi vi dual 

�e ep bo dy fat s h av e  b e e n  di �c o ve re d , but t h e r e  · w a s  no simi l ar 
in fo rmation o n  se aso n al pat t e rns in  tallo w c ompo si t io n • 

. The c ompo si tio n o f  New Z e al and mu t to n  tallow m u s t  b e  
d e t e rmi n e d in thi s wo rk to c o n fi rm t h e  o c c urr e n c e o f  c e r t ai n  
de sir abl e triglyc eride type s ,  e sp e c i all y the 2- o l e o  di saturat e d  

triglyc e ride s ,  and henc e de t e rmi ne the fe asibil i ty o f  pr-o duc i ng 
frac tio n s  wi t h  spe c i fi c  compo si tions . I t  i s  al so impo rt ant to 
d e t e rmine i f  t h e r e is a seasonal trend in the pro po rtion o f  

any triglyc e ri d e  typ e . 
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However the d e gree  to whi c h  any d e sired trigl y c e ride  type 

c an be  c onc e ntrat e d  i nto a sp e c i fi c frac tion i s  l imi t e d  by the 

c ompli c a t e d  phase c h arac teri stic s o f  tri glyc e ri d e  mixtur e s  and 

the e f fic i en c y  o f  separation o f  any frac tionation me tho d .  

S o lvent frac tio nation i s  the me t ho d mo st likely t o  g i v e  t h e  

b e st separation o f  any spe ci fi c  triglyc e ri de typ e , and 

ac e tone i s  the mo s t  wi dely u s e d  and r e c ommend e d  so lvent . 

Four repo r t e d  so lvent frac tionation scheme s h ave  been  

applie d to t allows  o verseas to pro duc e frac tion s v:i th  spe c i fi c  

properti e s . All w e r e  de sign e d  t o  pro duc e a c o c o a  bu t t e r  

al ternative f a t  as a priori ty be c ause o f  t h e  hi6h d em and ( and 

h e n c e  pri c e ) fo r a c o c o a  but t e r  al t e rnative fat and be c ause o f  

t h e  conc e n tration o f  2-o l eo di saturated  triglyc e ri de s in t al l o w .  

H arder an d so f t e r  frac tions were al so produc e d . T wo o f  the se 

s c h em e s  invo lve d 2- s t age frac tionation pro c e dure s ( i . e . two 

c rystalli sati o n s ) , o ne a 3- st age and o n e  a 4- s t age , tho u gh t h e  
4- s t age pro c e s s w a s  s u b se que n t l y  mo di fie d to a 2- s t age p ro c e s s .  
I t  was c l aim e d that e ach o f  the se pro c e s se s c o ul d  pro duc e a 

frac tion c ap abl e o r  re pl a c ing at l e as t  p ar t  o f  the added c o c o a  

bu t t e r  i n  c ho c o l a t e - like pro duc t s .  O th e r  u s e s were found 

fo r some o f  the o th e r  frac ti o n s .  
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T h e  m e t ho d s de scri b e d  in thi s chap t e r  were u se d  to de t ermine 

the fatty �c i d  and tri gl y c e ri d e s t ruc t ure s o f  t al l o w s  
( se e  C h ap t er 4)  and their frac tionation pro duc t s ( se e  Chap t e r  

9 ) .  

The me tho d o f  Di f ferential S c anni ng C alorime try 

( DSC ) , u sed  t o  examin,e the t he rm al pro p erti e s  o f  sel e c t e d  

frac tion s , i s  al so pre sented  h ere . 

3 .  1 CH:s!-': I C AL ANALYS I S  

A summary o f  t h e  scheme u se d t o  analy se who l e  t allow o r  

frac ti o nation pro duc t s  i s  gi ve n in figure 3 . 1 .  

3 .  1 .  i T h i n  Laye r C h ror.J.a togra·ol2.Y ( TLC) 

Preparative TLC was used to i so l at e  triglyc erid e s  from 

t allo w sampl e s .  

Arge n t ation TLC was u se d t o  re so l ve t ri gl yc e ri d e s on th e 

basi s o f  u n s aturati o n  an d c i s- t r an s  i so m e ri sm .  

3. 1 . 1 . 1  Prepara t i o n  an d D e ve l o nm e n t  o f  Pl at e s  

Sili c a  gel G suspend e d  i n  e i t h e r  ai s t l l � e d  water o r  

1 0% AgN03 so lu tio n in the rat io o f  1 : 2 ( w/v)  was spre ad on  t o  

t h e  p l at e s  ( 20 x 20 c m ) t o  a thick:1 e s s  o f  0 . 5  mm ( f o r anal y ti c al 

pl at e s ) o r  0 . 7  mm ( fo r  prep arati ve separations ) . 

The  l ayers were l e ft to dry ( AgN03/ silic a gel  i n  the  dark) 

fo r 1 5  minu t e s then ac tivated fo r t w o  hour s  at 1 20°C .  

The appro pri at e solvent was ad d e d  t o  a de p t h o f  0 . 5  cm to 

c h rom a t o graphic tanks , lined wi t h  fil t e r  p ape r ,  30 minu t e s be fore 

c hr o m a t o graphy to saturat e  the t ank apac e wi th solvent vapo ur . 
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3. 1 . 1 . 2  Preuarati v e  TLC 

The tallo \': sampl e was di s so l ve d i n  he xan e ( 1 : 3 w/v )  and 

appl i e d  wi th a
.

1 00 pl syringe as  a seri e s  o f  o ve r- l apping spo t s  

abo u t  2 cm from the e dge o f  t h e  ad so rben t l aye r .  A s tandard 

t ri glyc e ri d e  was run to  help i d e nt i fy the t riglyc e ri d e  band . 

The  lay e r  was d e velope d by al lo wing t h e  he xan e : di e thyl 

e ther ( 4 : 1 ,  v/v )  so lvent  fro n t  to ri se to 2 cm from the top o f  

t h e  ad sorb� n t  l ay e r .  A fter  drying a t  ro om temp e rature , t h e  

edge s o f  t h e  plate c o n t aining t h e  s t andard were sprayed  wi t h  

a 0 . 05% ( \':/v )  2 ' 7 '  di c hloro fluo ro s c e i n;fuethaiJ.ol so l u tion and 

vi ewed und e r  u . v .  ligh t to  lo c at e  the po sition o f t h e  

t riglyc e ri d e s .  

The tri glyc e ri de band was sc rap e d  i n t o  a c e n t ri fug 3 tube 

and e x tr ac t e d  from the sili c a g e l  wi th  1 0  ml di e thyl e th e r  by 

slurrying o n  a Vo r t e x  mi xe r . A f t e r  bri e f c e n tri fugation , the  

so lve n t lay e r  was drawn o f f  wi t h  a Pas t e ur pipe t t e . T h e  
re si due was e x trac t e d  twi c e  more wi th 5 ml di e t hyl e th e r .  

3. 1 . 1 . 3 Argentation  TLC 

· Triglyc eride s were re so lved on the b a si s o f  un saturat i o n  

and c i s- t r an s i someri sm on l ay e r s  c f  si l i c a g e l  i�pre gn&t e d  wi t h  
20% ( w/v1 ) AgNO 3 • 

The basi s o f  s e p aratio n �as t h e  w e ak i n t e rac t i o n  be twe e n  Ag+ 
and t h e 11' - e l e c t ro n s o f  do ubl e and tripl e bond s .  T h e  Ag+/o l e fi n 

c ompl e x  i s  o f  su f fic i e ntly low ene rgy th a t i t  c an be  made and 

broke n during s t andard lipi d c hromatographic p ro c e dure s .  

Expo sure . t o  AgN03 do e s  no t pro duc e any c h emic al al t e ration o f  

no rmal t riglyc erid e s ;  henc e t h e  frac tio n s  separat e d  c an be 

re c o ve r e d unal t e re d from the imp regn at e d  ad sorb e n t  for fur ther 

use . T ran s do uble bonds fo rm we aker 1i- c ompl e xe s t han c i s  doubl e 

bond s ,  h e n c e  c i s- trans i somers  c an b e  separate d by s i l v e r  i o n  
adso rp tion c hromato graphy ( Li t c h fi e l d ,  1 9 7 2) . 

A bo u t  1 0  mg o f  t ri gl yc eri d e s ,  di s so l v e d  i n  CHC13 , we re 

appli e d  as a seri e s  o f  o ver- l apping spo t s  to  t h e  pl at e . The 

developing sol v e n t  was c hlo ro form/me thanol ( 99 . 5 : 0 . 5 ,  v/v ) . 



Triglyc e ri d e  bands w e re r e v e al e d  a s  fo r p r e par a t i v e  TLC , and 

w e r e  i d e n ti fi e d  by re f e re n c e t o  s t an dard t r i glyc e ri d e s 

( g l y c e r o l  t ripalmi t a t e , sn- glyc e rol- 1 - p al�i t a t e - 2 - o l e a t e -3-

s t e ara t e , sn-glyc e ro l- 3 - s t 6 ar a t e - 1 , 2- o l e at e  and gly c e r o l  

t ri o l e a t e ) u se d  as m arke r s .  

A f t e r  remo ving t h e  fluo r e scent b an d s from t h e  p l ate i n t o  

c e n t ri fug e tube s ,  1 % N aC l  i n  m e t h anol/wat e r  ( 0 : 1 ,  v/ v ) w a s  

add e d  u n t i l  the re d c o l o ur o f  t h e  si l v e r- di c hl o ro fl uo ro sc e i n  

c o mpl e x  di s ap p e ar e d  ( abo u t  1 . 5 m l ) . T e n  ml di e t hyl e th e r/ 

m e t h anol ( 9 :  1 ,  v/ v ) v1a s  adde d ,  f o l l o we d by s l urry i n g  on a 

V o r t e x  mi xe r .  A f t e r  b ri e f  c e n t r i fug a t i o n  and remo v al o f  t h e 

so l v e n t  l a y e r  wi th a P a s t e ur p i p e t t e ,  t h e  r e si due w a s  e x t r a c t e d  

t �i c e  mo re wi t h  5 m l  p o r t i o n s  o f  d i e thyl e t h e r/m e thanol 

( 9 :  1 , v/v ) ( Hi l l , H u sb an d s  and L an d s ,  1 9 6 8 ; Ho rri s o n, 1 9 76 ) • 

S o l v e n t  v, a s  r e r.1 o v e d  und e r  a s t r e am  o f  " 1 2  and t h e  r e sj_ du e 
r e di s so l v e d  in h e xane and v: a sh e d  s e v e ral t i� e s  i'li t h  sm E� l  

v o l um e s o f  � a t e r  t o  r e �o v e  t r ac e s  o f  d i c h l o r o f l u o r o s c e i n  and 
Ag:no 3 p ri o r  to g a s  l i qui d c h ro.r.1a t o g r c::.phy ( GLC ) analy si s .  

2- mono glyc e ri d e s w e r e s e p ar a t e d  from fa t t y ac i d s  and 

g l y c e ri d e s by di s so l ving i n  CHC 1 3 , applying to a thin l ay e r  o f  

s i l i c a  g e l  G ,  and d e v e l o ping i n  h e xane : di e thyl e th e r  

( 1 : 1 ,  v/ v ) . 

The �o noglyc e r i d e  b and w a s  i d e n ti fi e d  by c o m p ari so n wi t h  
a s t andard m o no gl yce rid e  a f t e r  sprayi ng wi t h  a qu e o u s  Rho d ami n e  

6G ( 0 . 0 1 % u/ v ) . T h e  mo n o gl y c e ri d e s we r e  r e c o ve r e d from t h e  TLC 

pl a t e s as d e s c ri b e d abo v e  fo r trigly c e ri de s .  

2• 1  . 2  Fa t tl A c i d  An alysi s  

Fat t y  ac i d s w e re c o n ve r t e d  t o  f a t ty ac i d  me t hyl e s t e r s  

b.e fore b e i ng a.n al y s e d  by G a s  Li quid C hr o m a t o gr aphy ( GLC ) . 
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One ml o f  0 . 51'1 m e thanolic NaOH was adde d  t o  2-5 m g  o f  

t r i glyc e ri de ( o r mono glyc e ri d e )  in a 25 m l  roun dbo t tom flask. 

The fl a sk � a s  at tac h e d  to a w a t e r  c o n d e n s e r  and h e a t e d  on a sand 

b a t h , to g e n tly re flux t h e  c o n t e n t s ,  f o r  two minu t e s .  One ml 
1 4% ( \'1/V) bo ron tri fluo ri d e  in me th anol was adde d throue;h 

the c o nd e n s e r  and the re flux c on tinue d for a fur t h e r  two minut e s ,  

a f t e r v:hi c h  2 m l  h e xane was adde d follo\'J e d  by re fl uxing fo r a 
further 30 s e c o nd s .  A ft e r  c o o l ing t h e  fl ask in i c e d wat e r ,  

su f fi c ie n t  w at e r  was add e d  t o  bring the h e xane l ay e r  into t h e  

n e c k  o f  th e fl ask. T h e  h e xan e  l ay e r � a s  t rans f e r r e d  t o  a gl ass

s to pp ere d c e n tri fuge tube u sing a P a s t e ur pipe t t e , and 

c o nc e nt r a t e d  by e v apo ration und e r  N 2 • 2 to 5 pl o f  the saJTtpl e 
v1e re u s e d  fo r GLC ( Van \'·ii j ngaarde n ,  i 9 6 7 ; Ho rri so n ,  1 9'76 ) • 

� 2 .  2 G a s  Li q uj. d C h ro:n a  togra-rhy ( CLC .2_ 
Fat ty ac i d s  \'! e r e  <.m al y s e d  a s  their m e t hyl 2 s t e r s  e n  a 

P ac kard gas c hr o r:1 a  to gr c:tph fj_ t t e d  \'ti t h a h y d ro g e n  f l a:n e  

i o ni sation d e t e c to r ( J ::unie so n ,  I Y '/U ) . T h e  gl a s s  c o l umn ( i 8 0  c m  
x o .  25  cm i .  d . ) \'i o..s p ac ke d -.·:i th 1 Z}� di e thyl e !l e  gl y c o l suc c i n a t e  
po l y e s t e r  ( D�G S )  ( Si - E f f  1 8  530- G )  o r  1 0% SG SS-X o n  Chro�o sorb 
Q.  The " funne l  c o ating me t ho d "  ( n cn ai r  and Bo r1 e l li , 1 9 6 8 )  ':: a s  

u se d f o r  t h e  preparation o f  t h e  c o lumn packing . C o l u�n 
c ondi tio ning \'/as  c arri e d  out at 200 °C for 12  hours �i t h  a N2 
fl o w o f  1 0  ml/min .  

During no rmal o p e ratio n t h e  c hrom a t o graph w.as run wi th 

c olumn and i nl e t  t empe ratur e s  o f  1 60 and 205°C re spe c ti v el y , and 

a ni tro g e n  flo �  o f  25 ml/min . 

_Quan ti t e.tive H e asureme n t  o f  '.[lriglyc e ride Band s 

T h e  r el�tivc quanti ti e s o f  e a c h  o f  the tri gly c e r i d e  ban d s  

se parat e d  b y  AgN03/ sili c a  g e l  TLC were d e t e rmin e d  thro ugh the 

use o f  an i n t e rn al s t andard . A kno \m quant i ty o f  heptad e c anoi c  

ac id \'/as adde d  to  e ac h  o f  the trigly c e ri d e  samp l e s  b e  fo r e  

me thyl atio n ,  and t h e  sum o f  t h e  ar e a s  o f  e & c h  o f  t h e  fat ty aci d  

p e aks from GLC \'Ja s  c ompare d v:i t h  t h e  p e e.k are a fo r t h e  
h e p t ade c ano i c  ac i d  t o  give an e stima t e  o f  t he r e l at i v e  pro p o rtion 

o f  e ac h trigl y c e ri d e  b and . 
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The fat ty aci d  c ompo si tion a t  the 2- po si ti o n  o f  some 
trigly c e ri d e s  was d e t e rmin e d  by sel e c tive en zymatic hydro l y s i s  
o f  the fatty ac i d s  at the 1 - and 3- po si t io n s  t o  pro duc e t h e  

repre sentative 2-mono glyc eri d e s .  The sp e c i fi c  ac tion o f  
panc r e atic lipase  fo r the e s t e r  gro up s a t  the  1- and 3-po si ti o n s  
o f  t rigl y c e ri d e s  i s  n e arly absol u t e  ( Riemen schnei d e r ,  Luddy , 
Bar fo rd,  H e rb and M agidman , 1 9 6 4 ) . 

Abo u t  40 mg o f  triglyc eride s �ere di s solved  in  0 . 1 ml 
h e xane and inc ubat e d  fo r 70 s e c o n d s  at  37°C , �i t h  vi go ro u s  
sh��i ng , �i t h  1 5  m g  p anc re atic lipase ( pre vio u sly e x trac t e d  wi th 
di e t hyl e th e r  - S ampugn a ,  Jen sen , Parry and Kre ':l s o n , 1 9 6 4 )  
di sp e r s e d  i n  1 . 0 m l  0 . 0 5J:I- t ri s  bu f fe r  ( pH 8 . 0 ) , 0 . 2  rnl 0 . 2% 
( \'1/v )  so diur.1 c ho l ate and 0 . 1 ml 2Z}'� ( \':j v )  C aC 1 2 •  ':!:he 
r e ac tion was s t o p p e d  by the addi tion o f  1 . 5 ml e t hano l . The 
pi I o f  t h e  s o l u t i o n  \'! a S  ad j u. s t e d  to Lf . 0 ·,'li th HI-HC l a n d  t h e  
mi x t u r e  e x t r a c t e d  with three 20 ml p o r t i o n s  o f  di e t h yl e th e r �  
The  to tal e t h e r  e xtrac t w a s  �ash e d  Tii th 2 m l  porti o � s  o f  w at e r  
un ti l t h e  �ashings � e re neut ral . T h e  e t h e r  was e v aporat e d  a t  
room t eoperaturs  und e r  N 2  and t h e  lipid re si due re- di s solve d i� 
chlo ro fo :ra ( T a.ylo r and Ea !::ke , 1 9 75 ; H o rri so r.. , 1 9 76) . 

hl 1'H ERHAL AlL".LY S I S  - DI FFERJ::I J'l'I AOL SC Ai,iNUTG C /-.LO RII '-LET R Y  ( DSC ) 

A di f fe r e n t i al s c anni n g  c al o ri� e t e r  ( Perkin Elm e r  DSC Mo del 
l t) w a �  used t o  c arry o u t  the t h e rmal anal y si s  a f  se le c t e d  
fr ac tio n ation pro duc t s .  

Di f f�rential sc anning c al o rime t ry i s  a t e c hni qu e  wh e r e b y  
t h e  sampl e and a n  i n e r t  re fe renc e materi al are sub j e c t e d  to  a 
c o nt ro l l e d  h e ati�g � ro gramm e ( line ar wi t h  time ) , and the  
di f ferential e n e rgy re quired to  ke ep the  t wo sampl e s  a t  the  
sarrre tempera ture i s  me asured . Thi s is  achieve  d. thro ugh the u s e , 
fo r sa.mpl e and re ferenc e ,  o f  near1 y i d e n t i c al c o pp e r  holder 
c ups c o n t aining a pl atinum r e si s t anc e the rrnome t e r 1 a t emp e ra t ure 
programme d h e at e r  and an auxiliary heate r .  The t empe!·at ure 
pro grammer hea t s  the hol de r s  at a c o n s t an t , pr e � se l e c t e d , r a t e . 
A tempera ture averaging network de t e c t s  any di f fe renc e s  i n  
t emperatur e  b e we e n  t h e  holders and sunpli e s  c urrent to  the 
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auxili ary h e a t e r s  to m ai n t ai n a z e ro di f fe re n ti al . Wh e n  an 

e ndo t h e :rmi c t ran si tio n o c c ur s  in the sampl e the e n e rgy ab s o r b e d  

i s  repl e n i sh e d  by thi s ne twork . Thi s e ne rgy input i s  a di r e c t  

me asure o f  t h e  t r an si ti o n  e n e rgy o f  t h e  sampl e as a fun c t io n o f  

time . The n e t  e n t h alpy fl o w r a t e  and t h e  av e rag e t emperature 

o f  the t wo c up s  ar e plo t t e d o n  a re c o r d e r as the  o rdi na t e and 

ab s c i s s a  r e sp e c t i v e ly .  Whe n o nly sensibl e  h eat c h ang e s o c c ur 

i n  th e  s mnpl e as i t  i s  h e at e d , the  DSC p l o t app e ar s as a 

relatively s t r ai gh t , h o ri zo n t al ,  l i n e . Any e xo t h e rmi c o r  

e n d o t h e rmi c c hange i n  the s ampl e c au s e s  d e viation from thi s 

b ase- li n e , and p e aJ\.s are o b t ai n e d  o n  the pl o t . The ar e a o f  t h e 

p e ak i s  p ro p o r ti o nal t o  the  enthalpy c h ang e o f  th e sampl e 

( O ' N eill , 1 9 64 ; ·  Dri scoll , Dul i ng and Magno t t a ,  1 9 6 8 ; 

Perkin- �lm e r ,  1 9 69 ; R ek , 1 9 72 ;  Dani e l s ,  1 9 73 ; We ndl anrtt , 1 9 74 ) � 

The t e m p e r a t u r e  axi s o f  t h e  i n s t ru� e n t  was c ali br at e d u sing 

diph e nyl , di ph e nyl a:11ine , i n di um , n - o c t an e and t i n , and t h e  

di f fe r e n t i al t e op e ra t u r e  ne t �o rk w a s  c al i bra t e d  u si n g  tvin 
s ampl e s  o f  indiwn an d t h e n  di phe nyl amin e . 

A fat smnpl s o f  abo u t  9 mg ( Luddy 2t al , 1 9 73 ; D e ro an n e , 

1 977 ; Ka':.' �lur a ,  1 9 7 9 )  -.·: a s  s e al e d  in an aluminium samp l e  p a n  

and l o ad e d  in t o t h e  i n s t rume n t . A n  emp ty al umi Eium p an s e r v e d 
as t h e  rG f e r e nc e ( Dani e l s , 1 9 73 ; G r ay ,  Lo v e gr e n  and Feuge , 1 973 ;  
Luddy e t  o.l , 1 9 7 3 ) . T h e  lo \'t t e:r:1 p e r ature D e ·:.:ar f l a £�1.: S2Jnpl e 

c o ve r  \'Ia. s  p u t  i n  pl ac e and t h e  saJnpl e are a  flu sh e ci  '.'ii t h  H 2 ga s . 
T h e  N2 fl o �- r a t e  throuGho u t  � a s  1 5  m l . �i c- 1 ( Lu d cly e t  o.l , 1 9 73) . 

The s&:lpl e c o ve r \'!as fil l e d  '.'ti th  l i qui d N 2 and t h e  sarnpl e and 

r e fe re n c e � e re c o o l e d  to 240K . A f t e r  e qui l i br i a t i o n  they w e r e  
. - 1  

h e a t e d  to 3 25K at a r a t e  o f  8 K . mln ( Lo v e gre n , G ray and 

Feuge , 1 9 7 1 ; L u d dy e t  al , 1 973 ) . 

I t  was par t i c ularly de sire d i n  thi s wo rk t o  pro duc e a 

fr ac ti o n wi th m e l ting pro p e r ti e s , and h enc e a DSC pro fil e , 

simi l ar t o  t h & t  o f  c o c o a bu t t e r  ( s e e s e c ti o n 2 . 2 . 3 . 1 ) . Th e r e  

a r e  t � o  di s t ingui shing fe ature s o f  t h e  c o c o a  b u t t e r  DSC pro fil e -

i t s  narrow m e l ting ran ge and i t s  1 1!TIE· J. ting point " o f  36° C 

( se e Figure 2 . 5 ) . 
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Thus a p e ak p aram e t e r ,  the "co c o a  but t e r  l ikene ss fo.c t o r "  

( C . B . L . F . ) � v1as devekped to rortpare th e DS C pro fil e s o f  the  t al l o w  

frac tions t o  that o f  c o c o a  but t er . 

\'!h ere , 

n = number o f  separate peaks o n  th e DSC curve o f  t h e  sampl e  
Ti l = t emp e rature o f  final d e vi ation o f  p e ak i from the  

base-line . 

Ti2 = t empe rature o f  ini tial d e vi ation o f  peak i from the  

base-line . 

Tim = "me l ting poin t "  o f  p e ak  i - taken as the t empe rat ure 

at \'lhi ch p e ak maximum o c curs . 

Ai = are a  o f  p e ak i .  

AT = s�� o f  are as o f  all p e ak s  fo r the  s e� p l e . 

S e e  Figure 3 . 2  fo r an e xampl e o f  d e t e r�ining the  C BLF 

o f  a s ample giving a DSC pro fil e  \'Fi t h  only o n E:  p e a� .  

T h e  CBLF i s  the sum o f  t h e  t empe ratur e  range ( in °C ) o v er 
\'Ehi c h  the sampl e  m e l t s and the ab so l u t e  value o f  the di f fe renc e 
in temp erature ( i n  ° C )  b e twe en the t emperature o f  DSC pea..� m aximum 
and 36° C ,  the t emp eratur e  o f  DSC p ea..� maximum fo r a sampl e o f  

c o c o a  bu t t e r  o b tained from a N . Z . c h o c o l a t e  manu fac tur e r .  A 
portion o f  thi s c o c o a  but t e r  sampl e was analy sed  on t h e  DSC 

immediat el y  a f t e r  e ac h  t allow sampl e  so that a comp ari so n o f  their 

mel ting pro p e r ti e s  c oul d be made und e r  near-identi c al co ndi t io n s . 

The  C BLF o f  thi s c o c o a  but te r  saJnp l e  was 6 . 5 , bu t th e re i s  
vari ati o n  in t h e  pro p e r ti e s  o f  di f fe r e n t  batc h e s  o r  c o c o a  but t er 

( John ston , 1 9 7 2) . When a t allow s ampl e g av e  a DSC p ro fil e wi th 

mo re  than o ne p e ak ,  the CBLF o f  each p e ak v1as c al c ul at e d ,  an d 

t h e  o ve ral l  C BLF for t h e  sa.."'lpl e was de termined by summing the  

pro du c t o f  t h e  C BLF fo r e ac h  p e ak . and the are a  o f  t hat p e ak 

expre sse d a s  a frac tion o f  the smn o f  p e al'\. areas for the  s ampl e .  
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a O. S.C . profi le \>lith only one peak.  



C H APTER 4 

TRIGLYCERT DE AND FATTY AC I D  AliALYS I S  

O F  S F.LEC TED HE\'! ZEALAN D tviUT'fON TALLO WS 

4 .  1 I NT RO DUCTION 

Thi s c h ap t e r  s t ud i e s  t h e  o ve rall s e a sonal c h ange s in 

mu t to n  t al l o vr from o n e  m e at ki l l i ng p l an t , but make s no a t t e m p t  

to e l u c i d a t e  t h e  e f fe c t s  o f  t h e  i n di vi dual var i abl e s  ( se e  

S e c tion 2 . 5 ) , i n fl u e nc i n g  t al l o >�
.

c ompo si ti o n . 

A kn o wl e dg� o f  t h e  fat t y  ac i d  and trigl y c e ri d e  c ompo si t i o n  

an d h o w  i t  vari e s  t hro ugho u t  a s e aso n  � a s  n � e d e d  t o  de t e rmine 

t h e  fe asibil i ty o f  pro d u c i ng frac t i o n s  wi th a spe c i fi e d  

c o m p o si ti o n  fro:n f l  e r; Z e al and mu t t o n  t al l o vr ,  and i f  t h e re i s  

a t i m e  o f  y e ar �h e n  t al l o w wi t h  a m aximum c o nc e n t r a ti o n  o f  any 

p ar ti c ul ar tri glyc e ri d e  typ e o r  fa t ty ac i d  i s  p ro du c e d . 

Lr . 2  !·1 ETI IG DS O F  CO LL:.:C 'J' I O H  A?-ID AN ALYS I S  O F  TEE T t1 LLO':!s 

T h e  s o_rapl e s  fe r an al y s i s ·,•J e r e  i n e d i b l e  m u t t o n  t .od l o v1 s  

from t �o m e a t  kil l i n g  pl an t s  - o n e  in C an t e r bury and t h e  o t h e r  

i n  S o u th l and - whi c h  w e re o n l y  killing sh e e p .  T h e r e fo re , 
mu t to n  tallo \'i ·::a s  c o l l e c t e d fr e e  from any b e e f  t al l o w . S ampl e s  

from t h e  Smi th field m e at ki l l i n g  p l an t  i n  C an t e rbury w e r e  

c o l l e c t e d  t h r o u gho u t  t h e  1 9 7 6/ 1 977 and 1 9 77/ 1 9 7 8  se aso n s . T h e  

s�;.pl e from t h e  O c e an B e ac h  m e at kil l i n g  pl an t  i n  S o u t hl and v; a s  
c o l l e c t e d  i n  !1 ay , 1 9 77 . A w e t ren d e ri n g  p ro c e s s  \'!as u s e d  a t  t h e  

C an t e rbury p l an t  and a d r y  r e nd e ri n g pro c e s s a t  t h e  S o u t h l and 

p l an t . All o f  the t al l o v! s ampl e s  were c o l l e c t e d  fro m the mo l t e n  

bulk t a l l o w  imm e di a t e l y  pri o r  to i t s  b ei ng tran s f e rre d to 

rai l w ay t anke r s .  

Tallo w s  are grad e d ac c o rding t o  c o l o ur by m a t c hi ng wi t h  

c o l o u r  s t an d ard s .  T � o  gr ad e s o f  t al l o w  are p ro du c e d  a t  t h e  

Smi t h  fi e l d  m e a t  killine plan t - t R an d  H- R .  r.rh e  fat t y  ac i d  

ana.l y sj_ s o f  t h e  N o ve m b e r ,  J anuary and lv! a r c h  1 9 7 7  Smi th fi e l d  

tall o ws '::as p G r fo rn:e d upon bo t h  H- R and �- R grade d sampl e s t o  
de t e rmi n e  i f  th e r e wa� any d i f ferenc e  i n  t h e  c ompo si tio n o f  t h e  

d i f fe re n t  gr ad e s . 
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The tallo w sampl e s  w e r e  puri fie d  by TI .. C ( se e  S e c tion 

3 . 1 . 1 · . 2)  and then separat e d  into trigl y c eride group s ,  ac c o rding 

t o  degr e e  o f  un saturation and c i s- tran s i someri sm ,  b y  arge n t at i o n  
TLC ( se e  S e c tj o n  3 .  l .  1 . 3 ) . the relative p ro p o r t i o n  o f  e ac h  

t riglyc e ride  group and their o ve rall fat ty ac id compo si ti o n s ,  a s  

well as the fatty acid c ompo si tio n  o f  the nhole  t allo � s ,  w e r e  

de t e rmined by the me tho ds o u tline d in s e c t i o n s  3 . 1 . 3 and 3 . 1 . 2 

re sp ec tively . Some sel e c t e d  t ri glyc � ri d e  group s vere analyse d 

fo r fa t ty acid c ompo si tion at the 2- po si tion u sj_ ng panc reati c 

lip ase hy dro ly si s  ( se e  S e c tio n 3 . 1 . 4 ) . T h e  o v e rall scheme fo r 

t h e  t allO \'/ analysi s i s  sho vm i n  Figure 3 . 1 .  

4 . 3  FJI.TTY AC I D S  Df THE TALLO'.'/S Al'iALYSED 

The to t al fat t y  ac i d  c ompo .si tion o f  the t al l o \'1 sc:t'11pl e s  i .s 
aho �n � n  T abl e s  4 . 1 an d 4 . 2 . T h e  fat t y  acids  �e r e  c al c ul at e d  

as mo l e  p e �c e n t age s o f  the to t al t allo w .  Four anal y se s w e r e  

d o n e  o n  the  lJo v cLnb c r  1 9 77 1 -} � t::;.llO '.'/ ar.d the se ':: e re u s e d t c  

d e t e rm i n e  t h e  e xp e rim e n t al vari anc e i n  t h e  fat ty a c i d  anal y s e s . 
'I hi s e xp c ri :n e n  tal vari anc e ·:: a.s u s e d  to t o  s t  t h e  si gl1i fi e an c e o f  
t h e  di f fe r e n c e i n  pro po r tions o f  t h e  four m ai n  fat ty aci d s  

( 1 4 : 0 ,  1 6 : 0 s  1 8 : 0  and 1 8 : 1 )  i n  di f fe rent  t allo w s  from t h r o ugho u t  
t h e  sane s e o.sor. a n d  be tr?een  se ason s . Be c ause o nl y  o n e  s ampJ. •:: 

o f  each t al l o ·:: \'/as t aJ;:e n , i t  wa >:: no t po s sible to d e t e rmine 

the vari ation due to sampling . 

I t  Tias found in bo th seasons that t h e  c o n c e n t r � t i o n  o f  

e ac h  o f  the fo ur main fatty ac i d s  ( 1 4 : 0 ,  1 6 : 0 ,  1 8 : 0  and 1 8 : 1 )  

i n  di f fe r e :..1 t t allo \'!S fro m the s.:J.D.e se aso n. vari e d  signi fie; an tly 
at the 5 per c e nt l e ve l . The c o n c e n t rQtion o f  i 4 : 0 app e are d  to 
d e c re ase as the se ason prog�e s se d , and t � c onc entration o f  1 8 : 0 
to  inc re ase . The c o nc e n tration  o f  e ac h  o f  the se f a t ty ac i d s  

was l i n e arly regre s s e d ,  by t h e  l e ast s quare s me tho d ,  again s t  

the mo n t h  in whi c h  the t all o ws w e re pro duc e d .  The �on th s  w e r e  

numbere d from 1 ( No vember)  tc 8 ( Ju n e ) . All o f  t h e  anal y se s 

from bo t h  e r  the se aso n s  w e r e  in c l uded i n  the regre s sio n s .  The 

r e gre s si o n  e quation fo r the p ro p o r t i o n  o f  1 4 : 0  ( mole  %) i n  the 
t allO\'iS \'i El. S : 

p ropo rtion o f  1 4 : 0 i n  the t al l O \'J = ( 7  .. L� - 0 . 7  ( mo n th ) ) 

( mole %) . 



Tabl e 4 .  1 : 1'o t al fat ty ac i d  compo si. ti o n  o f  mu t to n  tallO\'/ S from t h e  1 9?6/ 1 977 .s e a son 
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58 .  
T h e  slope o f  thi s line w a s  found t o  b e  signi fic an tly 

di f fe·re n t  'from zero at the 0 . 2% l e ve l , so there was a 
signi fic an t  o ve ral l  decrease  in the  p ropo rtion o f  1 4 : 0  a s  t h e  
se ason s progre s se d .  

T h e  regre s sion e quatio n fo r t h e  pro p o r tion o f  1 8 : 0 ( mo l e  % )  
in t he t allows was : 
propor tion o f  1 8 : 0  = ( 20 . 5  + 0 . 9  ( month ) )  
in the t allo w ( mo le %) . 

The slo pe o f  thi s l ine was fo und to be signi fi c an tl y  
di f f e r e n t  from zero at the 0 .  2% l e vel , s o  there v:a s  a 
signi fi c ant o ve rall incre ase in the p ropor tion o f  1 8 : 0 as the  
seaso n s  p r o g re s s e d . 

A plo t o f  the pro po r ti o n  o r  e ac h  o f  t h e s e  f a t ty aci d s  
agai n s t  t h e  m o n t h  o f  pro duc tion o f  t h e  t allo v: ,  and t h e  regre s sion 
l i n e s  fo r e a c h  fo.t ty ac i d , o.re sho '<m in Fi gure L� . 1  • T h e  
regre s sion line s ap p e are d t o  fi t the o b served d a t a  � e l l . T h e  

l i n e ar c o rr e l a t i o n  c � e f fi c i e n t  b e t w e e n  t h e  pro p o r t i o n s  o f  1 4 : 0  
and 1 8 : 0  \'t a s  -0 . 77 .  Thi s was si gni fi c an t  a t  t h e  o . z;,6 l e ve l . 

There d i d  no t s e em to b e  any o v e ral l se aso n al p a t t e rn i n  

the vari at i o n  o f  1 6 : 0 o r  1 8 : 1 .  The slope o f  t h e  r e g r e s si o n  

line s fo r t h e  p roportion o f  e ac h  o f  t h e s e  f a t t y  ac i d s  in t h e  

t allows agai n s t  t h e  mo nth o f  pro duc tion o f  the t al l o w s  w e r e  

no t signi fi c an t l y  di f ferent from zero a t  the  5 p e r  c e n t  l e v e l . 

There was no si gni fi c an t  line ar c o rr e l a t i o n  found a t  t h e  
5% l evel be twe en t h e  propo r t ion o f  1 6 : 0 v:i th 1 8 : 1 ,  1 4 : 0  o r  1 8 : 0 ;  

no r be tween 1 8 : 1 wi th 1 4 : 0 o r  1 8 : 0 - i . e .  the c hange s i n  
pro pb r tions o f  the se fat ty acids t hrougho u t  the se aso n s  w e r e  

unrelat e d .  

The mean pro po r t i o n  o f  each o f  the  fo ur m ai n  fa t t y  ac i d s  
i n  t h e  1 9 76/ 1 977  t al l o w s  w a s  t e s t e d  agai n s t  t h e  m e an propo r t i o n  
o f  the same fat ty ac i d s  i n  t h e  1 9 7 7  I 1 9 78 t allovi s .  T h e r e  vJ a s  
no t fo und to be a si gni fic an t  o v e r al l  di f feren c e  in the m e ari 
proportion o f  1 4 : 0 b e twe e n  t allo ws o f  the di f fe r e n t  s e ason s  at 
the 5% l e vel  ( 4 . 4% for i 97 6/ 1 977 , 5 . 6% fo r 1 97 7/ 1 9 '7 8 ) ; no r 

fo r 1 8 : 0 ( 23 . 3% fo r 1 9 76/ 1 9 ? 7 , 24 . C?� fo r 1 9 77/ 1 9 '7 8 ) . 
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Figure 4 · 1  A plot of the proportion of 1 4 : 0 and 18 : 0 in the 
tallows analysed aga i nst the month the 
i·a llow was prod uced , and t h e  least squar-es 
regression for the same. 



Howe v e r  there was a. signi fi c an t di f ferenc e ( a t  t h e  5% 

l e v e l )  in the  m e an p roportion o f  1 6 : 0  in t h e  t al l o w s  from the  
t w o  s e aso n s ( 2 1 , 0% fo r 1 9 76/ 1 9 77 , 24 . 4% fo r  1 9 7 7/ 1 9 7 8 ) ; and 
al so fo r 1 8 : 1 ( 39 . 2%  for 1 9 76/ 1 9 77;.. 34 . 9% fo r 1 9 77/ 1 97 8 ) . 

The fo ur fat t y  ac id s c o n si d e r e d  abo ve compri s e , o n  
a.ve rage , 88 � 6% o f  the to tal fat ty ac i d s  found i n  the  t allows . 

O f  the o th e r  se ven fat ty ac i d s  quanti fj_ e d  in t h e  t all o w s , 
1 6 : 1  was the mo s t  abunda n t  wi t h  an ave rage propo rtion  o f  4 . 0% 

and then 1 8 : 2  wi th an average pro po r tion o f  2 . 7% .  A s  well a s  

59. 

t h e  e l e v e n  fa t t y ac i d s  t abul a t e d , trac e s  o f  two f a t t y  ac i d s  whi c h  
were  elut e d  from t he G�C c o l umn be fo re 1 4 : 0 were p r e s e n t . The s e  

were  t e n t a t i v e l y  i d e n t i fi e d  a s  1 2 : 0  and i so - 1 4 : 0 .  Trac e 
am o un t s  o f  t \'.'O fat ty  aci d s  \'Jhi c h  were elu t e d  from t h e  GLC c o l umn 

a f t e r  1 8 : 2  were  al so pre sent . The s e  � e r e  t en t a tiv e l y i d e n t i fi e d  
a s  1 8 : 3  and 20 : 0 ,  o r  an un sa tur at e d 20 c arbon c h ain l ength 
fa t t y a:: i d , 

There � a s  a s i g n i fi c an t  d i f f e �e n c e  i n  t h e  p�o po r t i o n  o f  

1 4 : 0 be t�c e n  t h e  di f f e re n t  c o l o ur g�ad e s  o f  C an t e rbury Novembe r 
1 9 76  and J anu a.ry 1 9 77 t all o w s - higher in No vem b e r  1 9 '76 H - R 
t h an �ovemb e r  1 9 76 i R ,  and l o w e r  i n  J anuary 1 9 7l  1 �  R ,  t h an 
J anuary 1 9 77 } H .  T h e re was al so a signi fi c an t  d i f f e r e n c e i n  
t h e  propo r tion  o f  1 6 : 0 and 1 6 : 1 b e t w e e n  the two gr J de s  o f  
No vember 1 9 7 6  t all o w ,  There were no o th e r  signi fi c an t 
d i f f e r e n c e s  i n  t h e  p r o p o r t i o n s  o f  t h e  m ai n  fat t y  ac i d s  b e t � e e n  

_ any o f  the  c o m p arabl e l R and 1 }  R grade t al l o w s . There i s  � o  

d e li b e ra t e  s e l e c t io n o f  rav ma t e ri al s e n t e ring t h e  t w o  grad e s  
o f  t al l o w  a t  t h e  Smi t h fi el d m e at ki l l i ng p l ant ( S t e d� an , 1 98 1 ) ,  

so the se di f fere nc e s wo ul d b e  as a re sul t o f  rando m vari a t i o n  

i n  t h e  inc idenc e o f  r a w  ma t e ri al s .  

The mi nimum , maximum and average pro po r t i o n s  o f  the s i x  

m ai n  fatty ac i d s  in the t allo w s  anal y se d  are gi v e n  i n  T ab l e 4 . 3  
wi th simi l ar data  from publi sh e d  fa t ty ac id an al y s e s  o f  mut ton 
t allo w s  ( s e e  S e c tio n 2 . 5 ) , 

O v e rall ,  t h e r e  i s  clo se agreement i n  fat ty ac i d  c ompo si t i o n  

be t we e n  t h e  Smi t h fi e l d  t allo w s  analy s e d  and t h e  publ i sh e d  

an al y s e s , wi t h  t h e  ave rage p ro p o r ti o n  o f  e ac h  o f  t h e  si x fat t y  
ac i d s  c o n si d e re d  i n  the Smi t h fi e l d  t al l o ws b e i n g  wi thin t h e  

r ange  o f  pro po r t io n s  _repo r t e d  i n  t h e  l i t erature . 



'.rabl1:_!:ul, : Compari son o f  , t h e  mi nimur:� , m uximum and average pro po r t i o n  o f  se l ee t ed  
fa t ty ac i d s  i n  the  Smith field  t al l o w s  �i t h  p u bl i sh e d  value s 

Fa t t y  A c i d  ( mo l e  % in tullow)  
Smith fi eld T a l l o � s  

( from Tubl e s  4 . 1  a n d  4 . 2 ) 
Fat ty Hinimum H axi.mum i\ v e r:J.g e  l'hnimum 
A c i d  

1 4 : 0 2 . 7  7 . 6  lt . 5 0 . 8  

1 6 : 0 1 9 . 8  26 . 3  22 . 6 20 . 4 

1 6 :  ., 2 . 5 6 . 1 4 . 0  o .. o 

1 8 : 0 1 8 . 5  28 . 8  2Lf . 1 2 2 . 2 

1 8 :  1 33 .  1 40 . 6  37 . 3 33 . 0 

1 8 : 2  0 .. 9 Lf .. 0 ') 7 L •  2 . 2 

( from '.r abl e 2 .  4 )  

N aximum 

4 . 6  

27 . 8  

L� • 7 

3 1 . o  

4 7 . 0  

5 . 0 

Average 

2 . 7  

24 . 1  

3 .  1 

26 . 5  

38 . 3  

3 . 8  

cr c: .. 



!±.J± I DE:t�T I FICATIOIT  O F  TliiGLYCERI DBS IN HUT'TON TALLO W 

Arge n t ation TLC r e s o l v e d  t h e  t all o w  trigly c e ri d e s i n t o  

f i v e  gro u p s  ( s e e  Fi g�re 4 . 2) . 

F a t t y  ac i d  anal y si s  sho �e d that gro up o ne t rigl yc e ri d e s 
c o n t ai n e d  o nl y s at ur a t e d  f&t ty ac i d s - i . e . they \'! e r e  tri

satur a t e d  t rigl y c e ri d e s .  

6 1 . 

Fat ty ac i d  an al y si s o f  gro up 2 and 3 triglyc e ri de s  r e v e al e d  

a c ompo si t i o n  o f  appro xim a t e l y  o n e - third monoun s atura t e d  fat t y  

ac i d s  and t�o- thi r d s saturat e d  fat t y  a c i d s ,  c o n si s t e n t  �i t h  

t h e  triglyc e r i d e s  i n  t h e s e  gro up s c o n t aining one m o n o un satu� a t e d 

fat ty ac i d  and t�o s a t urat e d  fat ty ac i d s .  The m o no un s atur at e d  

fat ty ac id i n  e ac h  o f  t h e  group 2 t r i gl y c e ri d e s � a s  pro b ably a 

tran s i son e r , and t h a t  o f  the group 3 t riglyc e ri d o s  a 

c i .s i so:'l e r .  

Fat ty a c i d  �n al y s i s  o f  grou�s 4 and 5 trigly c e ri d e s sho � c d  
t h a t  t h e y  c o n t ai n e d  app ro xi� a t e l y o n e - t h ird s a t ur a t e d  fat ty 
ac i d s  a n d  appro xin a t e l y  t�o - t hi rd s  m c n o u n s a tur 2 t e d  fat ty ac i d s . 

Thus mo s t  o f  t h e  t ri gl y c e ri d c s i n  t h e s e  gro ups � o u l d  have b e e n  

diun satur a t e d  - i . e .  they �ould h a v e  c o n t ai ne d o n e  satur a t e d  
f a t ty ac i d  and t � o  mo n o u n s a t ur a t e d  fat ty aci d s . O n e  o r  b o th o f  
t h e  unsaturat e d  fat ty ac i d s  i n  the gro up 4 t ri g l y c e ri d e s was 
pro b &bly tran s  un satur a t e d  t o  s e p arat e them from c i s  u n satur a t e d  

f a t ty ac i d s  i n  t h e  gro up 5 t rigl y c e ri d e s  o n  t h e  si l v e r-imp r e g�at e d  

pl at e s .  

Group s 4 and 5 al so c o n t c:,in e d  a sm al l  prc 9 o r t i o n  o f  

t ri gly c e ri d e s c o n t aing p o lyun sat urat e d  fat ty a c i d s .  The 
po l yun saturQt e d  f a t ty a c i d s  from gro up 4 pro bably c o n t ai n e d  

o n e  o r  t �o t r an a  d o ub l e  bond s ,  a� no rm ally the a f fini t y  o f  Ag+ 
fo r t riglyc e ri d e s r:i th more t h an o n e  d o u bl e  bond i s  g r e a t e r  

�h en t h e  doubl e b o n d s  are c o n c e n tr at e d  i n  o n e  fat t y  ac i d  

( Li t c h fi e l d , 1 972) , and thus �i t ho u t  c o n si de ring t h e  e f fe c t  o f  
c� s/ t r an s  i som e r s , t h e  polyun satur at e d  fa t ty a c i d s  � o u l d  be 

e xpe c t e d  to b e  i n  t ri gly c e ri de gro up 5 .  
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6 2 .  

Group 5 tri gly c e r i d e s  fro m al l t h e  t al l o � s  c o n t ai n e d ,  o n  

ave r ag e , 0 . 74 doubl e b o n d s  p e r  fat ty ac i d .  The group 5 

trigly c e ri de s o f  e ac h  t allo \'1 analy se d h ad great e r  t h an 0 . 6 6 

d o u b l e  b o n d s  p e r  f a t t y  aci d ,  t h e  v alue fo r trigl y c e ri d e s 

c o n t aining o n e  satur at e d  fat t y  ac i d  and tTio mo n o u n s a t ur a t e d  

f a t t y  ac i d s .  Thu s group 5 inc lu d e s  som e trigly c e ri d e s wi th 

gre a t e r  than t�o do u b l e bon d s  per mol e c ul e . 

D e t ai l s o f  the fa t ty ac i d  aDaly si s  o f  e a c h  o f  t h e  

t ri gly c e ri d e  gro up s from e ac h  o f  t h e  t all o w s  ar e g i v e n  i n  

Appendix 3 . 

A s  a c h o c k  o n  t h e  anal y ti c al an d s e p arati o n  pro c e du r e s ,  

t h e  fat ty a c i d  c o �p o si tion o f  the tal l o �  was c al c ul a t e d  from 
t h e  fat ty a c i d  anal y s i s  and p ro p o r t i o n  o f  e a c h  t ri gl y c e r i d e  

g r o u p  a n d  · c ompar e d  ui t h  the f a t t y  ac i d  comp o si t i o n o b t ai n e d  b y  

d i r e c t  analy si s o f  t h e  t al l o v1 . A s  an e x ampl e ,  t h e  f a t t y  ac i d  

c o r.1po s i  t i o n  o f  t h e  Smi t h fi e l d  I �ovcnber 1 9 76 1 -�- R m u t t o n  t a l l. o 1.': 
a s  d e t e roi n o d by e ac h  o f  th e s e m e t ho d s  i s  p r e s e n t e d  in Tabl e 

Table 4 . 4 :  C omp ari so n o f  t h e  f a t t y  ac i d  c ompo si ti o n  o f  mu t to ? 
t al l o r1 ( Smi th fi e l d  Uovemb e r  1 976 1 -�· R )  ci.e t e rmin e d  

by dire c t  an al y si s  and b y  c al c ul a t i o n  from t h e  
am o u n t  o f  e ac h  trigl y c e ri d e  group se parat e d  by 

argc n t a t i o n  TLC and their r e sp e c ti v e  fat t y  aci d  

c onp o s i t i o n s  

l.• a 

1 4 : 0 

�L SO - 1 5 : 0 + 1 4 :  1 

1 5 : 0 

i so - 1 6 : 0 

1 6 : 0 

1 6 : 1 

1 7 : 0 

1 7 :  1 
1 8 : 0 
1 8 :  1 
1 8 : 2  

Fc;_t t y  A c i d  ( mo l e  % i n  · t al l O '.'l ) 

D i re c t  analy si s C al c ul at e d  fro m anal y si s  
of frac tio n s  

5 . 9  6 . 3 

0 . 7  1 . o  
0 . 9  1 . 2  

0 . 2  0 . 2  

22 . 2  23 . 9  

L� . 9 3 . 8 

2 . 5 
1 . 0 1 . 2 

20 . 2  2 1 . 8  
40 . 6  39 .. 1 

0 . 9  i • 5 



63 . 
Eac h o f  t h e o t her t all o w s  anal y se d sho �:!e d  similarly go o d  

agre emen t b e t -..':e c n t h e  fatty ac i d  c ompo si tions de t e rmi ne d dir e c tly 

and indire c tl y ( se e  Appendix 3) . 

A s  1 ? :  0 ·,·1as t h e  i n t e rn al s t an d ard u s e d  t o  d e t e rm i n e  t h e  

pro p o r ti o n o f  e ac h  o f  the trigly c e ri de c o mpo n e n t s  thi s mi no r 

c ompo ne n t has b e e n  omi t te d .  

4 . 5  PROPO PTION O F  TH� DI FFERENT TRIGLYCERIDE T YPES I N  THE 

TALLO':!S A i i ,\LYSED 

T h e  pro p o r t i o n s  o f  tri sa t ur a t e d , c i s  rnono u n sa turat e d ,  

tran s  mono unsatur a t e d  and t h e  mo r e  unsa t urat e d  tri gly c e ri d e s 

in Smi t h fi e l d  t all o \·:s fro m t h ro ugho u t t h e  t1.·ro 0 e a so n s  are 
pl o t t e d in Fi gur e  4 . 3 . The pro p o r t i o n  o f  t ri s atura t e d  

t rigly c e ri d e s r ang e d  from 1 3 . 3% ( J anuary 1 9 77)  t o  1 9 o ?% ( J un e 
1 9 7 8 ) , trans mo n o unse<turated tri gly c e ri de s fro m  6 . 9% ( Ho ve m b e r  

1 9 76 ) to 1 2 . 1 ;� ( De c em b e r  1 9 '? 6 ) , c i s  m o no un 5 a. tnra t s d  trigl y c e ri d c s  
from 22 . o�S ( ;.: .:l r c ll  1 9 '?7 )  t o  33 . 0�� C·l o v ·::;tibe r 1 976 ) .:;.�lci. more 

( H arc h 1 9 7 7 ) . 

The . tric;ly c c ri d e  ano.l y si s  o f  t h o  Smi t h fj. e l d  : r o v e m b e r  i 976  
t all o �  � a s  dupli c a t e d . Thi s �as u se d  to e s tim a t e  t h e  an aly ti c al 

vari anc e in the t r i g l y c e ri ci. e  analy se s ,  and a t - t e s t  vto.. s u s e d  
to de t e rmine i f  t h e r e  � a s  a si. gni fi c an t  di f fe r e n c e b e t w e en t h e  

e x t r e m e  c o nc e n t r a t i o n s  o f  t h e  di f fe r e n t  t ri glyc e ri d e  group s . 
H o w e v e r  a s  t h e  an aly si s o f  t h e  No v e m b e r  1 9 76 tall o �  �as the 

o nly t ri g l y c eri d e  an aly si s re p e a t e d , t h e r e  Y:as o nl y  o n e  d e g r e e 

o f  fre e do m  avai l ab l e  for the t- t e s t . 

The di f fe r e n c e s  be t Ti e e n t h e  m e asur e d  pro po r t i o n s  o f  
t ri s aturat e d  trigly c e ri d e s i n  di f fe r e n t  t all o ws � e r e  no t 

signi fi c an t  at t h e  5% l e vel . S imi l arl y ,  the di f fe r e nc e s  b e t\·;e en 

the me asur e d  pro po r t i o n s  o f  tran s  monoun saturat e d  t ri gly c e ri d e s  

i n  di f f e r e n t  t al l o ris ';t e re no t signi fi c an t  at the 5% l e vel . 

H o we v e r , there vas a signi fi c an t  di f fe re n c e b e t w e e n  the 
e xt r e m e  m e asured l e vel s o f  c i s  mo no un sa t ur G t e d  t riglyc e ri d e s  

( 22 . o% f o r  ;•l arc h 1 9 ( '7 t allo w , and 33 ,. 0% f'O l' liov em b er 1976  tal1ow )  
an d t h e  e x t reme me asure d l e ve l s  o f  t h �  mo r e  un s atur a t e d  
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t ri gly c e ri d e s ( 39 . 6% f o r  }'!ar c h  1 9 78 ' and 53 . c/v fo r I'·lar c h  1 97 7 )  • 

Al though t h e r e  � a s  a mo n t h  t o  m o n t h  i n c r e a s e  i n  t h e  

pro p o r ti o n o f  t h e  m o s t  un sa turat e d  t ri gl y c eride s a s  the 

1 9 7 6/ 1 977 killing se a s o n  progre s se d ,  and a simi l ar b u t  l e s s  

d i s tinc t t r e n d  i n  1 9 77/ 1 9 78 , t h e  sl o p e  o r  the r e g r e s si o n  l i n e  

f o r  t h e  c ombined d a t a  fro m b c t h  s e -J. so n s  via s  no t si t;nj_ fic antly 

di f fe r e n t f r o m  z e ro a t  t h e  5% l e v e l . 

Simil arly t h e r e app e are d t o  b e  a m o n t h  to mo n t h d e c r e a s e  
i n  t h e  propo rtion o f  c i s  mono un s a turat e d  tri gl y c e ri d e s fo r bo t h ·  

s e as o n s  as t h e  seasons progre s s e d ,  � i t h  t h i s  t r e n d  b e ing m o s t  

app ar � n t  i n  t h e 1 9 76/ 1 977  t al l o � s ,  b u t  ag ain t h e  sl o p e  o f  t h e  

r e g r e s si o n  l i n e  fo r t h e  c o� bi n e d  d a t a  � a s  no t sign i fi c an t l y  

d i  f f e r c n t  from z e ro a t  t h e  5;� l e ve l . H o vi c v e r ,  t h e r e  ·:1a s  a 

si g ni fi c an t  i n v e r s e  c o rr e l ati o n  b e t � e e n  t h e  pro p o r t i o � s  o f  

t h e s e  tuo t ri gly c e ri d e gro up s at the 1 %  l e ve l  ( c o �r e l a t i o n  

c o e f fi c i e n t �  -0 . 74 ) . 

T h e r e  � a s  n o t a si gni fi c an t o ve rall di f fe r c �c c i n  t h e  m c �n 

c o n c e n t r a t i o n  o f  any o f  the four t r i glyc e rid e gro u p s  b e t � e e n  

t al 1 o ·:. s o f  the di f f e r e n t  s e a s o n s  at t h e  5% l e v e l . 

T h e  ninimum , J-:I o.xir:m�;1 and av e r age V0.l u e s  f o r  t h e  propo r t io n  

o f  t ri satura t e d , di s a t urat e d  and un s a turat e d  t ri gl y c e ri d e s frcm 

the Smi t h fi c l d  t al l o ·:: s an al y s e d <:tre gi v e n  in T ab l e  4 . 5  al o n g  

ui t h  sim i l ar d a t a  from publ i sh e d  t r i gl y c e ri d e  an al y s e s o f  

mu t t o !'l. t al l o ;,·I s ( se e S e c tio n 2 . 5 )  • 

T h e  Smi t h fi e l d  t al l o w s  an al y s e d  h ad a simi l a r  o ve r al l  

c ompo s i t i o n  t o  t h at al r e ady publ i she d ,  b u t  h ad a slightly 
l o � e r  t h an av e rage c o n c e n t r a t i o n _ o f  t ri saturat e d  an d di s a turat e d  

t ri g l y c e ri d e s and a higher c o n c e n t r a t i o n  o f  trigl y c e ri d e s  �i t h  

mo r e  t h an o n e  do ubl e b o n d . HO \'J e ve r ,  t h e  n umb er o f  sampl e s  
anal y s e d  ( b o t h  i n thi s wo rk and i n  t h e  l i t erature ) i s  t o o  smal l  
to all o w  any firm c o nc l u si o n s  t o  b e  drawn � 

A s sumi n g  t h a t  t h e  unsatur at e d  f a t t y  a c i d s  i n  t h e  group 2 

t riglyc e ri d e s  w e r e all t r an s  un saturat e d ,  and t h a t  e ac h  o f  t h e  

t rigly c e ri d e s i n  gro up 4 c o n t ai n e d  o ne t rans d o u b l e b o n d , t h i s  

g av e  an ave rage pro p o rtio n o f  tran s  fat t y  ac i d s  in t h e  t a l l o vrs 



Tabl e 4 . 5 :  Compari son o f _ t h e  minimum , maximum an d ave rage pro portion o f  the  di f ferent  
triglyc e ride gro up s in the  Smi t h fi e l d  tallows  analysed wi t h  publ i sh e d  v al u e s 

• Pro po r tio n o f  Triglyc e ri d e  Gro u p  ( mo l e  % o f  tall o w )  

Triglyc e rlde-l l1i nimum 
Group I 

Smi t h fi e l d  T a l l o w s  

H axim um 

Tri satura t e d  1 4 . 0  ( J an . 1 9 77 ) 1 9 . '? ( J un e 1 9 7 8 )  

A v e ragel 11 i nimum 

1 G . 2 1 5 . 0  ( N th 
Am e ri c an 
t a l l o w )  

Di s a t u r a t e d  29 . 9  ( M arch  1 9 7 7 )  4 1 . 4  ( March 1 9 7 8 )  37 . 5  29 . 0 ( I ndian 
t c;.l l o  \': ) 

Mo re 

ue s 
2 . 5 ) 

H a xim um 

28 . 0 ( I ndian 
t al l o w )  

4 7 . 1 ( J ap ane se 
t al l o � )  

Ave rag e  

1 9 . 0  

4 1 . 0 

un satura t e d  39 . 6  ( Marc h 1 9 78 ) 53 . 2  ( M arc h  1 9 7 7 )  L� 6 . 3 34 . 9 ( J ap ane se 43 . 0  ( I ndian and 40 . 0  
talJ. o � )  N t h Am e ri c an 

t al l o w s )  

� 
Vl 
• 



O f  r ac' \"l• 1· h a r "' n rr- ro  O f  5 Z.O ' t0 8 0°1 O e  1 .... 1 ,  J ..... ..  v ..... .... u .._,  e _}/0 • /0 • T h i s agr e e s  wi t h  t h e  

re s ul t s  o f  v an B e e r s  ( 1 9 6 1 ) �ho fo und t h a t  t h e  c o n t e n t  o f  

t r a n s  fat t y  a c i d s  i n  t allo � s  r �n g e d  from 5 t o  1 0% .  
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The pro p o r t i o n  o f  2- o l e o - di s a t u r a t e d  t ri gl y c e r i d e s ( and  
i n  p ar t i c ul ::.r .§12 - SO S ,  .§.!]; - F O S  an d s n  - POP a s  di s c u s s e d  i n  

th e l i t e r a t u r e  revie \'.' ) i n  t h e  t c,. l l o \'! s ar:J.pl e s  i s  impo r t ar. t  
b e c au s e  o f  t h e  i n t e r e s t  in p ro d u c i n g  a c o c o a  bu t t e r  r e p l ac e r  f a t . 
The t o t al p r o p o r t i o n  o f  2- a l e o  d i s a tura t e d  t ri g l y c e ri d e s � a s  

e s t i m a t e d  f r o m  t h e  p r o duc t o f  t h e  p e r c e n t ag e  o f  c i s  
mo n o u n s a t u r a t e d . t r i c l y c e ri d e s  ( gro up 3 from ar� e n t a t i o n  TLC ) 

i n  t h e  t al l o �  and t h e  p e r c e n t age o f  o l e i c  ac i d  a t  t h e  2 - p o s i t i a n  

o f  t h e s e  t r i sl y c c ri d e s .  T h e  c o n c e n t r a t i o n  o f  2- ol e o  di s & t u r a t e d  
t r i gl y c e ri d c s i n  e ac h  o f  t h e  Smi t h fi e l d  t a l l o � s  f r o M  t h ro u gh o u t  

th e s e a s o n s  �re sho �� i n  Figure 4 . 4 .  A s  p al�i t i c  a�d s t e ari c 
fa t t y �c i d s  � e re t h e  t �o � ai n  s a t u r a t e d  fat t y  a c i d s ,  i t  se e m s  

r e 2. S -') n ?,bl e t ·.) a s s ur:1 e t h a t  t h e  r c:: l a t i ',r .::; �' ro �·. o r r. :>. r_ :::: o f  2- o l e o  

d i s a t u r a t e d  tricl y c e ri d e s b e t � c o n  di f f e r e n t  t al l c � s � a s  a go o d  
i 21 di c o. t i o n  c f  t h e  r e l a t i ve p ro po r t i o n s  o f  t h e  t o t al &.mo u n t  
o f  sn-.SC S , s�l- PO.:; , c::.Ed sn-f'OP in t h e  s o.r:1 e  t a.l l o -_·: s . :\ c c o r d ingl y ,  

t L e  l e v e l  o f  2- o l  c c  d i s a  t u r c. t e d  t ri gl y c:  e !' i d c  s '.'ra. s t o.ken 2, s .:m 

indi c a ti o n  o f  t h e  r e l a t i v e v al u e  o f  e a c h t al l o �  as a r a D  

m 2. t e ri al fo r c o c o a. bu t t e r  r e p l ac e r  p r o d u c t i o n .  

T h e  o v e r a l l  r an5e o f  2- o l e o  di s a t u r 2 t e d  t r i g l y c e ri d e s  i n  
t h e  S :ni th f i e l ::l  t al l o ':rs anal y s e d  vari e d.  from a m i n um u!':l o f  i O . O% 
fo r :-I ay 1 9 7 3  t al l o :.r t o  a m aximum o f  20 . 5% fo r :t r o v err, b c r  1 9 7 6  
t o.ll o '>'i • A s  a c h e c k  o n  t h e  analy s e s ,  e a c h  o f  t h e  f i v e  
t ri gl y c e r i d e  gro up s s e p ar a t e d  by arg e n t a t i o �  TLC f r o m  t h e  O c e an 

B e a c h  �-I ay 1 9 77 t al l o  vr , a s  vie l l  a s  t h e  \'!h o l e  t al l o vi ,  \'! e r e  
an al y s e d  fo r fat t y  a c i d  c ompo si t i o n a t  t h e  2- p o si t i o n .  The 
fat t y  ac i d  c ompo si t i o n  a t  t h e  2- p o s i t i o n  o f  t h e  �ho l e  t al l o w 

�as al so c al c ul � t e d  from t h e  p r o p o r t i o n  o f  e a c h  t ri g l y c e ri d e  

gro u p  and t h e  f a t ty a c i d  c o �p o si t i o n  a t  t h e  2- po si t i o n  o f  e ac h  

t�igly c e ri d e  gro up , T h e se r e sul t s  w e r e  t h e n  c om p ar e d �i t h  t h e  
pro p o r t i o n  o f  fa t t y ac i d  at t h e  2- p o s i t i o n  o f  t h e  �ho l e  t al l o w  

a s  d e t e rm i n e d b y  d i r e c t  me a s u r e m e n t . T h e  two s e t s  o f  r e sul t s ,  

whi c h  �re p r e s e n t e d  fo r c omp ari s o n  in T abl e 4 . 6 ,  w e r e  i n  go o d  

ag r e e m e n t . 
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trigtycerides in mutton tallovJs from the S m i thf i etd 
works, and the leasi"-squares l inear regress ion l i ne  
for th i s  data . 
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Tabl e I+ . G :  ?at t y  ac i d  c o r;po si t J... • J !l  a t  t h e  2- po s i  t i o n  o f  t al l o \'/ 

Fa t t y  A c i d  

1 4 : 0  

i s o - 1 5 : 0  
1 5 : 0  

i so - 1 6 : 0  
1 6 : 0 

1 6 :  1 

1 7 : 0 

1 7 :  1 
1 3 : 0  

1 8 :  1 
1 8 : 2  

t ri g l y c e r i d e s ( O c e an B e a c h , M a y  1 9 7 7 )  d e t e rmi n e d 
by d i r e c t anal y si s  a n d  b y  a � al y si s o f  t h e  

_t ri gl y c e ri d e g r o up s s e p ar a t e d  b y  arg e n t a t i o n  TLC 

D i r e s t  A n al y si s C al c ul a t e d  C o m p o si t i o n  

5 . 0  5 . 2  

+ 1 4 :  1 2 .  1 1 • 6 

1 . 3 0 . 8  
0 . 3  0 . 2  

1 2 . 0  L � . 9  
4 / ,  . .,. 4 .  1 
2 . 2 1 • 6 
0 . 8  1 . 3 

1 Lf- . 6 1 _5 . 7  
52 . 0  5 2 .  1 

5 7 • ..J  6 . I+ 

T h e r e  v.-a s  a rr. ar�-:.e d d c c r s :;J. s e  ( frorr: 20 . 5/� t o  1 1 . 2}� )  i n  t h e  
p r o p o r t i � n o f  2- o l e �  d i s a t ur a t e d  t r i g l y c e ri d c s  i n  t h e  
C an t e rbury t al l o � s  a s  t h e  1 9 76/ 1 9 7 7  s � a s o n  p r o g r e s s e d .  

H o ,·; e v e r  an i s o l o:. t e d  i·1 ay t al l o '.'.' fro m S o u t h l an d  c o n t ai n <:: d 
1 5 . 7% o f  2- o l c o  di s a t ur a t e d  t r i g l y c e ri d e s .  T h i s i n c r e a s e m ay 

h ave b e e � d u e  t o  a n um b e r  o f  fac �o r s  a s  t h e  t a l l o w  w a s  from a 

di f fe r e n t m e a t  ki l l i ng p l an t  i n a di f f e r e n t a r e a  and a 
di f f e r· e n t  r e n d e ri n g  p ro c e s s  w a s  u s e d .  

S u c h  a mark e d  o v e rall t r e n d i n  t h e  p ro po r t i o n  o f  2- o l c o  

di s a t u r at e d  t r i g l y c e ri d e s  w a s  �o t appare n t  i n  t h e  1 9 77/ 1 9 7 8  

t a l l o w s al t h o ugh t h e re � a s  a d s c re a s e  i n  t h e  p ro po r t i o n  o f  
t h e s e  t r i gl y c e ri d e s i n  t h e  l a t e - s e a so n  s ampl e s .  T h e  o v e r al l 

range ( 1 0 . 0% to 1 6 . 3%)  w a s  l e s s  t h an fo r t h e  1 9 76/ 1 9 7 7  t al l o w s . 

T h e  p ro po r t i o n  o f  2-o l e o di s a t ur a t e d t ri gl y c e ri d e s  i n  t h e  

Smi t h f i e l d  t al. l c w s  fo r t h e  t wo s e a co n s  w a s  r e gr e s s e d  l i n e ar l y  

by t h e l e a s t  s qu ar e s m e t h o d  ag ai n s t  t h e  m o n t h  o f  p ro duc t i o n  
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o f  t h e  t al l o w .  The mo n t h s  w e re numbered from 1 ( No vembe r ) to 
8 ( June ) . 

The  regr e s sion e quation  was : 
pro po r tion o f  2- o l e o  di satur a t e d  

= t riglyc e ri d e s  in the t allow ( mo l e %) ( 1 8 . 8 - 1 . 0  ( Month) )  

T hi s regre s sion line i s  plo t t e d  in Fi gure 4 . 4 wi t h  the 
me asured r e sul t s .  I t  appears  to fi t the  o b serv e d  data well . 

The  slo p e  c o e f fi c i e n t  o f  the  r e gre s sio n e quation ( - 1 . 0 )  
was fo und t o  b e  si gni fi c antly di f feren t from z e ro a t  the  O . Z;G 

l evel . Thus o v e rall for t h e  two seaso n s ,  there was  a signi fi c an t  
dec re a s e i n  the propo r tio n o f  2- o l eo- di satura t e d  t riglyc e ride s 
i n  t h e  t al l o '.'J S as the s e aso n s  pro gre ssed . 

4 .  7 C O : J C L1J S I O I 1 S  

( 1 )  Fo ur fat ty ac i d s  ( 1 4 : 0 ,  1 6 : 0 ,  1 () : 0 and i 8 : 1 )  
compri s e d ,  o n  ave rage , 88 . 6% o f  the  to � al fatty ac i d s  in t h e  
t al l o v:s . There \'tere si gni fi c ant  di f fe renc e s  i n  t h e  propo r t i o !l s  
o f  the  se fat ty a c i d s  i n  d i f ferent  tallov: s  from t h e  same seaso n .  

( 2 ) The c o mbined data  fo r analy s e s  upon t al l o w s  from 
bo th s e a so n s  sho wed : 

( a ) There was a si gni fi c ant d e c rease in  the  
pro po r ti o n  o f  1 4 : 0  and a sig�i ti c an t  inc re a se i n  the  c o n c e n t r a t i o n  
o f  1 8 : 0  from No vembe r t o  June . 

( b ) There was a signi fi can t  di f ferenc e i n  the m e an 
pro p o r t i o n  o f  1 6 : 0 , and al so fo r 1 8 : 1 ,  be twe en t h e  two s e aso n s . 

( c ) There was a si gni fi c an t  di f ferenc e in  the 

pro p o r t i o n  o f  c i s-mo no unsatura t e d  trigly c e ride s and the more 
highly unsaturated  triglyc e ride s b e tween some o f  the di f fe r e n t  
t al l o ws analy sed . 

( 3 ) The average pro po r ti o n  o f  e ac h  o f  the six mo s t  
abundan t fat ty ac ids  i n  t h e  Smi t h field t al loVJs was w i thin the 
range o f  proportions r e po r t e d  in th e  l i t e rature . Al so , t h e  
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ave rage proportion o f  t h e  t r i saturat e d ,  di satur at e d  and mo r e  

un saturat � d  triglyc e ri d e s i n  t h e Smi t h fi e l d  tallo w s  w a s  wi thin 

t h e  range o f  propo r tio n s  repo r t e d  in the li t e ratur e . 

( 4 )  Eac h o f  t h e  t al l o w s  c o n t ained a signi fi c an t  propor ti o n  

o f  2- o l e o  di saturat e d  triglyc e ri d e s ,  and t h u s  N e w  Z e al and mu t t o n  

tal lo w  has po t e n t i al a s  a c o c o a  bu t te r  r e pl ac e r  f a t  i f  t h e se 

t ri gl y c e ri d e s c an be s e p ar at e d .  

( 5 ) Th e re was a signi fi c an t  d e c re ase i n  t h e  pro po r t i o n  o f  

2- o l e o  disaturat e d  t ri glyc e ri d e s  i n  the  Smi th fi e l d  t al l o ws from 

No vember t o  June , v1i t h  a range from 1 0 . 0% ( Hay 1 9 7 8 )  t o  20 e 5% 

( H o vemb e r  1 9 76 ) . 

( 6 ) Each o f  t h e  t al l o w s  al so c o n t ained mo r e  highly 

satur�t e d  and mo re highly un saturat e d  t r i g l y c e r i d e s .  S e p a r a t i o n  

o f  t h e se wo uld produc e frac t i o n s  wi t h  pro p e r ti e s  v e ry di f fe re n t  

from tho s e  o f  t h e  o ri g i n al t al l o w ,  an d t h e se � ay b e  u s e ful fo r 

a v ari e ty o f  purpo se s .  



CHAPTER 5 

DEVELO.PHENT . OF A SOLVENT FRACT IONATION 

SCHEHE FO R NEW ZEALAND HUTTON TALLOW 

70 . 

S e v e ral me tho ds  fo r t h e  solvent frac tionation o f  tallow 

to pro duc e frac tio n s  wi th d e sirabl e mel ting pro p e r ti e s  have 

been repo r t e d ,  ( s e e  2 . 6 .J) but none spe ci fi c ally fo r New 

�eal a nd mu t ton tallow .  The se  me tho d s  all pro duc e d  a frac tion 

intend e d  fo r use  as  a " c o c o a  but t e r  repl ac e r "  fat , plus o th e r  

hi ghe r and l o w e r  mel ting frac t i o n s .  

When t h e  four- stage solvent frac tionation me tho d o f  

Luddy e t  al ( 1 9 73 , 1 9 76 , 1 97 8 ) , develo p e d  fo r N o r th Am �ri c an 

be e f  tallo w ,  was appli e d  to N e w  Z e al and mu t ton tallo w the 

yi elds and mel ting properti e s  o f  e ac h  o f  the frac tions o b tain e d  

were wi dely di f ferent from tho se repor t e d  by Luddy e t  al .. ·Th e  
scheme w a s  cor..si dered  no t t o  be sui t able fo r N e w  Zeal and 

mut to n  t allo w .  

H e n c e ,  i t  was decided t o  develop a n e w  solven t frac tionation 

pro c e s s  fo r New Zeal and mu t t o n  tallow.  Kawada and Hat sui 

( 1 96 8 )  suc c e s s fully used  a t wo - s t age so lvent frac tio natio n 

scheme to  pro duc e a frac tion from J apan e se mu t to n  tallo w whi c h  

contai n e d  a high proportion o f  2- o l e o  di saturate d  t riglyc eride s 

and i t  was sugge sted  that i t  coul d be u s e d  to replac e part o f  

the c o c o a  bu t t e r  in cho col a t e ; and Farr ( 1 954) al so u se d  

a two- s t age solvent frac tio n ation scheme wi th t allow to pro duc e 

a c o ating fat ( s e e  S e c tion 2 . 6 . 3 ) .  Be c ause o f  the  simpl�c i ty 

o�d thus reduc e d  c o s t s  o f  a two- s tage solvent frac tio natio n 

pro c e s s ,  and be c ause o f  the suc c e ss o f  the  abo ve two- s t age 

solvent  frac tio nation m e tho d s ,  it was d e cided to· d e velop a 

tv:o - s t ag e  so lvent frac tionation pro c e ss fo r New Z e al and 

mut t o n  t allo w .  A study was made o f  the di f f e r e n t  variabl e s  -

cry s t alli sation temperature s ,  sol vent  to fat ratio s ,  tallovi 

sourc e ,  agi t atio n ,  wat e r  c o n t e n t  o f  the ac e to n e  and c rystal

li satio n  time -to find the o p timum c o ndi ti o n s  for a two- s t ag e  

frac tionation o f  New Zealand mut ton tallo w. Ac e to n e  -..vas the 

only solvent u s e d ,  and fil tratio n was u se d  to r e c o v e r  the 

crystal s .  



2.!_g OUTL INE O F  THE FRACTIONATION 11ETHO D 

An o u tline o f  t h e  frac tior.ation pro c e ss i s  sho wn i n  

Figure 5 .  1 .  

7 1 .  

Fi fty g o f  t al l o w  were di s so l v e d  i n  t h e  appro pri a t e  amo unt 

o f ac e to n e  in a stoppered 250 ml c o ni c al fl ask , heated t o  

40 °C and t h e n  c o o l e d  b y  hol ding fo r t h e  de sire d p e rio d i n  a 

c o nstan t  tempe ratur e room . 

The crystal s  were fil tered under vacuum o n  a Buc hn e r 

funnel at the t empe ratur e o f  c ry s t alli satio n ,  and were t h e n  

i'Ja..shed on the fil t e r · wi th 1 00 m l  o f  ac e tone at thi s t emp erature 

and vri th the same wat e r  c o n t en t  as t h e  ac e· tone use d fo r 

the c ry s t alli satio n .  

5 . 3  T!iE I NDEPENDENT VA RI A BLES 

Variable s  whi c h  are likely to a f fe c t  the nature and 
propo r tion o f  e ac h  o f  the frac tio n s  pro du c e d  by a two - s t age 

so lve nt f�ac tionation pro c e ss i n c lud e : 

tempe ratur e  fo r first c ry s t all i sat i o n  

t empe rature fo r second  cry s t alli satio n 
solvent to f a t  ratio a t  fir s t  c ry s t all i s a tion 
so lvent  to f a t  r a tio a t  s e c o nd c ry s t alli s 2 t i o n  
pro p o r t i o �  o f  water in t h e  so l v e n t  
degree o f  agi t ation during c ry s t alli sation 

t i m e  o f  ho l ding be fo re fil t ering 

t all o v:  compo si tion 

rate o f  c ooli ng the fat soluti o n .  

The  rate o f  c o oling the fat solution was di f fic ul t to 

c o n t ro l  as an ind e p e ndent variable b e c au se i t  was a f fe c t e d  by 

the degr e e  o f  agi ta tion and the c ry s talli sati o n  t emp era ture . 

Hence  i t s e f fe c t was no t c o n sidered at t hi s stag e . 

A fllll inv e st i gation o f  e ac h  o f  the remaini ng eight 

�re c e ss vari a bl e s and their in t e rac tive e f fe c t s  wo uld s till 

have re quire d c o n si d e rabl e e xp erimental wo rk .  T h e re fo re a 

screening experime n t  in  whi c h  the variabl e s  we re studi e d  at 
t wo l e ve l s was c onduc t e d  t o  de t ermine whic h  o f  the se were 
impo rtan t  fo r fur ther study . 
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Figure 5 ·1 : Outl ine  of the hvo -stage solvent fractionat ion 
process. 



2·3. 1 First  Cr�stalli sation Temperature ( T 1 ) 

Kawada and Hatsui ( 1 968 )  produce d  a cocoa  but ter  
replac er fat  from Japa.'1ese mut ton  tallow u sing a two- stage 
solvent frac tionation pro c e s s  with ac e tone  and a first 
c rystalli sation temperature o f  1 0- 1 1 °C .  Their alternative  
scheme used  a first c ry stallisation temperature o f  1 8°C ,  and 
by  adjusting o ther variable s  the interm e diate  frac tion was 
still  sui table as a c o c o a  butter replac er fat . 

Farr ( 1 95L!- ) per formed the first cry stalli sation at room 
temperature in a similar pro c e ss to  produc e a coating fat 
( se e  S e c tion  2 . 6 . 3 ) . 

72.  

The analytical solvent frac tionation  scheme o f  
Ri emensc hneider e t  al ( 1 946 ) used two initial crystallibations  
at 1 8- 1 9°C to remove all o f  the tri saturated triglyceride s and 
a portion o f  the disaturate d  triglyceride s  from mut ton tallo w 
( se e  S e c tion 2 � 6 . 2) . 

There fore for thi s screening e xperiment 1 1 °C and 20°C were  
cho sen as the  first c rystalli sation temperature s .  

5 . 3 . 2  Second  Crystalli sation Temuerature ( T2) 

Second crystallisation t emperatur e s  o f  0°C and 8°C w e r e  

c ho sen ( c f . with 3 to 4°C and 0°C u sed  by Kawada and Mat sui 
( 1 968 ) and Farr ( 1 954)  respec tively ) . 

5. 3 .3 Solvent to Fat Ratio at Each Crystalli sation  � s 1 and s2) 

Although solvent to fat ratio s from 0 . 1 : 1  ( v/w) to 20 : 1  
( v/w) have been  use d ,  mo st  fat frac tionation s  work at  ratio s 
o f  2 : 1 to 5 : 1 ( se e  S ec tion 2 . 4 . 3 . 3 ) . These were the l e ve l s  
se t for the screening e xperiment . 

5 ._"2..!.lf Water Content  o f  the Ac etone ( W ) 

Several worker s  have recC>mmended the use o f  ac e tone  
wi th a wate r  content  o f  less  than C;{; ( S e c tion  2 . 4 . 3 . 2) . Thi s 
was used  as the high l evel for the screening experiment , rutd  
the l o w  level  was set  at 0 . 5% .  



5.3.5 Agi tation Spee d  ( A ) 

There i s  little  quanti tative data as to the optimum 
agit ation speed  for solvent frac tionation and i t  was no t 
po ssibl e  to selec t  a constant agitation spee d  as thi s  
decreased as the depo sition o f  fat c ry stal s  increased the  
vi sco si ty o f  the  solution . The applied  vol tages  o f  1 80 and 
1 60 vol t s  to the stirrer mo tor were used as the independent 
variabl e s .  

].3. 6 Crystalli sation Time C tl 

73 . 

Preliminary experiments  showed that there was no further 
c rystalli sation o f  the fat  solution after  6 0  minutes  in  th e 
constant t emperature room . 

The holding tim e s  for thi s experiment were set  at 30 

minutes  and 60 minute s .  

5 . 3. 7  Tal l o w  Sourc e ( M) 
A Smithfield tallow ( No vem oer 1 9 7 6  1 i  R )  containing 

20 . 5% 2-oleo di saturated triglycerides  and an O c ean Beach 
tallow ( M ay 1 977)  containing 1 5 . 5% 2-oleo di saturated 
triglyc e ri d e s  were cho sen for this  experimen t .  

The eight independent variable s  selec ted  for t h e  screening 
e xp�rirnen t ,  and their l evel s ,  are summari sed in Table 5 e l .  



Table 5. 1 :  De finition o f  independent variable s  sele c ted  
for the screening e xperiment 

CODED LEVEL 
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VARIABLE S YM BO L  ---------------------------

First Cry stalli sa tion  
Temperature ( °C )  
Second Crystalli sation 
Temperature ( ° C )  
Solvent t o  Fat Ratio 
( v/w) - First  C rystallisation 
Solvent to Fat Ratio ( v/w) -
Second Cry stalli sation 
Water  Content o f  Ac e tone 
(%  v/v) 
Agi tation Speed  ( volt s )  
CrystcJlisation  time ( minutes )  
Tallow Sourc e 

hl DEPENDENT V A RI ABLES 

s 1 

w 

A 
t 
M 

- 1  

2 :  1 

2 :  1 

0 . 5  

1 60 

30 

+ 1  

5 :  1 

5 :  1 

2 . 0  

1 80 

60 

Smi th field , O c ean Be ach , 
Nov .  1 976 . M ay 1 9 77 

The maj or  aim o f  the frac tionation was to produc e a 
sati sfac tory cocoa  but ter repl ac er  fat - i . e . a frac tion with  
a triglyc eri de c ompo si tion similar to c o c o a  but ter which  would 

mel t  like c o c o a  butter  and be compatible with c o c o a  but ter .  
I deally , the tri glyceride  compo sition o f  each o f  the  frac tions 
should have been determined  to fully understand the e f fe c t  o f  

the variable s  upon the frac tions produc e d .  

Such analyses  were prohibitively time-consuming , and 
conse quently the dependent variable s  cho sen were the yie l d  o f  
the three  frac tions and the similarity be tween the DSC pro file  
o f  the intermediate frac tion and the  DSC pro fil e  o f  c o c o a  but ter .  
This similarity was quanti fied  u sing the  cocoa but ter  likene ss 
fac tor ( CBLF) - see S e c tion 3 . 2 . 

The yield o f  eac h  frac tion was measured by weighing the  
recovered  c ry stals  after  drying i n  a vacuum de ssi c ator .  
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hl SCREEN I NG EY.P ERIMENT 

The aim o f  thi s e xperiment was to de t ermine whi c h  o f  t h e  

pre c e ding e i gh t  independent vari abl e s  were imp o r t ant fo r 

fur ther study . 

5 . 5 . 1 Exp e riment De sign 

A frac tional de sign o f  r e solution IV was c ho sen to 

sc re en t h e  e ight variabl e s .  A re solution IV d e si gn has the 

pro p ertie s that no m ain e f fec t is c o n founded wi th any o ther 

main e f fe c t  or  t wo - fac tor i n t e rac tio n , bu t t wo - fac t o r  

i n t e rac tions are con fo unded wi th o ne ano t h e r .  T h u s  a re solu tion 

I V  d e sign c o uld de t e rmine whi c h  o f  the  eigh t main e f fe c t s  

were signi fi c ant as well as de t ermine the s.ign i fi c ant group s 

o f  t wo - fac tor inte rac tio n s .  

I t  i s  a gene ral princ ipl e o f  frac t i o n al fac t o ri al de signs 

that i f  any frac ti o n al is repl i c a t e d  wi t h  r e v e r s e d  .si g� s ,  t h e n  
all a�ias l i nks be t'.·:e en main e f f e e  t s  and. two - f ac to r 

i n t e rac tio n s  are broken ( Bo x  and Hunte r ,  1 96 1 ) .  H e n ce by 

swi t c hing the si gn s o f  all the vari abl e s in a 2fri d e sign 

( a  seven - fac to r ,  1 / 1 6 th repli c ated  de si gn o f  r e so l u t i o n  I I I  

wi th e aci h  o f  the vari abl e s  t e s t e d  a t  two l e vel s ) and adding t h e  

re sul t ant de sign t o  the o riginal frac tion an aggre g .:;. t e  de sign 
i s  pro duc e d  whi c h  u s e s  six t e e n  runs and make s i t  po s si bl e  to 

e s timate  al l main e f fe c t s  c l e ar o f  t h e  two - fa c t o r  

· · t t · 
..,h · · z7-3 d · ' A  1 t · I - T  · · 1n e rac 1 o n s .  1 1 s  l s  a 

IV 
e s1gn . \ r e so u 1on 1 �  ae s1gn 

has the properti e s  t h a. t  no main e f fec t s  are c o n fo unded wi th any 

o ther main e f fec t ,  bu t main e f fe c t s  are c o n found e d  wi t h  two -

fac t o r  inte rac tions and two - fac tor int e rac tions with o n e  

ano ther ) . The abo ve  ziv3 de sign c an be fur ther impro v e d  t o  

a 2��4 d e sign b y  swi t c hing t h e  .signs o f  the el emen t s  

c o rre sponding t o  the i denti ty c olumn and as so c iati ng the 

re sul ting se t o f  eight po si tive and eight negative sign s with 

an e ig t h  fac t o r .,  

S u c h  a de sign i s  c al l e d  a " fold over" d e sign ( Bo x  3.nd 
Hun t e r ,  1 96 1 ) .  S e e  Table 5 . 3  fo r the e xperimen t al d e sign . 

I gno ring interac tions be twe en th_ree o r  more fac to r s ,  whi c h  

are c o n founde d  wi th th e main e f fec t s ,  the sixt e e n  quanti ti e s  

whic h  c an b e  e s tim a t e d  from t h e  e xp e rimental de Gign are sho vm 



in Tabl e 5 . 2 : 

Table 5 . 2 :  E f fec t s de termi n e d  u sing a 2�v4 fold- o ve r  de sign 

Average T 1 T2 
s ,  
s 2 
w 

A 

t 

M 

'I' 'f 1 2 + T 1 s 1 + 
T 1 S2 + 

T W 1 + 
T A 1 + 
T 1 t + 

T M 1 + 

+ 
+ 
+ 
+ 

tH + 

T2S 1 + 

SzM 
WM 

+ 
+ 
+ 
+ s .... t c.. 

m r + S Ill + At J. 2'') 2 1 i l 

5 . 5 . 2  Re sul t s o f  t h e  S c re ening Experiment 

The yi elds o f  e ac h  o f  the thre e frac tio n s ,  ad j u s t e d  
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t o  1 00% t o tal yi eld ,  are give!'"1 i n  Tabl e 5 . 3 .  The C BLF o f  t h e  

D S C  pro fil e s o f  eac h o f  the inte!'me dia t e  frac t i o n s  a r e  al so 

pre sented in Tabl e 5 . 3 .  

_?. 5 . 3  Empi ri c al Eq�.;.tions R e l ating D ependen t and Independent 

Vari abl e s  

The data fo r the yields o f  the thre e frac tio n s  and the  

C BLF o f  the intermediate frac tions were re ad in to t h e  M a s s e y  

Uni versi ty Burro ugh ' s  B6700 c ompu t e r  and analysed u sing the  

Mini t ab stati s ti c al package . Thi s was  done by  mul tiple 

r e gre ssion o f  t h e  c o de d  linear t e rm s  an d c hains o f  tvJO -
fac t o r  i n t e rac tions o f  the indep endent variable s  to the dependent  

variabl e s .  



Table____2� : The experimente� design used  and the re sponses  to  the independent vari able s 

DEPENDENT VARIABLES 

T ·r s s2 w A t M I Yi e l d  o f  bard Yi eld o f  Yi e l d  o f  so ft CBLF o f  1 2 1 frac tion in t e rme dj_ a  te frac tion in t e rm e di at e 
( wt  % o f  t allow)  frac t i o n  ( wt  % o f  t allow)  frac tion 

( w t  % o f  tallow 

- 1  - 1  - 1  - 1  - 1  - 1  - 1  - 1  27 . 1 1 8 . 6  54 . 3  1 1  . o  
+ 1 - 1  - 1  + 1  + 1  - 1  + 1  - 1  1 3 . 6  59 . 8  26 . 6  1 8 . 5 
- 1  + 1  - 1  + 1  - 1  + 1  + 1  - 1  27 . 8  3 . 8 68 . 4  1 4 . 0  

+ 1  + 1  - 1  - 1  + 1  + 1  - 1  - 1  1 3 . 0  lj-0 . 0 47 . 0  24 . 3  

- 1  - 1  + 1  - 1  + 1  + 1  + 1  -· 1 2 1 . 8  30 . 2  48 . 0  24 . 8  

+ 1  - 1  -i- 1  + 1  - 1  + 1  - 1  - 1  0 . 4  22 . 6  77 . 0  26 . 5  

. - 1  + 1  + 1  + 1  + 1  - 1  - 1  - 1  25 . 4  7 . 6  67 . 0  1 3 . 7  

+ I  + 1  + 1  - 1  - 1  - 1 + 1  - 1  1 1 • 1 1 8 . 2  70 . 7  20 . 5  

- 1  - 1  - 1  + 1  + 1  + 1  - 1  + 1  53 . 8 1 1  • 6 34 . 6  1 3 . 3  

+ 1  - 1  - 1  - 1  - 1  + 1  + 1  + 1  5 � 4  44 . 4  50 . 2  2 1  . 3  
1 + 1  1 - 1  + 1  - 1  + 1  + 1  48 . 6  22 . 0  29 . Lf- 1 1  .. 7 - ·  - ·  

+ 1  + 1  - 1  + 1  1 - 1  - ·1 + 1  �- . 8 1 8 . 0  77 . 2  1 8 . 5  _ ,  

- 1 - 1  + 1  + 1  - 1  - 1  + 1  + 1  1 8  .. 2 9 . 6  7 2 . 2 1 1  • 9 

+ 1  - 1  + 1  - 1  + 1  - 1  - 1  + 1 1 1  .. 2 5 2 . 0  36 . 8  29 . 2  

- 1  + 1  + 1  - 1  - 1  + 1  - 1  + 1  20 ., 0  1 1  . 4  68 . 6  1 lt . 5  

+ 1  + 1  + 1  + 1  + 1  + 1  + 1  + 1  7 . 6  47 . 6  4L� . 8 25 . 0  

-.J 
-...J -
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B e c ause fi fteen e f fe c t s  ( eight  main e f fe c t s  and s e v e n  

c hain s  o f  two- fac t o r  interac tio n s )  p l u s  t h e  c o n s t ant were 

e stimat e d  from the six t e en runs i t  was no t po ssibl e to apply a 

stati s ti c al t e q t  to the c o e f fi c i e n t s  o f  eac h  e f fe c t  to 

de termine their si gni fi c anc e ( no degre e s  o f  fre edo m  to e stimat e  

erro r) . H enc e a h al f-normal pro babili ty plo t was used to 

e s timat e  the signi fi c an c e  o f  e ac h  o f  the term s .  

A h al f- normal plo t i s  a plo t o f  t h e  magni tude o f  e ac h  

e f fe c t  against i t s  order number o n  hal f- no rmal pro babili ty 

paper.  The  null hypo the si s  is  that  e ac h  o f  the fi f t e e n  tre at
ment e f fe c t s  is a no rmal vari ate wi th zero mean and c o n s t an t  

vari an c e .  I f  thi s was true , all o f  the poin t s  would l i e  o n  a 

strai gh t  line .. Any e f fe c t s  whi c h  are si gni fi c an t  wo uld vio l at e  

the  null hyp o th e si s  and woul d no t b e  on  thi s strai gh t  line 

t hro ugh the o th e r  points ( Dani e l , 1959 ; Bel z ,  19 73) . 

Eac h o f  the four d epende n t  vari abl e s  were t h e n  regre s s s d  

against  tho se term s  whi c h  appeare d ,  from t h e  hal f- no rmal plo t s ,  
t o  b e  si gni fi c ant . By relegating all o t her term s  t o  the 
r e sidual , there were then su f fi c i e n t  degre e s  o f  fre e dom 

availabl e t o  test  signi fi c a.nc e o f  the remaining t e rm s by the  

t- te st . 

2.5.3 .
1 Yield o f  the H ard Frac tion 

The regr e s sion e quation fo r t h e  yi eld o f  h ard frac tion 

i s  shown in Tabl e A4. 1 ,  Appendix 4. The hal f- no rmal plo t o f  

the  regr e s sion c o e f fi c i e n t s  i s  sho wn in Figure 5 . 2 . From thi s,  
T1 , W,  s1 and the ( T 1 s 1 + T2t + \'lH + s2A) , (T i M + T2_s2 + s1w + A t )  
and (T1W

_ 
+ s 1 M  + T2A + s 2t )  c h ains o f  two- fac tor i n t e rac t i o n s  

app ear t o  l i e  o f f t h e  s trai gh t  l i n e  thro ugh t h e  o ther point s .  

The yi el d data were regre ssed  agai n s t  t h e s e  six term s .  The 

re sul ting e quation was : 

Yield  o f  hard frac tion · ol ) 19 . 4 11 . o  ( 'P  '\ 4 . 9  ( s 1 ) ( /0 = - _ ,  J -
I 

+ 5 . 0 ( VI )  + 4. 1(T1s1 + rp t - z  + WH + s2A) - 2 . 1 (T1w + s1M + T2A 
+ s .., t )  c.. 

+ 3 . 6  C T , M + T2S2 + s , w  + At ) 

Eac h o f  the se six t e rm s  were signi fic an t , by the t- t e s t ,  

a t  t h e  5% l e vel . 
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The re gre ssion s t ati stics fo r t hi s e quatio n  are pre � e n t e d  

in T ab l e  A4 . 1 , Appendix 4 �  

Whi l e  i t  i s  impo s si bl e to say whi c h  o f  the i ndividual two
fac t o r  inte rac tions were re sponsibl e  fo r the signi fi c an c e  o f  
the c h ains o f  tv:o- fac t o r  in te rac tions ,  e ac h  o f  the  thre e 
signi fi c ant chains c ont aine d an inte rac tion o f  two o f  the 
thre e signi fi c ant m ain e f fe c t s C r 1 s 1 , T i W  and s 1 Vl re spe c tively ) . 
I t  seems pro babl e th at the se thr e e  inte rac tions were 
re spon si bl e for the signi fi c ance  o f  the chains . 

5 .5� 3 . 2  Yi eld o f the I n t e rmedi a t e  Frac tion 

The regression e quation fo r the yield o f  the interm e d i a t e  
frac tion i s  sho \'in in Table A4 . 2 ,  Appendix It . Th e hal f-normal 
pl o t o f  the re gre s si o n c o e f ficien t s  is shown j_n Fi gure 5 . 3 . 
From thi s ,  T 1 , T2 , s 2 , W ,  t and th e ( T 1 W + s 1 H + T 2A + s 2t )  and 

( T 1 s 2 + Tl1 + S 1 A  + W t )  c h ains o f  two- fac tor interac tions 
app e ar to lie  o f f the  s t rai ght  line thro ugh the o t h e r  poin t s .  
Th e i n t e rmediate frac tion yield data were regr e s s e d  
again s t  th e se seven term s .  T h e  re sul ting e quati o n  was : 

Yi eld o f  I n t e rm e di a t e  Frac tion ( % ) = 26 . 1 + 1 1 . 7 ( T 1 ) 
- 5 . 0  ( T2 ) - 3 . 5 ( S2) + 7 . 8  (W )  + 3 . 4  ( t )  + 2 . 7  ( T 1 s 2 + Ti"I 
+ S 1 A + W t )  + 4 . 3 ( T 1 W + S 1 M  + T2A + s 2t ) 

Each o f  th e s e  seven t e rm s was signi fi c ant , by the t- t e s t ,  
at the 5% level . 

T h e  regr e s sion stati s ti c s  for t hi s  e quation are pre s e n t e d  
in T abl e A4 . 2 , Appendix 4 .  

E a c h o f  the  signi fic an t  chains o f  t wo - fac tor int erac tions 
c o n t aine d two interac tio n s  o f  the signi fic an t main e f fe c t s  
( T 1 s 2 and W t  i n  one c h ain , and T 1 W and s 2t i n  the  o ther c hain ) . 
I t  i s  pro b abl e that one  o r  bo th o f  the se interac tions in e ac h  
chain we re re spo nsibl e fo r the signi fi c anc e  o f  the c hains . 

Yield o f  th e So f t  Frac tion 

The regre ssion e quatio n  fo r the yield o f  the so f t 
frac tion i s  sho \'m in T ab l e  A4 . 3 ,  Appen_dix 4 .  Th e  h al f- no rmal 
pl o t  fo r the regre s sio n c o e f fi c i e n t s  i s  shown in Figure 5 . 4 .  
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From thi s ,  W and s 1  were the only t erm s whi c h  appeared t o  l i e  

o f f the line thro ugh t h e  o ther poin t s .  T h e  so ft frac tion 

yie l d  data were regr e ssed  against  the se t erms .  The re sul ting 

e quation was : 

Yi eld o f  so ft frac tion ( %) = 54 . 6  + 6 . 1 ( S 1 ) - 1 2 . 8  ( W )  

Bo t h  o f  the s e  t erm s were si gni fic an t ,  by t h e  t- t e st , a t  

th e 5% l evel . 

The regre ssi o n  st ati sti c s  for thi s e quatio n are pre s e nt e d  

i n  Tabl e _ A4 . 3 ,  App endix 4 . 

T hough only two t erms were sho wn to b e  signi fi c an t  by thi s 

m e tho d ,  i t  s e ems likely that all o f  th e t erm s a f fe c ting th e 
yield  o f  the  fi rst two frac tions woul d in fluenc e the yie l d  o f  

t h e  so ft frac tion , as i t  i s  the final filtrate fron the 

frac tionatio n .  I f  t hi s  was so , then a gre at nrunber o f  t h e  

t e rm s  in t h e  so ft frac t i o n  e quation shoul d b e  si gni fi c e.n t . 

Un fo rtunat ely , a h al f-normal plo t i s  no t sui tabl e fo r 

d e t e rmining the signi fic ant term s  o f  an e quation where mo s t  o f  
t h e  terms are sigr� fi c an t  as there are n o t  enough te rm s l e ft to 

give an ac curat e linear graph fo r the  sm aller c o n s tr ain t s .  

H e nc e ,  i t  i s  po ssible  that a muc h gre at e r  number o f  the s e 

fi fteen t e rm s were signi fi c ant than are apparent  from t h e  h al f

normal plo t .  

I t  i s  al so po s si bl e ,  tho ugh , that the t erm s a f fec ting t h e  

yi eld  o f  t h e  two pre cipitat e d  frac tions , b u t  no t o f  the so f t  

frac tio n ,  only in fluen c e d  t h e  rel ative pro portions o f  t h e  two 

precipi t ated frac tions  and did no t a f fe c t  the quantity o f  t h e  

so ft frac tio n .  

ze5.3. 4 CBLF o f  the Intermediate Frac tion 

The regre s si o n  e quation fo r the C BLF o f  the int e rm e diate  

frac tion i s  sho wn i n  Table A4 . 4 , Appendix 4 .  r.rhe h al f-no rmal 

plo t fo r the regre s si o n  co e f ficient s i s  shown in Fi gure 5 e 5 e  

From thi s ,  T 1 , T2 , s 1 , s2 , W ,  A and the  ( T 1 t + T 2s 1 + AM + 

s2W) , ( T / 1 + T2s2 + s 1 w + At ) and ( T 1 A + tM + s 1 s2  + T2W) 

c hains o f  two- fac tor interac tio n s  appeared to lie  o f f t h e  

s traight line thro ugh the o ther point s . The C BLF d a t a  were 

r e gressed  again st t h e s e t e rm s .  The re sul ting e quation was : 



8 1 . 

C BLF = 1 8 . 7  + 4 . 3  ( T 1 ) - 0 . 9 (T2) + 2 . 1 ( S 1 ) - 1 . 2 ( S2) + 1 . 4  ( W) 
+ 1 . 7 ( A )  - 0 . 5  ( T 1 A + tM + s 1 s2 + T2W) - 1 . 3  ( T 1 t  + T2s 1 + 

AH + s2w ) 

1 . 2 ( T 1 H + T2s2 + s 1 W + At ) 

Each o f  the se term s  was signi fic ant , by t h e  t- t e st ,  a t  

t h e  5% l e vel . 

The regre s sion s tati s t i c s for thi s e quatio n  are pre sent e d  

i n  Table A4 . 4 ,  Appendix 4 .  

5 . 5 .3 . 5 Re si dual Plo t s  

Plo t s  o f  the resi du al versu s  Y f o r  the simpli fi e d 

regre s si o n  e quatio ns fo r e ac h  o f  the four response vari abl e s  

are gi ven in fj_gur e s  5 . 6  t o  5 . 9 . 

The app ar e n t  random d i s tribu t i o n  o f  the poin t s  in e ac h  o f  
the graph s indi c at e s  that there were no gro ss errors in  the 

regre s sion e quations fi t te d  to  the data ( C hat fi e l d ,  1 9 70 ) . 

�.5. 4 M ai n E f fe c t s  

I t  was po s sible t o  s tudy the e f fe c t  o f  e ac h  indep endent  

vari abl e alone and there fo re o b t ain some indication o f  t h e  

regi o n  where the o p timum l e vel o f  e a c h  independ e n t vari abl e 

migh t be . However thi s do e s  no t ac c o unt  for inte rac tive 

e f fe c t s be tween the vari abl e s ,  and e ac h  independ e n t  variabl e 

was only s tudi e d  at two level s .  

The · highe s t  yield o f  the hard frac tion was o b t aine d wi t h  

T 1 and s 1  se t at their l o w  l e vel s ,  and w i t h  W at i t s  high l e ve l .  

The highe s t  yie l d  o f  the interme di at e  frac tion was o bt ained ·wi t h  

T 1 , W and t at their high l evel s ,  and wi th T2 and s2 at their 

lo w l evel s .  s 1 at i t s  high level and W a t  i t s  l o w  l evel gave 

the b e s t  yield o f  the so ft  frac t io n .  The best C BLF value s  were 

o b t ained i'!i th r_r 1 � s 1 , Vi and P. at t h e i r  low l evel s ,  and wi t h  T2  an d 
s2 at their high l e vel s .  

The monthly sourc e o f  t h e  t allow { M )  was the o nly main 

e f fe c t  whi c h  was no t sho wn to si gni fic an tly a f f e c t e i the r t h e  

yield o f  the frac tio ns or mel ting pro� e r ti e s  o f  the  intermedi ate 
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frac tion . This was a surprising re sul t ,  as  i t  was suspec te d  
8 2 .  

that the  compo si tion o f  the  starting material would affe c t  the  
produc t s  to some extent . However the  two tallows cho sen ,  d e spite  
b eing from the .beginning and end  o f  the season ,  did no t di f fe r  
i n  compo si tion as much  a s  some o f  the mid- season tallows 
di f fered in  compo sition from the Novembe r t allow ( se e  Chap t er 4 ) . 

I t  may have been be tter  to u se o ne o f  the se mid- season tallows  
and the November tallow to  s tudy the  e f fe c t  o f  tallo\'i compo si tion  
as the di f ference in  compo sition would have been greater . 
However at the time that the se experimen t s  were com::r:enced , the  
November 1 9 76 and May 1 977 mutton tallo ws were the only one s 
available in su fficient quantity . 

In  a fold-over d e sign , the  main e f fe c t s  are con founde d with 
three- fac tor and higher-order interac tions .  I t  is  po ssible that 
the apparent signi fic ance  o f  a main e f fe c t  was ac tually due to 
one  o f  these higher-order interac tions . 

2.!2• 5 I n t e rative and Quadratic E f fe c t s  

While signi ficant  chains o f  two- fac tor interac tion s  
were found for thre e o f  the four response variable s ,  there i s  
a po ssibility that some o f  the two- fac tor interac tions in o ther 
c hains  m ay have been  signi ficant . I t  is  c onc ei ve.bl e that a 

signi fic ant  two- fac tor interac tion c ould have been  c ancelled 
out  by ano ther signi fic ant  two- fac tor i n t erac tion , o f  simila.r 
magnitude but oppo site  sign , in the saine c hain . 

In  e ach  o f  the regression e quation s  where signi fic an t  
chains o f  two- fac tor interac tions were discovered,  t�ere was at 
l e ast  one interac tion in each  o f  the signi fican t  chain s  b e tween 
two main e ffe c t s  whi c h  were also shown to be signi ficant  in 
that e quation .  This doe s  no t nece ssarily imply that the se were  
the  term s  c ausing the interac tive chain to appear signi fic an t ,  
however .  Some o f  the  o ther independent variabl e s  i n  the  chain 
which did no t have a signi fic ant  main e f fec t may have had a 
signi fic ant  interac tive e ffec t .  

The design used  c anno t predic t  quadratic e f fec t s  a s  each 
o f  the variabl e s  are e xainined at only two level s .  It  i s  

po s sible  that some o f  the variable s  whic h  were no t shown to  
signi fic antly a f fe c t  one or  more  o f  t h e  re sponse variable s  m ay 
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have had quadrati c t e rm s  whic h  woul d h ave appe ared  signi fic an t  
i f  the independen t  vari abl e s  v1ere examined a t  mo re l e vel s .  I n  

the example  in Figure 5 . 1 0 ,  e xamination o f  the re spo n se 
vari abl e from a t wo - l evel de sign wi t h  the independent vari abl e 
s e t  at the - 1  and 1 l e vels o nly woul d have pre di c t e d  that the 
independent vari abl e did no t i n fluence the response , ho we v e r� 
there i s  a l atent  quadratic e f fe c t .  

Thu s i t  i s  po s si bl e  that som e o f  the variabl e s  whi c h  h av e  
no t appe ared  si gni fi c ant in the se  e xp eriments m ay have 
signi fic an t  quadratic e f fe c t s  whi c h  would in fluenc e the 
r e sponse i f  the independent vari abl e s  were se t at di f fe r e n t  
l evel s in l a t e r  e xp e riments . 

,. 5 . 6  Choo sing Vari abl e s  fo r Fu ture Experiment ati o n  

T h e  aim o f  t h e  n e x t  stage o f  e xp e rimentation w a s  t o  
e xamine in more de tail the e f fe c t  o f  tho se varL:..bl e .s shc vm from 
the scre ening exp e riment to si gni fic a�tly a f fe c t the yi e l d s  o f  

the frac ti o n s  pro duc e d  and t h e  mel ting propertie s o f  the 
intermedi ate frac tio n .  

T 1 , T2 , s 1 , s2 , VI and A were all sho wn t o  signi fi c antly 

a f fe c t  the mel ting pro p erti e s  o f  the intermediate frac tio n ,  and 
all exc e p t  A have be e n  sho wn to al so a f fe c t  the yield o f  o n e  o r  
more o f  the  frac tion s .  Hence  all o f  the se vari abl e s  were 
c on sidere d wor thy o f  further study . 

The v ari abl e t was sho wn to a f fe c t only the yield o f  t h e  
i ntermedi a t e  frac tion , and was kep t  c o n s t ant fo r the next 
s t age o f  e xp e riment atio n .  Fo r further e xperimen t s  i t  was s e t 
at  the uppe r  l evel used  in the s c re ening experiment  ( 60 

minut e s) a s  thi s pro duc e d  the high e s t  yield o f  the  intermediate  
frac tion.  

While  the  main e f fe c t  o f  H was  no t shown by  thi s e xp e rimen t  
t o  a f fe c t  any o f  t h e  r e sponse vari abl e s ,  t h e  po ssi bili ty o f  i t  
having an e f fe c t  in future e xp e rim e n t s  c ould no t b e  i gn o r e d  -
thi s may o c c ur either  through interac tive  e f fec t s  no t sho wn to  
b e  signi fic an t  in the scre ening experime nt , thro ugh quadrat i c  
e f fec t s  o r  whe n  s e t  a t  levels di f ferent  from tho se c ho sen fo r 

the scre ening e xperime n t .  
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Figure 5 ·10 : E f fe c t  of fitting quad rat ic  terms to a regress 1 on 
equat ion. 



Thus i n  future e xperime n t s  t h e  t allow sour c e  was identic al 

fo r all runs .  

5 . 5 . 7 C o n c l u sions from the S c re ening Experim ent 

( 1 ) Th e fi rst c rystalli satio n t emperature ( T 1 ) ,  the s e c o n d  

c rystalli sation temp erature ( T 2) , t h e  solvent t o  f a t  ratio a t  

the  first  c ry s t alli s ation c s , ) ,  the  solvent to f a t  ratio a t  

t h e  second c ry s t alli sation ( S 2 ) ,  t h e  wat er content  o f  the  ac e t o ne 

( W ) , the degree o f  agi t atio n during c ry s t alli sation ( A ) and the 
( T 1 t + T2s 1 t  1\H + s 2vl ) , ( T 1 M + T 2s 2 + S 1 V! + A t )  and ( T 1 A + 

tM + s 1 s - + T �W )  c h ains o f  two - fac t o r  interac tio n s  were sho wn c. c:. 
to signi fic an tly a f fe c t  the mel ting pro pert i e s  o f  the 

i n t e rmedi ate frac tio n .  

( 2) T 1 , s 1 , VI e.n d  the ( T 1 .s 1 + T2t + \'n·f + s 2A ) , 
C T , H + \\zSz + s , '.�! + A t ) and C T , V! + s , H + T2A + Szt )  c hai n s o f  

t wo - fac to r i n t e rac tio n s  w e r e  sh o wn t o  si gni fic an tly a f fe c t  th e 
yi eld o f  the hard frac tion . 

( 3 ) T 1 , T2 , s 2 , \'l and t ,  and the ( T 1 Vl + s 1 n + T 2A + s 2t )  
and ( T 1 s:l. + Tl1 + s 1 A + W t )  c h ain s o f  t vro - fac to r i n t e rac tions 

\'rere sho vm t o  signi fi c antly affe c t  the yi eld o f  t h e  i n t e rmediate 

frac tion . 

( 4 )  s 1 and W were found t o  si gni fi c antly i n fluenc e the  

yi eld o f  the so ft frac tio n .  

( 5 ) The vari abl e s T 1 , T2,  s 1 , s 2 , W and A were c ho sen 

fo r more d e t ail e d  s t udy o f  their i n fluen c e  upon the  re sponse 

variabl e s .  



CHAPTER 6 

OPTIMIS ING THE MELT ING PROPERTI ES 

OF THE INTEm1EDI ATE FRACTION 

6 . 1 I NT RO DUCTION 

Thi s e xperiment was design e d  to fur ther inv e stigate t h e  
e f fe c t  o f  t h e  si x variabl e s  whi c h  t h e  s c re ening e xperiment  
sho wed to a f fe c t  the yi eld  o f  the thre e frac tions and the  

85 . 

C BLF value o f  the  in t e rmediate  frac tio n ,  and hen c e  to pro duc e 
an i n t erm e diate  frac tion wi th a very low  C BLF' val u e  ( i . e .  wi t h  
m e l ting proper tie s simil ar t o  c o c o a  bu t t er) . 

A mathema tical mo del was fi t t e d  fo r e ac h  o f  the  four 
re spo n s e  vari abl e s  to pre dic t the cry s t alli sation sc heme ' s  
re sponse to changing l e vels o f  the  six indep e nd e r- t  vari abl e s .  
T h e  C BLF mo del was o p timi se d to produ c e  a frac tion wi th a l o w  
CBLF value . 

6 . 2  FRACTIO NATION METHO D 

The frac tionatio n s  were c arri e d  o u t  as fo r the scre ening 
e xp erime n t  except  that 20 g o f  tallow were u se d , and the fat 

solutions w e r e  held in the c o n s t an t  temperature room fo r 60 

minu t e s  be fo r e  fil t e ring . 

The No vember 1 9 7 6  Smi th fi e l d  mu t to n  tallow was fcund to  
have a hi gh le vel o f  2- o l eo di saturated tri glyc e ri e s  ( 20 . 5%)  
so  a l arge quantity o f  No vembe r 1 9 7'1 Smi th fi eld mutton t al l o w  
was o b tained  fo r t h e s e  e xperime nt s .  The  bulk t allow was m e l t e d  
b e fore sampling . 

6 . 3  EXPERH1ENTAL DES IGN 

I t  was fel t that a mo del o f  at  l e ast se cond order woul d be  
r e qui red to ade quately repre sent the c ry s t allisation schem e . To 
fi t a se c o nd order r e sponse sur fac e ,  each variabl e must b e  
e�amined at three l e vel s at l e as t . A full fac to ri al 3k de sign 
wo ul d have re quire d ,  in  thi s  c ase , 36 ( =  729 )  exp e rimental run s 
( My e r s ,  1 97 1 ) .  Bo x and Wil son ( 1 9 5 1 ) h ave devi se d  a workabl e 
al t e rnati ve to the  3k fac torial sy stem wi th the d e velopm e n t  o f  

c o mpo si t e de sign s , a spe cial c ase o f  whi c h  are the c ent ral 
c ompo si t e  de signs . Tbe se are first  o rd e r  fac torial de sign s 
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augmented by addi tio nal " s tar" o r  "ax i al " poin t s  whi c h  allo w  
e s tim-ation ·  o f  the co e f fi c i e n t s  o f  a second  o rder sur fac e .  The 
c ho i c e  o f  value of  the  " star" poin t s  de t e rmine s the pro p e r t i e s  
o f  t h e  expe rimental d e sign . 

C entral compo si t e  d e signs are c ompo sed o f  three se t s  o f  
poin t s  ( Mye r s ,  1 97 1 ) : 

( i ) the cube p o i n t s  ( ne ) at xi = �  1 . S i x  indep e n d e n t  
vari abl e s  w e r e  considered  and a d e sign c o n si s ting o f  a hal f
replic ate 26 was cho se n ,  gi ving thirty- two cube  points  
( n e = 32 ) . 

( ii)  the star o r  axi al point s ( na) are l o c a t e d  two p e r  
axi s at a di s tance � �  from the  o rigi n .  With six depende n t  
vari a bl e s ,  six axe s are re aui re d  and there fo re n = 1 2 . T o  , - a 
ac hi eve  ro tatabili ty , o< � = ne , so a ro t atabl e hal f-repli c a t e  
26 c en tral c ompo si t e d e sign h a s  o( = t� = 2 . 378 ; 

( iii ) the c e ntre poin t s  ( n0 )  l o c at e d  a t  the  o rigin.  T o  
achi e v e  o r tho gonali ty , 

4o(2 ( n,.. 
+ o<. 2) no + na = ______ v ______ _ 

ne 

Henc e t o  ac hieve t h e  pro p er tie s o f  ro t atabili ty and ne ar
o r thogo nali t y  the de sign re quired NT to t al runs ,  where 

NT = ne + n0 + na = 59 
S e e  Tabl e 6 . 2  for the de sign l ayout . Such a de sign has  the  

b e ne fi t s  o f  economy , o rthogo n�lity and ro t at ability while  
e stimating the  second o rder e f fec t s  ( Davi e s ,  1 9 7 8 ) . No m ai n  
e f fe c t  o r  two - fac tor i n t e rac tion i s  c o n founded wi t h  any o th e r  
main e f fec t o r  two- fac t o r  int erac tio n .  E f fec ts  higher than 
s e c o nd o rder c anno t be  e stima t e d  due to c o n founding.  

O r tho gonali ty m e an s  that  the de sign h as an X 1 X matrix wh e r e  
al l t e rms o f f the l e ading di ago nal are e qual to z e ro , pro viding 
an e ase o f  c omput ation and un c o rrelated e s timate s  o f  the  
re spo n s e  mo del  c o e f fi c i e n t s .  

Ro t atabili ty mean s  that t h e  varianc e o f  th e e stimat e d  
r e sp o n se i s  a func tion only o f  t h e  di s tanc e  from t h e  c en t r e  o f  
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t h e  de sign and no t o f  the dire c tion . 

� LEVELS O F  THE I NDEPENDENT VARIABLES 

The c e n tral compo si t e  de sign re quired e ach variabl e to b e  

se t a t  five l e vel s ;  - 2 . 378 , - 1 , 0 ,  1 and 2 . 378 i n  c o d e d  t e rm s .  

From c o n sideration o f  the l evels  o f  the independent 

vari abl e s  used in the scre ening e xperim ent and their e f fe c t  upo n  

the dependent variabl e s ,  and fro m the l i t e rature survey , the 

following l e vels  o f  the independent vari abl e s  were c ho sen 

( see  T able 6 . 1 ) .  

T able 6 . 1 : Level s o f  the independent vari a bl e s  

CO DED LEVEL 

S YM BOL - 2 .2_78 - 1  0 + 1 + 2 . 378 
T 1 

( o
C ) 9 . 2 1 2  1 4 i 6 1 8 . 8  

Tz 

( oC ) 1 .  2 4 6 8 1 0 . 8  
s 1 1 . 6 3 4 5 6 . 4 
S z 1 . 6 3 4 5 6 L . .  
w ( % )  o .  1 5 0 . 7 1 • 1 1 • 5 2 . 05 
A ( vol t s ) 1 46 . 22 i 60 1 70 1 80 i 93 . 78 



Table 6 . 2 : The experiment al de sign and the re sponse s o f  the dependent variabl e s  

HUN I T 1 T z s s 2 w A YIELD O F  HARD Y I ELD O F  YIELD O F  SOFT C BLF OF' 1 
FRACTION I NTERHEDI ATE FRAC TION INTERHEDI ATE 

( VIT % OF TALLOW ) FRAC T I O N  ( WT % O F  T ALLOW ) FRACTION 
( WT % OF TALLOW ) 

1 + 1  + 1  + 1  + 1  + 1  + 1  1 2 . 5  7 . 0  80 . 5  1 5 . 5  

2 - 1  + 1  + 1  + 1  + 1  - 1  23 . 0  3 . 0  74 . 0  1 4 . 0  

3 + 1 - 1  + 1  + 1  + 1  - 1  2 1  . o  1 8 . 5  60 . 5  1 8 . 0  

4 - 1  - 1  + 1  + 1  + 1  + 1  26 . 5  1 5 . 5  58 . 0  1 7 . 0  

5 + 1  + 1  - 1  + 1  + 1  - 1  1 7 . 0  1 6 . 0 67 . 0  1 7 . 0  

6 - 1  + 1  - 1  + 1  + 1  + 1  lt 1 . o  2 . 5  56 . 5  1 8 . 0  
7 + 1  - 1  - 1  + 1  + 1  + 1  1 4 . 0  1 8 . 0  6 8 . 0  1 4 . 0  I 

8 - 1  - 1  - 1  + 1  + 1  - 1  4 1  . 5  1 5 . 5  43 . 0  1 4 . 0  
0 + 1  + 1  + 1  - 1  + 1  - 1  1 3 . 0  1 2 . 5  74 . 5  2 1  . o  ./ 

I· 
1 0  - 1  + 1  + 1  - 1  + 1 + 1  3 1  .. o 0 .  1 68 . 9  1 9 .. 0 

1 1 + 1  - 1 + 1  - 1  + 1  + 1  1 3 . 5 27 . 5  59 . 0  1 8 . 0  

1 2  - 1  - 1  + 1 - 1  + 1  - i  3 2 . 0  1 3 . 5  5lt . 5  20 . 0  

1 3  + 1  + 1  - 1 - 1 + 1  + 1  27 . 0  5 . 0 6 8 . 0  1 6 . 5  

l L� - 1  + 1  - 1  - 1  + 1 - 1  59 . 5  1 . 0 59 . 5  1 2 . 5  

1 5  + 1  - 1  - 1  - 1  + 1  - 1  1 5 . 0  1 1  • 5 73 . 5  1 4 . 0  

1 6  - 1  - 1  - 1  - 1  + 1  + 1  27 . 5  1 1 . 0 6 1  . 5  20 . 5  

1 7  + 1  + 1  + 1  + 1  - 1  - 1  24 . 5  6 . 0 69 . 5  23 . 5  

1 8  - 1  + 1  + 1  + 1  - 1  + 1  2 1 . 0  2 . 0  77 . 0  1 9 . 0  

1 9  + 1  - 1  + 1  + 1  - 1  + 1  1� . 5  6 . 5  89 . 0  2 1  . 5  

20 - 1  - 1  + 1  + 1  - 1  - 1  20 . 0  1 5 . 0  65 . 0  1 4 . 5  
2 1  + 1  + 1  - 1  + 1  .. 1 + 1  1 0 . 5  6 . 5  83 . 0  

():> 
22 . 5  ():> 

"':) ... ; • 
LL. - 1  + 1  - 1  + 1  - 1  - 1  20 � 5  1 .  0 78 . 5  1 3 . 0  



TABLE 6 . 2  ( continued)  

RUN T1 T2 sl ·� w A YIELD O F  HARD YIELD OF YIELD OF SOFT CBLF O F  
FRAC'TION INTERHEDI NI'E FRACTION INTER-

( WT % OF TALLOW) (WT  % OF TALLOW) ( WT % OF TALLOW) MEDIATE 
FRACTION 

23 + 1  - 1  - 1  + 1  - 1  - 1  24 . 0  1 0 . 5 65 . 5  " 1 5 . o  
2LI. - 1 - 1 - 1  + 1  - 1  + 1  26 . 5 2 � 0  7 1  . 5  1 4 . 0  

25 + 1  + 1  + 1  - 1  - 1  + 1  1 8 . 5  1 2 . 5  69 . 0 24 . 0  

26 1 + 1  + 1  - i  - 1  - 1  1 1  . o  2 . 0  87 . 0  1 5 . 0 - ·  

27 + 1  - 1  + 1  - 1  - 1  1 9 . 5 3 1 .o  59 . 5  20 . 0  - , 

28 - 1  - 1  + 1  - 1  - 1  + 1  1 7 . 5 21+ · 5 58 . 0  1 8 . 0  

29 + 1  + 1  - 1  - 1  - 1  - 1  1 6  .. 0 20 . 5  63 . 5 22 . 5  

30 - 1 + 1  - 1  - 1  - 1  + 1  24 . 0  0 .. 1 75 . 9  2 1  . o  

3 1  + 1  - 1  - 1  _ , _ , + 1  22 . 5  20 . 5 57 . 0 1 7 . 0 

32 - 1  - 1  - 1  I - 1  - 1  - 1  25 . 5 9 . 0 6 5 . 5 1 3 . 0  

33 - 2 . 378 0 0 0 0 0 38 . 5  0 . 3  6 1 . 2 1 1  . o  

3l;. 2 . 378 0 0 0 0 0 7 . 5  1 6 . 0 76 . 5 1 9 . 0  

35 0 - 2 . 378 0 0 0 0 1 9 . 0  1 9 . 0 6 2 . 0  26 . 5 

36 0 2 . 378 0 0 0 0 20 . 0  1 . 5 78 .. 5 25 . 0  

37 0 0 - 2 . 378 0 0 0 25 . 0  2 . 0  73 . 0  1 6 . 5 

38 0 0 2 . 378 0 0 0 27 . 5  6 . 5  66 . 0  1 9 . 5  

39 0 0 0 - 2 . 378 0 0 1 9 . 5 7 . 5 73 . 0  1 8 . 0  

L�O 0 0 0 2 . 378 0 0 1 7 . 5  8 . 5  74 . 0  1 6 . 5  

l� 1 0 0 0 0 - 2 . 378 0 1 5 . 0  1 1 • 0 74 . 0  24 . 5  

4 2  0 0 0 0 2 .. 378 a· 39 . 5  20 . 0  40 . 5 22 . 0  

43 0 0 0 0 0 - 2 . 378 27 . 0  7 . 3  65. 7 1 3 . 0  . /+ Lt 0 0 0 0 0 2 . 378 9 . 5  1 3 . 5  7'7 . 0 20 � 5  
<» 
\.0 !: () l\FJ1 T il: l T  171 ''· " 



Table_ 6_. 2 :  ( co ntinued)  

RUI-1 1' 1 T2 s 1 s 2 \'J A 

L�5 0 0 0 0 0 0 

L�6 0 0 0 0 0 0 

�-7 0 0 0 0 0 0 

4 8  0 0 0 0 0 0 

49 0 0 0 0 0 0 

50 0 0 0 0 0 0 

5 1 0 0 . 0 0 0 0 

5 2 0 0 0 0 0 0 

53 0 0 0 0 0 0 

51� 0 0 0 0 0 0 
55 0 0 0 0 0 0 

56 0 0 0 0 0 0 
� 'I  ) t  0 0 0 0 0 0 

58 0 0 0 0 0 0 

59 0 0 0 0 . 0  0 

YIELD Ol•' HARD YIELD O F' 
FRACTION INTERNED I ATE ( V/T % OF 'rl\.LLOW ) FRACTION ( \'IT % 0 F 'l'ALLOV/ ) 

1 4 . 0  1 5 . 5  
1 1  • 5 1 .5 . 5  

2 1  . 5  1 1 . 0 

25 . 0  1 4 . 5  
20 . 5 5 . 5 

25 . 0  7 . 0  
22 . 5 1 5 . 5  
1 9 . 5  . 1 2 . 5 

1 1+ . 0 7 . 5  
2 1 . 5 4 . 5  
20 . 5 5 . 0  

1 8 . 5 L, . o 

23 . 0  1 0 . 0  

1 9 . 0 7 . 5  
28 . 5 7 .. 5 

YIELD O F  SOFT 
FRACTI ON 

( WT % OF TALLOW 

70 . 5  

'?5 . 0  

6 7 . 5  
60 . 5 

74 . 0  

68 . 0  

6 2 . 0  

68 . 0  

78 . 5 
74 . 0  

74 . 5 
77 . 5 
67 . 0  

73 . 5 
64 . 0  

C BLF OF 
INTER}1EDI ATE 

FRACTION 

1 7 . 0  
2 1  . o  

1 6 . 5 
1 3 . 5 
1 7 . 0  

1 8 . 0  

1 7 . 0  

1 7 . 5  

1 8 . 5 
1 6 . 5 
1 6 . 5 
1 5 . 5  
1 4 . 0  

1 7 . 0  

1 3 . 0  

\.0 0 



9 1 .  
6 . 5  RESULTS 

The me asur e d  yi elds o f  e ac h o f  the thr e e  frac tio n s  and t h e  

C BLF o f  the int ermedi ate frac tio n s  are pre sen t e d  in Ta.bl e 6 . 2 . 

6 .  6 E!·1PI RIC AL EQUATIONS RELA'riNG DEPENDENT AND INDEPENDENT 

VARI ABLES 

An empiri c al math emati c al mo del was fi t t e d  to e ac h o f  t h e  

dependent variabl e s  b y  mul tipl e  regre s si o n ,  usi ng Mini tab ,  o f  

e ac h o f  the c o de d  linear ,  quadratic and fir s t  o rder  

int erac tion t e rm s .  

The compu ter print-out fo r e ac h  re gre s sion c o n t ained a 

regre s si o n  c o G f fi c i e n t  fo r e ac h  variabl e ,  the s t andard 

d e vi a ti o n  o f  e ac h  c o e f fi c i e n t  and th e S tud e nt ' s t- s t nti stic  o f  

e ac h c o e f fi c i e n t . C o e f fi c i e n t s  wi th t- s tati sti c s  no t signi fi c ant 

at the 5% l e vel were di sc arde d and o nly tho se wi t h  signi fic an t  

t- stati s ti c s  c o ntribu t e d  to t h e  final m o d e l . 

The mo del s deve l o p e d  fo r e ach o f  the re spo n se v ari abl e s  

are pre sen t e d  in T able 6 . 3 .  

The ade quacy o f  fi t o f  each o f  the mo del s  to the o b se rv e d  

d a t a  was a s se ssed  using the F- ratio betwe e n  t h e  l ack- o f- fi t 

m e an s quare and the experimental erro r m e an s quare . 

Thu s ,  

Fn ' n  1 2 
-· 

= 

mean sum o f  
m e an s um o f  

MS l o f  
HS pe 

s o uare s due to l ack o f  fi t 
due I s quare s T. O  pure e rr o r 



Tabl e 6 . 3 :  Fi t t e d  mo dels  for e ac h  o f  the r e sponse v ariabl e s  

Yi eld  o f  the hard frac ti o n :  

YH ( %  by w t  o f  tallow) = 2 1 . 37 - 5 . 5 1  ( T 1 ) - 2 . 0 1  ( s 1 ) 

+ 3 . 6;/{t) - 2 . 9 1 ( T 1 w )  

Yi e l d  o f  t h e  int e rm e di at e frac tio n : 

Yr ( % by wt o f  tal l o w) = 1 0 . 20 + 3 . 46 ( T 1 ) - 4 . 48 ( T2 ) 

+ 1 . 32( S 1 ) - 1 . 25 ( S 2) + 1 . 27 ( W2 ) - 1 . 48 ( T 1 s2 ) - 1 . 9 2 ( T2s 1 ) 

- 1 . 36 ( s 1 s2) + 2 . 6 4 ( s2vn 

Yi e l d  o f  the so ft frac tion : 

YiJ (% by v1t o f  tall o w) = 6 8 . L1.3 + 2 . 0 6 ( T 1 ) + 4 . 22 ( T2 ) 

- 4 . 32(VI )  - 2 . 4 1  ( V/2) + 2 . 0 7 ( T 1 s 2) + 3 . 05 ( S 1 '1l ) - 2 . 36 ( S 2':J ) 

+ 2 . 52( S2A)  

C BLF o f  the  i n t e rme diate frac tion : 

9 2 .  

C BLF = 1 7 . 69 + 1 . 3 1 ( T 1 ) + 0 . 5 1 ( T2) + 0 . 94( S 1 ) - 0 . 58 ( S 2 ) 

- 0 . 76 ( W )  + 1 . 07 ( A) - 0 . 54( T 1
2) + 1 . 36 ( T2

2) + 1 . 0 1 ( W 2) 

+ 0 . 77 ( T i T2) - 1 . 23 ( T 1 VI ) - l . 0 2 (T;A ) - 0 . 55( T2s 1 ) - 0 . 9 2 ( Til )  

I f  thi s ratio was no t signi fi c an t , t h e  conclusion wa s  

that the erro r s  abo u t  the fi t t e d  mo d e l  ( l ack-o f- fi t )  were 
o f  t he same o rder o f  magni tude as tho se  ac c ount e d  fo r by e rro r 

o f  o b servati o n  ( e xperiment al e rro r)  and the mo del was 

c onsidered an ade quate repre sent atio n o f  the data ( Mye r s ,  1 9 7 1 ) .  

The HSp e  fo r each o f  the mo del s was c al c ulate d  by  

c o n sidering the v ari atio n be tween o b servations at  the  repli c at e d  

c entre-po in t s .  Thi s was ac hi e v e d  b y  p e r f o rming a one-vvay 

anal y si s  o f  varianc e  upon the data fo r e ac h  o f  the four re spon se 

vari abl e s .  

T e s t s  fo r go o dn e s s- o f- fi t  o f  e ach o f  the mo del s are 

pre sente d  in Tabl e s  A5 . 1  to A5 . 4 ,  Appendix 5 ,  alo ng wi th the  

regr e s si o n  s t ati s tic s fo r eac h  mo del . 
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For e ac h  mo del , the  F-ratio o f  MS l o f  to MSp e  was no t 
signi fi c an t  at the 5% l evel , so i t  was c o ncluded that the 
mo del s all ade quat ely repre sented  the o b s e rve d dat a. 

93 .  

Re si dual plo t s  fo r e ac h  o f  the fo ur mo del s are pre s e n t e d  
i n  Figure s  6 . 1 t o  6.4. I n  each  c ase , t h e  poin t s  appe ar t o  b e  
randoml y di s tri bu t e d. 

6 .  7 DEC O D I NG THE l·10 DELS 

The abo ve e quations all pre.dic t the re sponse value s u sing 

the c o de d vaJ.ue s o f  the ind ep endent vari abl e s .  Th e se e qu ation s 

c an be manipulat e d  t o  pro du c e  mo del s whi c h  give the  pre di c t e d  
r e sponse u sing unco d e d  independent vari abl e s  ( e . g . t eQperature 
i n  °C) . De c o de d  r:10 d el s are generall y  e asi er to �pply j_n 

p r ac tic e . 

The d e c o ding was p e r fo rm e d  as o u tlin e d  by B e l z  ( 1 9 73)  
u sing T abl e XXI I I  o f  Fi sh e r  ��d Yat e s  ( 1 963) . 

Th e  d e c o de d  mo del s are give n  in T ab l e  6 . 4. 

Tabl e 6 . 4 :  D e c o d e d  mo del s fo r e ach o f  t h e  re spo nse  variabl e s 

Yi e l d  o f  the H ard Frac tio n :  

Yi eld o f  t h e  Intern e d i a t c  Frac tio n :  
YI = -49.39 + 4 .69 ( T 1 ) + 1 . 60 ( T2 ) + 1 2 . 52 ( S 1 ) + 7.29( S2) - 43 o 86 ( W ) 

+ 7� 94 ( W2) - 0.74 ( T1S2) - 0.96 ( T2s1) - 1 .36 ( s 1 s2) + 6 .60( S2W )  

Yi e l d  o f  t h e  So ft Frac tion : 

Ys = 2?6 . 40 - 3 . 1 1 ( T1 ) + 2. 1 1 ( T2) - 8.39 ( S 1 ) - 5 1 .52( S2) + 

1 5 . 44 ( W )  - 1 . 02( A) - 15.06 ( W2) + 1 . 04 ( T 1 s 2) + 7.63( �  w) 

- 5.90( S2VJ ) + 0 . 26 ( S2A )  

C BLF o f  the I n t erme diate  Frac tio n : 
C BLF - - 1 6 1 . 25 + 1 3 . 6 2( T 1 ) - �- . 1 5 ( T2) + 2 .58 ( S 1 ) - 0.5 8 ( S2 ) 

2 � 2 + 1 2. 7 8 ( W )  + 0 ., 8 2 ( A) - 0 • 1 �- ( T 1 ) + 0 • 3LJ- ( ��2 c.: ) + 6 • 29 ( W ) 
+ 0 ., 1 9 ( T 1 T2) - 1 . 54 ( T 1 W )  - 0 . 05 ( � A) - 0.27( T2s 1 ) - 1 . 1 5 ( T2W) 



6 . 8  INTERPRETATION O F  THE HODELS 

6 . 8 . 1 I so lated E f fe c t  o f  the Vari abl e s  

94 . 

The simpl e s t  manner o f  interpre ting the re sul t s  was t o  

examine the  e f fe c t  o f  one variable a t  a time . Thi s was 
ac hi eve d by plo t ting the i so l ated e f fe c t  o f  the inde pendent 

vari abl e s  o n  the dependent vari abl e s· ( se e  Figure s 6 . 5  to 6 . 1 0 ) . 
Suc h plo t s  are al so u s e ful in vi sually assessing the ade quac y 
o f  fi t o f  the model t o  the data (Mc Farl an e , 1 979 ) . 

Thi s pre sen tation repre sents  o nl y  a smal l propo rtio n o f  

the to t al in formation avail able from the  mo del - i t  do e s  no t 

t ake in to ac co unt any int erac tive e f fec t s  in the model s tho ugh 

some o f  t h e se have b e e n  sho wn to be si gni fi c ant . Change s i n  

t h e  l e v e l s  o f  the o th e r  independent vari abl e s  o c c urring a t  the  

same tiue as  the  c h a..'Ylge in the i so l a t e d  variable will a f fe c t  
t h e  o b served respo n s e  and there fore i t  way di f fer from the 

pre dic t e d  re spo n se . 

By c al c ulating the predic t e d  re spo n se from the mo del s 

for the v ari abl e s  a t  their various l evel s co nsidered one at  

a time , and plo t ting thi s  in figur e s  6 . 5 to 6 . 1 0 ,  a 

vi suali s ation o f  t h e  degre e o f  fi t o f  the mo dels  v1as o b taine d .  

An e xample c al c ul ation fo r the deri vation o f  the se e f fe c t s  

i s  sho wn i n  Tabl e A5 . 5 ,  App endix 5 . 

Figure 6 . 5  pre sents  the i so l at e d  e f fe c t  o f  T 1 o n  the  
yi elds o f  the thre e frac tio n s  and the C BLF o f  the  in term e di a t e  

frac tio n . In  e ac h  c ase , go o d  agre ement was shown be twe e n  the  

o b serve d and the  p r e dic t e d  data.  The i n t ermediate frac tion 

wi th the best  melting charac teri sti c s ( C BLF = 1 1 . 0 )  was 
pro duc e d  wi th T 1 s e t  at i t s  l o we st l evel ( 9 . 2°C ) . Thi s gave 
a yield  o f  39% har d  frac tio n ,  60% so f t  frac tion and a v e ry l o w  

yield o f  intermediate  frac tio n .  ( se e  e xperime nt 33 ) . 

The highe s t  yi e l d  o f  intermediate frac tion ( 1 6%)  wo.s 

o btaine d  wi th T 1 s e t at i t s  high e s t  l evel . 

The i solated e f fe c t  o f  T ?  upo n  three re spo n se vari abl e s ,  
'-

as T2 o bvio usly c anno t a f fe c t  the yield o f  hard frac tio n ,  l s  
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zho wn i. n  Fi gure 6 .  6 .  Again , go o d  agr e e m e n t  b e twe e n  t h e  
o b serve d and p r e di c t e d  r e spo n s e s  was o b t ai ne d .  T h e  b e s t  C BL F  
value o f  th e i n t e rm e di a t e  fr ac tion ( C BLF = 1 6 . 5 ) w a s  o b t ai n e d  
�i t h  T 2  s e t a t  abo u t  4 t o  6°C .  T 2  a t  t hi s  l e vel gave ave rage 
yi e l d s  o f  abo u t  1 1 % and 6 8% o f  t h e  i n t e rm e di a t e  and s o f t  
frac tio n s  r e spe c ti ve l y .  T h e  high e s t  yi e l d  o f  i n t e rm e di a t e  
frac t i o n  ( 1 9%)  w a s  o b t ai n e d  wi t h  T 2  s e t  a t  i t s l o we s t  l e v e l  
( 1 . 6°C ) .  

T h e  i so l at e d  e f f e c t o f  s 1 upo n t h e  d e p e n d e n t  v ari abl e s  i s  
sho wn i n  Fi gure 6 . 7 .  T h e  pre di c t e d  r e spo n s e  c ur v e  fo r t h e  
yi e l d  o f  t h e  h ar d  frac t i o n  fail s t o  fo l l o w  t h e  o b s e r v e d  i n c r e a s e  
in t h e  yi e l d o f  t hi s frac t i o n  a t  t h e  h i gh e s t  s 1 v a l u e . S imil arly , 
t h e  pre di c t e d  c urve fo r t h e  y i e l d  o f  t h e  i n t e rm e d i a t e  frac t i o n  
f ai l s  t o  fo l l o w t h e  o b s e r v e d  d e c re a s e  i n  the yi e l d o f  t h e  
i n t erm e d i a t e  frac t i o n  at t h e  e x t r e m e  s 1 l e v e l s .  �he fi t t e d  
� o d e l  fo r t h e  yi e l d  o f  t h e  so f t  frac t i o n  c o n t ai n s  n o  mai n o r  
qu adra t i c  e f fe c t s  f o r  s 1 , and henc e t h e  p r e di c t e d  re spo n s e c urve 
fo r t h e  i so l a t e d  e f f e c t  o f  S ,  upo n the y i e l d  o f  the so f t  frac t i o n 

I 

i s  an i n vari a t e  l i ne t h rough the ave rage y i e l d .  T h e r e  ap p e ar s  
t o  be p o o r  agre e r.1 e n t  wi t h  t h e  o b se r v e d  d a t a  at some l e v e l s 
( s e e  fj_ gure 6 .  7 c ) . H o we v e r ,  t h e  e xp and e d  o rdi n a t e  s c al e  i n  
t h i s  p l o t e x agg e r a t e s  t h e se di sc r e p an c i e s .  T h e  b e s t  C BLF 
v al u e  ( 1 6 . 5 ) w a s  o b t ai n e d  wi t h  S 1 se t a t  i t s  lo we s t l e v e l  
( 1 . 6 : 1 ) .  T h e  h ard , i n t e rm e di a t e  and so f t  frac t i o n s  pro duc e d  
w i t h  s

1 = 1 . 6 : 1 had yi e l d s  o f  25% ,  2% an d 73% 
re spe c t i v e l y . T h e  b e s t  yi e l d  o f  i n t e rme di a t e  frac tion ( 1 3% )  
v: a s  o b t ai n e d  wi t h  S 1 s e t  at 5 :  1 .  

T h e  o b se r v e d  and p r e di c t e d  re s p o n s e  c u rve s fo r t h e  
i so l at e d  e f fe c t  o f  s 2 o n  e ac h  o f  t h e  t hr e e  r e sp o n s e  v ari abl e s  
are �ho wn i n  Fi gure 6 . 8 .  T h e  c o d e d  m o d e l  fo r t h e  yi e l d  o f  
t h e  so f t  frac tio n s h o w s  no m ai n  o r  qu ad r a t i c  e f fe c t s  fo r s � ,  

L 

and he n c e t h e  p r e di c t e d  c ur v e  fo r t h e  i so l at e d  e f fe c t  o f  S ?  
L.... 

upon t h e  y i e l d  o f  t h e  so ft frac t i o n  i s  an invari a t e  l i n e  t h r o ugh 
the ave rage v al u e s .  Thi s f ai l s  to ac c o un t fo r the h i g h  o b s e rv e d  
yi e l d  o f  s o f t  frac t i o n  a t  t h e  e x t r e m e  s 2  l e vel s ,  b u t  t h e  bro ad 
o r dina t e  s c al e  e xagg e r a t e s  the di f fe r e n c e .  There i s  g o o d  
ag re em e n t  b e t w e e n  t h e  o b se r v e d and pre di c t e d  c urv e s  for t h e  
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i so l ated e f f e c t o f  s 2 upon t h e  yiel d and C BLF o f  t h e  i n t e rm e di a t e  

frac tion wi th t h e  e xc e p tion that t h e  p re dic t e d  c ur v e  f o r  t h e  

y i e l d  o f  t h e  i n t erm e di at e  frac t i o n  fai l s to fol l o w  t h e  

o b s e rve d  l o w  v alue a t  t h e  l o w  s 2 v alue . The b e s t- m e l ting 

i n t e rmedi a t e  frac t i o n (C BLF = 1 6 . 5 )  was o b tained wi t h  s 2 at i t s  

hi ghe st l e v e l  ( 6 . 4 : 1 ) .  s 2 a t  thi s l e vel gave 

yi e l d s  o f  t h e  i n t e rm e diate and so f t  frac tions o f  8 . 5% and 74% 

re spec tive ly . The highe st yi e l d  o f  i n t e rm e di a t e  frac t i o n  ( 1 2 . 5%) 

was o b taine d when s 2 was se t at 3 : 1 .  

The i so l a t e d  e f fe c t  o f  W i s  shown i n  Figure 6 . 9 .  T h e r e  

i s  g o o d  agr e em e n t  b e tw e en t h e  o b se rved and pre di c t e d  c urve s fo r 

e ac h  o f  t h e  re spo n s e  vari abl e s  wi t h  t h e  e xc e p ti o n  that the 

pre dic t e d  c ur v e  fo r t h e  yi e l d  o f  t h e  i n t erm e dia t e  frac tio n f ai l s  
t o  all c w  fo r t h e  l o w  o bserv e d  yi e l d  o f  t h e  inte rm e di a t e  frac tion 

at the l o w  l e v e l  o f  W. The b e s t  C BLF value ( 1 7 . 0 )  w a s  o b t ai n e d 

wi th W se t a t  abo u t  1 .  1 % . W a t  t h i s  l e vel gave a v e rage o ve r all 

y i e l d s  o f  the h ard , i n t erme di a t e  and so ft frac t i o n s  o f  20% , 
9% and 7 1 %  r e sp e c t i v e ly . T h e  b e s t  y i e l d  o f  the i n t e rm e d i a t e  

frac tion ( 20%) w a s  o b t ained wi t h  a 'v'i val ue o f  2 . 0% .  

T h e  fi t t e d  mo d e l s  for t h e  yi e l d s  o f  the t hr e e  frac tio n s  

d o  no t sho w any signi fi c an t  m ai n  o r  quadrati c e f fe c t s  for A .  

Figure 6 . 1 0  c o mp are s the o b se r v e d  and predi c t e d  c ur v e s fo r t h e  

i so l a t e d  e f f e c t o f  A upo n e a c h  o f  t h e  r e sponse vari abl e s .  There 

i s  poo r  agr e em e n t  b e tween the o b se r v e d  and pre di c t e d  val u e s  o f  

t h e  yi e l d s  o f  the h ard and i n t e rm e di a t e  frac tio n s  a t  the e x tr e m e  

v al u e s  o f  A .  T h e r e  i s  clo s e  simi l ar i t y  be t we e n · t h e  o b served and 

predi c t e d  c ur v e s  fo r the C BL F  o f  the i n t e rm e di a t e  frac tio n ,  and 

al so fo r t h e  yie l d  o f  the so f t  frac tio n ,  tho ugh t h e  p r e di c t e d  

c urve fo r t h e  yi e l d  o f  t h e  so f t  frac tion fail s t o  a c c o un t  fo r t h e  

high o b se rv e d  yi e l d  a t  high agi t atio n  sp e e d . T h e  b e s t  C BL F  v al u e  

( 1 3 . 0 )  w a s  o b t ained a t  t h e  l o we s t agi tation sp e e d . The yi el d s  

o f  the t h r e e frac t i o n s  at t h i s agi t a ti o n  sp e e d  w e re 27%, 7% and 

6 6% fo r the h ard , i n t e rmedi a t e  and so f t  frac ti o n s  r e sp e c t i vel y .  

6 . 8 . 2  C o n si d e ratio n o f  the C ombin e d  E f fe c t  o f  t h e  S i x  I n d epe nq
e n t  Vari abl e s  

I n  S e c tion 6 . 8 . 1 ,  the i so l a t e d  e f fe c t  o f  e ac h  o f  t h e  
i n depende n t  v ariabl e s  upon e ac h  o f  t h e  dependent v ariabl e s  
w a s  c o n si d e re d .  Thi s fai l e d  t o  ac c o u n t  fo r t h e  e f fe c t s  o f  
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mo dels have sho wn some o f  the se t o  b e  signi fic ant . Suc h 

interac tions  will a f fe c t  the predi c t e d  optimum c o ndi tion s ,  and 

henc e to  find t he o verall pro c e ss o p timum i t  was nec e ssary 

to consider  the  combined e f fe c t  o f  all six variabl e s .  

Thi s was ac hieved  by finding the  overall optimum point  o n  

the re spo n se sur fac e a s  predic ted  by t h e  fi t ted empiric al 

e quations .  The o p timum area was de duc e d  u sing a se quenti al 

searc h tehcni que fo r solvi ng non-linear o b j e c tive func tio n s  w i t h  

t h e  vari abl e s  c o n s t rained ( Ro senbro ck and S tore y ,  1 966 ; Bo x ,  
Davie s  and Swann , 1 969 ; Kue st er. and Mi ze , 1 973 ) . 

The maj o r  .aim o f  the se  experimen t s  was to p ro duc e an 

intermediate frac tion wi t h  a low  C BLF value ( i . e .  with  mel t i ng 

properti e s  similar to tho se o f  c o c � a  bu t t e r ) . Thu s the  mo del  

fo r the  C BLF o f  t h e  int erme di a t e  frac tion was  minimi sed  wi th 

each  o f  the inde pendent  variabl e s  c o n s t rained  wi thin the  

extrem e e xperimental l imi t s  u s e d  in the se e xperimen t s o  Thi s 

pro c e dure predic t e d  the fo l l o wing o p t imum l e v el s  fo r the  six 

independe nt vari abl e s :  

T 1 
0 T2 

0 s , 1 • 6 :  1 = 9 ,. 2 c ' = 5 . 2 c , = 

s2 = 6 . 4 : 1 , w = 0 .. 6% , A = 1 46 . 2  vol t s  

The o p timum l e vel s o f  T 1 , s 1 , s2 and A are a t  the  e x t r e m e  
value s studie d  :i.n the s e  e xperiment s ,  and h ave the  same o p timum 

value s as was p r e di c t e d  by c o n sideration o f  their i so l at e d  

e f fe c t s .  Howe v e r ,  
5 . 2°C ,  whereas t h e  
i solate d e f fec t  o f  

i sol at e d  e f fec t o f  

the  o p timum T ?  value predi c ted  abo ve was 
L.. 

predi c ted  o p timum from c onsi deration o f  t h e  
T2 was 5 . 6°C .  Similarl y ,  study o f  the  

W predi c t e d  an o p timum for  the C BLF o f  the  

inte rmediate frac tion wi th W se t at i . 25% .  Howeve r ,  c o n si d e r

ation o f  intera�ive e f fec t s  predi c te d  an o ptimum C BLF value 

wi th W set at  0 . 6%. 

A frac tionation was p e r fo rm e d  unde r  these pre di c t e d  

o� timum condi t i o n s . Thi s pro duc e d  an int e rmediate  frac tion 
whi c h  mel t e d  at a sl ightl y  lower t emperature and o v e r  a wi der  

temp erature range than c o c o a  butter  ( se e  Figure 6 . 1 1 ) .  
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under the pred icte d  opti mum conditions and the 0 se 
prof i le  of a cocoa bu tter sample .  



The me asure d yi e l d s  o f  the thre e frac tio n s  pro duc ed i n  

thi s frac tion , and their predic t e d  yi elds  from t h e  c o d e d  

e quatio n s ,  as well a s  t h e  me asured an d predic ted CBLF o f  t h e  

interm e diate frac tion , are pre sented in  Table 6 . 5 . 

98 . 

Though the mo del s for the yields o f  the  interm e di at e  and 

so f t  frac tions do appe ar to give reasonabl e e s timat e s  o f  t he 

measur e d  yields o f  t h e s e  two frac tio n s ,  the model s fo r the  yi eld 

o f  the hard frac tion  and CBLF o f  the  i n t ermediate frac t�o n  do 

no t .  The predi c ted  CBLF i s  a negative value , but i t  i s  

o bvi ou sly impo ssi bl e i n  prac tice to have a frac tion wi t h  a 

negative C BLF value . Simil arly , the sum o f  the predi c t e d  yi e l d s  

o f  t h e  three frac tions  i s  only 86 . 6% , whereas i n  prac tic e they 

must o bviously add to 1 00% .  

Table 6 . 5 :  Pred i c t e d  and measured v alue s o f  the four re sponse 

vari abl e s  at the pre di c t e d o p timum o f  the C BLF mo del 

Vari abl e H e a sur e d  V al u e  Pre d i c t e d  Value 

C BLF o f  intermediate  frac tion 1 0 . 5  - 3 .  1 

Yi eld o f  hard frac tion 37 . 0% 26 . 1 % 

Yi eld  o f  interm e di at e  frac tion 6 . 6% 5 • of.  . , , ,  

Yiel d o f  so f t  frac tion 56 . 4% �5 4°1 '/ • ;o 

However , the  o p timwn condi t io n s  predic ted by the C BLF model 

plac ed fo ur o f  the si x variabl e s  at the  e xtreme l e ve l s  at whic h  

they were s tudi ed i n  these experim en t s .  Thus i f  t h e  model i s  
u s e d  t o  pr� di c t  in  t hi s area,  i t  i s  wo rking a t  an e xtreme c o rner 

o f  the e xp erimental are a.  And b e c au s �  o f  the  nature o f  th� 

c e n tral compo si te  de sign , when a vari abl e i s  examine d at  i t s  

e x treme l e ve l s  ( !  2 . �78 i n  thi s c ase ) al l o f  the o th e r  variabl e s  

are se t a t  their c ent re-point s ,  s o  the  i n t erac tive e f fe c t  wi t h  

m o r e  than o n e  vari abl e s e t  a t  the  extreme level i s  no t examine d ,  

but i s  pre di c t e d  from the i n t erac tive e f fe c t s  o b served from the  

cube part o f  the e xp erimental de sign . 

. ' 
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6 .  9 COHPARI SON .O F RESULTS O F  THE SC REENING EXPERH1ENT AND THIS 

EXPERH1ENT 

I n  Table 6 , 6 ,  the signi fic ant terms  in the model s fi t t e d  to  

predic t eac h  o f  the  fo ur re sponse vari abl e s  fo r bo th t he 

scre ening experiment and this experiment are pre sent e d . 

Table 6 . 6 :  Compari son o f  the  signi fi c ant  terms in the 

fi t t e d  empiri c al model s for the scre ening e xp eriment  

and the c entral c ompo si t e  de sign . 

Model  

Yield h ard 
frac tion 

S c re ening 
Experiment  

Signi fi c an t  Variabl e s  

T i S l W ( T1 S l + T 2 t + WH + S 2A ) 
C T 1 M + T2s2 + s 1 w + A t ) ( T 1 w + 
+ T2A + s 2t ) 

C en tral compo si te  T 1 s 1 W t T 1 W) 
De sign 

Yield S c r e ening 
interme diate Exp e riment 
frac tion 

Yield so ft 
frac tion 

S c re ening 
Experiment 

C BLF o f  S c re ening 
intermedi ate Experiment 
frac tion 

T 1  T2 s 2  W t ( T 1 s2 + T2M + S 1 A + 
W t )  ( T 1 W + s 1 M· + T2A + s2t ) 

s ,  w 

T 1  T2 s 1 s2 W A ( T 1 A + tM + 
s 1 s2 + T 2W ) ( T 1 t + T2s 1 + AM +  s 2w) 
( T 1 M + T2s 2 + s 1 w + A t )  
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Fo r e ac h  o f  t h e  r e spon s e  v ariabl e s ,  o n e  o r  o t h e r  o f  t h e  

mo del.s c o n.t ain s  t e rm s no t sho wn t o  b e  si gni fi c an t  i n  t h e  o t h e r  

mo d e l . Thi s i s  p ro b ably be c au s e  t h e  l e v e l s a t  whi c h  t h e  

i n d e p e nd e n t  v ari abl e s  were s t u di e d  w e r e  di f fe r e n t  fo r t h e  t wo 

e xp e rim e n t s .  The s c r e ening e xp e rime n t  h a s  sho wn s o m e  c h ai n s  

o f  t wo- fac to r i n t e r a c t i o n s  t o  b e  signi fi c an t  whi c h  d o  no t c o n t ain 

a c o rre sp o n ding signi fi c an t  t wo - fac t o r  i n t e rac t i o n  t e rm in t h e  

mo d e l  fro m t h e  c en t r al c ompo si t e  d e si g n . I t  i s  po s s i bl e  t h a t  

i n  t h e  sc r e e ning e xp e riment , two o r  m o r e  non- si gni fi c an t  

i n t e rac t i o n  t e rm s i n  e ac h  c h ain may h a v e  a d d e d  t o  m ake t h e  c h aiE 

as a vtho l e  app e ar si gni fi c an t .  I t  j_ s al so po ssi b l e  t h a t  t h e  

appare n t  ·si gni fi c an c e o f  suc h a c h ai n  vuJ. s due t o  an i n t e r a c t i v e  

e f fe c t  �i t h  o tie o f  t h e  t w o  vari abl e s  s t u di e d  in t h �  s c re e ni ng 

e xp e rim e n t  b u t  no t i n  the c e n t ral c ompo s i t e  de sign ( e . g . T 2 t 

o r  T 1 H ) . 

Simi l arl y , so m e  o f  the mo d e l s from t he c e n t r al c ompo si t e  

d e sign c o n t ai n e d  t '.·: o - f ac tor i n t e r ac t i o n s  \'ihi c h  v: e r e  no t sho rm 
to be signi fi c an t  i n  t he sc r e e ning e xp e rim e n t .  Thi s may h av e  
b e e n  a t  l e a s t  p ar t l y  due to c anc e l l i n g  o f  c o e f fi c i e n t s  i n  t h e  
t v:o- fac to r i n t e r ac t i o n  c h ai n s  i n  t h e  sc r e e ning e xp e rim e n t . Fo r 
i n s t anc e ,  i n  t h e  m o d e l  from t h e  c e n tr al c o mpo si t e  d e si gn fo r t h e  

yi e l d  o f  t h e  i n t e rm e di at e  fr ac t i o n , bo t h  t h e  T2s ,  an d S ")W 
I L 

i n t er ac t i o n s  � e r e  s h o �n to b e  si gni fi c an t , b u t  no t so � i t h  t h e  
sc r e e ni ng e xp e ri1:1 e n t . I n  t h e  c e n t ral c o mpo site d e sign m o d e l , 

t h e se two t e rm s  had c o e f fi c i e n t s  o f  - 1 . 92 and 2 . 64 .  T h e se are 
appro xim a t e l y  e qual i n  magni t u d e  b u t  oppo s i t e  i n  sign , and thu s 
i f  t h e y  app e are d i n  t h e  s c r e e ning e x p e rim e n t  in simil ar fo rm 

t h e y  woul d t e nd to c a.."1 c el e ac h  o th e r  an d make the c h e.in as e. 
who l e  app e ar no t si gni fi c an t .  I t  i s  p o s si bl e  t h a t  s o m e  o th e r  

si gni fi c an t  t�o- fa c t o r  i n t e rac t i o � s  i n  t h e  sc r e e ni n g  e xp e rime � t  

may h ave b e e n  simi l ar l y  ma ske d b y  i n t e rac t i o n s  c o n t c;d.ning t o r  

M t e rm s .  

H o we v e r , t h e r e  i s  gene ral l y  go o d  agre ement b e t we e n  t h e  

mo de l s .  Fo r t h e  mo d e l s  fo r t h e  yi e l d  o f  h ard frac t i o n  and C BL F  
o f  t h e  i n t e rm e d i a t e  frac t i o n  t h e  s am e  m ain e f fe c t s  w e r e  sho wn to 

be si gni fi c an t  fro m e ac h  se t o f  e xp e rim e n t s .  And simil arly 

wi t h  the yi e l d  o f  i n t e nn e d i a t e  frac t i o n ,  the main e f fe c t s  i h  

e ac h  o f  t h e  m o d e l s ar e t h e  sam e  e xc e p t  t h a t  W h a s  app e ar e d  as a 
qu adrati c t e rm i n  t h e  c en t ral c ompo si t e  de sign mo d e l  and t h e  

sc r e ening e xp e rime n t  has fai l e d  t o  sho w the signi fi c an c e  o f  



1 0 1 .  
6 . 1 0 EXT RAPOLATION O F  SOHE O F  T H E  INDEPENDENT VARI A BLES 

I n  an at temp t to impro ve the C BLF value o f  the int e rm e di ate 

frac tio n ,  s 1 and s 2 w e r e  extrapolated  o ut side the i r  previous 

e xperime n t al limi t s  to 1 : 1 and 1 0 : 1 re spec tive ly . The o t h e r  

variable s we re se t at their l e ve l s  predic t e d  from the 

o p timi sation o f  the C BL F  mo d e l . The frac tionation  c onditions  

were thus : 

0 T 1 = 9 . 2  C ,  

w = 0 . 6% 

0 T2 = 5 . 2 C ,  

A = 1 46 . 22 vol t s  

s 1 = 1 : 1 ,  s2 = 1 o : 1 ,  

A ft e r  holding i n  the  c o n s t an t  t e�perature room at the se c o nd 

c ry stalli sation temp e rature for 60 minu t e s ,  no cry stal s  h ad 

fo rmed . I t  was n e c e s sary to hold  fo r three  days at this 

t em p e r a t u r e  to o b t ai n  c ry s t al fo rmatio n . 

The int e r�e diat e frac tion p ro duc e d m e l t e d  v e ry simil arly 

to c o c o a  but t e r  ( s e e  Figure 6 . 1 2 ) . 

The yield o f  thi s interm e di at e  frac tion was 2 . 5% o f  the 

t o  t al taJ.lO \'l • The y ields o f  the hard and so ft frac tio ns \'!ere 
-

34 . 5% an d 63 . 0% re spe c tivel y .  

N o  a t t em p t  w a s  m a d e  t o  compare th e se re sul t s  wi th t h e  

pre di c t e d  value s o f  the response variabl e s  at thi s point 

b e c ause t h e  fi t t e d  m o del s c anno t b e  e xp e c t e d  to p r e di c t  

a c c urat ely o u t side t h e  e xperim e n t al are a  over whi c h  they were 

d e t ermine d . 

6 . 1 1  FUR'I'HER S'l'UDY O F  THE EFFEC T O F  ALTERING s 1 AND s 2 

B e c au s e  o f  the suc c e s s o f  t h e  frac tionatio n s  wi th s 1 and 

s2 e xtrapolated  to 1 : 1 and 1 0 : 1  r e sp e c tively , it was de c i d e d  to  

inve stigate  the e f fe c t  o f  further  varying s 1 and s 2 • As an s 1 
ratio o f  1 : 1 was c o n sidered to be the  lowest  feasible wi thout 

inc urring h andling pro bl em s , the e f fe c t  o f  s 1 at l o we r  limi t s  w a s  

no t consi d e re d .  Howe ver , t h e  e f fe c t o f  r ai sing s 1 to 2 . 5 : 1 , and 

o f  rai si ng s 2 to 30 : 1 ,  was c o n si d e re d .  The level s o f  s 1 and s 2 , 

and the  yi el d s o f  e ac h o f  the frac tions o b t ain e d , are pre se n t e d  

in T able 6 . 7 .  The i n t e rm e diate  frac tion produc e d  i n  e ac h  c as e  

mel t e d  i d e n t i c ally t o  the inte rm e di ate frac tion pro duc e d  in 
Sec tion 6 . 1 0, the DSC pro fil e o f  whi c h is pre se n t e d  in Figure 6 . 1 2 . 
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T abl e 6 . 7 :  L evel s o f  s 1 and s 2 ru'1d yi el d s  o f  frac tions pro duc e d  

Run Yi e l d  o f  Yi e l d  o f  Yield o f  so ft  s 1 s2 hard frac tion 
. + ' .  . 
ln v e rme al ate  frac t i o n  ( w t  % o f  tallow ) frac tion ( w t  % o f  t allow ) 

( v1 t % o f  tallo w) 
1 : 1 20 : 1 34 . 5 2 . 5  63 . 0 

2 2 .  5 : 1 1 0 :  1 36 . 5 5 . 8  57 . 7  

3 1 : 1 30 : 1 37 . 0 3 . 2  59 . 8  

4 2 .  5 : 1 30 : 1 34 . 5  5 . 0 60 . 5  

Inc�e asing s 2 h a s  no t a f fe c t e d  the yi eld o f  the hard frac tion 

pro duc e d  ( an overall averag e  o f  35 . 8% a t  the high l e vel , and 

35 . 5% at the lov; l e ve l ) no r the yi e l d  o f  t h e  intermedi a t e  

frac tion pro duc e d  ( 4 . 1 %  a t  high l e v el , 1 1- . Z:6 at lov1 l evel ) . 

Similarly , inc re asing s 1 h a s  no t a f fe c ted the yie l d  o f  t h e  

hard frac tion ( 35 . 5% at t h e  high l e v e l , 35 . 8% at t h e  l o w  l e vel ) 
but h a s  incre ased the  yield  o f  the i n t e rm e diate  fr ac t i o n .  Wi th 
s 1 at 1 : 1 ,  the ave rage yi eld o f  i n t e rm e diate frac tion was 2 . 9% ,  
whil e �i t h  s 1 a t  2 . 5 : 1 ,  the average yield  was 5 . 4% .  

N o  i n te rac tive e f fe c t  be tween 5 1  and s 2 , whil e se t a t  t he se 

l e vel s ,  i s  apparent . 

6 . 1 2  STAGES O F  FRAC T IONATION 
-

I n  the suc c e s s ful frac tionatio n o f  S e c tion 6 . 1 1 ,  t h e  

average yi eld o f  t h e  h ard frac tion w a s  35 . 6% . 

I t  thus appe ar s  t hat t o  pro duc e ru1 i n t erme diate frac t i o n  

wi th goo d  mel ting p ro p e r ti e s ,  i t  i s  ne c e ssary to remove abo u t  

36% o f  t h e  to tal t allow i n  t h e  fir s t  c ry s t allisatio n .  

I n  the sc r e e ning e xperimen t ,  no i n t ermediate frac tion was 
pro duc e d  wi th mel ting proper tie s clo se to tho se o f  c o c o a  bu t te r ,  

and simil arly no n e  o f  t h e  h ard frac tio n s  pro duc e d  i n  any o f  t h e  

l t - 6o' scre ening e xperime n t  frac tionations had a yi eld c o se o ) � .  

� CONS I DERATION O F  FURTHER EXPERD1ENTS 

Though op timi sation o f  the mo del for C BLF app e ar s  to h ave  

suc c e ss fully pre di c t e d  the be st regi o n , wi thin the range o f  
independent variabl e s  studi e d ,  fo r pro duc ing an int e rme diate 
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frac tion wi th go o d  m e l ting pro p erti e s ,  the predi c tion o f  t h e  

ac tual val u e  o f  the re sponse vari abl e s  at the pre di c t e d  o p timum 

was no t go o d . 

Al so , e xtrapo l a tion o f  two o f  the v ariabl e s  to l e vel s beyond 

whi c h  they were studi e d  in the c en tral c ompo si t e  de sign 

e xperimen t s  pro d uc e d  a n  interme di a t e  frac tion wi th b e t t e r  
mel ting pro p er t i e s  than was pro duc e d  a t  the predi c t e d  o p t imum . 

For th e se two re a sons , i t  �as d e c i d e d  to fur th e r  

s tudy t h e  sy stem �i thin an e xperim e n t al area surro unding t h e  

o p timu� c o ndi tions pre dic ted  b y  thi s e xp e rimen t .  

? . 1 4 COHC LUS IOHS 

( 1 ) A c e n tro.l c ompo si t e  cie sign was perform e d  and 

empiri c al re spo nse  e quations for t h e  yi elds  o f  the thr e e  

frac tions and t he C EL F  o f  t h e  i n t e rm edi a t e  frac t i o n s  Ti e r e  fi t t e d  

t o  the  o b served d ata . By the ratio o f  HS 1 0 f to !:! S p e  t h e  s e  -..·ie r e  
sho wn to  ad e qua t e ly r e p r e s e n t the d a t a .  

( 2) Examinat ion o f  the i so l at e d  e f fe c t s  o f  t h e  independent  

vari abl e s  sho � e d  that the be st-nel ting in termedi a t e  frac t i o n  
was o b t ained \'ti th the  fi r s t  c ry s t alli sation t emp e rat ur e ( T 1 ) 
at i t s  low  l evel ( 9 . 2° C ) , the s e c ond c ry s t allisation t emperature 

( T2) at 4 to 6°
C ,  the solvent : fat ratio at the first 

c ry s t allisation ( S 1 ) a t  i t s  lO\'/ l e Yel ( 1 . 6 : 1 ) ,  the sol v e n t  : fat 

ratio at the s e c ond c rystalli sation ( s 2) at its high level  

( 6 . 4 : 1 ) ,  the  water  c o n t ent o f  the a.c e tone ( \'! )  at 1 . 1 % an d  wi th 

slo w  agi tation ( A) . 

( 3 ) The C BLF model was op timi s e d  and the fol l o wing 

op timum c ondi tions pre di c te d :  

T 1 = 9 . 2° C 
T2 = 5 . 2° C 

s , = 1 . 6 : 1  

S2 = 6 . 4 : 1 

w = 0 . 6% 
A = 1 46 . 2  vol t s  
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A frac tionation p e r fo rmed und e r  the se condi t i o n s  pro duc e d  

an interm e di a t e  frac tion whi c h  m e l t e d  a t  a lower t emperature 
and o ver a slightly g r e a t e r  t emp erature ra!lge than c o c o a  but t e r .  
A further frac tionation und e r  th e se condi tions,  b u t  �i th s 1 
and s2 e xt r apo l a t e d  o u t side the  e xperime ntal are a  t o  i : 1  and 
1 0 : 1 resp e c tively , pro duc ed an i n t e rmediate fr ac tion whi c h  
mel t e d  o n  t h e  DSC i d e n ti c al ly to c o c o a  but t e r .  T h e  yi e l d s  o f  
t h e  hard , int e rm e di a t e  and so f t  frac tions v1ere 34 . 5% ,  2 . 5% and 
63 . 0% r e sp e c tivel y .  

( 4) I ncreasing S �  t o  30 : 1 appe ar e d  t o  have n o  signi fi c an t  
c:. 

e f fe c t  upo n t h e  yi e l d s  o f  the t hre e frac tions no r the mel ting 
pro perti e s  o f  the i n t e rmediate  frac tion . 

( 5 ) I n c r e asing s 1 to 2 . 5 : 1 signi fi c antly inc reased t h e  
yi e l d  o f  t h e  interm e di a t e  frac tio n ,  but appe ared t o  h ave n o  
e f fe c t  upo n the  yi e l d  o f  t h e  h ard frac tion no r the  mel ting 
proper ti e s o f  the  i n t e rm e d i a t e  frac tion . 

( 6 ) I t  was d e c i d e d  to fur t h e r  s tudy the re sponse sur fac e 
abo ut  the are a  o f  t h e  o p timum predic t e d  from the C BLf mo del . 



CHAPTER 7_ 

FURTHER S TUDY O F  THE INDEPENDENT VARI ABLES 

ARO UND THE P REVIOUS PREDI C 'rED OPT IMUM 

� I NT RO DUC TION 

1 0 5 . 

I n  C hap ter 6 i t  was sho wn that there are frac ti onatio n 

c o ndi tions which c an pro duc e an intermediate frac tion m e l t i ng 

very simil arly to  c o c o a  but t e r .  I t  was de cided to inv e s ti g a t e  

mo re clo sely the e f fe c t  o f  al tering t h e  l e vel s o f  some o f  t h e  

independent  vari abl e s ,  around the e xperime r: t al region vvh e r e  thi s 

frac tic n was pro du c e d ,  upo n the  yi eld  and p ro p e r ti e s  o f  t h e  

frac tio n s .  

Fo ur independen t vari abl e s  were cho sen fo r further s tudy -

the two c ry st all i s a ti o n  temperature s and the solvent : fat 

ratio at e ach cry s t al li satio n .  The �at er c ontent o f  the 

ac e to n e  and the agi t ation spe e d �ere se t at  the o p timum levels  
found i n  t h e  previ o u s  e xperiment ( 0 . 6% and 1 46 . 2  vol t s  inp u t  t o  

t h e  stirre r ,  re sp e c t i vely) . 

The intenti o n  was to fi t a mathematic al model d e sc ribing 

the  i n fl uenc e o f  e a c h  o f  the independent v ariabl e s  upon t h e  

value s o f  the  dependent  vari able s  wi thin the  e xperimental 

r ange o f  the  inde pendent vari abl e s  s tu di e d .  

7 .  2 HETHO DS 

The frac tionati o n s  were c arri e d  o u t  as in C hap t e r  6 e xc e p t  

that t h e  fat sol u tion s  were h e l d  i n  t h e  c o nstant t emperature 

room at the second c ry s talli sation for thr e e  day s to en sure 

c ompl e t e c rys talli sation . 
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L_2 EXPERIMENTAL DESIGN 

A d e sign whi c h  woul d allo w  s e c o nd o rder mode l s t o  be 
fi t t e d  was c ho se n  b e c ause  t h e  r e sul t s  o f  C hap ter 6 sho we d t h a t  

sec ond o rder e f fec t s  w e r e  impo r t an t .  

Thi s de sign was base d o n  an inc ompl e t e  34 de sign by Box 

and Behnken ( 1 9 60 ) , c o n si s ting o f  thre e bl o cks , e ac h  o f  nine 

run s ,  wi t h  one  c e ntre - point  per block but no repl i c ation wi thin 

bl o c ks ( Bac o n ,  1 9 70 ) . Thi s lack o f  repli c ation wi thin blo cks 

made it  impo s sibl e  t o  e s timate  the pure error t o  t e s t fo r 

l ack- o f- fi t  o f  t h e  fi t t e d  mo d e l s .  Howeve r ,  by running the 

whole e xp eriment  randomly ( i . e .  by i gno ring blo cks ) three 

c e ntre-poin t s  �ere o b t aine d .  By adding two more c entre - p o i n t  

run s ,  a 29- run de sign wi th 4 degre e s  o f  fre e dom fo r e s timating 

pure e rror  was o bt ain e d .  Thi s d e sign was cho sen b e c ause : 

( 1 ) i t  r e quir e d fewer run s than a fo ur- fac t o r  c e n t ral 

c ompo si t e  de sign ; 

( 2) i t  c an fi t a s e c o nd o rder mo del ; 

, ( 3 ) e ac h  fac tor only ne e d s  to be se t at  thr e e  l e v e l s  

t h i s  w a s  advan t ag e o u s  fo r thi s experime n t  where 

t h e  l e vel s o f  the independent variabl e s  ne e d e d  to  

b e  se t c l o se t o  e ac h  o ther as the appro xima t e  

o p timum are a  h ad alr e ady been  asc ertaine d . 

The de sign i s  pre sen t e d  in Tabl e 7 . 2 . 

l.J± LEVELS OF THE INDEPENDENT VARI ABLES 

Fo l l o wing the re sul t s  o f  C h ap t e F  6 , the independent 

vari abl e s  were s tudi e d  at the  l e ve l s  sho vm in Tabl e 7 .  1 .  
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Tabl e 7 .  1 : Level s o f  the  independent variabl e s  

CODED LEVE:S 
VARI ABLE - 1  0 

T 1 
oc 8 . 2  9 . 2 1 0 . 2 

rr 2 
oc 4 . 0  5 . 2 6 . 4 

s , ( ac e tone fat , v/w ) 1 . 0 2 . 5 4 . 0 

s 2 ( ac e tone  fat , v/w ) 6 . 0  9 . 0 1 2 . 0  

7 . 5  RESULTS 

The yiel d s  o f  the thr e e  frac tio n s  and the C BLF o f  the  

int erm e di ate  frac tions  are pre sen t e d  in Tabl e 7 . 2 .  

7 .  6 F.JTP I :ii C AL E rU:\TIOU.S RELAT ING D SPE�i;)EJ1T '.!:'0 I EDEFENDEK'l' 

V ARI !\.31 ��S 

Each o f  the  re spo n se variabl e s  w a s  regre sse d ,  u sing 

Hini t a b ,  against  e ac h  o f  the me..i n e f fec t s ,  t \'iO - fe:"l.c t o r  i n t e r-

ac tio n s  and quadratic t e rm s .  C o e f fi c i e nt s  wi th t- s t ati stic s 

no t sj_gni fi c o.nt at the 5% level \'tere di s c arde d ,  and o n l y  tho se 

wi th si gni fi c an t  t- statisti c s  c o ntributed  t o  the fin al m o d e l . 

The mo del s thus fi t te d  fo r the yi e l d s  o f  the h ard and 

intermediate frac tions , and the CBLF o f  the int ermedi ate frac tio n s  

are pre sen t e d  in Table 7 . 3 .  N o  term s  were fo und t o  b e  

signi fi c an t  a t  t h e  5% l e vel fo r t h e  yi e l d  o f  the so ft f rac tion . 

The ade quac y o f  fi t o f  e ac h  o f  the  mode l s  was t e s t e d  by 

the  ratio o f  MS l o f  to MSpe • The t e s t s  for l ack- o f- fi t ,  and 

th e regre s sion st ati s ti c s  fo r e ach mo del , �re pre sented  i n  

T abl e s  A6 . 1  t o  A6 . 3 ,  App endix 6 .  I n  e ac h  c ase , there  was no t 

shown to be  signi fi c an t  lack-o f- fi t  o f  the model at the 5% 

l e v e l . 
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7 . 6 . 1 Re si dual s from the Fi t t e d  Mo d e l s  

The re si dual s from e ac h  o f  t h e  fi t t e d  mo del s are 

pre sen t e d  in Tabl e 7 . 4  in the same o rder as the e xperim e n t al 

de sign o rder o f  t h e  runs ( e ven tho ugh the  runs were per form e d  
in random order ) . I n sp e c tion o f  thi s t abl e s ho ws that 

re si dual s o f  oppo si t e  sign do no t app e ar to be  randomly 

di stribu t e d  thro ughout the e xperimen t s  -i . e .  re sidual s  o f  
simil ar si g� app e ar to be  gro uped to g e t h er . Thi s indic at e s  

that higher-order in t e rac tion t erm s are likely to b e  signi fic ant 
and woul d impro ve the fi t o f  the mo del s ( Chat fiel d ,  1 970 ) . 
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Tabl e 7 . 2 :  The exp e rimental d e si gn and the val u e s  o f  t h e  

r e sponse  varj_abl e s  o b t ai n e d  

DEPENDENT VARI ABLES 
Run T l  T 2 s 1 s 2 Yi eld o f  Yi e l d  o f  Yield o f  C BLF o f  

hard i n t e rm e - so ft i n te rm e -
frac tion dia c e  frac t i o n  di ate 
( w t  % o f  frac tion ( wt % o f  frac t i o n  

t allo w) ( VJt % 0 f tallow)  
tallovv) 

- -
1 - 1 - 1  0 0 39 . 7  5 . 6  54 . 7  9 
2 1 - 1  0 0 32 . 7 4 . 0  63 . 3 1 0 . 5 

3 - 1  0 0 3 8 . 0  7 . 0 55 . 0 1 5  

4 1 0 0 34 . L� 1 0 . 8  54 . 6 9 

5 0 0 - 1  - 1  32 . 5 3 . 0  64 . 5 9 

6 0 0 1 - 1  27 . 4  1 7 . 2  55 . 4  1 3  

7 0 0 - 1  1 34 . 4 .5 . 8  6 1  . 8  E . 5  
() 0 0 1 1 29 . 2  8 . 3  6 2 . 5 1 0  

9 0 0 0 0 26 . 9  1 i • 5 6 1 . 6  1 1 
1 0  - 1  0 0 - 1  35 . 9  8 .. 1 56 . 0  1 4  

1 1 0 0 - 1  3 i .  8 0 6 , . 58 . 6  1 2  
1 2  - 1  0 0 36 . 4 4 . 9 58 . 7  i 4  

1 3 1 0 0 1 34 . 8  6 . 3  58 . 9  1 3 

1 4 0 - 1 - 1  0 35 . 6 9 . 8  54 . 6  1 3  

1 5  0 1 - 1  0 30 . 7  6 . 7  6 2 . 6 1 1 

1 6  0 - 1 0 26 . 6  1 2 . 8  60 . 6  1 3 

1 7 0 1 1 0 27 . 1 1 2 . 6 60 . 3 1 4 
1 8  0 0 0 0 29 . 9 1 5 . 7  5L;. . 4  1 4 
1 9  0 - 1  0 - 1  24 . 1 1 2 . 9 63 . 0  1 4  

20 0 1 0 - 1  24- · 7 7 , 3  6 8 . 0 1 6 
2 1  0 - 1  0 25 . 9  1 9 . 0  55 . 1 1 8 

22 0 1 0 1 25 . 5 1 1 . 3 63 . 2  1 9 

23 - 1  0 - 1  0 33 . 2  6 . 8  60 . 0  1 2  
2Lr 1 0 - 1  0 35 . 5  4 . 4  60 . 1 1 4 
25 - 1  0 1 0 26 . 0  1 4 . 4  59 . 6  1 7  

26 0 0 1 9 . �  1 9 . 5  6 1  . 3  24 
27 0 0 0 0 30 . 4  1 3 . 8  55 . 8  1 1 

28 0 0 0 (\ 30 . 3 1 0 . 7  59 . 0 1 -:z. V ./ 

29 0 0 0 0 27 . 0  1 1 .  1 6 1 . 9  1 4  



Tabl e ? . d :  Empi ri c al mo del s for the re spon se vari abl e s  

Yield o f  h ard frac tion : 

Y H ( w t %_ . ..9 f t allo w )  = 3 0  • 0 7 - i • 8 3 ( T 1 ) - 3 • 7 5 ( S 1 ) 
+ 4 . 43 ( T 1

2) 

Yield o f  i n t e rm e diate  frac ti o n : 

Y I ( \'i t  % o f t allow) = 9 • 4 8 + 4 • 20 ( S 1 ) - 2 • 56 ( T 1 
2 ) 

C BLF o f  t h e  i n t e rm e di a t e  frac tion : 

C BLF = 1 3 . 4 1 + 2. 1 3 ( S 1 ) 

1 1 0 .  



Tabl e 7 . 4 :  Residual s  from the  fi t te d  mo del s 

Run No . Fi t t e d  Hodel  
Yi eld o f  hard Yield  o f  

frac tion int e rmediate  
( %  o f  tallow) frac tion 

( %  o f  t allow ) 
1 4 . 5  -3 . 0 
2 1 . 3  -3 . 9 
3 3 . 5 -0 . 8  
4 3 . 3  2 . 0  
5 o . o -3 . 3  
6 2 . 5  2 . 3 
7 2 . 0 - 2 . 5  
8 Ll- • 5 - 6 . 4  
9 - 2 . 2 0 . 5  

1 0  0 . 5  o . o 

1 1 0 . 3  1 . o  
1 2  1 . 5  -4 . 2  
1 3 3 . 3  - 2 . 2 
1 4  3 . 0 2 . 3  
1 5 - 2 . 0 -0 . 3  
1 6  1 . 5  -3 . 2 
1 7 2 . 5  - 2 . 7  
1 8 0 . 8  4 . 5  
1 9  -4 . 2 1 . 5  
20 -4 . 2 -3 . 5  
2 1  -3 . 2 8 . 5  
22 -3 . 2 0 . 5  
23 - 5 . 3  2 . 2  
24 0 . 4 0 . 2 
25 -4 . 8  1 . 5  
26 - 8 . 1 7 . 1 
27 1 . 8  2 . 5  
28 1 • 8 -0 . 5 
29 - 1 . 2 0 . 5 

1 1 1  • 

C BLF o f  
in t ermediate 

frac tion 

- 4 . 4 
- 2 . 9 

1 . 6 
1 .  6 

- 2 . 2 
- 2 . 5 
- 4 . 8  
- 5 . 5 
- 2 . 4 

0 .6 
- 1 . 4  

0 . 6  
-0 . 4 

1 • 7 
-0 . 3  
- 2 . 5  

• r::: - I • ../ 
0 . 6  
0 . 6  
2 . 6  
4 . 6  
5 . 6  
0 . 7 
2 . 7 
1 . 5  
8 . 5 

- 2 . 4  
-0 . 4  

0 [ . o  
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High e r- o rder t e rm s  coul d  no t b e  fi t t e d  using thi s e xp erim e n t� 

d e sign b e c ause o f  c o n fo unding . 

7 . 6 . 2  I so l a t e d  E f fe c t  o f  the Vnri abl e s  

The o b serve d re spo n s e  o f  e ac h  o f  the depend e n t  variabl e s  
t o  di f ferent  l e v e l s  o f  e ac h  o f  t h e  inde pendent vari abl e s  
c onsidered o n e  a t  a time are pre sen t e d  i n  Fi gure s 7 . 1 t o  7 . 4 .  

The pre dic t e d  value s o f  e ac h  o f  t h e  re spo nse variabl e s  a t  
the  di f fe r e n t  l e vel s o f  t h e  independent variabl e s  c o nsidered 
o n e  at  a t im e  are al so pre s e n t e d  in Figure s 7 . 1 to 7 . 4 .  In  
e ac h  c ase , t h e  predi c ted  re sponse  c urve s appe ar t o  ade quat ely  
r e presen t the  o b served dat a .  

The gre at e s t yi eld  o f  hard frac tion was sho un , fro� 
consideration o f  the i solated  e f fe c t s  o f  the indep endent 
variabl e s ,  to o c c ur \'ti th bo th T 1 and S 1 at their low l evel s 
( 8 . 2°C and 1 : 1 re spec tively ) . The lowe s t  yi el d w a s  shown to  
o c cur wi t h  T 1 at i t s  c e ntre-point l evel ( 9 . 2°C )  and s 1 at i t s  
high level  ( 4 : 1 ) . Ho wever  t h e se re sul t s  failed t o  a c c o un t  fo r 
the fac t that  th e l o we s t  yi el d o f  hard frac tion in the 
e xperim e n t al run s ( 1 9%) was o b t ained wi th  bo th T 1 and s 1  at 
t h eir hi�h l e vel s .  I t  is po s sible  that the inc lu sion o f  
higher- o rder  interac tion t e rm s  in the  model woul d have all o Tied  
thi s trend to be  mo re ac curately followed by  the mo del . 

T2 and s 2 were no t sho wn t o  have a signi fic an t  e f fe c t  upo n  
the yie l d  o f  the i n t e rmedi a t e  frac tion over thi s range o f  
c o ndi tio n s .  The i so l a t e d  e f f e c t s  o f  s 1 and T 1 sho w �hat the 
highe st  yield o f  int ermedi a t e  frac tion o c curs wi t h  T 1 at i t s  
c en tre- p o i n t  ( 9 . 2°C )  and s 1 a t  i t s high l e vel ( 4 : 1 ) . 

None o f  the  four independent  vari abl e s  were shown to  
signi fic an tl y  a f fe c t the yi eld o f  the so f t  frac tion . Thi s 
app ears r e asonabl e , as und e r  the  c o ndi tions whe re a high yi e l d  
o f  hard frac tion v.tas produc e d ,  a l o w  yi eld o f  i n t e rm e diate  
frac tion was o b t aine d - i . e .  the  sum o f  hard and int erm e diat e 
frac tio n s  p ro duc e d  remained approximately constan t , and t hu s  
t h e  yi e l d  o f  so f t  frac tion pro duc e d  mus t  remain c o n s t an t . 
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Thi s i s  al so veri fi e d  by t h e  fi t t e d  models fo r the yi e l d s  

o f  the  hard a�d so ft  frac tion s :  

Yi eld o f  the so ft  fra.c tion = 1 00 - /Yield o f  hard frac tion 
( wt % o f  t allo w)  '"(% o f  t allow) 

+ yi e l d  o f  int erme di ate frac tio n 
( %  o f  t allow2J 

? 
= 1 00 - J30 � i  - 3 . 3 ( S 1 ) + 4 . 4 ( T 1 - )  

- 1 . 8 ( T 1 ) )  
2 + ( 9 . 5 + 4 . 2 C s 1 ) - 2 . 6 C T 1 ) 17  

The c o e ffic ien t s  o f  s 1 almo s t  c an c e l  o u t , and the 

c o e f ficien t s  o f  T 1
2 

p artially c anc el . The main and quadrati c  

e f f e c t s  o f  T 1 al so t end t o  c anc el a t  some l evel s o f  T 1 • 

s 1 i s  the  only independent variabl e whi c h  has been  shown 

to signi fi c antly a f fe c t  the C BLF o f  the in t e rmedi a t e  frac tio n .  

T h e  frac tion wi th the b e s t  mel ting properti e s  was pro duc ed at 

the l o we st  s 1 value ( 1  : 1 ) .  Thi s was in c o n tras t t o  the s 1 
v alue ne c e s s ary to o b tain a high yi eld o f  the i n t e rm e diate  

frac tio n .  

A s  no t wo- fac tor int erac tion e f fe c t s  have b e e n  sho wn t o  be 
importan t  over  thi s r ange o f  condi tions , study o f  the i so l a t e d  

e f fe c t  o f  t h e  vari abl e s  abo v e  should predi c t  t h e  o p timum value 

o f  e ac h  o f  the independent variabl e s . However,  there is the  

po s sibil i ty that  higher- o rder i n t erac tion t e rm s may be 

impor t an t .  

7 . 7 INT ERPRETJ\TION O F  TIIE RESULTS 

The intermedi a t e  frac tion wi t h  the  b e s t  mel ting 

c h arac teri s tic s  in the se  runs ( CBLF -= 6 . 5 ) was o b tained wi t h  
0 0 T 1 = 9 . 2  C ,  T2 = 5 . 2  c ,  s 1 = 1 : 1 and s 2 = 1 2 : 1 .  The se are the  

same condi tio n s  as were use d in S e c tion 6 . 1 0  to  pro duc e a 

sat i s fac to ry-mel ting int erm e di a t e  frac tion e xc e p t  that s2 i s  

increased from 1 0 : 1 t o  1 2 : 1  - ho wever , i n  S e c ti o n  6 . 1 1  i t  was 

sho wn that incre asing s 2 to abo ve 1 0 : 1 h ad no e f fe c t  upo n  t h e  
i n t e rmedi a t e  frac tio n ,  and thi s app e ar s  to be the  c a s e  from 

t h e s e  experime nt s .  Howe ver , the yi eld o f  the intermediate  

frac tion was only 3 . 8% ( 2 . 5% in S ec tion 6 . 1 0 ) . The  fi t t e d  mo del  

from the se exp eriment s predi c t e d  a yiel d  o f  the i n t e rm e di a t e  

frac tion o f  6 . 3% .  
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The model for the yi eld  o f  i n t e rmediate frac tion from 

t h e se e xp e riment s  sho wed that  a gre a t e r  yi eld o f  i n t e rmedi�te 
frac tion v:ould be o b t ained i f  S 1 was inc re ase d ( i t  al so predi c t s  
that T 1 should be se t a t  9 . 2° C for the b e st yield  o f  
int e rm e di at e  frac tion , and thi s was the c o ndi ti o n  used abo ve ) . 
Fro m  the mo del s ,  increasing s 1 incre ase s the C BLF o f  the 
in t e rmedi a t e  frac tion as well as inc reasing i t s  yi eld .  

During e xe c ution o f  the  e xp e ri�ental de sign , a run was 
per fo rm e d  under the abo ve  c o ndi tions  bu t wi t h  s 1  i nc re ase d t o  
4 : 1 .  The yi eld  o f  t h e  i n t e rm c di�te  frac tion  was 8 . 3% ( 1 4 . 7% 
pre di c t e d )  and the yi e1 d s  o f  the hard and so ft frac tions were 
29 . 29b and 62 . 5% .  respec tively . The  p re dic t ed yi e l d  o f  hard 
frc;.c tion  from the fi t t e d  model \'tas  24 . 5% .  The DSC pro fil e  o f  
the i n t e rmedi a t e  frac tion in thi s run i s  pre sen t e d  in Fi gure 
7 . 5 .  V/hile the peak maximum o c c urs at the same t e41p erature as 
that o f  c o c o a  but te r ,  the m e l ting r ange i s  great e r , wi th a 
signi fi c an t  p o r tion o f  the  t ri glyc eride s m el ting a t  a l o vrer 
t emp erature . Ho �eve r ,  the y i e l d  o f  the int e rmedi ate  frac tion h a s  
been i n c r e ased , and the mel t ing pro p erti e s  o f  this  interm e di a t e  
frac tion may be su f fi c i e ntly simi lar to tho se o f  c o c o a  bu t t e r  for 
i t  to be use ful . 

I n  t h e  abo ve frac tionati o n , S ?  was se t at a high l e vel . A s  
'-

the se experime n t s  nave fai l e d  t o  sho w t ha t  S - signi fi c an tly c. 
a f fe c t e d  ei ther the yi e l d  o r  m e l ting pro p e r tie s o f  the 
i n t e rmediate frac tion over the r ange o f  l e vel s s tudie d ,  i t  was 
decided  t o  inve stigate the e f fe c t  o f  decre asing s 2 • During 
exe c u ti o n  o f  the se e xp e rime n t s ,  a fr�c tionation was run wi th s 2 
de c re ased to 6 : 1 ,  but \'Ji th all o ther co ndi tio n s  as abo ve ( i . e .  
wi th T 1 = 9 . 2°C ,  T2 = 5 . 2° C ,  and s 1 = 4 : 1 ) .  Thi s gr ? a t l y  
a f fe c t e d  the frac tionatio n .  The yi eld o f  the in t e rm e di at e  
frac tion was 1 7 .  Z;b , and t h e  yi e l d s  o f  the h ard and so rt  
frac tions \'re re 27  . 1+% and 55 . 4% re spe c  ti vely . The predic t e d  
yi elds  o f  t h e  h2,rd and in t e rmedi ate frac tions vi e r e  24 . 5% and 
1 4 . 7% re sp e c tively . The DSC pro file o f  the in t e rm e di at e  frac t i o n  
i s  pre sented  i n  Fi �ure 7 � 6 .  Thi s sho ws t h a t  t h e  maximum point  
o f  the m e l ting peak was  4° C lower than t hat  fo r c o c o a  bu t t e r .  
Examination o f  t h e  yi e l d s  o f  the  frac ti o n s· fo r the  l ast  b•to 
run s  sho w s  that dec re asing s 2 has fo rc e d  more o f  the lo wer-mel t
ing frac tion  i n to the intermedi a t e  frac tion , and whil e  t hi s  has 
inc rease d the  yi eld o !  the  i n t e rmedi ate  frac tion i t  h a s  redu c e d  
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t h e  "mel ting paint 1 1 o f  the frac t i o n .  H o wever ,  the mo del fo r 

C BLF o f  t h e  interm e diate frac tion fai l e d  to pre di c t t hat 

al t e ring s2 woul d a f fe c t  t h e  mel ting pro p e rtie s o f  t he 

int ermediate frac tio n .  

Thu s ,  whil e t h e  fit t e d  mo del s h av e  no t sho wn s2 no r 

inte rac tive e f fe c t s  to be impo r t an t , t h e  abo ve re sul t s  sugge s t  

o thervJi s e . I t  t h e r e fo re s e ems likely , e sp e cially VJi th 

c o n si deration o f  the re sidual s ,  that higher- o rder i n t e rac tive 

e f fec t s  are impo r t an t . 

The s e  re sul t s  are summari s e d  in Tabl e · 7 . 5 . 

Th e se re sul t s  c o n firm the trend found i n  S e c tion 6 . 1 1 ,  whe r e  

i n c re asing s 1 t o  2 . 5 : 1 signi fi c an t l y  inc r e ased t h e  yi eld o f  the  

i n t e rm e di a t e  frac tio n .  H o we ve r , s � �as still held at a high 
'-

l evel , so the go o d  m e l ting pro p e r ti e s o f  the int erQ edi a t e  

frac tion \'!e re mai n t ai n e d . The se e xp e rir.1 e n t s  have sho \'rn t h a t  

fur ther i n c r e asi n g  s 1 to 4 : 1 inc rease s the  yi e l d  o f  t h e  

i n t e rm e diate  frac tion s till furth e r , but there i s  bro adening 

o f  the mel ting rang e , even i'Ji th s2 mai n t ained at a high l ev e l . 

Table 7 . 5 :  Summary o f  the e f fe c t  o f  al t e ring s 1 and s 2  aro und 

the o p timum ( wi th T 1 = 9 . 2°C ,  T2 = 5 . 2°C )  

s ,  

1 : 1  1 2 : i  

4 : 1  1 2 : 1  

4 : 1 6 : 1 

Yi e l d  hard 
frac tion 

( %  0 f t al l  0 \'! ) 

29 . 2  

Yield 
in t e r:n e di at e  

frac tion (%  o f  t al l o w )  

3 . 8  

1 7 . 2 

J * 8 S'I1AGES O F  THE FTIACTTONATION 

Yi eld DSC o f  
so f t  interm e diate 

frac tion frac tion 
( %  o f  tallov1 )  

61 • 8 

6 2 . 5 

55 . 4  

Very simil ar 
t o  c o c o a  
but t e r  

Gre at e r  me l t
ing ra.nge 
t h an c o c o a  
but t e r  ( se e  
Figure 7 . 5 ) 

S o f t e r  t h an  
c o c o a  bu t te r  
( se e  Figure 
7 . 6 )  

The i n t e rm e di a t e  frac tion wi th t h e  b e s t  melting c harac t e r

i s ti c s  from the Box and Behnken de sign was pro duc e d  in a 
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frac tion v1here t h e  yield o f  hard frc..c tion v1as 34% . Thi s c o n firm s  

t h e  re sul ts o f  C h ap t e r  6 where i t  was fo und that t o  pro duc e an 

int erm e diate frac tion wi th sati s fac t o ry mel ting p ro p erti e s  about 

36% o f  the tallo w  h ad to be remo v e d  at the first cry s t alli sation .  

From o b servation o f  t h e  i so l a t e d  e f fe c t s  o f  t h e  

i ndependent variabl e s  and the fi t t e d  mo d e l s  fo r t h e  yi e l d s  o f  

t h e  hard and intem e diate  frac tio n s ,  i t  \'/as shown that wi thin 

the conditions u s e d  in frac tionati o n s  o f  thi s chap t e r  only the 

proportions o f  the t \'10 . h arder frac tionations and no t o f  t h e  so f t  

frac tion were al t e r e d .  

Thi s was al so t h e  c as e  i n  a frac tio nation \'!here s 1 = 4 : 1 
and s2 = 1 2 : 1 .  Thi s inc r e a s e d  the yi eld o f  the int e rm e di a t e  

frac tion t o  8 . 3% ,  an d  dec reased t h e  yi e l d  o f  hard frac tion t o  

29% , whil e  the yi e l d  o f  the so ft frac tion remaine d appro ximately 

the  sam e  as  v1hen s 1 vias se t at 1 : 1 .  I n  a frac tio nation wi t h  

s 1 = 4 : 1 and s2 = 6 : 1 ,  the yi e l d  o f  i n t e rme diate frac tion � a s  
1 7% . Thi s e xtra proportion o f  i n t e rm e di at e  frac tio� was 

remo ved  from the so ft frac tion ( yi e l d = 56%) , and the 

interm e di a t e  frac tion ·:1as predi c t ably so f t e r  than in the previot;.s 

frac tio natio n .  

2..!2 TEl·1PE RA'rURE H I STORY O F  THE FA'r SOLUTION DURI IW 

C RYS'l' ALLISI\TICH 

During all o f  the previ o u s  c ry s t alli sations , agi tation 

spe e d ,  c ry s talli sation t emperature and the vo lume o f  t h e  fat  

solution will have a f fe c t e d  the c o o l ing rat e of  t h e  fat 

soluti o n , but no at t empt was mad e  to c o n trol the c o oling r a t e  

as an inde pendent variable .  

H en c e in t h e  c ry s t alli sation o f  S e c tion 7 . 7 ,  wi t h  

s , = 4 : 1 and s2 = 1 2 : 1 ,  t h e  t emp e rature hi s tory o f  t h e  fat 

solution during the t wo c ry stalli sati o n s  was s tudi e d . The 

c o oling c urve s are pre sented in Figur e 7 . 7 .  

I t  i s  appare n t  that the tempe ra ture o f  the fat so lution 

do e s  no t reac h  the  air t emp erature o f  t he c on stant t emp e ratur e  

room . Thi s i s  pro bably due to h e at input from the stirre r . 
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7 . 1 0  CONCLUSIONS 

( 1 )  An incompl e t e 3
4 d e sign was p e r formed and empiri c al 

r e spon se e quat i o n s  for the yield s o f  t h e  hard and interm e di at e  

frac tion s  and t h e  C BL F  o f  t h e  i n t e rm e di at e  frac tion were fi t t e d  

t o  the o bs e rved dat a .  By the  ratio o f  MSlo f t o  MSp e  t h e se 

were sho wn t o  ade quately repre sent t h e  dat a .  

( 2) I t  was fo und that al t e ring t h e  t emp eratur e s  and 

s o l vent : fat ratio s at t he t \'IO c ry s t alli s ation s ,  VJi thin t h e  

l imi t s  o f  t h e  de sign , o nly a f fe c t e d  t h e  relative pro p o r ti o n  o f  

t h e  hard and interme diate fr�c tion s ,  and did no t signi fi c an t ly 

a f fe c t  the yield o f  t h e  so f t  frac t io n .  

( 3 ) The i n t e rme di ate fr�c tion wi t h  t h e  be st mel ting 

c haro.c teri s ti c s  ( C BLF = 6 . 5 )  \':as o b t ained \·:i th a fi r s t  

c ry s t alli s ation ter.1p e rature ( •r 2) o f 5 . 2° C ,  a so lvent  t o  fat 

ratio � t  the fi r s t c ry s t alli sation ( 5 1 ) o f 1 : 1 �nd a sol v e n t  to 
fat ratio a t  the s e c o n d  cry s t alli s at io n  ( S 2) o f  1 2 : 1 . The 
y i e l d s  o f  the hard� i n t e rm e di e. t e  a.r..d so f t  frac tio n s  �::ere 31+% , 4% 
and 6 .2%  re spec ti vely . 

( 4 ) Inc r e a sing t h e  so l v e n t  to fat ratio at t h e  fir s t  

c ry s t al l i sation  ( S 1 ) to L� : l  inc r e as e d  t h e  yi eld o f  the 
i n t ermediate  frac tion t o  8 . 3% ,  d e c re as e d  the yi e l d  o f  the h e.rd 
frac tion to 29% , and c aused the mel t ing range o f  the int e rm e di at e 

frac tion t o  increase a t  the l o w e r  e nd • 

. 

( 5 ) Wi th s 1 = 4 : 1 and s 2 d e c r e a s e d  t o  6 : 1 ,  t h e  mel ting 

point o f  t he interme diate frac t i o n  w a s l o wered but i t s  y i e l d  

\'!as inc r e a se d  t o  1 7% .  The yi e l d  o f  t h e  h ard frac tion was 27% . 

( 6 ) A fur ther inc rease in the yi e l d  o f  the i n t e rm e d i a t e  

frac tion c ould onl y  b e  o b t ain e d ,  wi t hin t h e  condi tions studi e d ,  

wi t h  a co rre sponding deviat i o n  o f  t h e  mel ting prop e r ti e s  o f  

t h e  interm e diate frac tion from tho se o f  c o c o a  but t e r .  

. I 
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C H APTER 8 

SC ALE- UP O F  TH E FRAC T I O NAT I O N  

8 . 1 I NT RO DUC T I O N  

Frac tionatio n  c o ndi tio n s  have b e e n  d e s c ri b e d  i n  C h ap t e r 7 

t o  give an i n t e rm e diate frac t i o n , wi t h  a yi e l d  o f  8 . 3% o f  t h e  

to tal t al l o w ,  whi c h  mel t s  o ve r  a sligh tly w i d e r  t e mp e r ature 

rang e t h an c o c o a  but t e r . I n t e rm e di at e  frac t i o n s  w h i c h  m e l t e d  

o v e r  t h e  s am e  r ange a s  c o c o a  but t e r  were o b t aine d  i n  an 

average o f  4 . 1 %  yi e l d .  I t  w a s  d e c i d e d  t o  sc al e - up u sing t h e  

c ondi t i o n s  whi c h  gave the higher yi e l d  o f  i n t erm e di at e  frac tio n ,  

i n  the h o p e  that t h e  pro p e r t i e s  o f  t h e  i n t erm e di a t e  frac t i o n  

would b e  su f fi c i e ntly simi l ar to tho se o f  c o c o a  bu t t e r  f o r  j _ t to 

be use ful . 

T h e r e  were two m ain re aso n s  fo r sc aling-up t h e  pro c e ss : 

( 1 ) to pro duc e a gre a t e r  quan t i ty o f  e ach o f  t h e  
frac ti o n s  s o  t h a t  their pro p e r ti e s  and sui t abil i ty f o r  sp e c i fi c 

use s c o u l d  be  de t ermin e d ,  an d 

( 2) to e l u c i d a t e  t h e  c ri ti c al s c al e-up cri t e ri a  for thi s 

pro c e s s .  

T h e  frac tio nation was fi r s t  a t t emp t e d  w i t h  200 g o f  

t allo w ,  i . e . a t e n  fo l d  inc r e a se i n  sc al e ,  and t h e n  wi th kg 

o f  t al l o w .  

8 . 2 FRAC T I ONATION O F  TWO HUNDRED G RAMS O F  TALLOW 

8 . 2 . 1 M e tho d s  

T h  f t . t .  f d . J . ? 5 l e rac 1ona 1 0 n s  w ere p e r  o rme 1 n  a s e a . e a ,  - •  _ , 

c o ni c al fl ask . 

C o o ling was ac hi e v e d  b y  h o l ding i n  a c o n s t an t  t emp e ra t u r e  

ro om o r  by p ar t i al l y  immer sing t h e  fl a sk i n  a re frigerat e d  w a t e r

b a t h . 

Agi t a ti o n  was provided by a magn e t i c  s t i rr e r  when 

c ry s t al l i sa t i o n s  were c arri e d  o u t  i n  t h e  c o n s t an t  t emperature 

r o om .  When a re fri g e r a t e d  wa t e r- bath w a s  u se d , m i xing w a s  b y  

an o v e rh e ad C a fram o e l e c t ri c  s t i rrer . In e a c h  c ase , t h e  
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impell er dimensio n s  were ad j u s t e d  i n  proportion t o  t h e  sc ale o f  

t h e  e quipm e n t  in an at temp t  t o  m ai n t ai n  o v e rall g e o m e tri c  

simil ari t y  b e tween t h e  20 g and 200 g s c al e  e quipm en t .  

H o w e v e r ,  t h e  n a ture o f  t h e  agi t ati o n  ac hi e v e d  wi th e ac h  

type o f  s t i r r e r  u s e d  o n  the 200 g sc ale was qui t e  di f fe r en t . 

T h e  impel l e r  wi th t h e  magn e ti c  s t i rr e r  was simply a fl at r o d  

lying on t h e  bo t tom o f  the fl a sk .  Thi s gav� a pr e do minan t l y  

radi al flo w  p a t te rn in the fl a sk wi t h  some vo r t e xing . T h e  

propell er o f  the o verhead s t i r r e r  was h e l d  at  a di s t an c e  abo ve 

t h e  bo t tom o f  the fl a sk and g ave much mo re v e r t i c al mixing and 

l e s s  vo r t e xing . 

The f a t  so luti o n s  at t h e  s e c o nd c ry stalli s a t i o n  were 

s e e de d ,  � h e n  c o o l e d  to the fin al c ry s t allisation t em p e ratur e , 

wi t h  0 . 1 g 1- 1 o f  c ry s t al s  pro duc e d  i n  an e arli e r  t al l o w  

frac tio n a t i o n  and whi ch mel t e d  simil arly to c o c o a  but t e r . Thi s 

all o w e d  t h e  t o t al h o l d ing time a t  t h e  s e c ond c ry s t al l i s a t i o n  

to  be re duc e d  from 72 to 24 ho u r s .  

T h e  fi n al so l u ti o n  t e mp e rature s fo r the fi r s t  a n d  s e c o n d  

c ry s t alli s a t i o n  v1ere 1 2 . 5°C and 8°C r e sp e c tively v1h e n  20 g h ad 

be en frac t i o na t e d .  There fo r e  two hund r e d  g o f  t al l o w  di s so l v e d  

i n  ac e to n e  ( 4 :  1 (v/ •·J ) , ac e tone : t al l o w ) were c o o l e d  i n  t h e  
c o n s t an t t empe rature room to 1 2 . 5°C be fo re fil t e ring . Be c au se 

o f  the lo w e r  sur fac e are a : vo l um e  ratio o f  t h e  l ar g e r  ve s s e l , 

t h e  c o o l ing r a t e  o f  t h e  fat so l u t i o n  was muc h slo w e r . Simil arly , 

t h e  fat/ ac e to n e  so l u ti o n  at t h e  s e c o nd c ry s t al l i s a t i o n  

( 1 2 : 1 (v/w ) , ac e to n e  : fat ) was c o o l e d  t o  8°C , but at  a s l o � e r  

rate than f o r  t h e  smal l e r  s c al e .  T h e  c o oling c urv e s .  for t hi s  

frac tionatio n o f  200 g are pre se n t e d  in Figure 8 . 1 . 

Agi t at i o n  was pro vid e d  by a magn e t i c  s tirr e r .  I t  w a s  

di f fi c ul t  t o  dupli c at e  the s t i rring c o nditions fo r the 20 g 
frac tionatio n s  exac tly be c au s e  no quan t i t ative d a t a  was o b t ai n e d  

fo r the s ti rrer sp e e d  o n  the 20 g sc al e , and t h e  s ti rring r a t e  

c h ange d  wi th c h angi ng vi sc o si ty o f  t h e  f a t  sol u ti o n .  H o w e v e r , 

vi sual a s s e s sm e n t  o f  the co ndi t i o n s  u s e d  o n  the smal l er s c al e  

sho wed t h a t  t h e  agi t ation w a s  no t qui t e  su f fic i e n t  t o  ke e p  all 

o f  the c ry s tal s in suspensi o n  at  the e n d  o f  the c ry s t al l i s a ti o n ,  

w hi c h  re s u l t e d  i n  s o m e  se t t l ing . T hU s ,  t h e  s ti r r e r  spe e d  fo r t h e  

200 g frac tionatio n w a s  ad j u s t e d  to provide simil ar c o ndi t io n s .  
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8 . 2 . 2  Re sul t s  

The y i e l d  o f  hard frac t i o n  w a s  38 . 0% ,  and t h e  yi e l d s  o f  

t h e  i n t e rm e di a t e  and so ft  frac ti o n s  were 4 . 8% and 57 . 2% r e spe c t

i v e l y ; c f . 29 . CJ/o , 8 . 3% and 6 2 . 5% o b t ai n e d  from 20 g t al l o w .  

T h e  DSC pro fil e  o f  t h e  interm e di at e  frac tion pro duc e d  o n  t h e  

200 g sc al e  i s  pre s e nt e d  i n  Figure 8 . 2 . I t  c an be  s e e n  that i t  

m e l t s  simi larly to c o c o a  bu t t e r ,  but wi th a pro po r ti o n  o f  the 

frac tion mel ting at a sligh t l y  l o w e r  t emp erature . 

The abo ve frac t i o nation w a s  rep e at e d  wi th t h e  fat sol u ti o n  

c o o l e d  i n  a VIat e r  bath . Thi s al l o \'/ e d  t h e  f a t  so l u t i o n  t o  be 

c o ol e d  at a rate simil ar to t h a t  achi e v e d  wi th t h e  20 g 

frac tionatio n - se e Figure 8 . 1 .  S ti r ri ng sp e e d  w a s  s e t  t o  1 30 
rpm to give a degre e o f  agi t a t i o n  simi l ar to that ac hi e v e d  �i th 

t h e  magn e ti c  stirr e r .  Ho �e v e r , as m e n tioned above t h e  flow re gim e 

w i t h  thi s s tirrer w a s  qui t e  di f f e r e n t  from that o b t ai n e d  w i t h  

t h e  magn e ti c  stirre r .  F'r ac t i o n a t i o n  und e r  t h e s e  c o n di t i o n s  

gave yi e l d s  o f  t h e  h ard , i n t e rm e di a t e  a n d  so f t  frac t i o n s  o f  
30 . 5% ,  1 0 . 5% and 59 . 0�� r e sp e c t i v e l y . T h e  DSC o f  t h e  

i n t ermediate frac t i o n  w a s  very simil ar t o  t hat o f  t h e  i n t e rm e d i at e 

frac tion produc e d  o n  the 200 g s c al e  w i t h  air c o o l ing . 

As bo th c o o ling rate and t h e  typ e o f  stirrer vie re al t e r e d  

for the abo ve run , a fur ther r u n  was p e r fo rm e d  w i t h  s l o w  c o o l i ng 

( i . e .  c o o l e d  i n  t h e  c o n s tan t  t e m p e r a ture ro om ) b u t  wi t h  t h e  

o ve rhead s ti rrer a t  a spe ed o f  1 30 rpm . T h e  c o o li ng curv e s  fo r 

t h e  fat so l u ti o n s  were iden ti c al to  t ho se fo r t h e  fi r s t  air

c o ol e d  run u sing 200 g t allo w .  T h e  y i e l d s  o f  t h e  hard , 

i n t e rme d i a t e  and so f t  frac t i o n s  o b t ai n e d  were 27 . 3% ,  1 2 . 5% and 

60 . �/o re sp e c tivel y .  

Th e DSC pro fil e  o f  the i n t e rme di a t e  frac tion o b t ai n e d  was 

viru t al l y  i de nt i c al t o  that o f  the i n t e rm e di a t e  frac t i o n s  

p ro duc e d  i n  t h e  previous 200 g frac tionatio n a .  T h e  re sul t s  o f  

t h e  200 g run s ,  and t h e  20 g run u sing simil ar temp e ra t ur e s  and 

solvent : fat ratio s ,  are p r e s e n t e d  in T abl e 8 . 1 . 
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Tabl e 8 . 1 :  Yi e l d s  and c harac t e ri s t i c s o f  frac tio n s  o b t ai n e d  

from 2 0  g and 200 g t allo w u sing simi l ar t e m p eratur e s 

and solvent : fat rati o s ( T 1 = 1 2 . 5
°

C ,  T 2 = 8
°

C ,  

W eight 
o f  

t allo w 
( g) 

20 

200 

200 

* 200 

s 1 = 4 : 1 , s2 = 1 2 : 1 )  

C o oling S tirrer 
rate 

Fast 

S l o w  

Fast 

S l o •:J 

Magn e t i c  

Hagne t i c  

O v e rh e ad 

O v e rh e ad 

Hard 
frac tion 
( w t  % o f  

t allo w )  

29 . 2  

38 . 0  

27 . 3  

I n t e rm e 
diat e  

frac tio n 
( w t  % o f  

t al lo w )  

8 . 3 

1 0 . 5  

1 2 . 5  

So ft 
frac tio n 
( \'/t % 0 f 
tallo w) 

6 2 . 5 

57 . 2  

59 . 0  

60 . 2  

DSC o f  
i n t e rm e di a t e  

frac t i o n  

S imil ar t o  
c o c o a  b u t t e r ,  
bu t a small 
amo u n t  o f  t h e  
frac tion me l t s  
a t  a l o w e r  
t emp . ( Fi g .  
7 . 5 ) 

Sligh t l y  
sh arpe r  t h an 
t h e  abo v e  
frac t i o n  
( Fi g .  8 .  2)  
1 1  

1 1  

* The pro duc t s  from thi s frac tiona tion \'I e r e  analyse d in C h ap t e r  9 .  

8 . 2 .3 Yi e l d s  o f  t h e  Th r e e  Frac tio n s  

In Chap t e r  7 , i t  was found that al t e ring the frac t i o na tion 

c ondi tions o ver t h e  r ange s tudi e d  was o nly in fluenc ing the  

r el ative propo r ti o n  o f  the hard and i n t e rmediate frac t i o n s , an d 
no t o f  the so f t  frac tio n .  Simil ar re sul t s  were o b tained wi t h  

t h e  200 g fr ac tionatio n s ,  i . e .  abou t  40% o f  tall o w  w e n t  i n t o  

t h e  hard an d  int e rm e diate frac tio n s ,  and abo ut 60% o f  t h e  

t allow into t h e  so ft frac tion . 

An inc r e ase in t h e  yi eld o f  the i n t e rm e diate frac tio n ,  

VJhil e maintainin g  simil ar mel ting pro p e r tj_ e s ,  was ac c ompani e d  

b y  a c o rre spo nding d e c re ase i n  t h e  yi e l d  o f  the hard frac ti o n . 

§.3. FRAC T IOliAT I Cm O F  ON:S KILOGRAH O F  TALI .. OW 

8 . 3 . 1 M e tho d s  

T h e  frac tionatio n s  we re p e r fo rme d i n  a j ac ke t e d ,  s t ain

l e s s s t e el , s tirre d c ry s t al l i s e r .  A bUil t-in fil t e r  all o w E: d  
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fil tration o f  the c rystal s  to be p e r fo rmed at the c rystalli sation 

t emp�ratur� . Agi tation was pro vided  by a clo se- cl earanc e anc ho r 

impeller driven by a variabl e- speed  elec tric mo tor , to  r e du c e  

t h e  runount o f  cry s t al encrustation upon t h e  cooling sur fac e .  

Cooling �as achieved by pumping c hi ll e d  wat er through 

the external j acke t and the co oling rat e c ontrolled by varying 

the tempe rature and flo�-rate o f  the c o oling water .  A solid 

s t ate c o n troller maintained the wat e r  t emperature ·;:i thin a range 

o f + 0 . 1 °C o f  the s e t  point . 

S e eding at the s econd crystalli sation v1as perfo rmed  as i n  

S e c tion 8 . 2 . 1 .  A diagram o f  the apparatus i s  pre s e n t e d  i n  

Figure 8 . 3 .  

The temperatur e s  and solvent : fat ratio s were T 1  = 1 2 . 5°c , 
T 2 = 8°C ,  s 1  = 4 : 1 and s2 = 1 2 : 1  as in  the  smaller sc �le  

frac tio nations.  The  c ooling rate �as  ad j u sted  to  appro xima t e  
that  at t ained  \':i th  the  air- cooled  200 g frac tionations ( se e  

Figure 8 .1t ) , al though the shape o f  the cooli:1g cur ve s di f fe r e d  

slightly . l·! ai!1 t enanc e o f  an impell er  t i p  sp e e d  i n  the large 

c rystalli ser similar to the impeller tip sp e e d  o f  the o v e rh e ad 
s tirre r i n  the 200 g frac tio nations  re quired a s tirrer sp e e d  o f  

20 rpm in the large cry s t alliser . Hov1ever., the minimum spe e d  

ac hievable wi th the stirrer mo tor on  t h e  l arge c ry s t al l i s e r  w a s  

25 rpm , and the di f ferent types  o f  stirrers  and the di f fETent  

shapes  o f  the  crystallisers meant  ti"ta t the fl o '.'I regim e s  wi thin 

e ach  crystalli ser were  very di f feren t . 

The response vari abl e s  were the yi e l d s ,  by weight , o f  the  

three  frac tions and the DSC pro fil e  o f  the  int ermediate frac tio n .  

Be c ause o f  the clo se similari ty i n  t h e  DSC pro fil e s  o f  t h e  
interme diate frac tion s  pro duc e d  on  the  1 kg scal e , and in the 

DSC pro file o f  c o c o a  but ter , the CBLF was no t a valid indi c ation 

o f  the  rel ative mel ting pro p e r ti e s  o f  the frac tio ns .  Frac tion s  

were pro duc ed  whi c h  had simil ar mel ting ranges  and similar DSC 

p e w� maximum temperature s , but ':!hich  hacl DSC peaks  that di f fered  

in  shape  within the se limi t s .  Thus a de s c rip tive compari son o f  

the  DSC pro file s  o f  the int ermedi at e  frac tions was use d .  
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8 . ) . 2 Re sul t s  

The yi e l d s  o f  the  h ard , i n t e rm e di a t e  and so ft frac t io n s  

pro duc e d  Dere 24 . 0% ,  1 0 . 1 %  and 65 . 9% re sp e c tively . Th e DSC 

pro fil e  o f  the int ermedi a t e  frac ti o n  i s  sho wn i n  Figure 8 . 5 .  I t  

c an be s e e n  that 'lfhile the DSC p e ak r.1aximum fo r thi s frac t i o n  

o c curr e d  at t h e  same t emperat ure as fo r c o c o a  bu t t e r ,  the 

mel ting range was gre a t e r  t h an fo r c o c o a  but t e r ,  but  simil ar to 

that o f  the  i n t e rm e diate frac tio n s  pro duc e d  on the 200 g sc al e . 

The yi e l d s  o f  the  hard and i n t e rmediate frac tio n s  were l e s s  

than i n  t h e  mo s t  de si rabl e 200 g frac tio nati o n .  

� h e n  the . stirring spe e d  w a s  inc re a s e d  from 25 to 50 rpm 

yie l d s  o f  the h ard,  i n t e rm e d i a t e  and so ft frac tio n s  were 23 . 0% ,  

9 . 8% and 6 ? . c:;G r e sp e c t ively . I n  addi tion t h e  DSC pro fil e o f  

the i n � e rm e di at e  frac tion was v e ry similar t o  t h a t  pro duc e d  

using t h e  slo we r  agi tation sp e e d ,  

Sinc e the  coo ling rate was lo wer than u s e d  i n  the 

frac t i o n ation o f  200 g t al l o \'1 ,  a fur ther frac ti o na t i o n  u sing a 

mo re c omparabl e c o o ling rat e ( se e  Fi gure 8 . 4 )  was c arri e d  o u t  
wi th a s ti rrer sp e e d  o f  2 5  rpm . Thi s pro duc e d  har d ,  i n t e rm e di at e  

and so rt frac tions i n  yi e l d s  o f  24 . 0% ,  9 . 8% and 66 . 2";& 

re spe c ti ve ly . The DSC pro fil e  o f  the in t e rm e di a t e  frac t i o n  w a s  

v e ry simil ar to that o f  the previous i n t erm e di a t e  frac t i o n s  

pro duc e d  b y  frac tionating 1 k g  o f  t allow . 

I n c re asi ng the agi t ation sp e e d  to 50 rpm and u sing t h e  

fast e r  c o o ling rate gave 23 . 6% , 1 0 , 2% and 6 6 . 2%
.
o f the  h ar d , 

i n t e rm e di a t e  and so f t  frac t i o n s  r e sp e c tively . The DSC pro fil e 

o f  t h e  i n t erme diat e frac tio n was v e ry similar to that o f  the 

o th e r  i n t erm e di a t e  frac tio n s  p ro duc e d  by frac tionati ng 1 kg o f  

t all o v1 ,  

T he se re sul t s  are summari s e d  i n  Tabl e 8 . 2 . 
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Figure 8 · 5 : DS C profi le of the intermediate fraction produced by 
fractionating 1 kg of tallow wit-h sti rrer speed of 2 5 rprn ;  
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Tabl e 8 . 2 :  The e f fec t o f  agi tation sp e e d  and c o o li ng rate 

upon the frac tio nation o f  1 kg o f  t allow 

C oo ling S tirrer 
rat e spe e d  

( rpm) 

Slow 25 

Slo w 
Fas t 
Fas t  

50 
25 
50 

Hard 
frac tion 
( \'lt % 0 f 

t allow)  

24 . 0  

23 .. 0 

24 . 0  

23 . 6  

I n t e rme
diate 

frac tion 
( -.·; t % 0 f 

t allov1)  
1 0 .  1 

9 . 8  

9 . 8  
1 0 . 2  

So ft 
frac tion 
( w t  % o f  

t allow)  

6 7 . 2  
6 6 . 2  
66 . 2  

DSC o f  the  
int e rmedi a t e  

frac tion 

DSC p e ak maximum 
o c curs at the  srune  
t emperature a s  
c o c o a  but t er , but 
a p ropo r t io n  o f  t h e  
frac tion m e l t s  at 
a l o we r  t emnerature 
( Figure 8 . 5) 

· I J 

" 

" 

Thus o v e r al l , v arying the  s ti rre r sp e e d  and/o r the c o o l i n g  
rat e b e t w e e n the abo ve l e v e l s  di d no t signi fi c antly  a f fe c t  th e 
!'rac tionatio n .  

8 .3.3 Comnari son o f  t h e  one kil ogr am frac t io n s  wi t h  tho s e  o f  
th e sm al l er s c al e frac t i o n a t i o n s  

�ac h o f  the frac tio natio n s  p e r fo rm e d  on 1 k g  o f  t al l o �  
gave an i n t e rmedi at e  frac tion wi th a mel ting c urve whi c h  w as 
v e ry similar to that o f  t h e  i n t e rmediate frac tion  pro d u c e d  by 
frac tio nating 20 g o f  t allow using simil ar c ry s t al l i s a t i o n  

t emp e ratur e s  and so lvent  : fat ratio s ( se e  Figure 7 . 5 ) . 
Ho w e v e r ,  the  si z e s  o f  the  int e rmedi a t e  frac tio n s  o bt ained from 
1 kg t allow were sligh tly gre ater than from 20 g tallo w 

( ave rage o f  1 0 . 0% co mpar e d  to 8 . 3%) . The ave rage yi eld o f  
h ar d  frac tio n from 1 kg t allow v1as 23 . 7% c ompar e d  to 29 . 2% from 
20 g t allo w .  Mo re o f  the hard and i n t e rm e di a t e  frac tions , and 
l e s s  o f  t h e  so f t  frac tion , vere  pro duc e d  o n  t h e  200 g sc al e  
than the 1 l�g se al e .  

A comp ari son o f  the yi elds o f  the  t hr e e  frac t i o n s  o b t ai n e d  
p n  t h e  di f fe rent s c al e s ,  u sing T 1  = 1 2 . 5°C ,  T 2 = 8°C ,  s 1  = 4 : 1 

and s2 = 1 2 : 1 , i s  pre sented in T abl e  8 . 3  • . The 1 kg frac tionation 
u si ng a slo v.; cooli ng rate  and stirrer spe e d  o f  50 rpm was 
r e p e at e d ,  at a later  tim e , i 5  time s to pro duc e su f fi c i e n t  o f  

e ac h  o f  t h e  three fr�c tic n s  fo r further t e s ting . From the 
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s t andard d e v i a t i o n  o f  the yi el d s · o f  e ac h  o f  t h e  frac t i o n s  

o b t ai n e d  from t h e  1 5  run s ,  t h e  di f fe re n c e s  j_n yi e l d s  o b tai n e d  

o n  e ac h  o f · t h e  thr e e  s c ale s ( as sho wn in Table 8 . 3 ) we re 
fo und t o  b e  signi fi c .:m t  at t h e  5% l e v e l . 

Tabl e 8 . 3 :  A c omp ari son o f  t h e  yi e l d s  o f  t h e  t h r e e frac t io n s  

p ro duc e d  from t h e  frac t i o natio n s  o f  di f fe re n t  

amo un t s  o f  t al l o w  ( \'li t h  rr 1 := 1 2 . 5°C ,  T 2 = 8°C , 
s 1 = 4 : 1 ,  s 2 = 1 2 : 1 )  u sing a slo w c o o li n g  ra t e . 

W e i g h t  H ar d  frac t i o n  I n  t e rm e di 3. t e  S o f t  frac t i o n 
tallO\'/ ( g ) ( v: t % o f  t allO\'l ) frac t i o n  ( w t % o f  t al l o ·,v ) 

( w t  % o f  t all o w )  

20 29 . 2  8 . 3 6 2 . 5  
200 27 . 3  1 2 . 5  60 . 2  

1 000* 23 . 0  9 . 8 6 7 . 2  

* ave r ag e  o f  1 9  frac ti o nati o n s  

I n  t h e  frac tio n a t i o n  o f  1 kg tallo � , vari a t i o n  o f  c o o l i ng 

r a t e  and/o r  t h e  agi t a t i o n  sp e e d d i d  no t si gni fi c antly a f fe c t  

ei t h e r  t h e  yi e l d s  o f  t h e  t hr e e  frac tio n s  o r  the m e l ting 
pro p e r t i e s  o f  the i n t e rme di a t e  frac tio n .  S imi l arly , c h anging 

the c o o li ng r a t e  o v er a c o mp araol e range did n o t i n fl u e n c e � h e  
frac t i o n a  tio n o f  200 g t al l o \·: . H o v1e ve r ,  wi. t h  20 g t al l O \'! 

varying t h e  agi t a t i o n  sp e e d  a f fe c t e d  t h e  m e l ting p ro p e r ti e s o f  

t h e  i n t e rme dia t e  frac tion b u t  no t t h e  pro p o r t i o n  o f  the t hr e e  

frac t i o n s  ( s e e  Figure 6 .  1 0 ) . H o �·, e v e r ,  t h e  range o f  s t i r r e r  

sp e e d s  u s e d  o n  t h e  20 g sc al e  \'/a s  muc h  gre a t e r  t h an fo r t h e  1 kg 
sc al e , and t h e  n ature o f  t h e  agi t at i o n  qui t e  d i f fe r e n t . 

8 . 3.4 Fur t h e r  A t t empt s to Fr a c ti o n a t e 1 kg o f  T al l o w  

T h e  i n t e rme di a t e  frac tio � s  p ro duc e d  from 200 g and 1 kg 

t al l o w  m e l t e d  l e s s  shar� l y  t h an c o c o a  b u t t e r ,  bu t simi l arl y t o  
t h e  20 g i n t e rm e di a t e  frac t i o n  p ro duc e d  u sing simi l ar so lve n t  
t o  fat r a ti o s and c ry s t al l i s a t io n tomp G r a tur e s . I nt e rm e di a t e 

frac t i o n s  m e l ting simi l arly to c o c o a  but t e r we r e  o b t ained by 

frac tionating 20 g o f t al l o \'1 , but the se '.'/e r e  o b t ai n e d  i n  l o ·Ner 

yi e l d s ( se e  S e c t i o n 6 . 1 1 ) .  T h e  yi e l d  o f  the h a r d  frac t i o n s  

from t h e  20 g frac tio nati o n s �he r e  the sh arpe s t-mel ting 

i n t e rme d i a t e  frac tio n s  we r e  p ro du c e d  av e rage d 35 . 6% ,  c ompare d to 
o nl y  23/b h a r d  frac t i o n  \'ih e n  1 k g  o f  t al l o w  v1a s  f r a c  t i o r. a  t e d .  
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Thu s ,  i t  was pro b ably n e c e s sary t o  remo v e  m o re o f  t h e  tallo w 

in the fir s t  c ry s t al l i s ati o n  i f  t h e  �el ting prop e r ti e s  o f  t h e  

int e rme diate frac tion produ c e d  from 1 kg o f  t al lo w  were t o  b e  

made m o r e  simi l ar t o  t ho se o f  c o c o a  but t e r .  

A l t e ring t h e  c o o ling r a t e  and/o r  t h e  s t i rrin g  spe e d  di d 

no t al t e r  the y i e l d  o f  th e hard frac tio n ,  so t h e  e f fe c t  o f  

al t e ri ng the fir s t  c ry st al l i sat i o n  temp erature ( T 1 ) ,  t h e  

so l v e n t  to f a t  r a t i o  at  t h e  fir st c ry s t all i sati o n  ( S 1 ) and t h e  

wat er c o n t e n t  o f  the ac e to n e  (W )  w e re s tudi e d  t o  d e t e rmine t h e i r  

e f fe c t  upo n  t h e  yi e l d  o f  t h e  hard frac tion and t h e  mel ting 

pro p e r t i e s o f  the i n t e rm e di a t e  frac tio n .  The s t i rr e r  sp e e d  

was se t a t  t h e  previous high l e vel o f  50 rpm b e c au s e , e v e n  

tho ugh agi t atio n sp e e d  had no t b e e n  sho wn t o  signi fi c an tly 

a f fe c t  t h e  1 kg frac tionatio n s  p e r fo rm e d  previo u sl y ,  it may 

have h ad a signi fi c an t  e f f e c t  at di f fe re � t  l ev e l s  o f  T 1 and s 1 , 

Two frac t i o nati o n s  wer e  p er fo rm e d  wi t h  s 1 = 4 : 1 ,  T 1 = 1 2 . 5
°

C 

and t h e  fast c o o ling r a t e  u s e d  in the previ o u s  1 kg frac ti o n

atio n s .  C h anging t h e  �at e r  c o n t e n t  o f  t h e  ac e to n e  from 0 . 6% 
to 0 . 5�� and 0 . 776 did no t signi fi c an tl y  a f fe c t  t h e  frac t i o n a t io n s .  

A summary o f  t h e  frac tionatio n s  whe re T 1 o r  s 1 were al t e r e d  

i s  gi v e n  in Tabl e 8 . 4 . Two 1 k g  frac tionati o n s  � e r e  p e r fo ro e d , 
as abo ve , bu t wi th T 1 de c re ase d by 1 °C to 1 1 . 5° C .  The c o o ling 

rate  w a s  se t at  the slow and fast rat e s  u s e d  i n  t h e  previous 
frac tio n atio n s  upo n  1 kg o f  t all o w .  Five fur t h e r  f rac t i o natio n s  

were p e r fo rm e d  wi th T 1 = 1 2 . 5°C ,  a s tirrer sp e e d  o f  50 rpm , and 

c o oling at the fast rate u s e d  previo u sly . s 1 w a s  se t at  

di f fe r e n t  l evel s fo r e ac h  o f  the se frac t i o n at i o n s .  T h e  v al u e s  

o f  s 1 were 1 . 0 : 1 , 1 . 5 : 1 ,  1 . 7 : 1 ,  2 . 0 : 1 and 2 . 5 : 1 .  

T h e  o v e ral l  e f fe c t  o f  l o wering T 1 vras t o  so f t e n  t h e  

i n t e rm e di a t e  frac t io n ,  ( se e Figure 8 . 6 ) , e v e n  t h o ugh by · 

al so u sing a fast c o oling rat e the yi e l d  o f  t h e  h ar d  frac tio n  

was simil ar t o  t hat o b tained wi t h  t h e  b e st frac t i o natio n s  o n  

the 20 g sc al e .  
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Figure 8 · 6 : DSC profi les of the intermed iate fract ions produced by 
fro.ctionating 1 kg of tallow '�o�ith. T1 = 1l5°C and stow 
and fast cool i ng rates ; and the D S C  profi l e  of a 
cocoa butter sample. 
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Wi t h  T 1 se t at 1 2 . 5
°C ,  al t e ring s 1 had a gre at e f fec t upon 

the yi e l d  o f  the hard frac tio n ,  and a slight e f fe c t  upo n  the 

yi e l d o f  the int erm e diat e frac tio n .  S e e  Fi gure 8 . 7 fo r a plo t 

o f  the yield o f  h&rd fr�c tio n against s 1 • I t  c an b e  se e n that 

up t o  a c riti c al rati o o f  appro ximately 2 : 1 ,  the  yi e ld o f  hard 

frac tio n  was very sensi tive to the l e vel o f  s 1 • 

hl COHPARI SON O F  ALL FRAC TIOITATIOHS 

The e f fe c t  o f  s 1 upon the yi e l d  o f  th e har d  frac tion from 

frac tio na ti o n s  upo n 20 g o f  t allo v1 v1i th T 1 = i 2 . 5° C are al so 
pl o t t e d in Figur e 8 .7 .  Ove ral l t h e r e  i s  clo se simil ari ty b e t w e en 
the  t\';o c urv e s  e xc ep t at l o \'t S ,  value s .  The di f fe r e nc e I 

b e tween the 1 . o : 1 ,  1 .  6 :  1 and 2 . :3 : 1 val ue s fo r t h e  20 g 

frac tionatio n s  c anno t b e  sa�d to b e  signi fi c an t  as t h e re w a s  

o nly o ne run p er fo rm e d wi th s 1  = 1 . 6 : 1 .  T h e  d i s c r e p an c y  

be t \'le en the 20 g and 1 kg frac tio nations at low s 1 vc:,l ue s i s  
impo r t an t as the i n t e rm e di a t e  frac tio n s  �i th t h e  b e s t  m e l ting 
pr� p e r t i e s from 20 g were o b t ain e d  wi t h  s 1 = 1 : 1 .  O bv i o u sl y ,  
t h e  sy s t em u sing 1 kg was re spon di ng qui t e  di f fe r e n tly a t  l o w  
l e v e l s  o f  s 1 • I t  wa s ne c e ssary t o  i n c r e ase s 1 to 1 . 5 : 1 o r  

1 .  7 :  1 to  o b t ain simi lar yi el d s o f  the hard frac t i o n .  Al t ho ugh 

thi s ad j u s tm e nt di d no t produ c e  i n t e rme d i a t e frac t i o n s  whi c h  

m e l t e d  a s  sharply as tho se o f  t h e  b e s t  20 g frac t i o n s ,  t h e y  

m e l t e d mo re l i k e  c o c o a  bu t t er than the frac t i o n  o f  Figure 8 . 8 
whi c h  was pro duc e d in a frac ti o natio n wh e r e  the yi e l d  o f  h ard 
fr ac tio n was 44 . 0% .  Thi s was o b t ained by s e t t ing s 1 = 1 : l t  
t h e sam e  a s  \':as use d fo r the be s t  20 g frac tio n atio n s .  

The i n t e rm e di a t e  frac tio n s  pro duc e d  o n  t h e  1 kg sc al e wi th 

T 1 = 1 2 . 5°C and s 1 val u e s  o f  1 . 5 : 1 or gre a t e � nl l m e l t e d  

simil arl y t o  the frnc ti o n  analyse d i n  Figure 8 . 9 . This ·•1as i:1 

c o ntrast to the 20 g s c al e  fra::; tio natio ns , wh ere al t e ring s 1 
o ve r a simil ar rang e al t e re d  the mel ting p roperti e s  o f  the 

i n t e rme di a t e  frac tion ( se e  Fi gure 6 . 7d ) . 

T h e r e  was c l o s e  simi l ari ty b e t w e e n  the m e l ting o f  t h e  

i n t e rm e d i a t e  frac t io n s  p ro duc e d  b y  frac tio nating 200 g o f  

t allow v1i t h  S 1 = 4 : 1 and tho se pro d uc e d o n  the 1 kg sc al e v/i t h  
s 1 = 1 . 5 : 1 o r  g r e at e r .  The yie l d s  o b t ain e d  o n  the 200 g sc al e 

we r e  simi l ar to tho se o b t aine d  on the 1 kg sc al e wi th s 1 = 2 . 5 : 1 . 
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Figure 8 ·8  : D S C  prof i le of the i ntermed iate fraction  produced by 
fractionating 1 kg of ta llow with 51 = 1  : 1 ; and the 
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Figure 8 ·7 : DSC prof i le of the  intermediate tallow fraction  produced 
by fractionating 1 kg of tallow with S1 = 1 ·5 : 1 ; and 
the DSC profi le of a cocoa butter sample. 



Tabl e 8 . 4 :  The frac tiona tion o f  1 kg o f  tal l o w  wi th di f ferent l e v e l s  o f  T 1 o r  s 1 

rr s 1 C o o l ing S t irre r H ard I n t c rm c - S o f t  DSC pro fi l e  o f  t h e  int e rmediate 1 
r a t e  sp e e d  frac t i o n  di a t e frac t io n frac tion ( OC )  ( rpm ) ( \'! t �� 0 f frac t i o n  ( \'Jt 'X, o f  

t al l o  '.'1) ( \'/t  j� 0 f t al l o \'! ) 
t allO \'i ) 

1 2 . 5  1 • 0 :  1 Fast 50 �-4 . 0 7 . 2  4 8 . 8 P e ak maximum o c c urre d  at the same 
t em p e r a t ure as c o c o a  but t e r ,  but 
a p ro p o r t i o n  o f  the frac t i o n  melt-
e d  a t  a � o � e r  t em p e ra t u r e  
( Fig . 8 .8 )  

1 2 , 5  1 • 5 :  1 Fast 50 37 . 3  8 . 6  54 . 1 Similar t o  above , b u t  a smal l er 
( Fig . 8 . 9 ) pro portion o f  the 
frac t i o n  me l t e d  at a l o \'/ e r  
t emp e rc: t ure . 

1 2 . 5  1 • 7 :  1 Fast 50 32 . 0  7 . 9  60 . 1  " 

1 2 . 5  2 . 0 : ·1 Fast 50 28 . 0  - - " 

1 2 . 5  2 .  5 :  1 Fast 50 26 . 6  9 . 4  6Lr . 0 . " 

1 1  • 5 '+ : 1 Slav! 50 22 . 0  7 . 0 7 1  . o  DSC p e ak sli ghtly bro ad er than fo r 
c o c o a  bu t t e r ,  and p e ak maximum at 
a t em p e ratu re zoc bclO\'! that o f  
c o c o a  bu t t e r  ( Fi gure 8 . 6) 

1 1  • 5 4 :  1 Fast 50 3L� . 0  1 1  • 0 55 . 0 DSC p e ak  sli ghtly bro a d e r  than 
abo v e , and p e ak m aximum a t  a 
t empera ture L�o c belov1 the1. t o f  
c o c o a  bu t t e r  ( fi gure 8 . 6 ) .  

. .... 
N 
CJ) . 
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I nc re a si ng s 1 o n  t h e  1 kg sc al e  sl i g h t l y ,  b u t  signi fi c an tl y , 

i n c r e a s e d  t h e  y i e l d  o f  the i n t e rm e d i a t e  frac tio n .  I n c r e a s i n g  

s 1 o n  the 2 0  g s c al e  al so si gni fi c an t l y  i n c r e as e d  t h e  y i e l d  

o f  t h e  i n t e rm e di a t e  frac tio n  ( se e  Fi gur e  6 . 7 b ) . Th e s e  

r e sul t s  are summari s e d  i n  T abl e 8 . 5 .  

O v e ral l ; 

( i ) Th e i n t e rm e di a t e  frac t i o n s  pro duc e d  whi c h  m e l t e d  

mo s t  l i ke c o c o a  but t e r  were t ho se from the 20 g s c al e  whi c h  had 

sm al l  yj_ e l d s  ( 2 . 5% t o  5 . 8%) . A high e r  yi e l d  o f a n  i n t e rm e d i a t e  

frac ti o n  ( 8 . X6 )  w a s  o b t ai n e d o n  . the 20 g s c al B ,  b u t  t h e  me l t i ng 

range o f  t hi s frac t i o n  �as sl i gh t l y  gre a t e r  t han t h a t  o f  c o c o a  

bu t t e r . T h e  pro c e s s was sc al e d  up fo r thi s l at t e r  frac t i o n ,  

b e c au s e  o f  i t s  gre a t e r  y i e l d ,  i n  t h e  ho p e  t h a t  t h e  m e l t i ng 

pro p e r t i e s  o f  t h e  frac t i o n  � e r e  su f fi c i e n tl y  simil ar t o  t ho s e  

o f  c o c o a  bu t t e r fo r i t  t o  b e  u o e ful . 

( ii )  An i n t e rm e d i a t e  fr ac t io n �as p ro duc e d froc 200 g 

t al l o ·;; , \·:i th a y i e l d  o f  4 . 8% ,  '.'lhi c h  !n el t e d  simi l arly t o  t h e  
8 . 3% yi e l d 20 g i n t e rm e d i a t e  frac t i o n  m e n ti o ne d a b o v e  - i . e .  

whi c h  m e l t e d o v e r  a sligh tly gre a t e r t emp e r a t ur e  r ang e t h an 

c o c o a b u t t e r .  T h e  yi e l d  o f  thi s frac t i o n  was i n c r e a s e d  t o  

1 2 .  5% , \'li t h o u t a f  fe e t i n g  i t s  m e l t i ng p ro p e r ti e s ,  b y  ad j �.1 s ting 
agi t Q t i o n  c o n d i t i o n s .  

( ii i )  A simi l ar i n t e rm e di a t e  frac t i o n  w a s  p ro duc e d  from 
1 kg t al l o \'1 , bu t it haci a sli gh t l y  l o w e r  yi e l d  ( 9 . 8%) . A t t err.p ts  
o n  t h e  1 kg sc a� e  t o  pro duc e an in t e rme di a t e  frac t i o n  •:Jh i c h  

me l t e d  m o r e  l ike c o c o a  bu t t e r  w e r e  un suc c s s s ful . 

'T h e r e  are s e v e r al po s si bl e  r e a s o n s  why frac t i o il  ... a .. tj_o n s  o n  th e 
di f f e r e n t  sc al e s  b e h av e d di f fe r e n t l y : 

( 1 )  a d i f fe re n t  sur f ac e  are a  t o  vo l um e  ratio o n  e a c h  s c al e  

i t  i s  pro b abl e t h a t  the c o o l i n g  sur fac e i n flue nc e s  

nuc l e atio n ,  and h e n c e c h an g e s i n  t h e  sur fac e a r e a  to 

vo l ume ratio wi t h  s c al e  may al t e r the nature o f  the 
pro duc t s  p r e c ipi t at e d ; 

( 2 ) di f f e r e n t  ma t e ri al s  o f  c o n s t ruc t i o n  o f  the c ry s t alli se r -

t hi s  m ay al so h av e  an e f f e c t  upo n nuc l e a t i o n  and h e nc e 
al t e r  t h e  n a t u r e  o f  t h e  p ro duc t s  p r e c i p i t at e d .  



Table 8 .5 :  Compari son o f  the re sul t s  o f  sel e c t e d  frac tions from e ac h  o f  the  three sc al e s  

( wi th T 1 = 1 2 . 5°C ,  T2 = 8°C ,  s 2 = 1 2 : 1 o r  1 0 : 1 )  

Weight 
o f  

tallow 
( g) 

20 

20 

20 

200 
( magn e ti c  

stirrer)  

* 200 
( prope l l er 
agi t ator)  

* 1 000 

1 000 

1 000 

* 1 000 

1 000 

s 1 

1 : 1 

2 .  5 :  1 

4 :  1 

4 :  1 

4 : 1 

4 :  1 

2. 5 :  1 
1 • 7 :  1 

1 • 5 :  1 

1 • 0 :  1 

Hard frac t i o n  
( w t % o f  t al l o w )  

34 . 5  

36 . 5 

29 . 2  

38 . 0  

27 . 3 

23 . 0" 

26 . 6  

32 . 0  

3'7 . 3  
ltL� . 0 

I n t e rm e di a t e  
frac t i o n  

c � t % o f  t al l o w )  

2 . 5  

5 . 8  

8 . 3  

4 . 8 

1 2 . 5  

9 . 8  

9 . 4 

7 . 9  
8 . 6  

7 . 2  

So f t  frac tio n · 
( w t  % o f  t al lo w )  

63 . 0  

57 . 7 

6 2 . 5  

57 . 2 

60 . 2  

6 7 . 2 
61t . O  

GO . 1 

.)L� . 1 
48 . 8  

DSC pro fi l e  o f  the intermediate 
frac tion 

Ve ry simil ar to  c o c o a  but t e r  
( se e  Fi gure 6 . 1 2 ) 

1 1  

A higher propo rtion o f  the 
frac t i o n  m e l t s  a t  a temperature 
lower  than the temperature o f  
maxim um m e l t i ng t han i t  do e s  
wi th c o c o a  bu t t e r  ( Fi gur e 7 . 5 ) 

1 1  ( Figure 8 .  2)  

1 1  

" ( Figure 8 . 5 ) 
1 1  

" 

" ( Figure 8 . 9 )  
Mel ting range greater than for 
any o f  t h e  above frac tio n s  

( Figure 8 . 8 ) 

* T h e  t h r e e  frac t i o n s  from e a c h o f  fi'I<!Se fr.:;.c. t i o n a t i o n s  v1e r e  ;l nal y s e d  in C h ap t e r  9 .  
-
\1 
c . 



( 3) di f fe r e n t  flo w  regi m e s - i t  was sho wn o n  t h e  200 g 
1 3 1 . 

s c al e  

that c h ange s in t h e  flo w  regime wi thin the c ry s t al li s e r  

( c aused by u sing di f fe r e n t  impe l l e r s) had a v a s t  e f f e c t  

upo n  t h e  c r y s t al l i satio n s . Thu s ,  di f ferent flo w  regim e s  

b e twe en t h e  di f fe re n t  sc al e s  are l ikely to simil arly 

in fluenc e t h e  c ry s t alli sati o n s ,  e sp e c i ally wi th t h e  

c ry s t alli s e r  u s e d  fo r t h e  frac tionation o f  1 kg o f  t al l o w  

where a compl e t ely di f fe r e n t  type o f  impell e r  w a s  u se d . 

A s  thi s was a c lo se- c l e aran c e  impel l e r ,  c ry s t al 

depo si t i o n  upo n t h e  c o o l i ng sur fac e s  was inh i bi t e d  r e l a t i v e  

to  t h e  smal l e r  sc al e  frac tionatio n s .  

Di f fe r enc e s  i n  sh ap e  o f  the vario u s  c ry s t al li s e r s  w o u l d  

al so i n flu enc e t h e  fl o w  regim e . 

M COHCLUS IOri.3  

( 1 )  Frac tiona tion o f  200 g t al l o w  wi th a fi r s t  c ry s t al

li sation t e m p e r a tu r e  ( T 1 ) o f  1 2 . 5°C ,  a s e c o nd c ry s t al l i s a t i o n  
t e mp e rature ( T2 ) o f  8° C ,  a solv e n t  to f a t  r a t i o  a t  the  fi r s t  

c rystalli s a t i o n  c s , ) o f  4 : 1 and a sol v e n t  t o  fa t r a t i o  a t  the 

s e c o nd c ry s t al l i sation ( s 2 ) o f  1 2 : 1  pro duc e d  a n  i n t e rm e di a t e  

frac tion whi c h  m el t e d  simil arly t c  t h e  i n t e rme di a t e  frac t i o n  

p ro duc e d  und e r  similar c o nd i t i o n s  o n  t h e  20 g s c al e ,  bu t no t 

a s  sharply as th e 20 g interme dia t e  frac tions wi t h  t h e  m e l t ing 

p roperti e s  m o s t  like tho se o f  c o c o a  bu t t e r .  R e p l acing t h e  

magn e t i c  s t i r r e r  wi t h  an o v e rh e ad sti rre r gre atly i n c r e a s e d  t h e  

yi e l d  o f  t h e  int e rm e di a t e  frac tion wi t ho u t  al t e ri n g  i t s  m e l t ing 

prope rti e s ,  and d e c r e a se d the y i e l d  o f  the hard fr ac t io n .  

Changing t h e  c o o li ng rat e  within t h e  limi t s  u se d  d i d  no t 

a f fe c t  t h e  frac t i o n a tio n s  o n  t h e  200 g sc al e . 

( 2)  Frac t i o n a  tion o f  1 kg o f  t al l o w  using t h e  abo v e  

t emp eratur e s  and so l v e n t  to  fat ratio s pro duc e d  a n  i n t e rm e d i a t e  

frac tion whi c h  m e l t e d  simil arly t o  t h a t  pro duc e d  i n  t h e  200 g 

frac tio nati o n s .  Al t ering t h e  s ti r r e r  sp e e d  and/o r  t h e  c o o l i ng 

rate  di d no t a f fe c t t h e  frac tionations upon t h e  1 kg s c al e . 

D e c r e a sing T 1  to 1 1 . 5°C pro d uc e d  an in t e rm e di a t e  frac t i o n  whi c h  

mel t e d  a t  a l o w e r  t emp e rature t h an c o c o a  but t e r .  T h e  y i e l d  o f  

the hard frac tion was v e ry s e n si tive t o  s 1 v al u e s l e s s  t h an 

2 . 0 : 1 .  Al t e ring s 1 to 1 . 5 : 1 o r  1 . 7 : 1 produc e d  i n t e rm e di a t e  

frac tio n s  whi c h  m e l t e d  simil arly to  iho se pro duc e d  wi t h  

s 1 = 4 : 1 ,  but the yi eld o f  hard frac tion was gre a t e r ,  and t h e  

y i e l d  o f  so f t  a n d  i n t e rm e di a t e  frac t i o n s  l e s s .  



( 3) The i n t e rmediate frac tio n pro duc e d  from 20 g t allo w  
( se e  Chap t e r  6 )  whi c h  m el t e d simil arly t o  c o co a bu t t e r  c o ul d  
no t b e  re pro duc e d  o n  t h e  l arger sc al e s .  

( 4 )  The r e  w a s  a gre at ' di f ferenc e i n  t h e  r e sponse  o f  t h e  
frac tionati o n  sy s t em wi th change s i n  t h e  sc al e  ( and henc e 
e quipmen t ) o f  frac tio natio n .  
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The 2- s t age so l ve n t  frac tionation pro c e s s  u s e d  h a s  be e n  a t  
l e as t  par t i al ly, suc c e s s ful in pro duc ing a frac tio n v1i t h  mel ting 

prop ertie s mo re simil ar to tho se o f  c o c o a  bu t t e r  t h an t h e  
o riginal t all o w . �hi l e  frac tio n a t ing 20 g o f  tal l o w  produc e d  
i n t e rmedi a t e fr�c t i o n s  wi th mel �ing pro p e r ti e s  similar to  t ho se 
o f  c o c o a  but t e r ,  the  yi eld  o f  the s e  av eraged only 4 . 0 wt % o f  
the  t allo i'r . A frac t i o n a t i o n  scheme  i nv o l ving a g r e a t & r  n m:: 'b e r  
o f  c ry s t al l i s a t i o n  s t e p s  m ay have a c hi e v e d  a g r e a t e r  yi e l d  o f  

a siDi l ar frac tio n ,  however thi s would h a v e  i n c re a s e d t h e  
c ompl exi ty and c o s t o f  the pro c e s s .  Any att emp t t o  i n c r e ase t h e  
yi e l d o f  the  i n t e rm e di a t e  frac tion  in this  work was  only 
ac hieved �i t h  a c o n s e quential r e duc tion in t h e  si m i l ari t y  o f  t h e  
mel ting pro p e r ti e s o f  the frac tion  t o  tho se o f  c o c o a  bu t t e r ,  
Thi s  sugee s t s  that the degre e o f  separation being achi e v e d  � a s  

th�  maximum o b tai nabl e wi th t hi s  2- s t age f!'ac t i o n a t i o n  pro c e s s ,  
a t  l e a s t  wi thin t h e  range o f  l evel s o f  the i n d e p e n d e n t  

vari abl e s  which  w e r e  s tudi e d .  

The di f ferent sc al e s  o f  frac tionatio n  all r e sponded  
di f ferently to  variati o n s  i n  the l e vel s o f  the ind epend e nt 
vari abl e s ,  and a t t emp t s  on the  i kg sc al e  to pro duc e an 

· i n t ermedi a t e  fra� tion wi th m e l t i ng prop erties  simil ar t o  tho se  
o f  the be s t  20 g i n t e rm e di a t e  frac tion we re un suc c e s s ful . 
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Becau se o f  the  di f ficul ti e s  in a t temp ting to sc al e-up  t h e  

pro c e ss ,  i t  may have b e e n  advante.geo u s  t o  use· c ry stalli sation 
e quipment for the  2 0  g frac tio nation s  whic h  was similar to  
that  used  for the  1 kg frac tionation s  a s  i t  i s  obviously  no t 
po s sible  to reproduc e on  a large sc al e the e quipment  used  fo r 
the 20 g frac tionations .  However even thi s may no t have b e en 
suc c e s s ful as the 200 g frac tionatio ns  used  e quipmen t simil ar 
to that used in  the 20 g frac tionati o n s ,  but the smal l er- s c al e  
frac tionation could s till no t be dupli c at e d  exac tly . However  
here  it  was no t po s si bl e  to  copy  the  flow _ regime and cooling 
rate o f  the smaller  sc al e  frac tionation simul taneously . 

Bec au se o f  the  l arge di f feren c e s  in  the behaviour o f  the  
c ry stalli sations on the  various sc al e s ,  and the  inabili t y  to 
de t e rmine the critical fac tor( s ) c ausing thi s ,  it  is no t po s si bl e  
t o  ac curately pre di c t  scal e-up c ri t eri a  fo r future work ,  and 
i t  may b e  very di f fi c ul t to repro duc e the frac U.onation on a 
l arger sc al e .  

A fur ther  di f ficulty i s  t he extreme sensitivi ty o f  t h e  

system to  some o f  the  pro c e ss vari abl e s .  On the 1 k g  sc al e , 
a change in  the  first  crystalli sation temp erature ( T 1 ) o f  1 ° C 

c aused l arge change s in  bo th the yields  o f  the three  frac tion s  
and the melting prope r ti e s  o f  the intermediate frac tion . 
Simil arl y ,  slightly  c hanging the solvent  t� fat ratio at the  
first  crystallisation ( 5 1 ) over some  levels  on  the  1 kg s c al e  
c au sed l arge c hange s i n  the yi el d s .  In  thi s work i t  was 
nece ssary t o  c are full y  contro l  each o f  these vari abl e s  in 
o rder to obtain consi s t ent resul t s ,  and c a.re ful contro l  wil l  
be  required in  any fu ture \'Jo rk on  a larger scal e .  The  
sensitivi ty o f  the sy stem to change s in the se vari abl e s  m ay 
have been at l e ast  partly r e sponsible  for some o f  the  di f fi c ul ti e s  
i n  sc al e  up . 

Apar t from the frac tionations  perfo rmed in the  scre ening 
e xperimen t ,  all frac tions  were upo n  Smi th fiel d 1 �  R November  
1 977 tallow.  Thus the  e ffe c t  o f  variation in  t allow 
compo si tion upon the  frac tionation p ro c e ss has no t b e en 
d e t e rmined i n  the  v1o rk. Be fo re any larger sc al e  work o r  
commercial feasibi li ty s tudy c an b e  implemented ,  i t  will b e .  
n e ce ssary t o  make a further study o f  t hi s .  

The crystal s  pro duc ed  at each c ry s t al .!.i se:1.tlon w e re i n  a fo rm 
sui table fo r filtratio n ,  and fil tration rates  were very high 
in every c ase . 
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CHAPTER 9 

EVALUATION O F  TH E FRACTIONATION PRO DUCTS 

2.!...!_. INTRO DUCTION 

The aim s  o f  this chap t e r  are : 

( i )  to s tudy the  compo si tion and mel ting pro p e r ti e s o f  

some o f  the frac tionation pro duc t s ,  and to d e t e rmine ho w c h ang e s  

i n  vario us pro c e s s parame t e r s a f fe c t  the se c harac t e ri s t i c s .  

( ii )  t o  dc t er�i ne the sui tabili ty o f  some o f  th e 

frac tior.ati o n  pro duc t s  fo r sp e c i fi c  applic atio n s .  

S runpl e s  c ho sen fo r fur ther an aly si s were : 

( i )  t h e  be s t- m el ting i n t e rm e diat� frac tion pro duc e d  o n  

t h e  20 g sc al e ( se c  s e c tio n 6 . 1 0 ) . 

( ii )  the thr e e  frac tio n s  p ro duc ed  in  the 200 g s c al e  

frac tio n atio n where the hi gh e s t  yi e l d  o f  int e rme dia t e  fr ac t i o n 

was obtain e d  ( se e  s e c tion 8 . 2 . 2 ) . 

( iii ) t h e  thr e e  frac tion s  from the 1 kg s c al e  frac tionation 

wh ere a so l v e n t  : fat ratio at the fir s t  c ry s t alli sati o n  c s , )  o f  
4 : 1 was u s e d  ( se e  t abl e 8 . 5 ) . 

( iv )  th e  thr e e  frac tio n s  from the 1 kg s c al e frac tio n a t i o n  

where a so lvent : f a t  ratio o f  1 . 5 : 1 a t  t h e  fir s t  c r y s t all i satior. 

was used ( se e  Tabl e 8 . 5 ) . 

Each · o f  the abo ve  frac tio n s  was analysed a s  follo w s ,  and 

the r e sul t s  c ompar e d  wi th o th e r  fat s :  

( i )  fat ty ac id compo si ti on 

( ii )  the pro por tio n and fat ty ac id compo si tion o f  e ac h  

o f  the t riglyc eride group s se p arate d by argent ation TLC . 

( ii i )  the fat ty ac id c o mpo si tio n a t  the 2- po si tion o f  

the ci s m o no un saturat e d trigl yc eri de s • 

.Repre sen tative hard and so ft frac t"io n s  were  al so analy s e d  
b y  DSC . 



Detail s o f  the ch emic al analysis o f  e ac h  o f  the frac tio n s  
are given i n  appendix 7 .  

1 35 .  

The hard and so rt  frac tion s  from the 1 kg frac tio nati o n  wi th 
s 1 = 4 : 1 were te s t ed in spe c i fi c  appl i c atio n s .  The hard fr ac tion  
was  asse ssed fo r p e r fo rmanc e as  a baking fat , bo th in a bl e n d  wi th 
bu t ter a..'1d in a blend wi th the so ft  t allow frac tio n .  The h ard 
t allow frac tion was al so tested as  a pas try fat , and the  so f t  
tallow frac tion was te s t e d  as a trying m e dl um and i n  the 
manu fac ture o f  m ayo nnai se . The mel ting behaviour o f  t h e  
in t erme diate frac tion from t h e  1 kg frac tionation wi th s 1  = 4 : 1 
was studi e d  by nuc l e ar magnetic r e sonan c e  ( Nt1R) and c ompar e d  wi th 
c o c o a  but t e r ,  a � o c o a  but ter sub s ti tute  ( Nuco a) and a bl end o f  
c o c o a  bu t t er and the int ermediate t allow frac tio n ( 90% c o c o a  
butter/ 1 0% tallo w intermediate  frac tion ) .  

2· 2 FATTY AC I D  COMPOSITION O F  THE FRAC T I O NS 

The o verall fat ty ac id compo si tio n o f  each o f  the  f rac tio n s ,  
and o f  the  o riginal tallow , are pre sen t e d  i n  tabl e 9 . 1 .  

9 . 2 . 1 H ard Fr&c tio ns 

The propo rti o n  o f  1 4 : 0 ,  1 6 : 0  and 1 8 : 0 w a s  higher in each 
o f  the  hard frac tions than in the o riginal tal l o v1 , and the  
propo r tion o f  1 6 : 1 and 1 8 : 1 l e s s .  

The fat ty ac i d  compo si tions o f  the two hard frac tio n s  
pro duc e d  from 1 k g  o f  tallow were qui t e  di fferen t .  However the 
yields  o f  t h e se two frac tio n s  were al so qui te  di f ferent 
( 37 . 3% and 23 . 0%) . The higher yi e l d  frac tion c o n t ained a lower 
pro portio n o f  saturated fat ty ac i d s  and a high er p ropo rtio n o f  
1 8 : 1 than the low e r  yi eld frac tion ( 27 . 7% o f  1 8 : 1 in the  high e r  
yi eld frac tion compared t o  1 9 . 3%) . 

The h ard frac tion pro duc e d  from 200 g o f  tallow had a 
yield o f  27 . 3%, which was simil ar to the yi eld o f  the h ard 
frac tion pro duc e d  from 1 kg o f  tallow wi th S 1 = 4 : 1 ( 23 . 0%) . 

I 
Th e fatty ac i d  compo si tion o f  the se two frac tio n s  was very 
simi l ar .  



Tabl e 9 • _1_ : Fatty acid compo sition o f  tallow and frac tions  obtained by solv ent crystalli sation 

S c al e  o f  
fr ac tionation 

20 g ( s 1 == lt : 1 ) 

200 g ( s 1 = 4 : 1 ) 

1 kg ( wi th 
s ,  = 4 : 1 )  

1 kg ( with 
s ,  = 1 . 5 : 1 )  

November 1 977 
Smi th field tallow 

1 4 : 0 

Frac tion 

I n t e rmediate j.  1 

H ard 13 . 4 

In t erme diate 6 . 0 

So ft  9 . 8  

H ard 1 0 . 8  

Intermediate 7 . 0 

So ft 7 . 8 

H ard 8 . 6  

I n t ermediat e 6 • Lt 

So f t  7 . 7  

8 . 4 

Fat ty Acid ( mol e % in the frac tion ) 

1 4 :  1 + i so-
i so- 1 5 : 0  1b:o 1 6 : o 1 6 : 1 1 7 : 0  1 7 : 1 1 8 : 0  1 8 : 1  1 8 : 2  
1370 

O . Lj  0 . 5  o . 1 22 . 4  1 • 6 1 . 9 0 . 4  56 . 8  j 2 . 3 0 . 5  

0 . 3  1 • 1 1 . 0 33 . 6  2 . 13 2 . 6  0 . 2  j0 . 6  1 8 . 7  0 . 7  

0 . 5  0 . 7  0 . 2  25 . 2  2 c 9  2 . 4  0 . 6  30 . 3  30 . 7  0 . 5  

1 .  0 0 . 9  1 . 0 2 1 . 0  5 . 0  1 . 4 1 . 1  1 6 . 0  lt 1 . 3  1 .  5 

0 . 7  1 • 1 0 . 5  33 . 5  j .  1 2 . 6  0 . 4 27 . 6  1 9 . 3  0 . 4  

0 . 8  0 . 7 0 . 2  24 . 3  2 . 8 1 • 7 0 . 5  28 . 2  3.3 . 4  0 . Lt 

1 · '+ 1 • 9 0 . 6  1 9 . 8  5 . 4  1 • 5 1 . 0 1 2 . 9  45 . 7  2 . 0  

0 . 9  1 • 1 O . j  28 . 3  3 . 2  2 . 5  0 . 5  26 . 4  27 . 7  0 . 5  

1 • 1 0 . 8  0 . 3 22 . 9  3 . 2 2 . 3  1 . 0 29 . 0  3 2 . 4 0 . 6  

1 . 8 1 • 1 0 . 5  1 9 . 3  4 . h 1 . 5 1 . 3 1 4  .. 8 46 . 0  1 . 6 

1 . o  1 . 2 0 · '+ 23 . 8  3 . 9  1 . 4 0 • 8 20 . 0 36 . 1 3 . 0  

\.N G'\ 
• 



9. 2 . 2 I n t erm e diate Frac tions 

The fat ty aci d  c ompo si tio n  o f  e ac h o f  th e i n t erme di a t e  

frac tions was muc h more alike . 

Frac tionation d e c r e as e d  t h e  proportions o f  1 4 : 0 and 1 6 : 1 

i n  the i n t ermediate frac tio n s  c ompar e d  to t h e  ori ginal t allO \v ,  

and incre a sed the pro p o r tion o f  1 8 : 0 .  The p ropo r tion o f  1 6 : 0 

app e ared r.elati vely unc h ange d ,  and the pro po r tion o f  1 8 : 1 \'/as 

o nl y  sl·igh tly decrease d .  

9 . 2 . ) So ft Frac tions 

T h e  so ft frac tions all showed a n  incre ase in t he 
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propo rtion o f  unsaturated fat ty acids  rel ative to t h e  o ri ginal 
tallO \'! '  and a co rre spo nding d e c rease in  the pro po r t i o n s  c f 1 G : 0  
and 1 8 : 0 .  

_2.3 PROPO RT IOn O F  EACH OF TH E TRIGLYCERIDE GRO UPS 

Argent ation TLC se parat e d  each o f  the frac ti o � s  i n to fi v e  

triglyc eri d e  gro up s .  Fat ty acid analysis o f  t he gro up s ,  and 
compari so n to triglyc eride s t andard s run simul t aneously on t h e  

TLC pla te , sho wed t h e  five  triglyc e ri d e  group s t o  be t h e  same 

as tho se separated by argent ation TLC o f  the who l e  t allows 

( s e e  sec tio n  4 . 4 ) . 

The analyses fo r e ac h  o f  the fr ac tion s are summari s e d  i n  
t able 9 . 2 . 

The hard frac tions sho wed an incre ase in the pro porti o n s  

o f  the tri saturat e d  and tran s  mo nounsaturated triglyc eride g ro u p s  

c ompar e d wi th th e o riginal t al lo w ,  and a d e c r e ase in the p::-o p o rtion  

o f  the t w o  mo st un s� turated triglyc erid e g ro up s .  
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The int ermediate  frac tions sho VIed a.Tl inc rease in the 
proportio n  O f  t h e  c i s  mo no unsaturat e d  triglyc eri de gro up wi t h  
a decre ase in the  propo r tions o f  the tri saturated tri glyc eride 
gro up and the  two mo st unsaturated  t riglyc e ride group s . 

The so ft frac t ions showe d a d e c re ase in the pro po rtio n s  o f  
the tri saturat e d  and tran s  monounsaturat e d  triglyc eride gro up s 
c ompar e d  to the o riginal t allo w ,  and an increase in the  
propo r tions  of  the t wo mo s t  unsaturat e d  group s.  

Tabl e q . z : Pro po r tions of  the di f feren t triglyc eri d e  groups 
in � ach o f  the frac tion s  and the  ori gi nal t allo w 

Triglyc eride G roup ( mo l e  % o f  to tc:d. ) 

2 3 4 5 

S c al e  o f  Frac tion ( w t  % Tri- T ran s C i s  Diun- Dj.un-
frac tion- o f  satur- mono- mono- s atur- sa tur-

ation to t al ated  un- un - a t e d  at e d  
t allo w ) sa tu!'- satur- ¥. *l ated  ated  

20 g I n t er- 2. . 5 9 . 5  8 . 8  72 . 2  6 . 4  3 .  1 
mediate  

200 g Hard 27 . 3  33 . 5 28 . 5 23 . 5  4 . 3  1 0 . 2  

Int er- 1 2 . 5 1 2 . 6  1 2 . 9  5� . 8  9 .  1 1 0 . 6  
m e dia t e  
So ft  60 . 2  4 . 0  4 .  1 32 . 2  1 5 . 0  44 . 7  

1 kg H ard 23 . 0  36 . 3  20 . 3  28 . 1 6 . 8 8 . 5 ( wi th s , =  I n t e r- 9 . 8  1 0 . 4  1 1  • 3 53 . 9  1 0 . 4  1 4 . 0  4 : 1 )  medi a t e  
So f t  6 7 . 2 3 . 2 1 . 6 30 . 3 1 5 . 6 49 . 3  

1 kg H ard 37 . 3  26 . 5 1 1 . 7 27 . 9  9 . 4  24 . 5  ( wi t h  s 1 =  I n t e r- 8 . 6  1 0 . 0 7 . 5  57 . 1  9 . 7  1 5 . 7 1 . 5 : 1 )  medi a t e  
So f t  54 . 1 3 . 5  6 . 5 28 . 0  1 4 . 5  47 . 5  

November 
1 977 
Smi th fi el d  
t allow 1 4 . 6  i 1 • 1 29 . 9  1 3 . 1 3 1 . 3 

c.. i s  
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The propo rtion o f  c i s  mo nounsaturat e d  triglyc eride s i n  the 

i n te rmedi ate frac tio n from 20 g t all o w  v1a s  7 2 . Z}G ,  compare d to  

29 . 9% i n  the o riginal t allo w .  However the to t cl p r o p o r t i o n  o f  

ci s mo noun satura�e d  triglyc eri d e s  from the o ri ginal tallow 

whic h entere d the int ermedi ate frac tion was very l o w . Only 6 % 
o f  the to t al c i s  mo no unsaturated triglyc eride s i n  the o ri g i n al 

talloVJ \'Jere conc entrat e d  i n to the interme dia t e  frac tion b e c ause  

o f  i t s  low yiel d ( 2. .5 %)  • 

The proportions o f  eac h  o f  the triglyc eride gro up s  in t h e  

int e rmediate frac tio n s  from 200 g and 1 kg o f  tal l o w  were very 

simil ar ,  and the se frac tio n s  al so had simil ar yi e l d s . C ompar e d  
wi th the 20 g int ermediate  frac tion the c i s  mo no un sa tura t e d gro up 
was co n si s tently smal l e r  ( average o f  55 • .5%) . 

I n  th e 200 g scal e  frac tio natio n ,  2 1 . 0% o f  the c i s  

mo no un saturated triglyc eri d e s  i n  t h e  o r i e;i n a� tal l o w  were 
c o nc en trat e d  into the interme diate  fra c ti o n ,  whi l e  1 9 . 6% e n t e r e d  
t h e  h ard frac tion and 59 . 4% the so f t  frac tio n .  Vi h en 1 kg o f  
t al l o \'1 was frac tiona t e d  v1i t h  S 1 = 4 :  1 ,  1 6 . 5% o f  the  ci s 

mono unsaturat e d  triglyc ericic s in the  original tal l o \'1 were 
prec ipi t at e d  in the i n t erm e di ate frac tio n s  20 . 1 % in th e hard 

frac tio n ,  .and 63 . Lt% \'I ere l e ft in the so f t  frac tio n .  I n  the 1 Lr D"  - -o 

sc al e  frac tio!'la tio n wi t h  S i  = 1 : 5 ,  1 6 . 1 %  o f  the ci s monoun sa tura. t e d  

trigl y c e ri d e s  in the o riginal tallow ent ered  the intermedi a t e  

frac tio n ,  34 . 1 % the hard frac tion a.nd 49 . 8% the so ft frac tio n .  

The yiel d s o f  the h ard and so ft fr ac tions from the 200 g and 
1 .  kg s c al e s  vari e d , and similarly there were di f fe renc e s  in the 
pro p o rtio n s  o f  e ac h  o f  the triglyc eride group s in these frac tio n s .  

I n  the two 1 kg sc al e  hard frac tion s  analyse d ,  one had a 

yie l d  o f  37 . 3% o f  the  to t al t allov1 ,  and the o ther 23 . 0% .  T h e  

frac tion wi th t h e  high e s t  yi e l d  c o n t ained the lo w e s t  propo r ti o n s  
o f  t ri saturat e d  and tran s  monoun saturated tri gly c eri de s ,  and 
the high e s t  propo r ti o n s  o f  the two mo st unsaturated  triglyc eri de 
group s .  The two frac tions c o ntaine d simi l ar pro p o r ti o n s  o f  c i s  

monounsaturated  t r i gly c e ri d e s .  
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The 200 g sc al e  frac tio nation had a yield o f  hard frac tio n 

i n t e rmedi a t e  to  tha t o f  the two 1 kg sc al e  yi el d s  ( 27 . 3%) and 

h ad simil arly r anked propor tion s  o f  the tri satur a t e d  and t h e  

mo s t  un saturat e d  trigly c e ri d e  group s .  

Thus i t  app e ar s  t h a t  an y  inc r e ase in t h e  y i e l d  o f  t h e  

h ard frac tio n was ac c o mp ani e d  b y  a c o rre spo nding i n c r e a s e  i n  t h e  

h e t e ro genei ty o f  the trigly c e ri d e  group s i n  the frac tio n ,  w i t h  

an i n c rease i n  t h e  propo rtio n s  o f  t h e  two mo st un sa turat e d  

tri g ly c e ri de gro up s ,  and a d e c re ase in t h e  pro po r ti o n  o r  t h e  

tri glyc eride gro up whi c h  w a s  pre d6minant in t h e  l o w  yi e l d  h ar d  

frac tion - the tri satur�t e d  t riglyc e ri d e s .  Thi s w a s  al so 

re fl e c t e d  in the fat ty a c i d  c ompo si tion o f  the hard frac tio n s ,  

wi th the hi gh e s t  yi eld h ard frac ti o n  h aving the h i gh e s t  

pro p o rtion o f  1 8 : 1  a.nd the l o we s t  o f  1 6 : 0 ( see s e c ti o n  9 . 2 . 1 ) .  

9 . 4  FATTY AC I D  COMPOS ITION O F  THE TRIGLYC ERI DE G ROUPS 

The pro po r ti o n  o f  1 4 : 0  in the tri satur a t e d  trigl y c e ri d e s  
v1as h i gh e r  i n  the so f t  frac tio n s  ( average = 26 . 2%) t han t h e  

i n t e rm e d i a t e  frac tions ( 23 . 1 %) o r  t h e  h ard frac t i o n s  ( 1 4 . 9%) . 
The propo r ti o n  o f  1 6 : 0 in the tri satur a t e d  trigly c eri d e s  o f  t h e  

h ar d  frac tio n s  ( average = 44 . 1 %)  w a s  h i g h e r  than in t h e  

i n t e rmedi at e  frac tio n s  ( 39 . 7%) o r  the so f t  frac t i o n s  ( 36 . 3%) , a.n. d  
the c o nc en tration o f  1 8 : 0 w a s  al so high e r  in t h e  tri saturat e d  

trigl y c e ri de s o f the h ard frac t i o n s  ( ave rag e = 38 . 0%) t h an in 

t h e  i n t e rrri e di a t e  frac t i o n s  ( 29 . 9%) o r  t h e  so f t  frac tio n s  ( 23 . 3%) .  

In the mo s t  un saturate d  trigl y c e ri d e  group , t h e  c o n c e n t r a t i o �  

o f  1 8 : 0 w a s  l o w e r  i n  e ac h  o f  t h e  so f t  frac tions analy se d than i n  

their c o rre spo nding h ard and i n t e rm e di a t e  frac tio n s .  T h e re v1a s  

an average o f  1 3% o f  1 8 : 0  in t h e  mo st unsaturate d  triglyc e ri de 

. gro up o f  the t hr e e  so f t  frac tions anal y s e d ,  comp are d  wi t h  an 

ave r age o f  2 1 %  i n  t h e i r  c o rr e sponding i n t ermedi a t e  frac t i on s  and 
20% i n  their c o rre sponding h ard frac t io n s .  

Thus t h e  n a ture o f  t h e  trigl y c e ri de s  e n t ering t h e  di f f e r e n t  

frac tions during c yr s t al li sation w a s  d e p endent upo n t h e  c hai n  

l eng t h  o f  the c o n s ti tuent fat ty aci d s  as well as thei r d e g r e e  

o f  unsaturatio n .  



.2·5 PROPORTION O F  2-0LEO DIS ATURATED TRIGLYCERI DES T N  THE 

INTERHEDI ATE FRAC TIONS 

I t  has been sho wn that a high c o n c en tration o f  2- o l e o  

di saturated triglyc e ri d e s  i s  r e quire d in a t allow frac tion fo r 
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i t  to have c ompo si tion and properti e s  simil ar to tho se o f  c o c o a  

but t er .  The proportions o f  c i s  mo no un saturat e d  and 2- o l e o  

di saturat e d  triglyc eri d e s  in t h e  intermedi at e  frac tio n s  anal y s e d ,  
and the t allo\'1 , are pre sent e d  in T abl e 9 . 3 .  

T abl e 9 . 3 : . Proportion o f  2- o l eo di saturated triglyc eri d e s  i n  
the i n t e rmedi at e  frac tio n s  analy s e d ,  and the  
original t allow 

Fat Proportion o f  

Tallo ri ( Smi thfi el d  

c i s  mo no
un saturated 

triglyc eri d e s  
in the fat 

( mol e %) 

No vember 1 9 7 6 )  29 . 9  

20 g intermedi at e  
frac tion 72 . 2 

200 g int�rmedi a t e  
frac tion 54 . 8  

1 kg int ermediat e 
frac tion ( v1i th  
s 1  = 4 : 1 )  53 . 9  

1 kg i n t e rmediate  
frac tion ( \'li t h  
s 1 = 1 • 5 : i ) 57 . 1 

Pro po rtion o f  
o l ei c  aci d  at 
the  2- po si tio n 
o f  t h e  c i s  mono-

uns aturated 
tri gly c e rides 

( mo l e  % o f  t o t al  
f . a . 1 s  at 

2- po si tion ) 

5 1 . 4 

70 . 5  

5 1 . 5  

68 . 2  

60 . 2  

2-0 l e o  
di satur a t e d  
triglyc eri d e s 

i n  t h e  fat  
( mol e %) 

51  . o  

28 . 2  

36 . 8  

34 . 4  

The se re sul t s  sho w that the pro p o rtion o f  2- o l eo di saturat e d  

triglyc erid e s  in the  int ermediate frac tion s  was gre a t e r  t han i n  

the  o riginal t al l o w .  There was a..fl increase in the pro p o r t i o n  o f  
c i s  monounsaturated  triglyc eride s i n  all o f  the i n t erm e di a t e  
frac tio n s ,  and al so an enri c hment o f  tho se  c i s  mo nounsaturat e d  

tri glyc e ride s wi th o l e a t e  in the 2- po si tion i n  the i n t e rmedi a t e  

frac tions pro duc e d  fro m 20 g and 1 k g  tallo w ,  but no t when 200 g 

was frac tiona t e d .  



The i n t e rmedi a t e  frac tion from the  20 g s c al e  h ad a much 

higher c o nc entrati o n  o f  2- o l eo di saturat e d  triglyc e ride s than 

any o f  the  o ther i n t ermediate  frac tions . 

9 . 6  DI FFERENTI AL SC ANNING C ALORIMETRY ( DSC) 

9 . 6 . 1 H ard Frac tio n s  

The  DSC pro fil e s  o f  the  h ar d  frac tio ns from t h e  1 kg 
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s c al e  frac tionatio n s  are pre sent e d  in figure 9 . 1 .  Th e mel ting 

pro p e rti e s  o f  the two frac tio n s  were only slightly di f ferent from 

e ach o ther , but their compo si tio n s  were very di f ferent  ( se e  

t abl e s  9 . 1 and 9 . 2) . The frac tion pro duc e d  wi th s 1 = 4 : 1 h ad 

a slight l y  higher mel ting r ang e ,  bu t con tained 56 . 6% o f  tri

s aturat ed and trans monounsa turat e d  triglyceride s c ompared to 

o nly jB . C;b in the o ther frac tion . 

The DSC . pro fil e  o f  the 200 g hard frac tion was ident i c al  

t o  that o f  t h e  1 k g  hard frac tion pro duc ed  �i th s 1 = 4 : 1 .  Th e se 

t\'/o frac t i o n s  had v e ry simil ar c ompo si tio ns ( s e e  t abl e s  9 . 1 an d  
9 . 2) . 

9 . 6 . 2  I n t e rmedi a t e  Frac tio n s  

T h e  200 g and 1 k g  sc al e  intermediate frac tions  all sho w e d  

similar DSC pro fil e s  even tho ugh t h e  200 g scal e  i n t ermedi a t e  

frac tion h ad a lo wer conc e n tration o f  2- o l eo di saturat e d  

triglyc e ri d e s. I t  app ear s  that there was n o  sel e c tion b e t w e e n  

2-oleo di s aturat e d  triglyc e ri d e s and o ther c i s  monounsaturat e d  

triglyc eride s e n t e ring the 200 g s c al e  int ermedi a t e  frac tion 

( se e  t abl e 9 . j ) . I t  i s  po s si bl e  that the compo si tion·  and 

proporti o n  o f  the  o ther trigl y c e ri d e s in the 200 g s c al e  

in term e di a t e  frac tion may h ave ac t e d  to give t h e  frac tion a DSC 

pro fil e simil ar to that o f  t h e  1 kg interm e di a t e  frac tions , o r  

that t h e  m e l ting prop erti e s  o f  t h e  frac tion may no t b e  very 

sensi ti v e  to c h ange s in the c onc en tration o f  2- o l e o  di satur at e d  

triglyc e ri d e s  o v e r  the range b e twe en the 1 kg sc al e  and 200 g 
s c al e  i n t erm e di a t e  frac tions ( 35 . 6% and 28 . 2%  2- o l eo di satura t e d  

triglyc e ri de s  re sp e c tively ) . 



9. 6 .3 So ft Frac tio n s  

The DSC pro fil e  o f  t h e  so ft frac tion pro du c e d  by 
frac tionating 1 kg o f  t allow wi th s 1 = 4 : 1 i s  pre sented  in 
fi gure 9 .  2 . 

9 . 7 COMPARISON WITH OTHER FATS 

9 . 7 . 1 H ard Frac t i o n s  
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The fat ty aci d  c o mpo si tio n� o f  t h e  200 g scal e  hard 
frac tion and the 1 kg sc al e  hard frac tio n pro duc e d wi th s 1  = 4 : 1  

were very sirnil�r to that o f  a frac tion pro duc e d from No r t h  

Am e ri c an b e e f  t all o v; ( frac tion 2 in figure 2 . 9 ) . The fat ty 
aci d  c o mpo si t i o n  o f  each o f  t h e s e  frac t i o fi s  is p r e s e n t e d  i n  

t abl e 9 . 4 .  T h e  DSC pro fil e o f  e 2c h  o f  t h e se th r e e  f� ac tio n s  

i s  pre sented in figure 9 . 1 .  There i s  clo s e  similari ty be twe en 
the mel ting pro p erti e s  of each o f  th e se frac tio n s .  

Tabl e 9 . 4 :  Fatty ac i d compo si tio n o f  the 200 g hard fra.c t io n , the 1 kg h ard frac tion wi th S 1 = Lt- : i , and frac tio n 
2 by Luddy e t  a.....1 ( 1 9 7 7 )  from N o r t h  Am e ri c an b e e f  
t all o vi ( s e e  figur e 2 .  9 ) 

' 

Fatty Acid  ( mole  % o f  to t al )  

Frac tion 1 4 : 0 1 6 : 0 1 6 :  1 1 8 : 0  1 8 :  1 O th e r s  

H ard frac t i o n  fro m 200 g 
t al l o w  8 . 4 33 . 6  2 . 8 30 . 6  1 8 . 7  5 . 9  

H ard frac tion from 1 kg 
t al low ( S 1 = 4 :  1 )  1 0 . 8  33 . 5 3 . 1 27 . 6 1 9 . 3  5 . 7 
North Ameri c an  be e f  t allow 
frac tion 6 . 0  36 . 0  1 . o  34 . 0  2 1 . 0  2 . 0 

The No r t h  Ameri c an bee f t al l o w  frac tion was suc c e s s ful l y  u s e d  
t o  harden sho rt ening and margarine s to ck , and was al so combined 
wi t h  ano th er North Americ an be e f  tallo w frac tion ,  a frac tio n wi th 

pr6 perti e s  simil ar to the se o f  c o c o a  but t e r  ( Frac tion 3 o f  
fig ure 2. 9 )  to pro duc e a fat wi th a higher mel ting range than 
c o c o a  but ter  fo r c er t ain confe c tionery use s ( Luddy e t  al , 1 9 7 7 ) . 
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Figure 9 ·1 0 SC  profi les of the hard fradiom produced from 1 kg 

of ta llow, and of a fraction of Luddy et al) 1977 
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9. 7 . 2  I n termedi at e Fr ac tio n s  

The  fat ty a c i d  c ompo si tio ns o f  e ac h  o f  t h e  in t ermedi a t e  

frac tions analysed , c o c o a  but t er and several fats used to 

p artia�ly or c ompl e t e l y  r epl ac e c o c o a  but t e r  in c ho colate  o r  

c ho c o l ate- type pro duc t s ,  are pre sented i n  t abl e 9 . 5 . 

Simi l ar d a t a  fo r triglyc eri d e  co mpo si tio n i s  p re sen t e d in t abl e 

9 . 6 .  

The i n t e rmedi at e  fracti o n s  analysed al l h ad a fat ty ac i d  

c o mpo sitio n  muc h clo ser t o  that o f  c o c o a  bu tte r  than di d t h e  

o riginal t allO\\' , though th ey all h ad l e  s s  1 8 : 1 a:cd mo re 1 4 : 0  an d 
1 6 : 1 than c o c o a  bu t t e r .  The in t e rmedi a t e  frac tion pro duc e d o n  
the  20 g s c al e  had t h e  f a t t y  aci d c o mpo si tio n mo st  like that o f  

c o c o a  bu t t er.  

Co berine i s  a c o mme r c i c;d c o c o �  bu t t e r  e quival e nt pro duc e d 

by t h e  solvent  frac tio na tion o f  p alm , illipe an d s h e a  fa t s ,.1i t h  
ac e tone ( Wo l f ,  1 9 7 5 ) . Illipe bu t t e r  i s  a natur al f a t  �hi c h  

i s  very similar to  c o c o a bu t t e r  and i s  p er f e c tly mi scible 
wi th c o c o a  but ter in all proportions ( 1-lini fi e ,  1 9 80 ) . The  

b e e f t all o ;·: frac ti o n  ( fr ac tio n 3 o f fi gure 2 . 9 )  ·:: a s  pro duc e d  

by so l ve n t  frac tio nation ( se e  sec tio n 2 . 6 . 3 ) ana sho ws g o o d  

c o mp atability \'r.i th c o c o a  but t er ( Luddy e t  al , 1 9 73 , 1 97 7 ,  1 9 78 ) . 
The intermediate frac tio ns pro duc e d in thi s wo rk had f at ty 

acid c ompo si tio n s  Tihi c h  were at l e as t  a s  simi l ar to the fa t t y  

acid c ompo si tion o f  c o c o a  but t e r  a s  any o f  the c o c o a  bu t t er 
repl ac e r  fat s pre se n t e d  in tabl e 9 . 5 .  



Tabl e 9.� :  Fatty aci d compo si tions o f  e a c h  o f  t h e  i n t e rm e di a t e  frac tions analys e d ,  c o c o a  but t e r  
and several fat s whic h  h ave b e e n  u s e d  t o  repl ac e all o r  a po rtion o f  c o c o a  b u t t e r  in 
c ho c o l a t e  or c ho c o l ate- type p ro duc t s  

Fat 

Fat ty 
acid 
( mole % 
in fat)  
1 2 : 0  

1 4 : 0 

1 6 : 0 

1 6 :  1 
1 8 : 0  

1 8 :  1 

1 8 : 2  
O th e r s  

P alm 
kernel 

oil 
s t e a.rine 

* 1  

55 . 5  
2 1  . o  

8 . 0  

9 . 0 

0 . 5  

6 . 0  

Illipe Co berine 
bu t t e r  * 2 

* 2  

1 . 0 

O . j 
1 6 . 3  

0 . 2  

L�j . 4  

30 . 9  

1 • 5 

6 . 1�. 

1 .  2 

0 . 9 
36 . 3  

26 . 3  

29 . 5  
0 . 5 

5 . 3 

C o c o a  
bu t t er 
( from 

se c tion 
2 . 2 . j . l )  

0 .  1 

25 • .? 
0 . 2  

.54 • .5 
3:> . 8 

2 . 8  

1 . 3 

* 1 Gordo n ,  P adl ey S( '11irruns ( 1 979 ) 

* 2 Sh e p p ard , Iverso n  & W eihrau c h  ( 1 978)  

N o r t h  
Ame ri c an 

be e f  
t a l l o w  

frac tion 
( frac t
io n 3 o f  
figure 

2 . 9 ) 

.) . 0  

32 . 0  
2 . 0  

2U . O  

jj . O  

2 . 0  

20 g 200 g 
i n t e rmedi a t e  i n t ermediate 

t al l o w  t al l o w  
frac t i o n  

3 . 1 

22 . 4  

1 • 6 

.56 . 8  

.3 2 . 3  
0 . 5  

3 . 3  

frac tion 

6 . 0  

25 . 2  

. 2 . 9  

30 . 3  

30 . 7  
0 . 5  

4 .  L� 

1 kg 
int ermediate 

t al l o vJ 
frac tion 

< s 1 = 1 . 5 : 1 )  

6 . 4  
22 . 9  

) . 2  

29 . 0  

32 . 4  

0 . 6  

5 . 5  

1 kg 
i n t e rmediate 

t al l o w  
frac tion 

< s 1 = Lt : l )  

7 . 0  

24 . j 
2 . 8  

28 . 2  
33 . '+ 

0 . 4  

3 . 9 

..j::
\.)1 
• 
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C o c o a  but t er has 79 . 4% o f  c i s  mono un saturat e d  trigly c e ri d e s (see 

section 2.2.3. 1), so the intermediate fraction produced m the 20 g sc al e ,  whic h  

contai n e d  72 . �h o f  c i s  mono un s aturated triglyc e ri d e s ,  was t h e  

o nl y  int erme di ate tallow frac tion pro duc e d  whi ch h ad a 
c ompo si tion comparabl e to  this ( tabl e 9 .  6 ) . Hov1e ver  thi s 

frac tio n had sligh tly di f ferent propo rtio n s  o f  the o ther 

tri gly c e ride gro up s ,  wi th 9 . 5% tri saturated triglyc e ri d e s  

( c omp ared t o  2 . 2% in c o c o a  but ter)  and 9 . 5% polyun saturat e d  

trigly c eri d e s  ( compared t o  1 8 . 4% in c o c o a  butter ) . I t  al so 

had 8 . 8% tran s  monounsaturat ed t riglyc eri d e s  whe reas  c o c o a  

but t e r ,  like all veg e t abl e fat s ,  c o n t ain s no tran s unsaturat e d  

fat ty �cids ( Eckey , 1 954 ; Swern , 1 964) . 

Tabl e 9 . 6 :  Triglyc e ri de coTipo si tion o f  each o f  the intermedi ate 
frac tio n s  analy s e d ,  c o c o a  bu t t er,  and so me c o c o a  
butter repl ac er fat s .  

Triglyc e ri d e  group 
( 1 cl · � · ' mo e ;o ln I a"C )  

T riglyc eride gro up Tri saturated Di sa turated  fv'l o r e  
unsaturated  

Fat 

C o c o a  bu t t er ( from 
2 . 2 . 3 . 1 )  
20 g int ermediate 
frac tion 

200 g int e rm e diate  
frac tion 

1 kg ( s = 4 :  1 )  
in t ermediate frac tion 

1 kg ( S 1 = 1 . 5 : 1 )  
in t e rme diat e frac tion 

Illipe but te r  
( Hi n i  fi e , 1 9  80 ) 
No r th Americ an bee f 
t allow  frac tion ( H amp so n ,  Luddy & 
Ro thbart , 1 9 75) * 1  
Frac tion from J apane se 
mu t to n  tallo w ( Karrada 

2 . 2 

9 . 5  

1 2 . 6  

1 0 . 4  

1 0 . 0  

1 . 0  

2 . 0  

79 . Lt ( �· 0 .  0 )  1 8 . 4  

8 1 . 0 ( * 8 . 8 )  9 . 5  

6 7 . 7 ( * i 2. 9 ) . 9 '7 ! • I 

65 . 2( * 1 1 . 3 )  24 . 4 

64 . 6 ( * 7 . 5 )  25 . 4  

83 . 0 ( * 0 . 0 )  1 6 .0  

90 . 0  8 . 0 

an d Ma t sui . 1 968) 0 . 8  7 5 . 6  
r--= perc entage o f  di saEurated triglyc"eride s  

23 . 6  
in the total fat wni c h  

contai n  a tran s  do ubl e bon d .  
-K· 1 = frac tion 3 by t h e  sc heme o f  Lud dy e t  al 

1 978)  - see figur e 2 . 9 .  
( 1 9 7 3 ' 1 9 7 6 '  1 9 77 ' 



T h e  p ro p o r t i o n  o f  di saturated triglyc eri d e s  in t he 20 g 

in t e rme d i a t e  frac t i o n  was slightly g r e a t e r  than i n  the co c oa 
butter sub sti t u t e  p ro duc e d  from J apane se mut to n  t al l o w  by Kawada 
and Matsui ( 1 9 68 ) , bu t sligh tly l e s s  than in Illi p e but t e r  or the 
No rth Ame ric an b e e f t allo w  frac t i o n ( H amp so n , L u d d y  & Ro thbar t , 
1 975) .  

In s e c tion 9 . 5  i t  was sho wn that 70 . 5% o f  th e  c i s  

mo no un satur a t e d  triglyc e ride s i n  t h e  20 g in terme di at e  frac t i o n 

had o l e i c  ac id at the 2- p o si ti o n .  The o ther in te rme di ate 
t al l o w frac tio n s  f r o m  t h i s p ro j e c t  h ad l e ss o l e i c  aci d  i n  the 
2- p o si tio n o f  the cis mo no uns atura t e d  t ri gl y c e ri d e s ( see  t abl e  

9 . 3 ) . 

S ampugna and J en s en ( 1 9 69 )  anal y s e d  a c o c o a b u t t e r  s ampl e 

an d  found i t  t o  c o n t ai n  74 . 1 %  o f  c i s  m o n o unsatur a t e d  

triglyc e ri d e s , and abo u t 93% o f  t h e s e  h a d  o l ei c  ac i d  a t  t h e  

2- p o si t io n ( s e e  s e c ti o n  2 . 2 . 3 . 1 ,  t ab l e  2 . 3 ) . T h u s  t h e r e i s  
abo u t  69% o f  2- o l e o  di satur a t e d  trigl yc e ri de s i n  c o c o a  but t e r ,  

c om p ar e d  t o  5 1 . 0% in t h e  b e s t  20 g i n t e rme diate frac ti o n .  

Tho ugh the impo r t an c e o f  2-oleo  di satura t e d  tri gly c eri d e s h a s  
be en well� e s t abli she d ,  ( se e  s e c ti o n  2 . 2 . 3 . 1 ) ,  t her e  i s  li t tl e 

i n fo rmati o n  o n  t h e i r  ac t ual c o n c e n t r a tio n in vari o u s  c o c o a  b u t t e r  

re pl ac er f a t s .  I n  the be st i n t e rm e di at e  frac t i o n  o f  K av:ada and 

Ma t sui ( 1 9 68 ) , 68 . 6% o f  the di satur at e d t ri g l y c e ri d e s had 1 8 : 1  

a t  the 2-po si tio n .  A s  there was 75 . 6% di saturat e d  triglyc e ri d e s  

i n  the frac ti o n , thi s gave a to t al c o n c e n t r ati o n  o f  5 1 . 9% o f  

di s a turat e d  t r i gl y c e ri d e s  in the fat wi t h  1 8 : 1 at the 2-po si tio n . 

Thi s was v e ry simil ar t o  the conc entration o f  2- o l e o  di s a t u r a t e d  

t ri g l y c e ri d e s  i n  t h e  20 g intermedi a t e  frac tio n ( 5 1 . 096) . 

Hmvever in the frac t i o n  o f  Kav1ada and H G. t sui , no al l o wanc e was 
m a d e  fo r th e p r e s e n c e o f  tran s  1 8 : 1  ac i d s . As the frac tion was 
made from mu t to n  t allo w ,  i t  is very like l y  that it c o n t ain e d a 
signi fic an t  quantity o f  tran s  aci d s .  

The hi g h e r  c o n c e n t ratio n o f  2-o l e o  di satur at e d  t rigl y c e ri d e s  

i n  the 20 g i n t e rme di a te frac tio n c o mp ar e d  to t h e  o th e r  

i n t e rme di a t e  frac t i o n s  anal y s e d  w a s  re fl e c t e d in t h e  DSC pro fil e s  

o f  the frac tio n s .  The 20 g i nt e rme di at e frac t i o n  had the DSC 
pro fil e  mo st like that o f  co c o a  but t e r ; 



9. 7 .3 So ft Frac tions 

The DSC pro fil e  o f  the  so ft frac tion pro duc e d  by 

frac tionating 1 kg o f  t allow wi th s 1 = 4 : 1 ,  the DSC p ro fil e s  

1 48 .  

o f  t \·1o No rth  Ameri c an b e e f t allO\'! fra.c tio n s ,  and the DSC pro fil e  

o f  a com�ercial sal ad oil  ( Luddy e t  al , 1 973 ) are pre se n t e d  i n  

figure 9 .  2 .  The No rth Americ an bee f tcdlow frac tions were 

p ro duc ts  4 and 5 by the scheme sho wn in figure 2 . 9 .  They 

c o mpri se d 5 wt % and 60 wt % o f  the b e e f  t allo \'/ r e  sp e c  ti vely. 

It c an be seen from figure 9 ·. 2  that the so ft  frac tion 

pro duc e d  by frac tio nating 1 kg o f  New Z e al and mu t ton t allow 

wi t h  s 1 = 4 : 1 m e l t e d  over a muc h  high er t emp erature range t h an 

t h e  No rth Ameri c an be e f  tallO\'/ frac tio ns o r  the sal ad oil . T h e  

c ommercial salad oil was c ompl e t ely m e l t e d  at 0°C .  The North 

Am e ri c an be e f  t al l o w  frac tio n s  still had a signi fi c an t  

pro po rtio n o f  so l i d  triglyc e ri d e s  at thi s  t empera tur e , and o nly 

a small propo rtion o f  the so ft frac tion pro duc ed in thi s pro j e c t  

h ad mel t e d  a t  0°C .  

Simil ar r e sul t s  v1ere o b tained when. a. sal ad oil t e s t  was 

applied  to the so f t  frac tion pro duc e d  in t hi s �o rk .  The Am e ri c an 
Oil Che!!li s t ' s So c i e ty ( AOC S )  s alad oil t e s t  r e quire s an o i l  t o  
r e m ai n  c l e ar a fter ho l ding a t  0°C fo r 5�- hours ( AOC.S , 1 973) . The 
60% yi e l d  be e f  tal l o \'/ frac tion remained c l e ar for 3 hour s a t  

0 ° C ,  bu t vthen mixed \'Ji th a high lino l e i c  c omme rc i al sal ad o i l  

a t  the  40% l evel i t  remained c l e ar fo r o v e r  1 6  hours a t  0°C .  

Th e unmo di fi e d  60% yi e l d  be e f  t allovl frac tion r emained e l ear 

when held o ve rnigh t at 6 . 7° C ,  but so lidi fi e d  when held o ve rnigh t 

at 4 . 4°C .  Handom re- arrangement o f  the fatty acids al t e r e d  the 

p ro p erti e s  o f  the frac tion suc h  that i t  woul d no t solidi fy wh e n  
h e l d  ove rnight at 4 . 4° C ( Luddy et al , i 977) . 

The so ft  frac tion pro du c e d  in thi s p ro j ec t  from 1 kg o f  

New Zeal and r1u t t o n  t al l O \'i ( S 1 = 4 : 1 )  so li di fi e d  compl e tely a ft e r  

being h e l d  fo r 1 hour a t  0°C ,  a..r1d al so solidi fi e d  a f t e r  being 

held overnight at 7° C .  Thu s ,  it failed by a wide margin to 

reach sal ad o il spec i fi c ations.  
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Figure 9 ·2 : D S C  prof i le of the soft fracti on produced by fractionating 
1 kg of tallow v1 i th S1 = 4: 1 ,  lhe two softest fractions 
produced by Luddy et al  (1 977j and a commerc i al salad 
oi I .  ( Luddy et al ,  1977) 
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C omp ari so n o f  the fat ty acid c ompo si tion o f  the so f t  

frac tion pro duc e d  i n thi s wo rk ( wi th s 1 = 4 : 1 )  and t h e  f a t ty 

ac i d compo si tio n o f  a soyab e an sal ad o il ( se e  t able 9 .  7 )  shows 
t h at th e salad o il c o nt ai n e d  a muc h  higher pro p o r t i o n  o f  

polyunsatur a t e d  fatty ac i d s .  The av erag e  conc entrati on o f  1 8 : 1  
in five ho u s e ho l d  and c ommeri c al c o o king and sal ad oil s 
( Sh eppnrd e t  al , 1 978 )  w a s  42. 1 % , c o mp are d to 44 . 3% in t he soft 

frac tion from t hi s wo rk pre s e n t e d  abo ve . However t h e  average 

c o nc entrati o n  o f  1 8 : 2  i n  the publ i s h e d  an al y se s was 34 . 4% ,  
c o mp ared t o  o nl y  2 .0% in the so f t  frac tion from this wo rk . 

The unmo di fi e d  so f t  frac ti o n  p ro duc e d  in this wo rk may be 

use ful . a s  a frying or baking sho r t e ning . Bec ause of the lc w 
c o nc entrati o n  o f  p o l yun s aturat e d  f a t t y  ac i d s  in the soft frac tion 
i t i s  likely to b e  r e l atively r e si s t ant to o xi d ati o n ,  and henc e 
have a l o ng life i n  frying. Soft fr ac tio n s  pro duc e d  by so lvent  
fra,c tiona tio n o f  Nor th Am eri c an b e e f  t al l o w  o f  simi l ar yi el d o f  

th e to t al  t al l o w  h av e  sho \'tn extremely high re si s t anc e t o  

o xi datio n  ( Luddy e t  al , 1 979 ) . The fat ty acid c ompo si tio n o f  
a c o mme rci al shor tening pro duc ed for he avy- duty frying i s  
p r e s e n t e d  i n  t abl e 9 . 7  ( from Sh epp ard e t  al , 1 978 ) . I t  c o n t ains 

abo u t  8% l e s s  1 8 : 1  than the so ft frac tion produc e d  in thi s wo rk, 

abo u t  8% mo re 1 8 : 0 ,  and o nl y  sli g h t l y  me re polyunsatura ted  ac i d s .  

The so f t  frac tio n p ro du c e d  i n  thi s �o rk may b e  mo di fi e d  

b y  bl ending wi th o th e r  harder ( po ssi bl y  t h e  hard frac tion 

pro duc e d  in thi s wo rk )  o r  so f t e r  fat s ,  o r  po ssi bly by fatty acid 

re- arrange ment . 



Tabl e 9. 7 :  

Fat ty 

Fat 

1 kg sc al e  
frac t i o n  

Bee f t al l o w  
frac t i o n  4 

Be e f  t al l 0 \'1 
frac tion 5 
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Fat ty aci d  compo si ti o n  o f  the so ft frac ti o n  pro duc e d  
by frac tio nating 1 kg o f  tallow ( S  = 4 : 1 ) ,  two 
No r t h  Ameri c an be e f  t al l o v: frac tio�s ( frac tio n s  4 & 
5 from figur e 2 . 9 ) , a c o mmerc i al so y ab e an s alad o i l , 
zero- eruc i c  aci d  rap e se e d  o i l  and a c o m�erci al 
sho r t ening for h e avy- duty frying ( S h e pp ard , I ve rso n 
and \'/ eihrauc h ,  1 978 ) . 

Fat ty A c i d  C o mpo si tion ( r::.o l e  % in fat ) 
acid 1 4 : 0 1 6 : 0 1 6 :  1 1 8 : 0  1 8 :  1 1 8 : 2  1 8 : 3  O t h e r s  

so ft  
7 . 8 1 9 . 8  5 . 4  1 2 . 9  45 . 7 2 . 0  Tr . 6 . 4  

4 . 0  24 . 0  5 . 0  1 1  • 0 52 . 0  ') ? 4 . 0  

3 . 0 2 1  . o  5 . 0  8 . 0  58 � 0  ') ? 5 . 0  

Soyab e .:m sal ad o il 8 . 9  5 . 8 79 . 6  20 . 4 0 . 9  4 . 4  
Zero - ·.:::ruc i c  ac i d  
rap e se e d  oil 

C o mme r c i al • +- 0 
r.;no r .... e rang 

fo r h e avy- d u ty frying 

4 . 8 

2 . 9  22. 2 

0 . 5 1 . 5 5.5 . 2 2 2 . 2 1 1  • 0 6 . 8 

4 . 3  20 . 8  35 . 9 5 . 7 1 . o  7 . 2 

The combine d yi e l d  o f  t h e  two No rth Am eri c an b e e f tallo� 

frac tio n s  p r e s e n t e d  i n  t abl e 9 . 7  was 65 wt % o f  t h e  tal l o w .  Th e 

c o n c e n trati o n  o f  1 8 : 1 in a b l e nd o f  these two frac tions would b e  

5 7 . 5% ,  c omp are d  to 4 5 . 7% i n  the so ft frac tion pro duc e d  i n  t hi s 

pro j e c t  by frac tionating 1 kg o f  tal l o w  vri th s 1  = 4 : 1 .  The 

ratio o f  th e se two c o nc entrati o n s  was very simi l ar to the r a t i o  
o f  1 8 : 1 c o nc e n trati o n s  in the ti'/O s t arting mat eri al s - 44% i n  

t h e  ·No r t h  Ame ri c an b e e f t allow ( Lucl.dy e t  al , 1 97 7 ) , and 

36 . 1 % in .th e  Ne\'/ Z e a l and mut t o n  t all o w .  Thus t h e  frac tionati o n  

o f  Luddy e t  al ( 1 97.5 , 1 976 , 1 977 , 1 9 78) , o n  a di f ferent t al l o w ,  

h a s  p ro duc e d  two so f t  frac t io n s  with a c ombine d  yi e l d  v ery 

simil ar to that o f  the so f t  frac tion pro duc ed in thi s wo rk ,  

but wi th a higher propo rti o n  o f  1 8 : 1 whic h  i s  dire c t ly 

p ro p o r ti o n al to the higher quant i ty o f  1 8 : 1 in the s t arting 

mat e ri al .  I n  bo th c ase s ,  so l v e n t  frac ti.onation from ac e to n e  was 

u se d ,  but the frac t ionation s c heme s were qui t e  di f fere n t . 

All o f  t h e  so ft frac ti o n s  a� aly s e d  in thi s  c h ap t er had v e ry 

simil ar triglyc eri de and fatty acid c o rripo si ti o n s .  



9. 8 SUHJviARY O F  COt··iPO S ITION O F  THE FRACTIONS 

1 5 1 .  

( 1 ) The hard fractions pro duced by sol vent fractionation 

contai ned a greater p ro p o r ti o n  o f  tri saturated and trans mono

unsaturated triglyc eri de gro ups than the o riginal t all o w ,  and 

a smal ler proportio n of the two mos t  unsaturated triglyceride 

group s .  The soft fractions contained a sr:1aller pro portion o f  

t h e  trisaturated and trans monounsaturated trigly c e ri de groups 

than the o rigin al tallO \'! , and a greater propo rtion o f  t he two mo s t  
unsaturated triglyceride gro up s . 

( 2) The hard fractions contained more 1 6 : 0 and 1 8 : 0 than 

the o riginal t allow , and less 1 6 :  1 and 1 8 : 1 .  The so ft fractions 

contained more unsaturated fatty ac i ds than the  original tallow , 

and l ess 1 6 : 0  ru1d 1 8 : 0 .  The intermediate frac t io n s  had less 

1 4 : 0  and 1 6 : 1 than the o riginal t al l o w , and more 1 8 : 0 .  

( j ) The n ature o f  the triglycerides en teri ng the dif ferent 

frac tions during c rystallisation was dep endent upon t h e chain 

length o f  the constituent fat ty a c i d s  as �ell a s  th eir degree 

of unsa:uration . 

( 4 ) The cis ruonounsaturated triglycerid e s  present in th e 

ori gi n al t al l o w  -.·; e r e  cone en trate d in th e in t e r:n s di a  t e  fr ac tior.. in 

e ach o f  th e thr e e  fracticnation pro c e dures . The 20 g and 1 kg 

fractionations also selectively concentrated the cis 

mo noun s e.turat e d  triglyc erid es \',ri th oleate in the 2-po si t i o n  in to 
the intermediate fractions . 

( 5 ) The highest proportion of 2-oleo disaturated 

triglycerides ( 5 1 . 0%) was obtained in the intermediate fraction 

from 20 g tallow and this had a DSC pro file \'!ith the closest 

simil arity to that o f  cocoa butter. The other interme diate 

fractions had lower proportions o f  2-oleo disaturated 

triglycerides , and their DSC profiles sho\'Jed l ess simil arity to 

that of cocoa butter. 
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( 6 )  T h e  DSC profi l e  and fa t ty acid  c ompo si tion  o f  t h e  200 g 
sc al e  hard frac ticn  and the  1 kg s c al e  hard frac tion pro due e d  wi t h  

s 1  = 4 : 1  were very sim i l ar t o  that  o f  a frac tion pro du c e d  
from North Am e ri c an be e f  t allow ( Luddy e t  al , 1 9 '77 )  whi c h  was  
suc c e s s fully used  to hard en sho r t enin g s  and margarin e s t o c k ,  

and t h e s e  tal l o w  h ard frac tio n s  may b e  sui table  fo r simil ar 

appl i c ations . 

( 7) The so ft  frac tion produc e d  in the  frac tionation o f  1 kg 

o f  t al l o w  wi th s 1 = 4 : 1  di d no t re ac h sal ad oil sp e c i fi c a t i o n s  

( AOCS cold  t e s t ) . However t h e  fat ty ac id compo si tion o f  thi s 
frac tion was very simil ar to the fat ty ac i d  compo si tion o f  a 

heavy duty fryi ng oil , and the t allo w so f t  frac tion may be 

sui t abl e fo r thi s purpo s e . 

9 . 9  FU RTHER TESTING O F  TH E FRACT IONS 

The frac t i o na tion p e r fo rmed upo n 1 k g  o f  t allow w i t h  s 1  = 4 : 1 

w a s  repea t e d  1 5  time s to pro d uc e su f fi c i e n t  o f  eac h o f  t h e t hr e e  
frac tio n s  fo r fur ther t e s tinG . 

The frac tions  were deodo ri sed p rio r to t e s ting in an 
at t emp t to. remo ve  trac e s  o f  ac e to ne and o th e r  flavour and o dour 
c ompound s .  The  deo dori satio n m e tho d was to distil the frac tion 

in a current  o f  s t e am ( 50% by wt  o f  fat )  un der vac uu.rn 

( 29 ,: 0 . 5  inHg vac uum )  wi th the fat h e l d  a t  220°C o v e r  a 
peri o d  o f  5 ho urs ( Sh e aro n ,  S e e s t rom and Hughe s ,  1 950 ; And e r sen 
and V/illi arns , 1 9 62 ; C o cks an d van R e de , 1 96 6 ; Wei s s ,  1 970 ; 
Gavi n ,  1 9 77 ; Yo ung , 1 9 7 8 ) . 

The so f t  frac tio n  was t e s t e d  a s  a frying m e dium ,  i n  
mayo nnai se and as a base s t o c k  i n  a baking fat . T h e  h ard frac t i o n  

w a s  t e s te d ,  in bl ends wi t h  various  b a s e  stocks,  a s  a baking fat . 
I t  was al so t e s t e d , wi thout o ther f a t s  add e d ,  a s  a pastry fat . The ' 
mel ting pro p e r ti e s  o f  the  i n t e rm e di a t e  frac tio n were co mpare d ,  

u si ng N . M . R . ,  wi th  the mel ting pro p erti e s  o f  co c o a  bu t t e r ,  a 

c o c o a  bu t t er sub s ti t u t e  and a c o c o a  but t e r/in t e rm e di at e  t al l o w  
frac tion bl end . 

The te s t s  o n  t h e  hard and so f t  frac tions were c arri e d  o u t  

b y  t h e  Fo o d  T e c hno l o gy Re s e ar c h  C e n t r e , M assey Uni versi t y  



( Foo d T e c hno l o gy Researc h C en tre , 1 9B 1 ) ,  and the  NMR t e s t s  
b y  C adbury S c hw e pp e s  Hud son Limi t e d ,  Dune d i n ,  N e w  Ze aland . 
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9 . 9 . 1 E v al u a t i o n  o f  the So f t  Tal l o w  Frac tion as a Frying M e di um 

The sui t abili ty o f  the so ft  frac tion fo r d e ep frying was 

evaluated u si ng a me tho d  similar to that o f  De fo uw , Zabik and 
G r ay ,  1 9 8 1 . 

One kg o f  the so ft  tallow frac tio n ,  �apeseed  oil ( Sun fi eld  
Vege tabl e Oil , Fle tcher  Indus t ri e s  L t d ) and C h e fade , a c ommercial 
frying shor t e ning ( Ab e l s  ( N . Z . ) L t d ) were e ac h  u s e d  t o  fry 500 g 
o f  raw sulphi t e d · po t a to chip s .  The cooking time was 7- 1 0  

minu t e s ,  and t h e  cooking tempe rature 1 25- 1 30°C .  The frying was  
r e p e a t e d  o n  2 4  b at c h e s  o f  c hip s ,  an d the  c hips from every fourth 
fry were pre sen t ed to a trained  taste  panel . 

The so ft  tal l o w frac tion was  fo und to  be an ac c e p t abl e fry i n g  
me di um fo r up to  24 fri e s ,  b u t the  fa t di d have s t ro n g  o d o u r  

and fl avo ur c h arac t e ri stic s .  It  was thu s r e c omme n d e d  t h a t  t h e  

frac tion be su b j e c t e d to  further  d e o do ri sation t r e a t me n t .  T h e  
frac tio n sho w e d  ac c e p t ab l e  but no t o u t s t anding s tabi li t y during 
frying . H o wever the frac tion had no ant i- o xi dan t s adde d duri ng o r  
a f ter  deo dori s a t io n .  

9 . 9 . 2  Eva l u a t i o n  o f  t h e  So ft  Tallow  Frac tion fo r Mayo nnai s e  
M anu fac ture 

Sampl e s  o f  mayo nnai se were p r e p ar e d  from bo th the so ft  
tallow frac tion an d  rap e se ed oil . These  were c o mp are d by  a panel . 

The so ft  t allow  frac tion mayo nnaise  was deemed to be 

ac c ep t abl e  in t e rm s  o f  bo th po urabil i ty and texture , and w a s  

j udged be t ter  in the se two c harac teristi c s  than the mayonnai se  
made  from rap e s e e d  oil . However the  c ol our , o do ur and fl avo ur 

o f  the frac tion were c on si d e r e d  to b e  unacc eptabl e i n  mayonnai se . 
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9 . 9 .3 Eval ua tio n__Qf 'l' a l l o w  Fr n c tio n s fo r U s e in Bc:J.kin_g 

Bakine t e s t s  w e re p e r fo rm e d  u sing a b l e n d  o f  25% t allow  

hard frac tion/75% t allow so f t  frac ti on and a bl end o f  20% 

t al l o w  h ard frac tio n/80% bu t t e r . T h e s e  ratio s w e r e  c al c ul � t e d  

from the pro po rtion o f  t ri s at urat e d and tran s  mono un sa t urat e d  

t r i gl y c eri a e s  me asur e a  i n  the fat s .  The two fat b l end s  were 

used to m ake bo th c ak e s and bi s c ui t s , and w e r e  c ompar e d  by a 

t a s t e  p an e l  to simi l ar c a..�e s  and bi scui t s  m ad e u si ng bu t t e r . 

T h e  fat b l e n d s  were p r e p are d by fi n e l y  fl aking t h e  hard frac tion 
and bl ending it thro ugh the base fat . H e ating was no t u s e d  fo r 

bl ending b e c ause o f  t h e  mark e d  al t e ration in the pro p er ti e s  o f  
bu t t e r on mel ting . 

The biscui t s  and c ake s  made w i th the hard t all0\'1 frac ti o n/ so f t 

t al l o w  frac tion bl e nd w e re o f  very p o o r  qual i ty c om p are d to when 

b u t t e r  al o n e  was u s e d .  T h e  har d t al l o w  frac tio n/bu t t e r  bl end 

pro duc e d  bi sc ui t s  o f  muc h b e t t e r  qual i ty t h an \'; h e n  t h e  all t al l o w  

fa t bl end w a s  use d ,  and th e bi s c ui t s  made wi t h  t hi s  bl e n d  were 

j udg e d  ac c ep t abl e by t h e  t a s t e  p anel . H o we v e r  t h e  c eke made 

wi th t h e  h ar d t al l o w frac t i o n/bu t t er bl e n d  was muc h d e n ser and 

h e avie r  t h an that made wi t h  b u t ter alo n e . 

The re sul t s o f  t h e har d  t al l o '.': frac tion/bu t t e r  bl e nd ,  

e sp e c i al l y  i n  bi s c u i t m anu fa c t ure , sugge s t  that the  hard t al l o v1 

frac tio n h a s  some po tential as a c ompo n e n t  in bru{ing f a t s .  The se 

r e sul t s  are e sp e c i al l y  e n c o uraging when it is c � nsid e r e d  th at 

th e h ard t allo� frac tio n  w a s  simply gra t e d  and mixe d  t h rough 

the  fat in i t s  so l i d  state . An impro ve d bl ending pro c e s s ,  and 

th e addi t i o n  o f  emul si fi e r s ,  m ay give a b e t t e r  pro du c t fo r 

b aking ( Fo o d  T e c hno l o gy R e s e ar c h  C en tre , 1 9 8 1 ) .  

Simil arly , whi l e  the so ft  frac tio n  was no t sui tabl e in 

baking fat at a 75% conc entration,  it may be use ful a t  lower 

c o nc e n t r ations and/o r  wh en bl ended wi th fats o ther than the 

t allow h ard frac tio n .  
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2.9.4 E v al u a t i o n  o f  the  H ard Tallow Fr a c tio n a s  a Pastry Fat 

The hard t al l o w  frac tion was used to Q'lake pastry ,  and 

thi s was c o mpared by a taste  pan el to pas try produc e d  u sing a 

c ommerc i al pastry marg arine ( Abel s ( N . Z . ) L t d ) . 

The t allow hard frac t i o n  pro v e d  v e ry di f ficul t to use . I t  

was too hard to be  bl ended dire c tly wi th t h e  flo ur during p a s t ry 

m anu fac tur e , and i t  h ad to be gra t e d  and then si e v e d  to pro duc e 

fin e s  whi c h  were mi xe d wi th the flo ur . The t allow hard frac tion 

pas try g ave an unac c e p t abl e re sul t o n  baking , wi th very l i t tl e  

ri si ng o c c urring , and the bake d produc t s  had ve r:/ poor e ati ng 

qual i ti e s .  They p ro du c e d  a waxy c o a ting O il  the  i n side o f  the 

mo uth due to the high m e l ting ran;e o f  the tallow h ard frac tio n .  

Thu s the m e l ting range o f  the  t al l o w  hard frac t i o n  i s  too 

high f o r  the frac ti o n  to  be  use ful in p a s try . The hardn e s s  o f  the 

fat c r e a t e s  � ro � l em s  i n  bo t h  the fo o d  p r e paratio n an d ea ting 

s t age s .  

9 . 9 . 5 N u c l ear Magn e ti c  R e so n an c e  ( NHR) o f  t h e  I n t e rm e d i c>, t e  Frac t ir) n  

The mel ting pro p e r ti e s  o f  the i n t e rme di ate frac tion w e r e  

c o mpare d ,  using NMR , with c o c o a  bu t t e r ,  a c o c o a  bu t t er sub sti tu t e  

( Nucoa)  and a b l e n d  o f  90% c o c o a  but t e r/ 1 0% t a l lo ':! i n t e rm e diate 

frac tio n . The se t e s t s  were per fo rm e d  by C adbury S c hwepp e s  Hudson 

Limi t e d ,  Dunedi n , New Z e alan d ,  and the  e xac t me tho d s  are  no t 

kno wn . 

The c o c o a  but t e r/ tal low i n t e rm e di a t e  frac tio n blend gave NHR 

re sul t s ,  under t h e  c o ndi tio n s  o f  t h e  t e s t s ,  i denti c al to  t h e  

r e sul t s  o f  the c o c o a  but t er sampl e .  T h e  i n t e rm e di a t e  t all o w  

frac tion alone  gave slightly di f f e r e n t  re sul t s ,  b u t  gave re sul t s 

muc h  c l o ser to tho se o f  c o c o a  but t e r  than di d Nuc o a .  

Nuco a i s  a co c o a  but te r  sub s ti tu t e  pro duc e d  b y  so l ve n t  

frac tio n ation and hydro genatio n o f  p alm kernel o i l  ( Wo l f , 1 9 75 ) 

and i s  u s e d  in N . Z .  as a co c o a  but t e r  sub stitute  i n  no n- c h o c o l at e  

c o vering s ( Bro wn , 1 98 1 ) .  
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2. 1 0  DISCUSS ION A N D  CONC LUS IONS ON USES FO R THE FRAC T IONS 

The t e s t s  on the thr e e  frac tio n s  i n  thi s c h ap t e r  have shown 

that they e ac h  have po t e ntial fo r some sp e c i fic applic atio n .  

Ho wever fur t her t e s ting o f  e a c h  o r  the frac tions i s  re quire d 

b e fore their abso l u t e  e f fe c ti v e n e s s  in any si tuati o n  c an b e  

d e t e rmi n e d .  

T h e  h ard frac t i o n  sho � e d  promi sing r e sul t s  

whe n  bl e n d e d  wi t h  but t e r fo r b aking app li c atio n s ,  

b u t  t h e  b aking p e r fo rman c e  o f  this bl end w a s  still in feri o r  t o  

that when bu t t e r  � a s  use d alo n e .  T h e  m e tho d u s e d  t o  bl end t h e  

t w o  fat s ,  ho w e v e r ,  m ay have imp aire d  t h e  p e r fo rm an c e  o f  t h e  
fat bl end . M o di fi c atio n s  in t h e  bl e nding p ro c e d u r e , and t ri al s 

wi th the addi tio n o f  emul si fi f e r s ,  may r e sul t in i m p r o v e m e n t s  

i n  the p e r fo rm an c e  o f  the h ar d  frac tion i n  thi s appl i c atio n .  

The hard frac t i o n  \'ias al so t e s t e d  a s  a p a s t ry fa. t. , but i t s  
high mel ting range mad e  i t  to t ally un sui t abl e fo r t hi s app l i c ati o n . 
There s e e m s  to be  l i t t l e  p o i n t  i n  fur t h e r  t e s t i ng o f  t h e  

unmo di fi e d  h ard frac tion fo r t hi s  pu rpo se .  H o � e v e r  b l e n d s  o f  

t h e  t allovt hard frac tion and o th e r  so f t e r  fat s  may pro duc e a 
m o r e  use ful pastry fa t .  

The so f t  frac t i o n  pro v e d  v e ry suc c e ss ful a s  a d e e p  frying 

m e dium .  I t  has e xc ell e n t  s t abi l i ty when it  i s  c o n si d e r e d that 

no an ti- o xid ant s  were add e d  b the fat . Th e sui tabi l i ty o f  thi s 
frac tion for d e ep frying was pre di c t e d  i n  s e c tion 9 . 7 . 3 fro m 

c o n si d e rati o n  o f  i t s  fat ty ac i d  compo si tio n .  However the fl avo ur 

an d o dour o f  the frac tion we re qui t e  strong , de spi t e  the 

d e o do ri satio n pro c e aure ,  a n a  t hi s  de trac t e d  fro m  i t s o veral l  

p e r fo rmanc e .  T h e  so f t  t al l O \'J frac tion was al so suc c e s s ful i n  

m ayonnai s e . Thi s i s  an e nc ouraging re sul t b e c ause i t  i s  

c o nveni e n t , p ar ti c ul arly t o  the ho u seho l d  c o n sume r , i f  one f a t  
c an b e  used for bo t h  frying an d  mayonnai s e  m anu fac tur e . Ho w e ve r  

i n  t h e se t rial s the mayo nnai se was no t r e frigera t e d .  I f  t h e o il 

in mayo nnai s e  c ry s t alli se s ,  then the mayo nnai se emul sio n  bre al\. s .  

Thus the c omme r c i al mayonnai se manu f ac t u .:- e r  no rmal ly choo s e s an 

o i l  whi c h  me e t s AO C S  sal ad o i l  sp e c i fi c atio n s  ( Vi e i s s ,  1970 ) so 

t h at i t  do e s  no t c ry s t a�li s e  i n  the re frig e rato r .  Howe ve r an o i l  



wi th a high e r  mel t ing range m ay b e  sati s fac to ry i n  m ay o nn ai s e  

that ao e s  n o t n e e d  t o  be  k e p t  fo r a long perio d .  

T e s ti ng o f  the mayonnai s e  m ad e  wi th the tallo w so f t  

f r ac tio n  w a s  l argely thwart e d  b y  the s trong o do ur and fl avour 
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o f  the fat. Thi s p r e c luded mo u t h  t e s ting o f  the mayo nnai se , and 

the sampl e s  were j udged o n  app e aran c e  ( te x ture and c o lour) and 

p o urabil i t y  o nly. Thus i t  is pro b ably de si rabl e t o  c arry o u t  

t as t e  te sting o f  the mayonnai s e , as \'!ell  a s  tri al s o n  t h e  

e f fe c t  o f  re frig eratio n ,  onc e t h e  m e tho d o f  deodori sing the 

f r ac tion has been impro v e d .  The c o l o u r  o f  the so f t  frac t io n  

was al so c o n si d e r e d  b y  the t e s ters t o  be  un sui t abl e . fo r 

m ayo nnai se , so bl e ac hing may al so be r e quired. 

The o do ur and fl avour p ro bl em s  wi th the roft frac tio n m ay h av e 
b e e n  due to inade qu a t e  pro c e s sing co ndi t i o n .s , ai r l e aks i n  � h e  

d e o dori sation e quipment o r  po o r  s to rag e  condi tio n s  a ft e r  

d e o do ri sation. Eve n very mi nut e  air l e ak s  i n  dec do ri sation e qui ? 
m e n t  c an c au s e  s e ri o u s  flavo ur p ro bl em s ('l /illia.n1 s ,  1 950 ) , so 
thi s c a_rm o  t b e  o ve rl o o ked as a p o s si b l e  c ause o f  fl avo ur 

d e t erio ration. How ever whe n  the so f t  frac tion was u se d  fo r 
frying , the  o dour and fl avo ur o f  the fat impro v e d  c o n si. d e r ably 
a f ter the fo urth fry . A s  the frying c o ndi tio n s  were far l e s s  

se vere than tho se u s e d  fo r d e o do ri sati o n ,  this sugg e s t s  t h a t  at 

l e ast some o f  the flavour and o do ur c ompo und s formed a f t e r  

d e o do ri sation. T h e  fl avo ur and o do ur o f  t h e  so f t  frac tion 

d e t erio ra t e d  again a f t er the 20 th fry , as tmy clsc did in the o ther 

two frying fats  t e s t e d. I t  m ay b e  po s sible to impro ve the 

s t abili ty o f  the so f t  frac tio n by adding anti- o xi d an t s  to  the  

fat ei t h e r  during o r  a fter deo dori sati o n  ( W ei s s ,  1 970 ) . 

The so f t  frac t i o n  gav e  very poo r  p e r fo rman c e  a s  a baking 

fat whe n  bl ended wi th the t al l o w  h ard frac tion ( 25% h ard 
frac tio n/75% so f t  frac tion ) . Ho wever al tering the ratio o f  

t h e  two fats  may impro v e  the p ro p e r t i e s  o f  the bl end fo r bakin g  

purpo s e s .  

T h e  c h emic al c o mpo si t i o n  and DSC pro fil e o f  t h e  interme .di a t e  

frac tio n  pro duc e d  from i kg o f  t allo w wi th s 1 = Lj. : 1 sugg e s t  

that thi s frac tion i s  pro bably o nly sui t abl e a s  a c o c o a  bu t t e r  
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sub s ti tute  rath e r  than as a c o co a bu t t e r  e x t en d e r  o r  e qui val en t . 

However the  NMR re sul t s i n di c a t e  t h a t  c o c o a  but t e r c an 

ac c o mmo d a t e  a t  l e a s t  1 0% o f  t h e  t al l o w  frac tion i n  admixture 

wi tho ut a f fe c tin'g i t s  mel ting behavi our . No o ther  c o c o a  

but te r/ tal l o n  i n t erm e dia t e  frac tion b l e n d s  v1ere e xamine d ,  so 

the degr e e  o f  c o mp a t abili ty b e twe e n  t h e  two fat s at high er 

c o nc ent ra tio n s  i s  unknown . I t  i s  n e c e s sary to de t ermin e t h i s 

be for e  the po t e n ti al o f  the  frac tion c an b e  asse s s e d .  I n  o rder 

to ful ly de t e rmine t h e  c omp t abi l i t y ,  bo th t h e  so l i d/li qui d  

p h a s e  b e h avi o ur an d t h e  phase behaviour b e l o w  the solidus l i n e  

mus t  b e  e xamine d ( P aul i cka , 1 9 7 3 ) . L e g al and m arke t re qui r em e n t s  

l argely a f fe c t  t h e  po s si b l e use s o f thi s frac tio r. i rre sp e c ti v e 

o f  i t s  phy si c al pro p e r ti e s .  I t  i s  i l l e g al to use suc h  a f a t  i n  

c ho c o l ate in  N e w  Ze al and ( N . Z . D e p t. o f  H e al th ,  1 9 7 3 ) , s o  t h e  

pro du c t i s  limi t e d  t o  u s e  in c ho c o l a t e - typ e pro duc t s .  Th e m arke t 
deman d  fo r suc h a fat in  N e w  Z e aland mu st be care fully a s se s se d , 
pro b ably i n  c o n j unc tio n vd. th fur ther pily si c al t e s t i ng o f  th e 

frac t io n .  

Thu s whi l e  e ac h  o f  the thr e e frac ti o n s pro duc e d  i n  thi s wo rk 
do e s sho w promi se in c er tai n  app l i c a t io n s ,.  fur ther wo rk i s  

ne c e s sary be for e  t h e  full po t en ti al o f  any o f  th e f r ac t i o n s  c an 
b e  d e t e rmin e d .  

A frac ti o n co n t ai ni ng a higher pro p o r tion o f  2- o l eo 

di satur a t e d t ri gl y c e ri d e s than the  i n t e rm e di at e frac tions 

pr6du c e d  i n  thi s wo rk and/o r Tii th a gre ater  yi e l d  may be abl e 

to be pro duc e d i f  a frac tio natio n sc h em e  involving a gr e at e r 

numb er o f  c ry s t alli satio n s was emplo y e d . Ho w e v e r  any in c r e as e 

in the  c ompl e xi ty o f  the pro c e s s  �o ul d in c re ase the  p�o c e s sing 

c o s t s ,  and thi s mu s t  be bal anc e d  agai ns t any i n c r e a s e  in the  

value o f  the p ro duc t s .  

All o f  the wo rk i n  thi s the si s  has been wi th i n e di b l e  

mut to n  tall o w .  A n  e di bl e mut to n  tallow sour c e  i s  n e c e s sary 

b e fo re any c o mm e r c i al appli c atio n o f  thi s wo rk c an b e  co n si d e r e d .  

C o n siderati o n  o f  some asp e c t s  o f  thi s ,  a s  well as so me di sc u s si o n 
on the e f fe c t s v1hi c h  vari ation in tallo w c ompo si tion may have 

upon th e frac t io n s ,  is p re se n t e d in App endix 8 .  



CHAPTEH 1 0  

GENERAL CONCLUSIONS AN D CON S I DERATIONS 

FO R FUTURE WO RK 

The inedibl e New  Zealand mut to n  tallow  analysed c on t ained  
four main fat ty aci d s  ( myri stic , p almi tic , s tearic and olei c ) ; 
tri saturat e d ,  di saturated  and mo1·e  un saturated triglyc e ride s ,  
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and a signi fican t  proportion o f  2-o l eo di saturated trigly c e ri d e s .  
The vari ation i n  compo si tion o ver each  season ,  and in some 
c ases  be tween seaso n s ,  was signi f;ic an t , wi th the  mo s t  dramati c 
vari ation being the de crease in the  proportion o f  2- o l eo 
di saturated triglyc e rides  from November  to June in  e ac h  seaso n .  
Thi s vari ation i n  c ompo si tion may c ause  raw materi al pro bl em s fo r 
industri al frac tiona tio n as the yiel d s  and/o r the compo si tion  
o f  the  frac tio n s ,  and the  pro c e s s  condi tions  r e qui red to  
pro duc e consi s tent  frac tio n s ,  are likely to be  a f fec t e d  by  any 
large variations  in tallow  compo si tio n .  Thi s i s  parti c ul arly 
impor tan t i f  one  o f  the  o b j e c tives  is  t o  produc e a c o c o a  but t e r  
replac er . The variation  i n  compo si tion o f  tal lo w s  from di f f e r e n t 
meat  ki lling plan t s  was no t s tudi e d .  Di f ferenc e s  between  plan t s  
may lead to even gre ater o v erall variation i n  the c ompo si tio n  o f  
tallow availabl e thro ugho ut  New Zeal and . Only inedi bl e mu t ton 
tallo w was s tudi e d  i n  thi s work , but e di bl e  grad e  t allow must be 
u sed fo r any commer c i al applic ation and thi s could intro duc e 
further variatio n s .  

Ace tone frac tionation was used  to separate the t allows  i n to 
t hre e frac tions  wi th  widely di f ferent p ro p ertie s :  a h ar d ,  a 
so ft  and an intermedi at e  frac tion .  Ho wever i t  was no t found 
po ssi bl e  to conc entrate all o f  any sp eci fic triglyc eride  type 
from the tallo w  into any o ne frac tio n .  

The 20 g intermediate frac tion cont ained  a high 
propo rtion ( 5 1 . 0%) o f  2-o l eo di saturated  triglyc eri d e s ,  whi c h . 
are o f  primary impo r t anc e in cocoa  but t er ,  but the  yi eld o f  thi s 
ffac tion was very low  ( 2 . 5  w t  % o f  the tallow)  and only  a smal l 
p ropo rtion ( 8 . 3%) o f  the 2- o l eo di saturated  triglyc e ride s i n  t h e  
o riginal t allow ended u p  i n  thi s frac tio n .  Mo st o f  t h e  2-o l eo 
di saturated triglyc eride s i n  the t allow still remained in t h e  
h ard and so f t  frac t i o n s  in low conc en t rations  where thei r  m e l t i ng 
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prope� ti e s  .w ere no t util i s e d  i n  t h e  uni que way they are i n  c o c o a  

but ter o r  some c o c o a  but t er replac e r  fats.  Any l arge increase 

in the  y i e l d  o f  the int ermedi a t e  frac tio n was o nly achieved  

wi th a c o rr e spo nding decrease  i n  t h e  pro po r tion o f  2-o l eo 

di saturat e d  triglyc eride s in the frac tion and wi th  a d e c rease i n  

the simi l ari ty o f  the mel ting pro p e r ti e s  o f  the frac tion to 

tho se o f  c o c o a  but t e r .  

T h e  purely empir i c al app ro ac h , using di f feren t e xp e rim e n t al 

de sign s i n  s e quenc e to s tudy ho w t h e  vario u s  pro c e s s vari abl e s  

a f fec ted the pro p e r tie s and yi elds  o f  the frac tio n s, was 

suc c e s s ful in that an int erm e diate  frac tion with m el ting pro p e r ti e s  

very simi l ar to tho se o f  c o c o a  but t e r  was o b taine d .  Thus th e 

mo del d e v e l o p e d  to c o mpare t h e  mel ting pro p erti e s  o f  the 

i n t erm e di ate frac tions wi th tho se  o f  c o c o a  butter ade quat ely 

repre sen t e d  the frac tionati o n  s c heme , and the co c o a  bu t t e r  like

ne s s  fac to r ( C BLF) , whi c h  was based o n  the di f feren tial sc anning 

c alorim e t e r  pro fil e s  o f  c o c o a  bu t t e r  and the  t al l o w  i n t e rm e di a t e  

frac tio n s ,  was shown t o  be a sati s fac to ry depend e n t  vari abl e i n  

thi s mo del . 

Th e frac tionation s c h eme was e sp e c i ally sen si tive  to c he:mg e s  

i n  the t emperature and sol v e n t  to fat ratio a t  the fi r s t  

c ry st al l i satio n .  

I t  was no t found po s sibl e to pre di c t sc al e-up c ri t eri a 

which will ensure t hat the frac tions c an be repro duc e d  o n  a 

l arger sc al e . Variatio n s  were fo und o n  sc al e-up · from 20 g to  1 kg 
whic h  c o uld no t be e xplaine d ,  and there may be  o th e r  unknown 

fac to r s  i n  fur ther s c al e - up .  

I t  app e ars that thr e e  commercial fat s c an be  pro duc ed fro m 

tallow u sing thi s frac tio nation m e t ho d . O f  the frac tiona ti o n  

pro duc t s ,  t h e  c ompo si tion and m el ting pro perti e s  o f  t h e  1 kg 

sc ale  h ar d  frac tio n were very simil a.r to a fat u s e d  as a 

plasti c i s e r  in sho rtenings and m argarine s .  A bl end o f  t h e  t allow 

hard frac tio n \'/ith  but ter ( 20% t allow h ard frac tio n/80% but t e r ) 
was ad e quate as a sho r tening in bi scui t s ,  but l e s s suc c e s s ful i n  

c ake s .  The  mel ting range o f  t h e  h ard frac tion w a s  too  high fo r 

u s e  as a pastry sho rt �nin� . Fur ther study o n  the c ompatabi l i ty 
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o f  c o c o a  bu t ter and the int ermedi at e  t allow frac tion i s  r e quired 

be fo re the po t en ti al o f  thi s  frac tio n  as &� al te rnative to  c o c o a  

bu t te r  i n  c ho c ol ate- type pro duc t s  c an be  asse ssed . The so f t  

t allow frac tio n p er fo rmed very well a s  a de ep- fryi ng m e di um , and 

mayonnai se made wi th it had near-ideal po urabili ty and t e xtur e .  

I t  was un sui t abl e as a base- sto ck in baking shortening . 

There are a number o f  topic s whi c h  re qui re furthe r s tudy 

be fo r e  commerc i al applic ation o f  t hi s wo rk c an be  c onsidere d .  

The se i nclude : 

( 1 )  mor e  i n t ensive study o f  each o f  the frac tio ns i n  

sp eci fic  applic a tio n s .  

( 2) marke t demand for the se pro duc t s .  

( 3 ) a c o s t  e s tima t e  o f  the pro c e s s .  

( 4 ) the e f fec t upon t h e  pro c e s s o f  vari abili ty in tallo w 
compo si tio n .  

( 5 ) the pro bl em s  o f  further sc al e-up . 

( 6 )  . ir!lpro ved re fining and sto rage pro c edure s for t h e  
frac tio n s .  
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Appe ndix 1 :  Po lymo rphi sm o f  Triglyc e ride s 

In  rnono aci d  saturated triglyc eri de s ,  t hree main  
polymo rphic state s o c c ur .  The se are o<. ,  I '  and I in inc re asing  
o rder o f  me l ting poin t .  

The cro s s- se c tional struc ture o f  each  o f  these 
di f ferent typ e s  o f  packing i s  sho vm i n  Figure A 1 . 1 ,  where  
e ac h  o f  the ellipses  represen t s  the  o rien tation o f  the  zig- z ag 
plane o f  the hydro c arbon chains  �n a triglyc eride .  

I n  the  p s.t ate the  zig- zag pl ane s o f  the hydro c arbo n 
c h ai n s  in di f fere n t  mo lecul e s  are parall el . · The subcell  
s truc ture o f  thi s ,  w here  the  subc ell is  the  smalle s t  
repe tition uni t wi thin t h e  chai �  s truc ture , is  triclinic 
parallel  ( T 1 1  ) • I n  the  1 '  state  the  zig-- zag plan e s  o f  the  
hydro c arbo n  chains  in  al ternate row s  o f  triglyceride s are 
o ppo si tely orient ated . The subc ell s truc ture o f  thi s i s  
orthorhomoi.c perpendi c ular ( 0  _L) a s  ev ery c hain plane  i s  
appro ximately p erpendi cular to i t s four neare st  neighbo ur s 
( No rri s ,  1 977) . 

In  the  o< state , the  hydro c arbo n chain plane s are randomly 
o ri entated . The c hain packing i s  h e xago nal ( H )  ( Lu t ton , 1 9 7 2 ) . 

Trilaurin mol e c ul e s  in the  p fo rm have a " tuning fo rk" 
con formation ,  wi th  c hains 1 and 2 being e xtende d i n  a s traigh t 
line ; and chain 3 being packed c lo se to c hain 1 .  The  mol e c ul e s  
are arranged i n  do ubl e chain l ayers  wi t h  t he glycero l  re sidue s 
at  the  c entre and the  methyl group s at  the  layer boundari e s .  
S e e  Figure A 1 . 2  ( Lars son , 1 963) . I t  i s  pro babl e that  t he 

" tuning fo rk" c o n figuration al so o c c urs  in the 01{ and .p '  fo rm s 
o f  simpl e triglyc eride s .  Cooling the  o<: fo rm to a su f fi c i e n tly 
low temperature re sul t s  in the formation o f  an 0 ..1.. subcell  
known as  the  sub- � fo rm .  At l east  one  o ther  polymorphic fo rm 
for simpl e trigl yc e ride s has al so be�n propo sed ( No rri s ,  1 977) . 

Unsaturated  trigl yceride s sho w  simil ar polymo rphism 
t o  saturate d triglyc eride s exc ept  that the  doubl e bond c au s e s 



row 1 - - �- - - -[}- - - - - -rf2- -�- - - - <12 - ?fl- --
row 2 -il---\\ -- -&- -�- -�- -�- - -#-tfJ- -ff--
rcrw 3 - - -!- - - -� - - - - --� - -tfJ� - - - - -712 - -tf?- - -

ex: !3' 13 

Figure A 1 · 1 : Cross-sectional structure of . d ifferent polymorphic 
forms. 

( Lutton, 1972 ; Jocobsbef9 and jacqmoin,  1976 ) 

" 2  1 3 1 3 

3 1 2 

Figure A1 - 2 : Double chain length "tuning furk " structure o f  
tri laurin.  

( l.arsson, 1963) 



c h ain di stor tion whi c h  decrease s the chain packing densi ty 
and mel ting poin t .  Trans  dou ble bonds c an b e  mo re easily 
ac commo date d in the zig- zag s truc ture than ci.. s doubl e bond s .  
The only maj o r  di f fe renc e be tween a full y  saturated  
t riglyc eride and a tr arB un saturat ed  triglyc eride  is  that 
the #' fo rm fre quen tly do e s  no t o c cur in the  tran s 
t riglyc e ri de . 

The greater degre e o f  chain di srup tio n c au sed  by 
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cis doubl e bonds c ause s addi tio nal polymo rphic cornplexi ty . 
Triple c hain l eng th s truc ture s ( deno t e d  by the  su f fix  "-3" 
following the chain packing de signation - Lutto n ,  1 950 )  o c c ur 
in 2-oleo  di saturated  triglyc eride s .  The  tripl e chain l ength 
s truc ture fo r the ,P -3 form o f  SOS is shown in Figure A 1 .  3 
( Larsson , 1 972) . 

SOS i s  i somorphou s  wi th the stabl e fo rms o f  POS , POP and 
c o c o a  but ter ( Willie  and Lu t ton , 1 96 6 ) . 

The di stingui shing fe ature o f  this  struc ture i s  that t h e  
c hains  are  sorted i n to two  e quivalent  saturated  layers wi t h  
the unsaturated l ayer between . 

Di saturated triglyceride s wi th oleic  aci d  at the i - o r  3-
po si tions  al so sho w tripl e c hain l ength  struc ture s ,  but the ir 
s t able fo rm is .p '  rather than .p . The se molecul e s  do no t have 
the  tuning fo rk con fo rmation . The saturated c hain s  pack 
alo ngside  each o ther  l e aving the oleic  aci d  chain  in the  1 o r  
3- po si tion extende d i n  the o ppo si te direc tion . Thi s  i s  t h e  
"chair"  c o n fo rmati o n .  

Al though the mono-oleo  di saturate d  triglyc eri d e s  
pre dominan tly  form triple c hain l ength s truc ture s ,  doubl e c hain 
l ength s truc ture s may al so o c cur ( dona ted by the  su f fix  "- 2 ' 1 ) 
wi th the .p '  subc ell . 

I n  triglyceride s containing two o l eic  acid  mo lecul e s ,  c hain 
so r ting o c curs to pro duce a l ayer o f  saturated  - chains between 
two  e quivalent  l ayers  o f  unsaturated chains .  I f  bo th o f  t h e  
o l ei c  aci d  molecul e s  are a t  t h e  ttSrminal po si tion s ,  o< , fi 1 - 2 
an d stabl e .p -3 fo rm s  o c cur .  I f  one 6 f the  ol eic acid 
mol e c ul e s i s  at  the  2-po sit io n ,  only r::1.. and s t able � ' -3- form s  
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-:. F ig ure A 1 ·  3 : Triple chain length structure for the [3-3 form 
of SOS .  

( Larsson.  1972 ) 
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o c c ur ( No rri s ,  1 9 77) . 

Di- acid satura t e d  triglyc eride s no rmally show p olymo rphi sm 

similar to t h e  simple saturat e d  triglyc e ride s ,  but thi s m ay 

vary qui t e  c o n si d e rably dep ending upon t h e  relative c hain 

l eng t h s  o f  the ac i d s  c o nc e rn e d  and upon the symm e t ri c al o r  

un syrnme tri c al nature o f  the triglyc e ri d e  mol e cul e ( C hapman , 

1 9 62) . 

Polymo rphi sm in substanc e s  may be e i ther mono tro p i c  o r  

enantio tropi c . I n  t h e  l a t t e r , i n t e r- c o nversi o n  b e tw e e n  t h e  

d i f ferent form s i s  po s si bl e  a t  c er t ain t emperatur e s .  For 

mo no tropic sub s tanc e s ,  the same se qu e nc e o f  s tabili ty in 

the  di f feren t forms i s  maintai n e d  thro ugho ut the range o f  
t emperature s in whi c h  t hey are solid , and tran s fo rmati�n c an 

o nl y  o c c ur to pro duc e s tabl e  fro m un s tabl e fo rm s .  Trigly c e ride s 

are vir tual l y  al way s mono tro pi c .  ( Bail e y ,  1 950 ; Maron and 

Pru t to n ,  1 9 69 ) . 



Appendix 2 :  Solven t s  whi c h  have been  u sed for 
Solvent  Frac tionation o f  Fat Substanc e s  
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Ac e tate s :  Farr , 1 9 54 ; Rubin ,  Teasdal e  and Herten s ,  1 95 9 ; 

Akiya,  1 9 70 . 

Ac e tone : Ki s tler ,  Muckerheide and Myers ,  1 946 ; Riemens chnei der 
and Luddy , 1 946 ; Riemenschnei der , Luddy , Swain and Aul t ,  
1 946 ;  Demmerl e ,  1 947 ; To wne , 1 9lr9 ; Skau , Dopp , Burleigh 
and Banowe t z ,  1 950 ; Bouc her and Skau , 1 952 ; Ho rri s ,  
G o rdo n ,  Brenner ,  Meyers,  Ri emensc hneider and Aul t ,  1 95 2 ; 
T exac o Development  Co . ,  1 952 ; Ca rding , Willard , Edwards and 
E skew ,  1 953 ; Pramuk , Whiting and McLaren,  1 953 ; Farr , 
1 9 54 ; Luddy , Fer t sc h  and Ri emenschneider,  1 9 54 ; 
Riemenschneider , 1 954 ; Ayre s ,  1 957 ; McGuine ,  1 960 ; B e s t , 
S o e ters ,  Davi e s  and Paul , 1 9 6 1 ; Spadaro , Lo vegren ,  Feuge 
and Patto n ,  1 9 6 1 ; Sinnema,  1 96 2 ; Aarhu s  Oli e fabrik , 1 9 64 ; 

Loders and N ucoline , 1 9 64 ; Chen and d e  M an ,  1 9 6 6 ; Aki y a ,  

1 9 70 ; Bere s fo rd and Ro ssell , 1 9 7 1 ; U nile ver ,  1 9 7 1 ; Kawad a ,  
suzulr....i and Hat sui , 1 97 2 ; Luddy , Harnpso n ,  Herb and Ro thbar t ,  
1 9 73 , 1 9 76 , 1 978 ; Vi arengo and Pasculli , 1 973 ; Sherbon and 
Dolby , 1 973 ; Taylor ,  1 9 73 ; Martinenghi , 1 9 74 ; Zondek,  1 9 74 ; 
Baliga. and Shi tol e ,  1 98 1 . 

Ethano l : Demmerl e ,  1 947 ;  Subrahmanyam and Achaya ,  1 9 5 8 ; 
Kri shnamur thy , Rama.lingaswamy , Banerj ee  and Achaya,  1 9 65 . 

H exane : Pramuk,  Whi ting and McLaren , 1 9 53 ; Ayre s ,  1 957 ; 

Bern ardini , 1 9 6 8 ;  Akiya, 1 970 ; Errbo e ,  Braemer-Madsen  and 
Ander so n ,  1 97 1 ; Lovegren , Gray and Feuge ,  1 973 ; t1artinenghi , 
1 974 ; . Fuji  Oil  C o . ,  1 9 75 & 1 97 6 ; Bernardini and 
Bernardini , 1 9 7 6 . 

I sopropano l :  Ayre s ,  1 957 ; Ko slowsky , 1 9 7 2 ,  1 973 , 1 97 5 ; 
Ko wlowsky and Le  t an ,  1 975 . 

Ke tone s - o ther  low mo l e c ul ar weight ke tone s : Texaco 
Development Co . ,  1 95 2 ;  Carding , Willard , Edwards  and Eskew , 
1 953 ; Ayre s ,  1 9 57 ; Farr , 1 954 ; Rubin , Teasdal e  and 
Mer tens ,  1 959 . 
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1 968 ; Kao Soap C o . ,  1 97 1 . 
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Appe n di x  3 :  Re sul t s  o f  the T riglyc e ride  and Fatty 
Acid Analys e s  o f  S e l e c t e d  N e w  Zealand 

Mu t to n  Tallo w s  
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Fo r e ac h  t allo w ,  the fo llowing anal y s e s  are pre sen t e d : 

( 1 )  To t al  fat ty acid c ompo si tio n .  

( 2) The p ropo r ti o n  o f  e ac h  o f  the five  triglyc e ride  gro up s 

separat e d  by argentation TLC . 

( 3) The fatty ac i d  compo sitio n o f  eac h  o f  the se 

t riglyc e ride  group s . 

( 4) The fat t y  ac i d  compo sition o f  the to t al tallow as  

c al culated from the propo rtion and compo si tion o f  

e ac h  o f  the t rigly c e ride  group s .  

( 5 ) The fat ty  ac id compo si tion  at po si tion 2 o f  the 
cis monounsatura t e d  triglyc eride s .  

( 6 ) The fat ty acid c ompo si tion at the 2-po si tion o f  e ac h  
o f  t h e  triglyc e ride gro up s and o f  t h e  who le tallov1 ar s 

given fo r the M ay 1 9 77 tallow sampl e o b t ai n e d  fro :J 
O c ean Beac h ,  as well as the fat ty acid c o mpo si tion a t  

the 2-po si tion o f  t h e  who l e  t allow a s  c al c ul a t e d  from the 
propo rtio n ,  and fatty aci d  compo si tion at the 2- po si tion , 

o f  e ac h  o f  the triglyc eri d e  group s .  



Table Ahl 
Tallow :  

� o f  tall o w 

Fat ty Acid 

1 4 : 0  

i so - 1 5 : 0 + 1 4· : 1 

1 5 : 0  
i so - 1 6 : 0 

1 6 : 0 
1 6 :  1 
1 7 : 0  

1 7 : 1 

1 8 : 0 

1 8 :  1 
1 8 : 2  

Smithfield Mutton Tallow ,  1 tR ,  November 1 976 

Triglyc eride Group 
2 j 4 5 

1 2.§ 2.2 22 . 0  1 01!± 2�.2 
H 1 % H 1 % M 1 o;_ M o 1 e % o f F • A • ' s t1 1 % M 1 % o e o o e a o e 

;o at  the 2- po si ti o n  · O e o o e o 

1 4 . 8  8 . 3 
3 .  1 0 . 7 
2 . 6  1 • 1 

0 . lj. 0 . 2  
39 . 7  ' 28 . 6  

3 . 3 

39 . 4  26 . 1  

3 1 . 7  

- -- ---

6 . 1 
0 . 5  

1 • 2 

0 . 2  

26 . 0  

.3 . 6  

1 . 0 

25 . 7 

_55 . 7  

7 . 0  4 . 6  2 . 6  
1 • 2 - 0 . 9 
0 . 7  0 . 7 0 . 7  
0 . 2 - O . j 

1 j . 2  1 7 . 5  1 5 . j 
4 . 2  3 . 3  5 . 9 
1 . o  
0 . 9  1 • 7 2 . 1 

8 . _5 1 6 . 1 1 0 . 7  
63 . _5  56 .. 2 57 . 1 

4 . 4 

Fat ty Aci d  ( mole  % o f  t allow) 

De t ermined  �alcula��d from 
t r1glyc er1de groups 

5 . 9 6 . 3  
0 . 7  "1 . 0  
0 . 9 1 .  2 
0 . 2  0 . 2  

22 . 2  23 . 9 
1+- 9 3 . 8  
2 . 5  
1 . 0 1 .  2 

20 . 2  2 1  . 8  

40 . 6  39 . 1  

0 . 9 1 • 5 

� 
():) 
• 



•rable Aj. 2  
Tallow :  Smi th field Mutton Tallow ,  l !R ,  No vember 1 976 

% o f  to tal tallow  

Fa t ty Acid 

1 4 : 0 
i so - 1 5 : 0 + ·1 �· : 1 

1 5 : 0  

i so - 1 6 : 0 
1 6 : 0 

1 6 :  1 

1 7 : 0  
1 7 : 1 

1 8 : 0 
1 8 :  1 

1 8 : 2  

Triglyc e ride G ro up 

2 3 11- 5 

1 7 . 0 5 . 8  33 . 5 1 0 . 2  33 . 5  

M J % M 1 % 11 1 (l/ No 1 e 5o o f F • A • ' s 
1 1  1 % !'1 1 % o . e  o o e o o e 

,o at t h e  2-po si tio n · o e o o e o 

1 2 . 7  7 . 8  5 . 8  7 . 0 Lt- . 2 3 . 2 

1 . 4 0 . 8  0 . Lt- 1 . 2 0 . 8  

2 . 1 1 . 4  1 .  2 1 . o  o . 7  0 . 8  
0 . 3 0 . 2  0 . 2  0 . 3 0 . 2  

1+ 1 . o 26 . 6  26 . 3  1 4 . 0 1 7 . 6  1 6 . 6  
!-

- 2 . 2  4 . 6  4 . 1 4 . 5 5 . 9 
1 . 4 

0 . 8  1 . 6 1 . o  1 .  2 

42 . 5  26 . 6  25 . 4  8 . 2  1 5 . 5  9 . 9  
- 34 . 4  35 . 3 6 1 . 2  56 . 5  55 . 9 

5 . 5 

Fat ty Acid ( mole  % o f  t allow) 

Determine d � alc ula� ed from 
tr1glyc er1 de group s 

4 . 8 6 . 1 
0 . 7 0 . 7  

0 . 9  1 . 2 

0 . 2  0 . 2 

20 .. 8 2lt- . 7 

6 .  1 4 .  1 

3 . 4 
1 . 4 0 . 8  

2 1  . o  22 . 2 

38 . 8  38 . 3 
1 . 9 1 • 8 

0'\ 
\.() 
• 



rrable  Ahl 
Tc:dlow : Smith field  M u t ton Tallow ,  l iR ,  Dec ember 1 976 

Triglyc eride Group 

2 3 

% o f  to tal tallow 1 4 . 0  1 2 .  1 28 . L � 

Fatty Acid Mol e % Mol e % Mol e % Mol e % o f  F . A . ' s  

1 4 : 0 
i so - 1 5 : 0 + 1 4 : 1 

1 5 : 0  
i so - 1 6 : 0 

1 6 : 0  
1 6 :  1 

1 '7 : 0 
1 7 :  1 
1 8 : 0 
1 8 :  1 

1 8 : 2  

- -

20 . 7  
3 . 3  
2 . 3  

0 . 6  
38 . 8  

-

-

-

34 . 3  
-

-

7 . 7  
0 . 7  
1 . Lt 
0 . 5  

2 1 . 5 

L� . 6 
-

-

32. 3 
3 1  . 3  

-

at the 2- po si tion 

8 . 4  7 . 1  
0 . 4 0 . 7  
0 . 2  0 . 3  

0 . 2  0 . 4 
29 . 9  1 5 � 0  

3 .  1 5 . 2  
- 1 . o  

1 • 5 1 • 0 

23 . 1 8 .  L� 
33 . 2  60 . 9  

- -

4 5 

1 1  • 9 33 . 6  

Hole % Mol e % 

6 . 3  3 . 0  
0 . 4  0 . 3  
0 . 7  1 • 3 
0 . 3  -

1 5 . 8  1 4 . 3  
6 . 0 5 • L� 

- -

1 • 1 1 . 8 
1 2 . 5 9 . 8  
56 . 9 57 . 6  

- 6 . 5  

Fatty Acid ( mo l e  % o f  tallow)  

D t . d Calculated from e erm1ne t . 1 . d  r1g ycer1 e groups 

7 . 6 8 . 0 
0 . 8  0 . 8  
1 . 2 1 • 1 
0 . 2  0 . 2  

22 . 8  23 . 2  
5 .  1 l� . o  

1 • 6 
0 . 9 1 .  2 

1 8 . 5 20 . 1  

39 . 0  39 . 3  
2 . 3 2 . 2  

....... 

'"'1 
0 
• 



•rable Ahl 
Tallow : 

% o f  to tal tallow 

Fatty Acid 

1 4 : 0  
i so - 1 5 : 0 + 1 4 : 1 

1 5 : 0  

i so - 1 6 : 0 

1 6 : 0 

1 6 :  1 
1 7 : 0  

1 7 : 1 
1 8 : 0 
1 8 :  1 

1 8 : 2  

Smith field Mutton Tallow ( 1 tR ,  J anuary 1 977)  

Triglyc eride. Group 

2 3 4 5 

1 3 . 3  7 . 4  27 . 2  1 5 . 4  36 . 7  
-

Mole % M o l e % Mol e % Mole % o f  F. A . ' s Mole  % Ho l e  % 
at the  2- po sition 

9 . 0 5 . 7  4 . 2  5 . 3 2 .  Lt 2 .  1 
1 " 9  0 . 7 0 . 5  2 . 7 0 . 6  
2 . 9  1 . o  1 • 1 0 . 3  0 . 5  0 . 7  
0 . 2 0 . It 0 .  1 o .  1 0 . 3 

38 . 8  ' 27 . o  27 . 2  1 3 . 3 1 6 . 5  1 lt .  4 
1 • 7 1 .  8 5 . 3  2 . L� 3 . 8 

0 . 8  

0 . 6  0 . 9  0 . 6 2 . 3 

4? . 2  32 . 1 29 . 1  1 0 . 9 1 4 . 9  1 1  • 7 

3 1 . 4  . 35 . 4  60 . 4  59 . 1 56 . 3  

_5 . 6  7 . 8  

Fat ty Acid ( mo l e  % o f  t allow)  

D e t ermine d � al c ul a�ed from 
tr1glyc er1de group s 

3 . 4  3 . 9 
0 . 5  0 . 7  
0 . 8 1 • 1 
0 .  1 0 . 2 

20 . 5  22 . 4 
2 . 5  2 . 4  
2 . 7  

0 . 9  1 . 0 

24 . 0  23 . 2 
40 . 6  4 1 . 7  

4 . 0 3 . 4 

_. 

"'.) 
• 



Table Ahl 
Tallow :  Smith field Mutton Tallow ( �- R ,  Marc h ,  1 977)  

Triglyceride Group 
2 j 4 5 

% o f  tallow 1 6 . 9  7 .  1 22 . 8  1 0 . 5  4 2 . 7  

Fat ty Acid Mol e % Mol e � Mol e � Mol e % o f F . � . � s Hole % Hol e % 
0 � � at the 2-po sltlon 

1 4 : 0  8 . 0  5 . 1 4 . 8  4 . 5 2 . 7  1 . 8 

i so - 1 5 : 0  + 1 lt : 1 1 . 3  1 • 1 0 . 6  0 . 7  0 . 5  1 . o  

1 5 : 0  2 . 7  1 • 6 1 • 1 o . G  1 • 2 1 . 2 

i so - 1 6 : 0 0 . 6  0 . 8  0 • ..5 0 . 3  0 . 8  0 . 4 
1 6 : 0 ..55 . 9  , 24 . 8 26 . 3  1 5 .  1 1 6 . 9  1 3 . 7  
1 6 :  1 2 . 2 j . O 3 . _5 4 . 4  5 . 2  
1 7 : 0 1 . 4 
1 7 :  1 1 . 3  1 . 4 0 . 5 o . '7 2 . 2 

1 8 : 0 5 1 . 5  3 . 42 29 . 2 24 . 7  1 6 . 5 1 3 . 7  
1 8 :  1 28 . 9 .53 . 3 J� 9 . 1 52 . 1 50 . 9  
1 8 : 2  lt . 2 9 . 9 

Fatty Acid ( mole  % o f  tallow)  

Det ermined  �alc ul a�ed  from 
trlglyc erlde groups 

2 . 7  3 . 9  
0 . 7  0 . 9 
1 • 2 1 . 5 
0 . 6  0 . 5  

20 . 6  2 1  . 4  

Lh 5 3 . 5  
2 . 1 

0 . 7  1 . 4  
26 .  1 25 . 4 
37 . 3  36 . 8  

3 . 5  4 . 7 

'""-.) 
f\) 
• 



Table Ag 
Tallow :  O c e an Beach Mut ton  Tallow ( May , 1 977 ) 

Triglyc eride Group Fatty Acid ( mole  % o f  tallow) 

2 3 4 5 C alculated 
Whol e  from 

% o f  to tal 1 4 . 9  6 . 7  26 . 5  1 4 . 6  37 . 3  Tallow triglyc eride 
t al1 0 \'J groups 

Fatty Acid Mole  % Mole % Mole  % Mole % Mole  % Mol e  % Mol e % Mole  % Mole % Mol e % Mol e % Mole % Mole % Mole  % at 2- at 2- at 2- at 2- at  2- at 2- at 2-
po sit- po sit- po si t- po si t- po si t- po si t- posi t-

ion ion ion ion ion ion ion 

1 4 : 0  7 . 6  20 . 0  3 . 6  7 . 8  4 . 4 5 . 0 1 • 9 2 . 5  1 • 5 3 . 0  5 . 0  3 . 4 5 . 2 

i so - 1 5 : 0 1 . 9 2 . 1+ 0 . 8  1 . 8 1 • 1 1 • 2 0 . 2  2 . 1 0 . 5  2 . 1 0 . 7 1 . 6 
+ 1 4 : 1 

1 5 : 0  2 . 4 2 . 9 : 1 • 2 1 . 3  0 . 9 0 . 5  1 . 0 0 . L� 0 . 8  1 . 3 1 . o  0 . 8  

i so - 1 6 : 0 0·. 4 0 . 9 0 . 1 0 . 5 0 . Lf- o .  1 0 .  1 0 . 3 0 . 2  0 . 2 

1 6 : 0 39 . 1 30 . 9  23 . 6  20 . 3 25 . 7 1 3 . 1 1 6 . 4 7 . 9  1 1  .. . 0 6 . 3 20 . 4  1 2 . 0 2 1 . 8  1 2 . 9  

1 6 :  1 5 . 2  8 .0 1 • 8 L1 . • o 3 • .5 4 . 0 6 . 0 5 . 2  4 . 1 4 . 1 .. 3 . 5  4 . 1 

1 7 : 0 5 . 6  3 . 7  1 • 1 1 • 7 2 . 1 2 . 2  1 • 6 

1 7 :  1 1 .  2 0 . 7  0 . 5  2 . 2 2 . 0  1 . 5 1 . 5 1 . 3  0 . 4 0 . 8  0 . 9  1 . 3 

1 8 : 0  1 .. 8 . 6  37 . 3  29 . 6  i '7 • .5 .)2 . 6  1 2 . ·; 1 7 . 1 9 . 0 I .5 . It 6 .  1 26 . 3 1 4 . • 6 25 . Lt 1 3 . 7 

1 8 :  1 34. 7 40 . 4 3 2 . 1 59 . 4  56 . 8  69 . 4  53 . 6  63 . 1 39 . 1 52 . 0  39 . 1 52 . 1 

1 8 : 2. 
2 . 0 3 . 0  9 . 3 1 5 . 9  3 . 2  5 . 3 3 . 8  6 . 4  

� 

-.J 
\..N 
• 



!fl.ble 11.)_. 7  
Tal lo w : 

% o f  t allo w 

Fat ty Acid 

1 4 : 0 
j_ so - 1 5 : 0 + l LH 1 

1 5 : 0  
i so - 1 6 : 0 

1 6 : 0  
1 6 :  1 
1 7 : 0 
1 '? : 1 
1 8 : 0 
1 8 :  1 
1 8 : 2  

Smi th field  Mutton Tallow ( H -R ,  No vember 1 977)  

Triglyc eride ·Group 

2 3 lt 5 

1 4 . 6  1 1 • 1 29 . 9  1 3 . i 3 1  . 3 

M 1 � M 1 % M  1 % Mol e % o f F . A . ' s M 1 % M 1 % o e � o e o o e o at the  2-po Di tio n o e o o e o 

1 3 . 4 9 . 0 8 . 1 9 . 7  Ll • 9 3 . 1 
2 . 0 1 .. 4 0 . 3 0 . 5 0 . l� 0 . 6  
1 • 7 0 . 5  1 . 6 1 • 5 0 . 6  0 . 9  
0 . 5  0 . 6  0 . 4 0 . 5 0 . 1 0 . 4 

43 . 8  , 28 . 9 25 . 2  1 8 . 8  1 7 . lt 1 7 . 8  
Lt • 4 3 . 8  lt . 5 4 . 4  5 . 3  

0 . 8  
0 . 8  0 . 9  0 . 9 1 • 1 1 . 9 

38. 6 26 . 0  28 . 1 1 1  • Lt 1 5 .  1 1 4  . •  0 

28 . 4  3 1 . 6  5 1 . 4 5Lt- . 5 53 . 7 
1 . 5 2 . 3  

Fat ty Acid ( mo l e  % o f  tallo w) 

De t ermined � alcula�ed  from 
tr1glyc er1de group s  

8 . 4  7 . 0  
1 . o 0 . 8  
1 . 2 1 • 1 
0 . 4 0 . 4. 

23 . 8  25 .0  
3 . 9  3 . 9  
1 • Lt 
0 . 8  1 • 1 

20 . 0  23 . 3  
36 . 1 36 . 5 

3 . 0 0 . 9  

""() 
-r--
• 



11able A3 . 8  

Tallo w :  

% o f  t allo w 

Fatty Aci d  

'1 1+ : 0 

i so - 1 5 : 0 + 1 4 : 1 

1 5 : 0  

i so - 1 6 : 0 

1 6 : 0 

1 6 :  1 

1 '7 : 0  

1 '? :  1 
1 8 : 0 

1 8 :  1 
1 8 : 2  

Smi th field Mutton Tallow ( l tR January 1 9 78 )  

Triglyc eri de Gro up 

2 3 4 5 

1 5 . 9  8 . 5  3 2 . 3  1 2 . 7  30 . 6  

Mole % Mole % Mole  1 Mol � % o f F . � . � s  Mole % Mol e %  0 0 0 at the 2-po sl tlo n ° 0 
1 1  • 6 4 . 5  6 . 0 7 . 1  3 . 3  2 . 4  

1 • 9 1 . 3 0 . 4  0 . 3 0 .  1 0 .  LJ. 
1 . 7 0 . 6  1 . 0 1 . 2 0 . 2  0 . 7  

0 . 3  0 . 9  0 . L� 0 . 9 0 .  1 0 .  1 

4 1 . 3 24 . 9  28 . 4  1 9 . 5 20 . 7  1 8 . 5  

7 . 2 3 . 7 5 . 9  6 . 8  L� . 7 

0 . 6  

L� . 5 0 . 8  0 . 9  5 . 6  1 • 2 

Lt-3 e 2  22. 9  27 . 4  1 3 . 0 1 7 . 0  1 1 . 3 
33 . 2 3 1 . 9 50 . 6  44 . 5 55 . 2  

1 • 7 5 . 5  

Fatty Acid ( mo l e  % o f  tallo w) 

Determine d  �alc ul a� ed  from 
trlglyc erlde gro up s  

5 . 3  5 . 3  

0 . 5  0 . 7  

1 . 2  0 . 9  

0 . 3 0 . 3 
26 . 3" 26 . 1  

3 . 4 4 . 1 

2 . 2  

1 . 7 1 . 7 

23 . 1 23 . 3 

34 . 4  35 . 7  

1 • 6 ., . 9  

--.] 
\Jl 
• 



Table A3.9 
•rallo w :  Smi th field M u t ton' Tallo w ( H -R ,  February 1 978) 

% o f  t allo w 

Fat ty Acid 

1 4 : 0  
i so - 1 5 : 0 + l lt : 1 

1 5 : 0 
j_ so - 1 6 : 0 

1 6 : 0 

1 6 :  1 
1 '? : 0 

1 7 :  1 

1 8 : 0 
1 8 :  1 
1 8 : 2 

Triglyc eride Group 

2 3 4 5 

1 7 . 2  1 0 . 2 26 . 6  1 1 • 7 3L� . 3 

H 1 % M 1 % H 1 % Hole  % o f  F • A. ' s M 1 o' H 1 % o e o o e o o e � at the  2-po si tio n o e 1o o e o 

1 3 . 4 5 .0 5 . 5  5 . 0 1 . 8 2 . 5  

3 . 5  0 . 4  0 . 3 0 . 8  0 . 2 0 . 1 
1 . 7  o . 7  0 . 9  2 . 6  0 . 7  0 . 4  

0 . 6  1 . 3 0 . 8  0 . 5  0 . 6  o . G  

L�8 . 4  _)0 . 1 26 . 1  20 . 1 25 . 7  1 8 . 7  

3 . 7  3 . 5  2 . 4- 3 . 7  j . 4  
0 . 8  

1 .  4 . 1 • 6 1 • 3 0 . 6  1 • 9 

32 . 4  29 . 8  28 . 5 1 5 . 9  2 1 . 1 1 5 . 6  

27 . 6  32 . 8  50 . 6 45 . 6  50 . 3  
6 . 5  

Fat ty Acid  ( mo l e  % o f  tallo w) 

Determined  C al c ul ated  from 
triglyc eride group s 

5 . 6  5 . 3  
0 . 8  0 . 8  
1 . 2 0 . 8  
0 . 5  o . 7  

26 . 0  27 . 8  

2 . 6  2 . 9 

0 . 2 
o . 7 1 . 3 

22 . 5  22 .. 0 
37 . 8  36 . 2  

2 . 1 2 . 2  

--._.) 
0\ 
• 



Table A� 

Tallow :  

% o f t allo w 
-

Fatty Acj_d 

1Lt : 0  
i so - 1 5 : 0 + l L1- ; 1 

1 5 : 0 

i fJO - 1 6 : 0 

1 6 : 0 

1 6 :  1 

1 7 : 0  

1 7 :  1 

1 8 : 0 

1 8 :  1 
. 1 8 : 2  

Smi th field Mutton Tallow ( 1 1R ,  March 1 9 78 ) 

Triglyc erid� Group 

2 3 Ll- 5 

1 9 . 0  1 1  • 6 29 . 8  1 2 .  Lj. 2 '7 . 2 

I 1 1 % M 1 o;_ M 1 % Hole % o f F • A • I s H 1 % �1 1 o' • o e o o e � o e o at th e 2-po sition · O  e o o e � 
-

6 . 6  4 . 9 3 . 0  .5 . 6 2 . 7 2 . 4 
1 . 2 0 . 6  0 . 4 0 . 7 0 . 3 0 . 2  

1 • 3 1 • 1 1 . o  0 . 6  0 . 7 0 . 8  

0 . 4 0 . 8  0 . 5  1 . l l- 0 . 3 0 .  1 
40 . 7 .. 35 . 0  27 . 2  23 . 2 1 8 . 5  1 9 . 2  

0 . 8  2 . 5 .5 . 8 3 . 3  3 . 1 

0 . 6  

1 • 1 1 . 2 1 • 3 0 . 4  1 • 3 

49 . 8  36 . 4  29 . 2 1 2 . 2  1 8 . 5  1 5 . 7  

1 9 . 3 35 . 0  52 . 5  53 .  1 50 . 9 

2 . 2  7 . 3 

Fa tty Ac i d  ( mo l e  % o f  tallow) 

De termined �alc ula�ed  from 
trlglyc e rlde group s 

3 . 3 .5 . 7 

0 . 5  0 . 5 
0 . 7  1 . 0 

0 . 4  0 . 4 

23 . 8  27 . 1 

3 . 5  2 . 1 

2 . 0  

1 . 0 0 . 9 

28 . 8  29 . 0 

33 . 1  33 .0  
2 . 9 2 . 3 

""l 
� 
. 



r.rabl e A3. l l  
Tallow : Smithfield  Mutton Tallow ( H - R ,  May ,  1 978 )  

% o f  tallow 

Fat ty Acid 

1 4 : 0  
i so - 1 5 : 0 + 1 4 : 1 

1 5 : 0  
i so - 1 6 : 0 

' 1 6 : 0  

1 6 :  1 
1 7 : 0  

1 7 :  1 

: 1 8 : 0 
1 8 :  1 

1 8 : 2 

Triglyce ride Group 

2 3 4 5 

1 5 . 9  8 . 7 25 . 3 1 1  • 2 38 . 9  

Mole % Mole % Mol e %  Mol e % o f  F . � . � s  �ol e � �ole  � 0 0 o at the 2- po sl tlo n 1 , o  1 ' 0  

7 . 1 5 . 0  4 . 0 '+ . 5 2 . 0  1 . 3 
0 . 4  0 . 6 0 . 9 1 • 8 0 · '+ 0 . 3 
1 . 2 1 . o  0 . 5 0 . 7 0 . 7 0 . 6  

1 . 5 0 . 7  0 . 3  2 . 1 .. 0 . 3  0 . 2 

40 . 0  ·30 . 0 26 . 9 24 . 2 20 . 0 1 5 . 3 
3 . 9  1 • 9 5 . 8  3 . 5  4 . 0 

1 • 2 

0 . 9  0 . 7 0 . 5 1 . 0 1 • 7 

49 . 8  34 . 9  32 . 1 1 9 . 4  1 8 . 0  1 5 . 7  
23 . 0 � - 7 _� c. .  39 . 5 5 1 . o  5,� . 6  

3 . 1 8 . 3  

Fatty Acid ( mole  % o f  tallow) 

Determined �alcula�ed from 
trlglycerlde groups 

3 .  1 3 . 3  
0 . 4  0 . 5 
0 . 8  0 . 7  
0 . 5 0 . 5 

22 . 6 · 24 . 0  
3 . 6 2 . 8  
1 . 8 
I . 0 0 . 9  

26 . 7  27 . 2  

36 . 3 36 . 4  

7 3 J • 3 . 6  

� 
CO 
• 



'rable A3. 1 2  

Tallow :  Smithfield  Mut ton  Tallow ( H -R ,  April 1 978)  

% o f  t allow 

Fatty Aci.d  

1 L� :  0 

i so - 1 5 : 0 + 1 4 : 1 

1 5 : 0  

iso - 1 6 : 0 

1 6 : 0 

1 6 :  1 

1 7 : 0 

1 7 :  1 

1 8 : 0 

1 8 :  1 

1 8 : 2  

Triglyc eride  Group 

2 3 4 5 

1 5 . 8  8 . 5  3 1  . o  9 . 7 35 . 0  

M l % M l � M l � Mole % o f  F . A . ' s M l � M l % o e o o e � o e � · t the � 0 " tio o e � o e o a L-P sl n 

1 1  • 9 5 . 4 4 . 0 1 • 4 3 . 2  2 . 2 

3 . 8  1 • 1 0 . 6  0 . 2 0 . 5 0 . 5 

2 . 5 1 . 0 0 . 9  0 . 8  0 . 9 0 . 5 

0 . 6  0 . 7  0 . 3 2 . 5 0 . 3 0 . Lj. 
4 1 . 8  29 . 3  26 . 6  1 8 . 5 1 7 . 3  1 7 . 9  

2 . 0  2 . 3  6 . 7  4 .  1 5 . 3 

2 . 2  

1 • 4 0 . 8  � • 6 1 • 6 1 . 2 

39 . Lj. 34 . 8  30 . 2  1 5 . 7  1 7 . 9 1 1+ .  8 

24 . 3  34- · 3  50 . �� 5 1  . 8  49 . 5 
2 .  Lf- 7 . 8  

Fatty Acid  ( mole  % o f  tallow)  

Calculated from 
Determined triglyc eride gro up s  

L� . 5 4 . 7 

0 . 8  1 • 1 

0 . 8  1 . 0 

0 . 5  0 . 4 
23 . 4  25 . 3  

3 . 2  3 . 1 

1 . 7  

0 . 8  0 . 9 

24 . 9 25 . 5  

36 . 6  35 . 0 

2 . 8  3 . 0 

--.._) 
\.0 
• 



Table A3. 13 
Tallo w :  Smithfield Mutton Tallow ( 1 iR,  June 1 978 )  

% o f  t allow 

Fatty Acid 

1 4 : 0  

i so - 1 5 : 0 + 1 4 : 1 

1 5 : 0  

i so - 1 6 : 0 

1 6 : 0 

1 6 :  1 
1 7 : 0 

1 7 :  1 
1 8 : 0 

1 8 :  1 
1 8 : 2  

Triglyceride  Group 

2 j Lf 5 

1 9 . 7  8 . 5  27 . 1 9 . 7  35 . 0  
. 

Mol e % Mol e % Mol e % Mol e % o f  F . � . � s M o l e % Mol e % 0 0 0 at the  2- po sl tlon o 0 

1 0 . 0 1 • 9 j . O  3 . 9  1 . 8 1 . 6  
2 . 5 0 . 4 0 . 6  1 . 4  0 . 3 0 . 2  

2 . 4 0 . 4  0 . 8 0 • L� 0 . 8  0 . 7  
0 . 9  0 . 5  0 . 4 2 . 8  0 . 3 0 . 5 

35 . 4  29 . 5  2'? . 3  24 . 3 2 1  . 4  1 6 . 9  

2 . 5  3 . 4 7 . 2  3 . 2 5 . 3 

2 . 8  

0 . 2  0 . 8 0 . 3 1 • 9 1 • 2. 

1+8 . 8  3 2 . 9 3 2 . 6  1 7 . 2 2lt . 8 1 5 . 5  

3 1 . 7  3 1 . 1 39 . 7 44 . 1 52 . 5  
1 . 4  5 . 6  

Fatty Acid  ( mol e  % o f  tallow)  

De termined 9alc ula�ed from 
trlglyc erlde groups 

2 . 9  3 . 7  
0 . 7 0 . 8  

0 . 8  1 . o  

0 . 4 0 . 5  

25 . 5 25 . 0  

l.j . O 3 . 3  

2 . 4 

0 . 8  0 . 8  

26 . 9  29 . 1  

33 . 7 33 . 7  
1 . 9  2 . 1 

-· 

0) 
0 
• 



Appe ndi x 4 :  Regre ssion Equations and R egre ssion S t ati s ti c s 

from t h e  Sc re ening Experiment ( C h ap t e r  5 )  

Tabl e A4 . 1 :  Regression Equation for t h e Yield o f  the Hard 
Frac tio n  

Y i e l d  o f  Hard Frac tion (%) = 1 9 . 4 - 1 1 . 0  ( T 1 ) 

+ 0 • 4 3 ( T 2 ) - 4 .  90 ( S 1 ) + 0 • 1 1 ( S 2) + 5 .  0 1 ( W)  - 0 • 4 2 ( A ) 

- 0 • 80 ( t ) + 0 • 23 ( M )  - 0 • 1 3 ( T 1 T 2 + S 1 t + S i4 + W A )  

+ 4 . 09 ( T 1 s 1 + T2 t1' WM + S 2A ) - 1 . 38 ( T 1 s 2 + T2M + S 1 A + W t )  

i 8 1 . 

- 2 . 05 ( T 1 W + S 1 H + T2A + s2 t ) - 1 . 1 5 ( T 1 A + tM + s 1 s2 + T2W) 
+ 0 . 55 ( T 1 t + T 2S 1 + A.M: + S 2W ) + 3 . 58 ( T i M + T2s 2 + s 1 VJ + A t ) 

Simpli fi e d  Equation  fo r t h e  Y i e l d  o f  t h e  H ard Frac tion and 

Regre ssion  S tati sti c s  

Yi e l d  o f  the Hard Frac tion ( %) = 1 9 . 4 - 1 1 . 0  ( T 1 ) 

- 4 . 90 ( S 1 ) + 5 , 0 1 ( W ) + 4 . 09 ( T 1 s 1 + T2 t + WM + S 2A)  

- 2 . 0 5  ( T 1 W + s 1 M + T 2A + s 2t )  + 3 . 6 1 ( T 1 M + T2s 2 + s 1� + A t ) 

C o rrelation C o e f fi c i en t : 

R
2 

= 9 7 . 8% 

R
2 = 96 . 3% ,  ad justed  for d . o . f . 

Analysi s o f  Varian c e  S umma.£1 :  

Sourc e d . o . f .  ss MS 

Regre s si o n  6 3256 . 1 0 542 . 7 
Residual 9 73 . 42 8 . 2 

To tal 1 5  . 3329 . 52 



Table A4 . 2 :  Regre s sion  Equation for the  Y i e l d  o f  the 

I n t e rm e di a t e  Frac tio n 

Yield o f  Intermediate  Frac tion ( %) = 26 . 1 + 1 1 . 7  ( T 1 ) 

- 5 . 0 1  ( T2 ) - 1 . 1 9 ( s 1 ) - 3 . 5 1 ( S2) + 7 .  76 ( W )  + 0 . 36 ( A ) 
+ 3 . 36 ( t )  + 0 . 99 ( M )  - 1 . 86 ( T 1 T2 + s 1 t + S2M + WA)  - 1 . 54 

( T 1 S 1 + T 2 t + WM + S 2 A)  + 2 . 6 9 ( 1' 1 S 2 + T 2H + S 1 A + W t ) 

+ 4 . 26 ( 1' 1 W + s 1 M + T2A + s2t) + 0 . 46 ( T 1 A + tH + s 1 s2 + T2W )  
+ 1 . 3 1 ( T 1 t + T2s 1 + AM + s2W )  + 1 . 69 ( T 1 M + T2s2 + s 1 w + A t )  

,. 
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Simpli fie d  Eauation  fo r t h e  Yield o f  the I n t e rm e di a t e  Frac t ion 
and Rc�r o s si o n  Stntisti c s  
Yield o f  In termediate  Frac tion ( %) = 26 . 1 

+ 1 1 . 7  ( T 1 ) - 5 . 0 1 ( T2 ) - 3 . 5 1 ( S2 ) + 7 . 76 ( W ) + 3 . 36 ( t ) 

+ 2 . 69 ( T 1 S 2 + T zM + S 1 A + W t )  + l+ e 26 (T1 W + S 1 M + T 2A + S 2 t )  

C o rrelation Co e f ficient : R- squared = 9 5 . 4  p e r  c e n t  

R- s quar e d  = 9 1 . 4 p er  c ent , ad j u s t e d  

for degree s  o f  fre edom . 

Analysi s o f  Varianc e :  

Sourc e d . o . f . ss NS 

Regre ssion  7 4355 .0  622 . 1  
Re sidual 8 2 1 0 .  1 26 . 3  
To tal 1 5 4565 . 1 



Table A4 . 3 :  Regression Eauation fo r t h e  Yield o f  
the So ft Frac tion 

Yield  o f  So ft  Frac tion ( %) = 54 . 55 - 0 . 76 ( T 1 ) + 4 . 59 ( T2) 

+ 6 . 09 ( S 1 ) + 3 . 70 ( S2 ) - 1 2 . 78 (W )  + 0 . 1 8  ( A) - 2 . 9 6  ( t ) 
- 2 .  1 3 ( M )  + 1 • 7 4 ( T 1 T 2 + S 1 t + S 2H + VI A )  - 2 • 55 ( T 1 S 1 + T 2 t 
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+ WM + S 2A ) - 1 • 3 1 ( T 1 S 2 + T 2M + S 1 A + VI t )  - 2 .  2 1 ( T 1 W + S 1 M + 

T2A + s2t ) + 0 . 69 ( T 1 A + tM + s 1 s2 + T2W ) - 2 . 1 9 ( T 1 t + T2s 1 + 

AM + s 2w) - 1 . 55 ( T 1 M + T2s2 + s 1 w + At ) 

Simpli fied Equatio n fo r the Yield  o f  the So ft Frac tion and 
Regre s sion Stati stic s 
Yi eld o f  So ft Frac tion ( %) = 54 . 55 + 6 . 09 ( S 1 ) - 1 2 . 78 ( W ) 

Co rrelation Coe f ficien t :  R- squared = 7 1 . 6% 
R- squared = 67 . cla, ad j u s te d  for d . o . f . 

Analysi s o f  Varianc e :  

Sourc e d . o . f .  ss  HS 

Regre ssion 2 .5204 . 1 1 602 . 1 
Re sidual 1 3 1 270 . 2  97 . 7  
To tal 1 5 LJ-474 . 3  



Table A4 . 4 :  Regre s sion Equation fo r t h e  C BLF o f  the  
Intermedi ate  Frac tion 

CBLF = 1 8 . 67 + 4 . 5 1 ( T 1 ) - 0 . 89 ( T2) + 2 .09 ( S 1 ) 

+ 1 • .59 ( VI ) + 1 . 72 ( A) + 0 . 03 ( t ) + 0 .06  ( M ) + 0 . 1 5 ( T 1 T2 
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+ s 1 t + s2M + VIA )  + 0 . 23 ( T 1 s 1 + T2t + VIM + s2A) + 0 . 1 4 ( T 1 s2 . 

+ 'rzM + s 1 A + Wt )  - 0 . 1 2  ( T 1 W + s 1 M + T2A + s2t )  - 0 . 49 ( T 1 A 

+ tM + S 1 S 2 + T 2w )  - 1 .. 24 ( T 1 t + T 2s l + AH + S 2w )  - 1 • 23 ( T 1 !1 

+ T2S2 + S 1 W + �t )  

Simnli fie d  E o uatio r.  for t h e  C BL F  o f  the  Interm e di a t e  Frac tion  

and Regr e s si o n  S t a ti s tic s 

C BLF = 1 8 .. 67  + 4 . 3 1  ( T 1 ) - 0 . 89 ( T2) + 2 . 09 ( S 1 ) - 1 .. 1 6  ( S 2)  
+ 1 • .59 ( W ) + 1 . 72 ( A) - 0 . 49 ( T 1 A + tM + s 1 s 2 + T2W )  

1 • 25 ( T 1 t + T 2s 1 + AN + S 21'/ ) - 1 • 23 ( T 1 M + T 2s 2 + S l V/ + A t )  

Correlation Co e f fi cient : R- s qu ared = 9 9 . 7% 
2 R = 9 9 . 2% , ad j u s t e d for d . o . f .  

Analysi s o f  Vari anc e :  

Sourc e d . o .  r .  s s  MS 

Regre s sio n 9 536 .06  59 . 6  
Re sidual 6 1 .  78 0 . 3  
To tal 1 5 537 . 84 



Appendix 5 :  Regr e s sion Equ at io n s  and Regr e s sion S t ati sti c s 

frorr. t he C e n t ral Compo si t e  D e sign (�ter 6 ) ; 
and an Exampl e o f  the M e tho d u se d  to c omuare 

O b served R e spo n s e s with  R e spo n se s  P r e di c t e d  

from t h e  Fi t t ed E o ua ti o n s  

Tabl e A5. 1 :  Empi ri c al M o d e l  and Regression S t ati st i c s for 

the Yield o f  the H ard Frac tio n 

Empiri c al - Model : 

Yield o f  hard frac tion ( %) = 2 1 . 37 - 5 . 5 1  ( T 1 ) - 2 . 0 1  ( s 1 ) 

+ 3 . 63 ( W )  - 2 . 9 1 ( T 1 w )  

Correl a t i o n  C o e f fi c i ent : 

R- squar e d  = 59 . 3% 
R- square d = 56 . 3% ,  ad j u s t e d  fo r degree s o f  fre e do m  

An alysi s o f  Varian c e : 
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Sourc e o f  Vari ation D���=��m
o f S um o f  S quar e s  Mean  Sum o f  S c uare s 

Regre s si o n  

Re si dual 

TOTAL 

4 
54 

58 

Test  fo r Goodne s s  o f  Fi t : 

2332 . 1 
1 600 . 7  

3932 . 8  

583 . 0  
29 . 6  

Sourc e o f  Vari ation Degre e s  0 f Sum o f  S quare s M e an Sum o f  S qu ar e s  fre e do m  -

R e sidual 

Pure e rro r ( from 
one- way anal y si s 
o f  vari anc e )  

Lack o f  fi t 

MS 1 o f  32 . 8  
= 

MS 20 . 6  
pe  

-

the hypo the si s that 

54 
1 4 

40 

1 . 59 .  

there  

mo del a t  the  5% l e vel . 

As 

i s  

F 

1 600 . 7  
288 . 9  

1 3 1 1 . 8 

40 ,  1 4 , . 05 
signi fi c ant 

-- 2 . 27 ,  

l ack o f  

20 . 6  

32 . 8  

c anno t ac c e p t  

fi t o f  the 



Table A5 . 2 : EmPiri c al Model and Regre ssion S tati sti c s  
for the Yi e l d  o f  t h e  I n t e rm e di a t e  Frac tion  

Empi ri c al Model : 

Yield  o f  intermediate frac tion ( %) = 1 0 . 20 

+ 3 . 46 ( T 1 ) - 4 . 48 ( T2) + 1 . 32 ( S 1 ) - 1 . 25 ( S 2 ) + 1 . 27 ( w2 ) 

- 1 . 48 ( T 1 S2) - 1 . 9 2  ( T2s 1 ) - 1 . 36 ( s 1 s2) + 2 . 64 ( S 2W )  

C o rrel ation C o e f fi c i ent : 
R2 - 72 . 0% 

R2 
= 6 6 . 8% ,  . adjusted  for degrees  o f  free dom . 

Analysi s o f  Varianc e :  
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So urc e o f  Variation Degre es  o f  Sum c f  Square s Mean Sum o f  S quare s 
Fre edom 

Regre ssion 
Residual 

To tal 

. 

9 

49 

58 

Test  fo r Goodness  o f  Fi t :  

2 1 02. 1 

8 1 8 . 4  

29 20 . 5 

233 . 6  

1 6 . 7  

Sourc e o f  Variation Degrees  o f  Sum o f  S quares H e  an Sum o f  S quares 
freedom 

Re sidual 
Pure e rror ( from 
o ne-way analysi s 
o f  varianc e ) 
Lack o f  fi t 

MS 1 o f  
MS p e 

1 6 . 7  = = Tb.7 1 . oo 

49 

1 4 

35 

8 i 8 . 4  

234 . 1  

584 . 3  

1 6 . 7  

1 6 . 7  

As F35 , 1 4 , . 05 
= 2 . 28 ,  c anno t ac c ep t  the hypo thesi s  that 

there  i s  signi fic ant  l ack o f  fi t o f  the mo del at the  5% l evel . 
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Tabl e A 5 . 3 :  Empiri c al Hodel  fo r the  Yi e l d  o f  the  So ft Frac tion 

Emniric al Mo del : 
Yi eld o f  so f t  frac tion ( %) = 6 8 . 43 + 2 . 0 6  ( T 1 ) + �. 22 ( T2) 

- 4 . 32 ( W ) - 2 . 4 1 ( W2) + 2 . 0 7  ( T 1 S2) + 3 . 0 5 ( S 1 W )  - 2 . 36 ( S 2W )  

+ 2 . 52 ( S 2A )  

C o rrelation Co e f fi c i e n t : 

R2 = 60 . 0% 

R2 
= 53 . 6% , ad j u s t e d  fo r degr e e s o f  fre e do m .  

Analysi s o f  Vari anc e :  

So urc e o f  Vari ation D e gre e s  o f  S um o f  S quare s M e an S um o f  S quar e s 
fre e dom 

Regr e s sion 

R e si dual 

To t al 

8 

50 

58 

T e s t  fo r G o o d n e s s  o f  Fi t :  

2950 . 8  

1 970 . 4  

49 2 1 . 2  

368 . 9 
39 . 4  

Sour c e  o f  Variation Degre e s  o f  Sum o f  S quare s H e an S um o f  S quar e s  
fre e dom 

Resi dual 
Pure e rro r ( from 
o n e- way stnalysi s 
o f  vari anc e ) 
L ac k  o f  fi t 

MS 1 o f  
MSpe  

42 . 8  = = ""50:7 

50 i 970 . 4  

1 4 430 . 4  30 . 7  

36 1 540 . 0  42 . 8  

1 . 39 

As F36 , 1 4 , . 05 = 2 . 28 , c anno t ac c ep t  the hypo the si s that 

there i s  signi fic ant l ack o f  fi. t o f  the mo del at the 5% level . 
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Table A5.4 : E�piri c al Model fo r the  C BLF o f  the  I n t e rm e di a t e  

Frac tio n 

Empiri c al M o d e l : 

C BLF = 1 7 . 69 + 1 . 3 1 ( T 1 ) + 0 . 5 1 ( T2) + 0 . 94 ( S 1 ) - 0 . 58 ( S2 ) 

- o . 76 ( VI )  + 1 . o 7  ( A ) - 0 . 54 ( TT ) + 1 . . 36 ( T2
2

> + 1 .01 cv� + 0 . 77 C T1 T2 ) 

- 1 . 23 C T 1 w )  - 1 . 0 2 ( T 1 A ) - 0 . 55 C T2s 1 ) - 0 . 92 ( T2W)  

C o rr e l atio n Co e f fi c i en t : 

R2 = 76 . 7% 

R2 
= 69 . 4% , ad j u s t e d  for degre e s  o f  freedom 

Analysi s o f  Vari anc e :  

Sourc e o f  Vari ation D e gr e e s  o f  S um o f  S quare s M e an S um o f  S qu ar e s  
fre edom 

Regre ssion 
Re sidual 

To t al 

1 4  
44 

58 

Test  for Goodness  o f  Fi t :  

55 i .  7 
1 6 7 . 3 

7 1 9 .0 

39 . 4 

3 . 8  

Source o f  Variation Degrees  o f  Sum o f  S quares Mean S um o f  S quare s 
freedom 

Re sidual 
Pure Error ( from 
one-way analysi s  
o f  v ari anc e )  

Lack o f  fi t 

0 . 90 

44 
1 4 

30 

1 67 . 3 
56 . 9  

' 1 i 0 . 4  

As F30 , 1 4 , . 05 = 2 . 3 1 ,  c anno t ac c ep t  the hypo t h e si s  that  

there is signi fic an t  l ack  o f  fit at the  5% level . 



Tabl e A5.2 : Exampl e C al c ul a ti o n  o f  t h e  Data Used  t o  
Compare the O b served  �n d Predic t e d  

Re spo nses  o f  t he C BL F  o f  t h e  Intermediate  
Frac tion to  the I so l ated  E f fec t o f  W 

( 1 )  Pre di c t ed  Re spon se 

1 89 .  

The  empiri c al mo del that  best  predic t s  the C BLF o f  the 
interme diate  frac tio n from the level s o f  the six i ndependen t 
vari abl e s  i s  given in Tabl e A5 . 4 . From thi s ,  the  i solated  
e f fec t o f  W i s :  

Y = 1 7 . 69 0 . 76W + 1 . 0 1  ( W 2 - average coded  l evel o f  w2 ) 
? 

= 1 7 . 69 - 0 . 76W + 1 . 0 1  ( W� - 0 . 7340 6 )  

By  substitu ting coded  valu6 s o f  W into thi s e quatio n ,  the  
predic t e d  Y was c al c ul�ted . The r e sul t s  o f  thi s are : 

w - 2 . 378 , - , 
y 24 . 5  1 8 . 7 

0 

1 6 . 9  1 7 . 2  

? "' 7 Q  - · )  u 

20 . 9  

Y i s  the predic ted CBLF o f  the intermediate  frac tion and. 
i s  plo t t ed in Figure 6 . 9 .  

A s  an aid t o  plo t ting the  predi c t e d  response c urve , the  
minimum po in t o f  the  func tion was c alcula.t e d :  

d Y  
-0 . 76 + 2 . 0 2V! 0 at the minimum -aw = = 

w = 0 . 38 at minimum ( in coded  t erms )  
= 1 . 25% o f  water in the  ac e to ne . 

( 2) O b serve d Re sponse 

The  o bserved re sponse o f  the yi eld o f  the  h ard  frac tion 
to the  i solated  e f fec t o f  W was c alculated  by averaging the 
yiel ds  o b served  at e ach  o f  the c o ded  l evel s o f  w .  



Appendix 6 :  Rer,re ssion Equ a t i o n s  and Regre s sio n 
S t a t i s t i c s from t h e  Bo x and B e hnken 

De sign ( Chapter 7 )  

Table A6 . 1 :  Empiri c al Model fo r the  Yield o f  t h e  
Hard Frac t i o n  and Regression S t a t i s t i c s 

C o rr e l a t i o n  C o e f f i c i e n t s :  
R2 = 54 . 1 % 

R
2 

= 48 . 6% ,  a d j u s t e d  for d . o . f .  

An alysi s o f  Vari a n c e :  

Sour c e  d . o . f .  s s  MS 

R e g r e s s i o n  3 .547 . 2  1 1 5 . 7  

Resi du al 25 294 . 6  1 1  • 8 

TOTAL 28 64 1 . 8  

T e s t  fo r L a c k  c f  Fi t :  

Source  d . o . f . ss HS 

Re sidual 25 294 . 6  
P u r e  Erro r 4 1 3 . 2  3 . 3 

Lack o f  ... . ..  .L l l.. 2 1  28 1 . 4  1 3 . 4  

As F2 1 4 •OS = 5 . 79 ,  c anno t ac c ep t  the null hypo the si s  
' , 

that there i s  signi fic ant  l ack o f  fi t o f  the model a t  the  5% 
l·evel . 

1 90 .  
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T abl e A6 . 2 :  Empiric al Model for the Yield  o f  the  Intermediate  
Frac tion an d  Regression S tatistic s 

Correlation  Coe f ficient : 

R
2 

= 45 • .5% 

R2 
= 4 1 . 1% ,  ad jus t ed for d . o . f .  

Analysis o f  Varianc e :  

Sourc e d . o .  f .  ss  MS 

Regre ssion  2 257 . 7 1 28 . 9  
Residual 26 .5 1 1 . 2 1 2

. 0 
TOTAL 28 568 . 9  

T e s t fo r L a c k  o f  Fi t :  

Sourc e d . o .  f .  ss MS 

Residual 26 3 1 1 . 2 

Pure erro r 4 1 6 . 0  4 . 0  
TOTAL 22 . 295 . 2 1 3 . 4  

A s  F 27 , 4 , .05 = 5 .  78 , c anno t ac c ep t  the  null hypo the si s  
that there i s  signi fic ant  l ack  o f  fi t o f  the mo del a t  the 5% 
l evel . 
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Tabl e A6 .3 :  Empiri c al Mo del  for the C BLF o f  t h e  I n t e rm e d i a t e  

Frac tion_ and R egre s sion S t ati stic s 

C o rrel a t i o n  C o e f fi c i en t s :  

R2 
= 1 6 . 9% 

R2 
= 1 3 . 8% , ad j us t e d  fo r degre e s  o f  fre edom . 

Analysi s o f  Varianc e :  

Sourc e 

Regre ssion 

R e si dual 

TOTAL 

T e s t  fo r Lack o f  Fi t :  

Ms 1 o f  
MS

p e 

Sour c e  

Re si d ual 

Pure Erro r 
L ack o f  

1 1  • 2 
= = 

2 . 3  

f " t J.. w 

d . o . f .  MS ss 
1 54 . 1 9 54 . 2  

27 266 . 35 9 . 9  

28 320 . 54 

d . o . f .  HS ss 
27 266 . 4  

4 9 . 2  2 . 3  
23 257 . 2 1 1 • 2 

As F23 , 4 , . 05 = 5 . 78 ,  c anno t ac c ept  the null hyp? the s i s  
that t h e r e  i s  signi fic ant l ack o f  fi t o f  t h e  mo del a t  t h e  5% 

l evel . 
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Appendix 7 :  R e sul t s  o f  the Triglyc eride &nd Fa t ty Acid Analyse s 
o f  Some S el e c ted  Tallo w  Frac tion s  

For eac h  frac tio n ,  the following analyses are presente d : 

( 1 )  To tal fat ty acid compo sition .  

( 2 ) The pro portion o f  eac h  o f  the five triglyceride groups 
separated  by argentation TLC . 

( 3 ) The fat ty acid compo si tion o f  eac h  o f  the se triglyc eride 
group s .  

( 4 ) The fat ty · acid compo si tion o f  the to tal tallo w  as 
c alcul ated  from the proportion and compo si tion o f  e ac h  
o f  the  triglyc eride group s .  

( 5 ) The fat ty acid c ompo sition at po si tion 2 o f  the c i s
monounsaturated  triglyceride s .  



Frac tion : The so ft frac tion pro duced  by frac tionating 1 kg o f  tallow with s 1 = 1 . 5 :  1 
( see  8 . 3 . 3 ( 54 . 1 wt % o f  to tal tallow ) ) 

Triglyc e ride Group Fatty acid compo sition 
( mole  % o f  frac tion )  

2 3 4 5 
% o f  to tal 3 . 5% 6 . 5% 28 . 0% l L� . 4% L 7 6ol Calculated from 

frac tion • • � Determined triglyc eride  
groups 

Fatty Acid Mole % Mol e  % Mole % Mol e  % o f  Ivlole  % Hol e  % 
F . A . ' s at the 

2- o si tion 
1 4 : 0  28 . 1 1 2 . 6  1 1  • 9 6 . 7  l� . 2 4 . 0  7 . 7  7 . 6  

i so- 1 5 : 0+ 1 4 : 1 7 . 4  2 . 7  1 • 8 2 .  Lr 0 '7 
e I 0 .  L� 1 • 8 1 • 2 

1 5 : 0  2 . Lj. 1 . 5 1 • L� 1 . o  0 . 6  0 . 4 1 • 1 0 . 9  
i so- 1 6 : 0 1 . 2 1 . 0 0 . 6  1 • 5 0 . 2  0 .  1 0 . 5  0 . 4  

1 6 : 0 37 . 9  26 . 3 27 . 2 20 . 7 1 6 . 4  1 8 . 1 1 9 . 3  2 1 . 6 
1 6 :  "l 6 . 1 L� . 9 6 . 7  Lj . 8 6 . 1 L� . 4 5 • L� 
1 7 : 0 2 . 0  1 • 5 
1 7 :  1 1 . 3 1 • 1 1 . 9 0 . 8  1 . 9  1 . 3  1 • 4 
1 8 : 0  23 . 0  20 . 1 1 7 . 2  8 . 7  1 5 . 2  1 3 . 2 1 4 . 8  1 5 . 4  
1 8 :  1 28 . 4  33 . 9  48 . 4  55 . 4 53 . 0  46 . 0  44 . 5  
1 8 : 2  0 . 7  2 . 8  1 . 6 1 • 4 

... 
'0 .f"'" 
.. 



Frac tion : The hard frac tion. pro duc ed by frac tiona ting 1 kg o f  t allow wi th s 1 = 1 . 5 : 1  
(( see 8 . 3 . 3 ) - (37 . 3 wt % o f  tallo w ) ) 

Triglyc eride Group Fat ty acid compo si tion 
( mo l e  % o f  frac tion)  

? 3 4 5 L-

% o f  to t al 26 r::.ol • .//0 1 1 . 7% 27 . 9% 9 . 4% 24 . 5% Calculated from 
frac tion Determined triglyc eride 

groups 
Fatty A c id Mo l e  % Mol e  % Mol e % Mo l e  % o f  Mole % Mol e % 

F . A . ' s  at the 
2-po si tio n 

l L,. : o  1 4 . 0  1 0  . L� 7 . 7  9 . 7  lh 2 lt . 3 8 . 6  8 . 5 
i so- 1 5 : 0+ 1 4 ; 1  1 . 5 0 . 6  0 . 8  1 . 9 0 . 5  0 . 2 0 . 9  0 . 8  

1 5 : 0 1 .  7 1 • 5 1 • 1 1 . 0 0 . 5  0 . 3 1 • 1 1 • 1 
i so- 1 6 : 0  0 . 4  0 . 4 0 . 3  1 . o  O . j 0 . 2  0 . 3  0 . 3 

1 6 : 0 43 . 3 29 . 5  25 .  L1- 22 . 5  1 7 . 3  1 9 . 6  28 . 3  28 . lt 
1 6 :  1 2 . 9  .5 . 5  5 . 9  4 . L� 4 . 4  3 . 2  2. 8 
1 7 : 0  2 . 2 2 . 5 
1 7 : 1 0 . 4 0 . 9  1 . 6 1 • 5 1 • 3 0 . 5 0 . 8  
1 8 : 0 39 . 1 26 . 3 29 . 3  1 2 . 9  1 6 . 3 1 5 . 2 26 .  L1- 26 . 9  
1 8 :  1 28 . 0  3 1  . o  4 1 . 3 5.5 . 6  52 . 9 27 . 7  29 . 9 
1 8 : 2  1 • Lr 1 . 6 0 . 5 0 . 5  

\!) 
\Jl 
• 



FRAC'riON :  The intermediate frac tion  produced  by frac tionating 1 kg o f  t allow with s 1 = 1 . 5 : 1 
(( see 8 . 3 . 3 ) - ( 8 . 6  wt % o f  tal low ) )  

Triglyc eri de Group 

2 .3 
% o f  to tal 1 0 . 0 7 . 5  57 . 1 

frac tion 

Fatty Acid Mole  % Mol e  % Mole % Hol e  % o f  
F. A . ' s  at the 

2-po si tion 

1 1+ :  0 2 1  . o . 9 . 4  j . 2 8 • .5 
�- 1 5 : 0+ 1 4. : 1 4 . 3 0 . 8 0 . 7  0 . 1 

1 5 : 0  2 . 1 1 . 6 0 . 7  0 . 3  
i so- 1 6 :  0 0 . 6  0 . 5 0 .  1 0 . 2 

1 6 : 0 42 . 4  jO . 'I 23 .0 1 3 . 9  
1 6 :  1 2 . 7  1 . 9  1 . 6 
1 7 : 0 1 . 2 

1 7 :  1 0 . 7  0 . 3  0 . 8  

1 8 : 0 29 . 6 27 . 7  36 . 3  1 3 . 4  
1 8 :  1 25 . 9  33 . 8  60 . 2  
1 8 : 2  

4 5 

9 . 7  1 5 . 7  

Hole  % Mol e % 

0 . 4  3 . 4  

0 . 5  0 . 3 
0 . 6  0 . 6 
0 . Lj. 0 . 4  

1 7 . 4  1 8 . 8  
5 . 0 .3 . 6  

1 • 2 1 . 4 
2 1 . 9 20 . 4  
52 . 1� 47 . 9  

2 . 2 3 . 2  

Fatty acid compo sition 
( mo l e  % o f  frac tion)  

Calc ulated from 
De t ermined triglyc e ri d e  

�rO U}2S 

6 . 4  5 . 2 
1 • 1 1 . o 

0 . 8  0 . 9 

o·. 3  0 . 3 
22 . 9  24 . 3  

3 . 2  2 . 1 
2 . 3 
1 . 0 0 . 6 

29 . 0  3 1 • 1 
j2 . 4  .53 . 8  

0 . 6 0 . 7  

\.[) 
0\ 
• 



FRACTION : The hard frac tio n  pro duc ed  in the frac tionation o f  200 g o f  tallow wi th the 
propeller agi tator ( se e  8 . 2 . 2 ) - ( 27 . 3 wt % o f  tallow) ) 

Triglyc e ride G ro up 
Fat ty acid compo si tion 

( mole % o f  frac tion )  

2 3 Ll. 5 

% o f  to t al 33 . 5% 28 . 5% 23 . 5% 4 . 3% 1 0 .  C';b 
frac tion C alculated from 

De t ermined tri glyceride 
Fat ty Acid Mole  % Mole % Mol e % Mo l e  % o f  Mol e % Mol e % gro up s 

F' . A . 1 s a t  t h e  
2-po si tion 

1 L 1.  : 0  1 5 . 9  6 . 1+ 4 .  1 7 . 5  4 . 8 4 . 7  8 . Lj. 8 . 8  
i§,£- 1 5 : 0+ 1 4 : 1 0 . 3 1 • 1 0 • Lt- 0 . 7  0 . 2  0 . 9  0 . 3 0 . 6  

1 5 : 0  1 . 8  2 . 9 1 . o  0 . 8  0 . 9  1 • 1 1 • 1 1 • 8 
i so- 1 6 : 0  0 . 5  3 . 0  0 . 4. 0 . 7 0 . 3  0 . 3 1 . o  1 • 2 

1 6 : 0 Ll-3 • 4 29 . 7 29 . 0  24 . 9  2 1 . 8 24 . 9  33 . 6  33 . 3  
1 6 :  1 2 . 4 '") 3 c.. . 3 . '1 4 . 0  3 . 0 2 . 8  1 . 7 
1 7 : 0 3 ..... • c.. 2 . 6  
1 7 : 1 0 . 4  0 . 7 0 . 7  2 . 1 1 • 3 0 . 2  0 . 5 
1 8 : 0 38 . 1  27 . 1 29 . 5 1 9 .  1 1 8 . 3 26 . 2  30 . 6  30 . 9  
1 8 :  1 27 . 0  32 . 6 39 . 3 43 .0  36 . 0 1 8 . '7 20 . 9  
1 8 : 2  Ll • 6 1 • 7 0 . 7 0 . 4  

� 
"" 
• 



FRACTION : The intermediate  frac tion produc ed  in the frac tionation o f  200 g o f  tallow with 
the propeller agitator ( see  8 . 2 . 2) - ( 1 2 . 5  wt % of tallow) 

Triglyceride Group Fat ty acid  c ompo si tion 
( mole  % o f  frac tion)  

2 3 Lj. 5 

% o f  to tal 1 2 . 6% 1 2 . 9% 54 . 8% 9 .  1 % 1 0 . 6% 
frac tion Calculated  from 

Determined triglyceride 
Fat ty Acid Mol e % Mole % Mole % Mol e  % o f  Hole % Hole  % groups 

F . A . ' s  at the 
2-po si tion 

1 4 : 0  2L� .  6 1 1  • 6 2 . 9 1 1 • 4 2 . 3  3 . 4  6 . 0  6 . 8  
i so- 1 5 : 0 + 1 4 :  1 6 . 6 1 . o  0 . 4  0 . 3 0 . 2  0 . 3 0 . 5 1 • 2 

1 5 : 0  2 . 2 1 • 7 0 . 8  0 . 8  0 . 4  0 . 5 0 . 7  1 . o  
i so- 1 6  : 0  ' 1 .0 0 . 6  0 . 4  0 . 6  0 .  1 0 . 2  0 . 2  0 � 5 

/ 

1 6 : 0 37. 4  24 . 5 23 . 8  1 7 . 9 1 6 . 8  2 1 . 9  25 . 2  24 . 8  
1 6 :  1 3 . 8  1 • 9 1 . 9  2 . 6  3 . 8  2 . 9 2 . 2  

1 7 : 0  1 . 3 2 . 4  

1 7 :  1 0 . 9  0 . 5  0 . 9  1 . 0 1 . 3 0 . 6  0 . 6  

1 8 : 0  28 . 2 27 . 4  34 . 8  1 3 . 4  20 . 4  24 . 0  30 . 3 .30 . 6  

1 8 :  1 28 . 5  34 . 5  5 1 . 5  54 . 5  43 . 7  30 . 7  32 . 2  

1 8 : 2  1 • 7 0 . 9 0 . 5 0 . 3  

'-() 
CO 
• 



FRACTION : The so ft frac tion produced  by frac tionating 1 kg o f  tallow with s 1 =4 . 0 : 1  
( see  8 . 3 . 2) - ( 67 . 2  v1t % o f  tallow)  

Triglyc eride  Group Fatty acid compo sition 
( mole  % o f  frac tion )  

2 3 4 5 
-

% o f  to tal 3 . 2',0 1 .  6% 30 . 5% 1 5 . 6% 1+9 . 3% frac tion C alculated from 
- -··Determined triglyc eride  

Fatty Acid  Mole  % Mole  % Mole  % Hole % o f  Hole  % Iv!ol e  % groups 
F . A . ' s at the 

2-po si tion 

1 4 : 0  1 9 . 4  1 7 . 8  1 1  . 4  1 0 . 4  5 . 8 L� . 2 7 . 8  7 . 7  
�- 1 5 :0+ 1 4 : 1 , 7 . 6 3 . 9  2 . 0  0 . 8  1 . o  0 . 8  l . 4  1 • 5 

1 5 : 0  2 . 1 2. 3 1 • 7 0 . 5  0 . 6  0 . 7  1 • 9 1 • 1 
i 

i so- 1 6 : 0 0 . 8  1 . 4 0 . 6  o . G  0 . 3 0 . 3  0 . 6  0 . 4  
1 6 : 0 36 . 7  26 .0  27 . 4  1 8 . 5  1 7 . 8  1 L� ,. 4 1 9 . 8  1 9 . 8  
1 6 :  1 5 . 2  3 . 7  5 . 1 5 . 2  1� . 5 5 . 4  4 . 2 
1 7 : 0  0 . 8  1 .  5 
1 7 :  1 1 .  2 1 • 1 1 • L1- 0 . 9  1 . 4 1 . o  1 . 2 

1 8 : 0 23 . 4  1 7 . 8  1 9 . 3 1 0 . 8  1 3 . 5  1 1  • 8 1 2 . 9  1 4 . 8  
1 8 :  1 2�- . Ll- 32 . 8  5 1 . 1 53 . 6  58 . 3  45 . 7  47 . 1+ 
1 8 : 2  1 . 3 3 . 6  2 . 0  2 . 0  

\.D 
\.D 
• 



FRACTION : The so ft frac tion pro duc e d  in the frac tionation o f  200 g o f  tallow w i th t he 
pro p eller agi t ator ( se e  8 . 2 . 2 ) - ( 60 . 2  w t % o f  tallo w )  

Triglyc eride  Group F0t ty ac id c ompo si tion 
( mo l e  % o f frac tio n) 

2 3 4 5 
-

% o f  to t al 4 . 0% 4 . 1 % 3 2 . 2% 1 5 . 0% l+4 · 7% frac tio n C al c ul at e d  from 
D e t e rmined triglyc eride 

Fat ty Ac id Mole % Mole  % Mole % H o l e  % o f  t1o l e  % Mo l e  % group s 
F . A . ' s  at t h e  

2- po si tion 

1 4 : 0  3 1 . 2  8 . 0 1 1  • 7 1 0 . 7  6 .  1 5 . 6  9 . 8  8 . 8  

i§,£- 1 5 : 0+ 1 4 : 1  7 . 8  3 . 7  1 . 3 0 . 6 0 . 7  1 . 0 1 . o  1 . 4 

1 5 : 0  2 . 0  1 . 6 1 • 3 2 . 5 0 . 7  0 . 8  0 . 9  1 . o  

i so- 1 6 : 0  1 . o  1 . 2 0 . 7  1 • 'I 0 . 2  0 . 3  1 . 0 0 . 5  

1 6 : 0 34 . 4  30 . 8  27 . 8  1 6 . 1 20 . 9  1 8 . 1 2 1  . o  22 . 8  

1 6 !  1 5 . 5  Lh 8 1 3 . 0  5 . 2  L1. • 9 5 .0  4 . 7  
1 7 : 0 3 . 4. l . l+ 
1 7 :  1 0 . 6  0 . 9  2 . 3  1 . 3  1 . 3  1 • 1 1 • 1 

1 8 : 0 23 . 6  20 • 9  1 8 . 0  ? • 1 1 6 . 0  1 3 . 5  1 6 . 0 1 6 . 0  

1 8 : 1 27 . 7 33 . 5  42 . 6 Lt- 8 • 1 5 1 . o  4 1 . 3  4 1 . 9  

1 8 : 2  0 . 8  3 . 5 1 . 5 1 . 7  
--

� 
0 
• 



FRACTION : The hard frac tion pro duc e d  by frac tiona ting 1 kg o f  t allow wi th S 1 =4 . 0 : 1 
( se e  8 . 3 . 2) - ( 23 . 0 wt % o f  t al l o w) 

Triglyc eri d e  Group Fat ty acid c ompo si tion 
( mo l e  % o f  frac tion) 

2 3 Lt 5 

% o f  t o t al 36 . 3% 20 . 3% 28 . 1 %  6 . 8% 8 . 5% frac tion Calculated  from 
Determined triglyc eri d e  

Fat ty Ac id Mole  % Mo l e  % Mo l e % H ol e  % o f  Mol e % Mole % gro up s 
F . A . ' s  at the 

2- po si tio n 

1 4 : 0  1 4  . •  9 8 . 1 6 . 0  8 . 2  5 . 4  4 . 0 1 0 . 8  9 . 4  

�- 1 5 : 0 + 1 4 :  1 0 . 8  0 . 2  0 . 4  0 .  L� 0 . 4  0 . 3 o . ? 0 . 5  
1 5 : 0  1 • 5 0 . 9  0 . 8  0 . 7  0 . 8  0 . 8  1 • 1 1 • 1 

i so- 1 6  : 0  0 . 3  0 . 5 0 • . 3 0 • LI- 0 . 3 0 . 2  0 . 5 0 . 3  
1 6 : 0 LJ.5 . 7 32 . 7  32 . 0  25 . 1  27 . 8  29 . 6  33 . 5 36 . 6 

1 6 :  1 3 . 4  2 . 9 3 . 2  3 . 9  3 r . o  3 . 1  2 .  1 
1 7 : 0 3 . 2 2 . 6  

1 7 :  i 0 . 3 0 . 8  1 . 5 1 . 7  1 . 7 0 . 4 0 . 5  
1 8 : 0 36 . 8  27 . 7 28 . 9  1 5 . 5  23 . 4  20 , 6  27 . 6  30 . 4  
1 8 :  1 26 . 2  27 . 9 4 1 . 8  34 . 7  37 . 5  1 9 . 3  1 8 . 7  
1 8 : 2  1 • 6 1 • 7 0 • Lt 0 . 3 

1'\) 
0 
• 



FRACTION : The interme dl.ate frac tion produc e d  by frac tionating 1 kg o f  t allow wi th s 1 =4 . 0 : 1  
( se e  8 . 3 . 2)  - ( 9 . 8  wt % o f  tallow)  

Trigl y c e ride G roup Fat ty ac id c ompo si tion 
( mo l e  % o f  frac tio n)  

2 3 4 5 
-

% o f  to tal 1 0 . 4% 1 1 . 3% 53 . 9% I 0 Lj OI 1 4 . 0% · frac tion • ·tO C al c ul ated from 
De termine d triglyc eri d e  

Fat ty A c i d  Mo l e  % Mo l e  % M o l e  % Hole  % o f  H o l e  % Hol e % gro up s 
F . /\ . 1 s at th e 

2- po si tion 

1 4 : 0  25 . 3  1 0 . 9 3 . 4  lt • 7 3 . 8  3 . 8 7 . 0 6 . 6  
i so- 1 5 : 0 +  1 4 :  1 2 . 3 0 . 7  0 . Lj. 0 . 4  0 . 3 0 . 8  0 . 6  

1 5 : 0 1 • 8 1 . 3  1 • 3 0 . 8  0 . 7 0 . '1 1 . 2 
i so - 1 6 : 0 0 . 9  0 . 6  0 . 2 0 . 4  0 . 3 0 . 2  0 . 4  

1 6 : 0 1�2 . 1 32 . 2  25 . 5  1 4 . 6  20 . 2  20 . 5 24 . 3  26 . 7  
1 6 :  1 3 . 0  1 • 9 2 . 4  3 . 8  4 . 0  2 . 8  2 . 3 
1 7 : 0  1 . 3 1 • 7 
1 7 :  1 0 . 5 0 . 8 1 • 2 1 • 1 1 . 6 0 . 5 0 . 8  
1 8 : 0  27 w 6  26 . 8  33 . 9  7 . 6  2 1  • 1 20 . 5  28 . 2  29 . 2 

1 8 :  1 24 . 0  32 . 6 68 . 2  46 . 6  45 . 4  33 . 4  3 1 . 5 
1 8 : 2  1 . 8 2 . 9 0 . lt 0 . 6  

1\) 
0 
I\J 
• 



FRACTION : The interm ediate frac tion pro duc e d  in t h e  frac tionation o f  20 g o f  t allow 
( se e  6 .  1 0 ) - ( 4 . 1 v1t % o f  tallo \'/ )  

Triglyc eride Gro up Fat ty acid c ompo sition 
( mo l e  % o f  frac tion) 

2 3 4 5 

% o f  to t al 9 . 5% 8 . 8% 72.  C:G 6 . 4% 3 . 1 % frac tio n C al c ula t e d  from 
D e t ermined triglyc eride 

Fa t ty Acid Mole % Mol e % Mole % Mo l e  % o f  Hole  % Mo l e  % gro ups 
F . A . ' s  at the 

2-po si tion 

1 lt : 0 2 1 . 5  8 . 6  1 . 3  8 . 0  0 .  1 4 . 0 3 . 1  3 . 9  
i so - 1 5 : 0 +  1 4 : 1 lt - 7 0 . 5 0 .  1 0 .  1 0 . 4 0 . 5 

1 5 : 0  2 . 2 1 . 2 0 . 5 0 . 2  0 . 7  0 . 7  0 . 5 0 . 7  

i so- 1 6 : 0  0 . 6  0 · '+- 0 . 2  0 . 3  0 .  1 o .  1 

1 6 : 0 37 . 0  29 . 6  2 1 . 6  9 .  1 1 6 . 3 25 . 1 22 . 4  23 . 5  

1 6 :  1 3 .  1 0 . 9 1 . 2 1 . o  3 . 5  1 • 6 1 • 1 
1 7 : 0 0 . 7  1 . 9  

1 7 :  1 0 . 6  0 . 3  0 . 7 1 . o  1 • 6 0 . 4  0 . 4 
1 8 : 0  34 . 0  3.5 � 9 40 . 9 9 . 6  26 . 2 33 . 2  36 . 8  38 . 4 
1 8 :  1 22. 1 34 . 5 70 . 5 L�<J • 9 30 . 8  3 2 . 3 3 1  . o  

1 8 : 2  '+ · 5 0 . 6  0 . 5 0 . 3 

--

f\) 0 
""' 
• 



Appendix 8 :  

Further Aspe c t s  o f  'rallow G.uali ty 

a) Edible  Quali ty 

A survey o f  New Zealand meat killing plan t s  wa s c arri e d  
out  to  determine their tallow produc tion stati sti c s .  
Un fortunately ,  approximately 50% o f  the meat killing plants  did 
no t reply . However, o f  the 21 plants  from whic h  replie s were 
rec ei ved , none were pro duci ng e dible mutton tallow  ( or  margarine  
grade mutton tallow ) apart from a very small amount 
( approximately 230 tonne s/year ) o f  a special e di bl e  mut ton tallow 
produced  from caul and ki dn ey fat s ,  and this would no t be 
repre sentative o f  the o verall mut ton tallow compo si tion . Thus 
the s tudie s  in this thesi s  were made upon inedible mutton tallo w . 
However be fore thi s tallovi c an be  u sed commercially for purpo s e s  

such a s  tho se sugge sted  i n  this work ,  it  i s  ne c e ssary tha t it 
be made suitable for e dibl e  purpo ses .  Edible g r ade t al l o w  
must be produced  from clean ,  sound ,  �hole some f a t , usually 
trimmings ,  but excluding me senteric  and inte stinal fat s ,  and i t  
must be produc ed  in facilities  up to full edible s t and ard s 

( Tullo c h , ·  1 9'75 ) .  Thus to improve  the type o f  tallow studi ed  in 
thi s work to e dible  s t an d ar d s ,  further sel ection  o f  the r aw 

material s may be re quired and thi s may alter the compo si tion o f  
the tallows .  In  New Zeal an d  a further tallow typ e ,  margarine 
fat , is  produc ed .  This i s  an inedible fat  when pro duc e d ,  bu t i t  
c an be  used  i n  margarine after  re- sterilisation .  I t  may be  
po ssibl e  to use  a similar tallow grade for cou!mercial 
frac tionation because o f  the sterili sing e f fec t o f  the ac e tone  
recovery and deodcri sation pro c e sse s. Some raw material s  are 
no t permitted  in New Zeal and margarine fat ( 'rullo c h ,  1 975)  -
condemned material s ,  tro tters ,  pel t or hide by-pro duc t s  and 
save-all and trap grease - but the se pro duc ts  are all likely  to 
be mino r consti tuen t s  in  any tallow anyway , s o  their exclusion 
from inedibl e tallow  to produc e a margarine grade tallow v1oul d  
probably have little  e f fec t upon the compo sitio n  o f  the tallow .  
I t  has been  e s timate d  that approximately hal f  o f  the  to tal 
produc tion o f  tallow in Ne w Zealand coul d  be ei ther edible  fat 
or margarine fat if the  raw mate rial was properly selec ted  
( Department  o f  Bio technology ,  1 9 75) . · 
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Thus be fo re any commercial appli c atio n o f  thi s wo rk c an b e  

c on sidere d ,  i t  i s  n e c e s sary t o  de termine i f  and how pre sent 

inedibl e mutton tall ow pro duc tio n c an be modi fi e d  to  m e e t  e dible 

re quiremen t s .  

b ) Variatio n in Compo si tion 

The main fac t o r  a f f e c ting tallo w  c o�po si tion i s  the make-up 

o f  the bo dy fat s o n  the animal s  ent ering the meat �illing pl an t . 

Ho wever the prac tic e s  follo we d wi thin the plant  c an al so a f fe c t 

th e c ompo si tio n  o f  the tallo w .  Tal l o w  from o nly one me at killing 

plant \':as extensively studi e d  in thi s wo rk , so the e f fec t o f  

di f ferent plan t s · upo n tallow compo si tion in New Ze al and has no t 

b e e n  studi e d . 

Variation in tallo w  compo si 'Cion m e an s  tha t di f ferent yi el d s  

o f  the thre e frac tio n s  may b e  ob tai n e d  from di f ferent  batche s 

o f  tallo v: .  Fo r in s t anc e ,  the propor tion o f  2- oleo di satur a t e d  
triglyc eride s w a s  found t o  decre ase signi fi c an tly t hr o u g h o u t  
the killing seaso n s  ( No'iember to June ) wi t h  a n  o ve rall range 

from 1 0 . 0% ( M ay ,  1 978)  to 20 . 5% ( No vember,  1 976 } . Thu s i f  a 

frac tion containing a speci fied  pro p o rtion o f  2- o l eo disatur at e d  

trigl yc e ri d e s  i s  r e quir e d  from the se t .=..llows,  t h e  No vember t allo �,·: 
has the po te ntial to pro duc e twi c e  as  muc h  o f  suc h a frac tio n .  

However i t  s e em s  likely that frac tio nation o f  th e se two t al l c ws 
under identi c al c o nditions wo ul d no t pro duc e  frac tion s  wi th 

simi l ar compo si tio n s ,  irresp e c tive o f  their relative yiel d s .  

The charac t e ri s ti c  .s o f  the tallo w/ sol vent sy stem may be al t e r e d  

to  such an e x t e n t  b y  c hange s i n  t h e  compo si tio n o f  the t o� l o w  
that di f fe r e n t  frac tionation c o n ditions are . re quir e d  to give 

pro duc t s  wi th similar c ompo si tion s .  

I f  t h e  vari atio n in t allow c ompo si tion i s  fo und t o  seri o u sly 

a f fe c t  the frac tionation pro c e s s ,  it may be nec e s sary fo r any 

l arge sc al e  o p eration to bulk su f fi c ie n t  mut to n  t all o w ,  from one 

p e rio d o f  the y e ar ,  to  supply t h e  frac tionation pl an t  over an 

e n tire  o perating se aso n .  However thi s pre suppo se s that a 
su f fi cient quantity o f  sui t abl e tallow would be avail abl e a t  any 

one p e r:L o d ,  i t  woul d r e quire l arge sto rage facili ti e s  and i t  

woul d no t o vercome the pro bl em o f  vari ation i n  compo si tion between 
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se aso n s .  Al ternatively , the pro c e s s condi tions may be  abl e to 

be vari e d  to all o w  fo r c h ang e s  in the c ompo si tio n o f  the t allow.  

Thi s would r e quire fur ther e xp e rimentation to fir s tly de termi n e  

how and i f  the pro c e ss vari abl e s  c an be  manipulate d to  c ompensate 

fo r c h ange s in compo si tio n ,  i t  woul d ne c e s si tate c onst an t  and 

d e t ail ed moni to ring o f  the incoming t al l o w ,  and i t  woul d pro bably 

l e ad to variation in the  yi elds o f  the v arious frac tions wi th 

c o n s e quential e c o nomic c o nsiderati o n s .  



A 
Ai 
AT 
AOCS 
CBLF 
DSC 
E 
GLC 
H 

i . d . 
I .  V .  

MS l o f  
MSpe  
H 
n 

sn 
-

t 

ABBREVI ATIONS AND NOMENCLATURE 

agi tation speed  
area o f  DSC peak 
sum o f  areas o f  DSC pea�s for one s��pl e 

Ameri c an Oil Chemi st ' s  So cie ty 
cocoa  but ter  likene ss  fac to r 
di f ferential sc anning c al o rime try 
elai dic acid 
gas-li quid  chromatography 
heat content  

207 .  

internal diame ter 
iodine value 
mean sum o f  square s due to l ack o f  fi t 

mean sum o f  square s due to pure error 
month in which a tallo w i s  produc ed  
number o f  separate  peal�s  o n  the  DSC c urve for one  sample 
number o f  axial poin t s  in c en tral c o mpo si t e  de s�gn 
number o f  cube point s  in c �mtral compo si te  d e s i gn 

number o f  c entre  points  in c entral compo site  de sign t 

�o tal numb e r  o f  point s  in  c entral compo si te de sign 

nuc l e ar magne tic re sonanc e 
oleic  acid 
palmi tic  acid 
stearic acid 
solvent to fat ratio at the first  crys tallisation 

solvent to fat ratio at the  se cond c rystallisation 

stereo speci fic number 
time 
fir s t  c rystallisation t emperature 

second crystallisation temperature 

temperature o f  the final deviation o f  DSC peak from 
base-line 

temperature o f  t h e  ini t i al deviation o f  DSC peak from 
base-line 

Tim temp erature o f  DSC peak r:1aximum 

TG triglyc eride 



TLC 
Tris 
w 
X 
y 
YCBLF 
YH 
YI 
Ys 

t hin-layer c hromatography 
tri s  ( hydroxyme thyl ) aminomethane 
water content o f  the  ac e tone 
independent variable in experimental de sign 
dependent variable in  experimental de sign 
C BLF o f  the intermedi ate frac tion 

yield o f  the  hard fraction 

yield o f  the interme diate frac tion 

yield o f  the  so ft frac tion 

208 .  

c( distanc e o f  axial point s from the origin in a c en tral 
compo site  de sign 

polymorphic states  o f  triglycerides  

Pure st ereo speci fi c  trigly� erides  are abbrevi ated as 
by Li tch field ( 1 972)  e . g .  sn- glyc erol  - 1 - palmi t ate - 2- oleate  
-3- stearate = sn  - POS 

Fatty acid s are de signated  by the number o f  c arbon 
atoms : number o f  double bonds ,  e . g . o c t adecanoic  aci d  
( stearic acid)  = 1 8 : 0 .  
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