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SUMMARY 

Samples of  milk  fat  obtained at di fferent stages 

of the dairying season were investigated to determine 

the infl qcnce of the observed seasonal changes in the 

fatty acid ( FA ) compo sitions of N ew Zeal and mil k fats 

on the structure of  mil k  tri acylglyc erol s ( TG1s ) . O f  

the three milk fats studied the J anuary and March 

sampl es had FA compo sitions typic al of  hard summer mil k  

fat,  while  the September sampl e had a F A  compo si tion 

typical of  soft spring milk fat .  

E ach  of  the thr ee s el ected s ampl es o f  milk  fat 

was effectively separated i nto TG fractions of high, 

medium and lo w mol ecul ar weight which had di stinctly 

diff erent FA and TG composi tions . Ster eo speci fic 

analyses of  these fractions showed that in TG fractions 

of simil ar average mol ecul ar weight the arrangement o f  

F A ' s within the TG ' s  was similar and that in  all TG 

fractions the F A ' s were arranged within po sitions 1 , 2 

and 3 o f  the TG1s in  a highly sel ective manner . 

The TG fractions were s�parated into TG cl asses 

of di f f erent degrees o f  unsaturation . Corresponding 

TG classes of the three sampl es o f  milk f at had 

generally comparabl e F A  compositions . However an 

important di stingui shing f eature was that each TG 

f r action of  the September sample contained a higher 

proportion of unsaturated TG1s than the corresponding 

TG fractions o f  the J anuary and March s ampl es . 



Thus in N ew Zeal and milk fats of  di ffering F A  

compo sition , the nature o f  the T G  speci es is  similar 

but there exi st diff erenc es in the rel ative proportions 

o f  the TG speci es o The vari ation in the proportions 

o f  the constituent TG speci es of New Zeal and milk fat 

woul d appear to be the overriding factor which 

influenc es the seasonal vari ation in its physical 

characteristics o 

The thermal properti es o f  TG fr actions o f  milk fat 

were examined with a vi ew to d etermining the influence 

of TG structure on the physical characteri stic s  o f  

milk f at o  I t  was found that the unsatur ated TG 1 s  o f  

l o w  mol ecul ar weight , were l argely responsibl e for 

the consid erabl e proportion of milk fat which mel ted 

0 below 0 C and consequently for the wi de mel ting range 

which is characteristic o f  milk fat o The struc �ur al 

di ff erence between these  TG 1 s  and the remaining TG 1 s  

o f  milk  fat was found to be suf fici ently l arge to 

prevent significant formation o f  solid solutions o 

Consequently the wid e  mel ting range of  milk fat i s  due 

to both the l arge numb er of diff erent TG speci es and 

to the l arge structural diff erence between the various 

TG speci es o 
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NOMENCLATURE OF LIPIDS 

For l ipids containing glycerol the nomencl ature 

suggested by the IUP AC-IUB Commi ssion on Biochemic al 

Nomencl ature ( Biochem J .  ( 19 67). l..Q..i, 8 97 ) i s  

followed . However, for sake o f  brevity abbrevi ations 

are used ,  e . g .  2 , 3-di acyl- sn-glyc erol !-pho sphoryl 

phenol is referred to as  2 , 3-P L ' s .  

F atty acids  are designated by the shorthand 

not ation of number of c arbon atoms : number of doubl e 

bonds ,  e . g .  1 6 : 0  refers to !-hexadecanoic acid . 

For s ake of  brevity bovine mil k  fat i s  referred 

to as milk fat . 
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Chapter 1 .  

INTRODUCTION 

Section 1 o 1 o Tri acylglycerol analysi s of mil k  f at .  

1 o 1 o 1 • Historical account of studies of the 

tri acylglycerols pf f ats o 

As pointed out by Hilditch ( I-Iilditch and Willi ams , 

1 964 ) ,  in  1 8 2 3  Chevreul made one of the mo st important 

discoveries in lipid ch�ni stry when he establi shed that 
\ 

natural f ats  were comprised of glyc erol esters of  long-

chain f atty acids ( FA 1 s ) o However for almost one 

century after thi s di scovery few attempts were made to 

investigate the tri acylglyc erol ( TG) structure of  natural 

fat s o  The early investigations of  the TG 1 s  of  f ats  

which were carri ed out around 1 9 0 0  gen erall y  �nployed 

crystallization from solvents to separate TG fractions 

( Hilditch and Williams , 1964 ) .  Al though these studies 

were qualitative they did establi sh that f ats are l argely 

mixtur es of mixed TG 1 s o Thi s was a signi ficant 

discovery sinc e up until thi s time it had b een gener ally 

assumed that natural f ats were necessarily mi xtures of  

simpl e TG 1 s  ( the monoacid theory ) . 

More  detailed investigations of  mixtures of TG 1 s  

were c arri ed out following the d evelopment by Hilditch 

and Lea ( 1927) of  the permanganate oxi dation method 

which enabl ed the proportion of  s aturated TG 1 s  in f ats  



2 .  

to be  determined . Using thi s method in conj unction with 

f ractionation of  TG 1 s  by  crystalli zation from solvents 

and ester f r actionati on Hilditch and eo-workers c arri ed 

out , over a number of  years , an extensive seri es o f  

investigations of  the T G  compo sition of natural fats . 

These studi es generall y  produc ed information rel ating to 

the composi tion of bro ad cl asses o f  TG 1 s  of  f ats  ( Hilditch 

and Williams, 1 9 64 ) .  

The d evelopment o f  a number of  new methods in rec ent 

years has made po ssibl e mor e  d etai l ed investigations o f  

the TG composition and structure of  f ats . 

i nclude : 

These method s  

( i ) F r actionation o f  mi xtures o f  TG 1 s  b y  counter

current di stribution b etween two i�ni ssibl e solvents 

( Dutton et al . 1 9 5 0 ) . 

( ii ) Gas-li qui d chromatography ( G . L . C . ) o f  F A ' s which 

m�d e possib l e  the rapid and quanti tative analysi s o f  small -

quantiti es o f  F A ' s thereby greatly f acilitating the 

investigations of mixtures of TG 1 s  ( J ames and Martin, 1 9 5 2 ,  

1 9 5 6 ) . 

( iii ) The modi fic ation o f  the oxi dation method of 

Hilditch and Lea' ( 1 9 27 )  by Kartha ( 1 9 53 a )  to permit direct 

d etermination of  the proportion of  mono ene TG ' s  i n  f ats . 

( i v )  Hydrolysis o f  �ats with pancreatic lipase  whic h  

made possibl e the det ermination  o f  the distribution of  . 

F A ' s betwe en the second ary hydroxyl and the primary 

hydroxyl s of the glyc erol mol ecul e ( Mattson and Beck, 1 956 ;  

Savary and Desnuell e ,  1 9 56 ) . 



( v )  ��paration of mixtures of TG 1 s  on the basis o f  

their degree of unsaturation by silver ion chromatography 

( Barrett et .al . 1 9 6 2 ;  Morri s, 1 9 6 2 ) .  

( vi ) G . L . C .  o f  i nt act TG ' s  which has b een developed 

as both an analytic al and a prep&rati ve  techni que ( F ryer 

et al . 1 9 6 0 ;  Kuksi s and McC arthy , 1 9 6 2; Kuksi s and 

Ludwi g ,  1 9 66 ) .  

( vii ) Stereospecific analysi s of f ats which made it  

possible to  determi ne the overall stereospecific pl acement 

of F A ' s in  TG 1 s . ( Brockerhoff , 1 9 6 5, 19 6 7 ; Lands et al . 

1 9 6 6 ) .  

During recent years numerous workers have used the 

above methods to study the TG structu r e  of natural f ats i n  

varying detail . I n  c ertain cases the constituent TG 

speci es of f ats have b een determined ( e . g .  Sampugna and 

J ensen,  1 9 6 9 ) .  

Theori es of TG strudture which were postul ated prior 

to studi es which investigated the posi tioning o f  F A ' s in  

TG 1 s , i . e . the theory of  even distribution ( Collin and 

Hil di tch , 1 9 2 9 ) and the random and restricted random 

theori es ( Kartha 1 9 5 3b ) ,  asswned that F A ' s were distributed 

randoml y wi thin the TG mol ecul es . However,  analyses with 

pancreati c lipase showed that the di stribution of  F A ' s 

b etween po sition 2 and. positions 1 and 3 was non-random . 

The 1 , 3-random-2-random theory,  which accounted for thi s 

non-random di stribution ,  was then propound ed ( Vand er Wal , 

1 9 6 4 ) . However , subsequent stereo specifi c  analyses of  

natural fats have shown that the arrangement of F A ' s within 



TG ' s  i s  invariably sel ective with po8itions 1 , 2 and 3 each 

having a diff erent F A  compo sition . This finding_l ed to 

the introduction of the 1 -r andom- 2 - random- 3 - random theory 

which states that F A ' s are sel ecti ve as to positions on 

the glyc erol mol ecul e but are ,  within thes e  po sitions , 

evenly di stributed over all TG mol ecul es . Although thi s 

theory appears to hol d for the maj ority of  f ats which  

have so  far been subj ected to detailed structural analyses 

it  c annot be  accepted as a general rul e ( Brockerhoff ,  1 9 7 1 ) .  

1 . 1 . 2 . Early investigati ons of  the triacylglyc erols  

of  milk fat . 

Hi lditch and eo-workers were largely responsibl e for 

the early i nvestigati ons o f  the composition  of  TG ' s  o f  milk 

fat ( Hilditch and Williams,  1 9 6 4 ) . Using the oxi dation 

techni que  developed by Hildi tch and Lea ( 1 9 27 ) Hilditch 

and Sl eightholme ( 1 9 3 1 )  found that the propo rtions o f  

saturat ed TG 1 s  in five sampl e s  of mil k  fat vari ed b etween 

24 . 3  and 3 8.5 wt . % .  In  .a more extensive study o f  the 

TG 1 s  of  mi lk·f at Hilditch and Paul ( 1 940 ) separated mil k  

fat from Engli sh cows into three f ractions b y  crystalli zation  
I 

from ac etone and then examined in detail each fraction 

using oxi d ation,  hydrogenation and crystalli zation methods . 

F rom the F A  compositions of the resultant TG fractions the 

authors  were abl e to estimate the composition and proport-

ions of a number of the constituent TG ' s  o f  mil k  fat . The 

mo re  abundant of these are l isted in Tabl e 1 .  I t  c an b e  

seen that difficulty was  experienced i n  maki ng accurate 
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estimates of the amounts of c ertain of the TG types . 

However , the experimental d ata  1.-1as remarkably detailed 

in view of the limited experimental techniques avail abl e .  

T abl e 1 o  The prob abl e  composition and proportions 

of the more abundant constituent triacylglycerols of milk  

fat of English cows (Hilditch and Pa�l, 1 9 4 0 ) o  

T ri acylglyc erol s Estimated proportions 
(mol e %) 

1 6 : 0 , ( 4 : 0  to 1 4 : 0 ) ,  ( 4 : 0 to 1 4 : 0 ) 7 

1 8 : 0 ' 1 6 : 0 , ( 4 : 0  to 1 4 : 0 ) 9 

1 8 :  1 ,  1 6 : 0 , ( 4 : 0 to 1 4 : 0 ) 2 2-3 0 

1 8 :  1 '  1 8 : 0 , ( 4 : 0  to 1 4 : 0 ) 6-1 2 

1 8 :  1 '  1 8 : 0 , 1 6 : 0  8- 1 7  

1 8 :  1 '  1 8 :  1 '  ( 4 : 0  to 1 4 : 0 ) 0-1 0 

1 8 :  1 '  1 8 : 1 , 1 6 : 0  4- 1 8  

Achaya  and Hilditch ( 1 9 5 0 ) used a similar  appro ach ,  

i nvolving low-temperature crystallization and oxidation 

methods, t o  determine the prob abl e compo sition of the 

quantitati vely more important TG 1 s  of  milk fats of Indi an 
I 

buffalo es  and cows o The authors  found the same  maj or 

component TG 1 s  as Hilditch and P aul ( 1 94 0 ) . 

More recently Haab et al o ( 1 9 59) used fractional 

c rystalli zation in combination with counter�current 

distribution to establi sh the presence of tripalmitoyl-

glycerol , dipalmitoyl-stearoyl-glyc erol and dipalmitoyl-
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myristoyl-glycerol in milk fat. 

1.1.3. Studies of the triacyl.glycerol structure of milk 

fat using pancreatic lipase . 

. 

As a result of the discovery by Mattson and Beck (1956), 

and Savary and Desnuelle (1956) that pancreatic lipase is 

highly specific for primary esters of acylglycerols it 

became possible to determine the distribution of FA's 

between ·the secondary hydroxyl and the primary hydroxyls 

of the glycerol molecule. 

When Patton and eo-workers (Patton et al. 1960; 

McCarthy et al. i960) applied the method of pancreatic 

lipase digestion to milk fat they found that the FA's at 

the secondary carbon were enriched in l O :C, 12:0, 14�0 and 

16:0 while 18:0 and 18:1 were preferentially esterified at 

the primary carbons of the glycerol molecules. Proportions 

of 4:0 and 6:0 were not determined. Similar results were 

obtained by Ast and Vander W al-(1961) who found that 14:0 

and 16:0 were preferentially esterified at position 2 and 

18:0 and 18:1 were preferentially esterified at positions 

1 and 3o Again data for 4:0 and 6:0 were not presented. 

Despite the observed non-random distributions these authors 

concluded that the saturated and unsaturated FA's became 

associated in an approximately random manner. Unlike the 

above studies Kumar et al. (1960) obtained data for 4:0. 

in a parallel investigation which indicated that 4:0 was 

esterified almost exclusively at the primary hydroxyls of 

the glycerol molecule. 



In the::se early experiments it was assumed that the 

specificity for primary esters of acylglycerols was the 

only specificity exhibited by pancreatic lipase. However, 

Entressangles et al. ( 1 9 6 1 )  observed that short-chain FA's 

were hydrolysed by pancreatic li�ase more rapidly than 

long-chain FA's in both simple and mixed TG1s. They 

concluded that pancreatic lipase possessed a short-chain 

FA specificity and could not be used to study the structure 

of TG1s containing short-chain FA's. 

In view of the findings of Entressangles et al. ( 1 9 6 1 ) ,  

Jack et al. ( 1 9 6 3 ) investigated the action of pancreatic 

lipase on milk fat to determine whether there existed 
\, 

experimental conditions under which valid results could be 

obtained. It was found that if the reaction was stopped 

after one-third of the ester bonds had been hydrolysed 

preferential hydrolysis of a particular TG species was 

slight. Using these conditious they found that the 

majority of FA's were distributed uniformly within the TG 

molecules excep� for 4 : 0  and 6 : 0  which were preferentially 

esterified at the primary hydroxyls of the glycerol 

molecule and 1 6 : 0  which was preferentially esterified at 

the secondary hydroxyl. 

Subsequently Jensen and eo-workers (Jensen et al. 

1 9 64 ;  Sampugna et al. 1 9 6 6 ; and Sampugna et al. 1 9 67 )  

examined the specificity of pancreatic lipase more 

thoroughly using synthetic TG's and milk fat. Synthetic 

mixed TG's containing 4 : 0  were each digested with 

pancreatic lipase in the presence of equimolar quantities 

of trioleoylglycerol .Csampugna et �1. 1 967 ) .  The results 



obtained shuwed that TG1s containing 4:0 were hydrolysed 

more rapidly than trioleoylglycerol. However, the 

digestion of TG's containing 4:0 was a complicated 

phenomenon. For example, analysis of the reaction 

products after the digestion of rac-1,2-dipalmitoyl-3-

butyroyl-.e.g-glycerol with pancreatic lipase showed that 

rac-1-butyroyl-2-palmitoyl-sn-glycerol was present in 

greater amounts than rac-1,2-dipalmitoyl-sn-glycerol and 

that slightly more 16:0 than 4:0 was released. These 

results were consistent with the f a ster digestion rate of 

rac-1, 2-dipalmitoyl-sn-glycerol. This study indicated 

that pancreatic lipase preferentially digests certain 

diacyl glycet�ols . (DG1s) and TG's but that it d o es not 

exhibit short-chain FA specificity as earlier postulated 

by Entressangles et al. (1961). In their investigation 

of the lipolysis of milk fat TG's Jensen and eo-workers 

(Jensen et al. 1964; -- Sampugna et al. 1966) ob -tained 

data which indicated that pancreatic lipase preferentially 

digests TG1s containing short-chain FA's. Their results 

relating to the arrangement of individ ual FA's within the 

constituent TG's of milk fat were comparable with those 

obtained by previous workers; 10:0, 12:0, 14:0 and 16:0 

were preferentially esterified at position 2 while 4:0, 

6:0, 18:0 and 18:1 were preferentially esterified at 

positions 1 and 3 .  

A further investigation of the digestion of milk fat 

with pancreatic lipase was carried out by Boudeau and de 

Man ( 1 9 6 6 ) .  Unlike Jack et al . ( 1 9 6 3 )  and Sampugna et al. 

( 1 9 6 6 ) they found a greater proportion of short-chain FA's 



in the DG products of the lipoljsis reaction than in the 

original TG1s. The authors assumed that pancreatic . . I 

lipase possessed a short-chain FA spec�ficity and as a 

result concluded that substantial amounts of short-chain 

FA1s must be esterified at position 2 . rrhe absence of 

short-chain FA's in the monoacylglycerol ( MG ) products 

was therefore interpreted as evidence that MG1s containing 

4 : 0 and 6 : 0  at position 2 were hydrolysed by pancreatic 

lipase. However, as shown later by Sampugna et al. ( 1 9 6 7 ) ,  

synthetic TG1s with 4 : 0  esterified at the primary carbons 

of the glycerol molecule give DG products which are 

enriched with 4 : 0  when digested with pancreatic lipase. 

The data obtained by Jensen and eo-workers ( Jensen 

Sampugna et al. 1 9 66 ) indicate that when 

pancreatic lipase is incubated with milk fat it preferent-

ially digests TG1s containing short-chain FA1s. Despite 

this complication investigations of the structure of milk 

TG1s by hydrolysis of milk fat with pancreatic lipase 

have been useful in establishing general relationships 

concerning the distributiofi of FA's in the TG1s of milk 

fat. Especially noteworthy was the establishment of a 

non-random distribution of FA1s in milk TG1s between 

position 2 on the one hand and positions 1 and 3 on the 

other. 

Studies of the triacylglycerol structure of 

fractions of milk fat using pancreatic lipase . 

Once it became evident that hydrolysis of milk fat 
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with pancre.::ttic lipase would not give quantitative results 

because of the complications arising from the presence of 

TG's containing short-chain F A ' s efforts were directed 
' . 

towards the study of the action of paricreatic lipase on 

fractions of milk fat. 

Clement et al. ( 1 9 6 3 ) separated milk fat by silicic 

acid column chromatography into three fractions, one 

containing high mol. wt. TG1s and the other two containing 

low mol. wt. TG1s. Blank and Privett ( 1 9 6 4 ) combined 

silicic acid column chromatography and silver ion thin-

layer chromatography ( silver ion-T.L.C. ) to prepare 

fractions of high mol. wt. TG's of differing degrees of 

unsaturation. Smith et al. ( 1 9 6 5 ) combined fractional 

crystallization and counter-current distribution to 

prepare milk fat fractions of differing mol. wt. and Jensen 

et al. ( 1 9 6 7 ) fractionated milk fat by successive 

crystallizations from acetone at -2 5 and -7 0°C . 

Hydrolysis of the above TG fractions with pancreatic 

lipase yielded results which may be summarized as follows. 

Clement et al. ( 1 9 6 3 ) noted that the FA composition of 

TG1s remaining after the digestion differed from the F A  
I 

composition of the original TG1s and concluded that the 
I 

results could only be interpreted in terms of preferential 
I 

attack by pancreatic lipase on TG1s containing short-chain 

FA1 So In contrast Smith et al. ( 1 9 6 5 )  found that if the 

lipolysis reaction was terminated after one-third of the 

ester bonds had been hydrolysed the FA compos�tion of TG's 

remaining after the digestion closely resembled the FA 

composition of the original TG1s thereby indicating that 



pancreatic lipase exhibited no appreciable specificity. 

This finding was in accord with the conclusions obtained 

1 1 • 

previously by the same group of workers ( Jack et al. 1 9 6 3 )  

concerning the action of pancreatic lipase on total milk 

fat. Jensen et al. ( 1 9 6 7)  founct that when short digestion 

times were employed e. g. 2 . 5  minutes, the preferential 

digestion of TG1s containing 4 : 0  was slight. 
i 

Longer 

lipolysis times, however, produced data which indicated 

considerable preferential hydrolysis. 

The above results indicate that there exist experiment-

al conditions under which fractions of milk fat can be 

hydrolysed by pancreatic lipase with little preferential 

digestion of TG1s containing 4 : 0 . However these 

conditions will not necessarily produce valid results 
' 

since it has !Jeen sho\m by Sampugna et al. ( 1 9 6 7 )  ·that 

certain DG species produced during the lipolysis of TG's 

containing 4 : 0  are preferentially hydrolysed by pancreatic 

lipase. 

Although the results obtained may not be strictly 

quantitative these investigations have provided valuable 

information concerning the positioning of FA's in the 

component TG1s o� milk fat fractions. The different 

fractionation procedures used by the above workers meant 

that the fractions of milk TG's subjected to hydrolysis 

by pancreatic lipase were generally not of comparable TG 

composition. Despite this it was found that the arrange-

ment of individual FA's within the constituent TG's of 

different TG fractions was similar. In all fractions 

which contained low mol. wt. TG1s, 4 : 0 and 6 : 0  were largely 
. I 
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esterified �t the primary carbons of the glycerol molecules. 

Clement et al. ( 1 9 6 3 ) estimated that at least 75% of 4 : 0  

present in milk fat is esterified at the primary carbons. 

1 2 : 0  and 1 4 : 0  were preferentially esterified at the 

secondary carbon while 1 8 : 0  and i8 : 1  were, in the main, 

concentrated at the primary carbons. The above workers 

found that 1 6 : 0  was preferentially esterified at the 

secondary carbon. However Dimick et al. ( 1 9 6 5 )  found 

that in high mol. w t. fractions of milk fat 1 6 : 0  was 

preferentially esterified to the secondary hydroxyl of 
\ 

the glycerol molecule while in milk fat fractions of low 

mol. wt. 1 6 : 0  was preferentially esterified to the primary 

hydroxyl groups. 

1 . 1 . 5 .  Detailed investigations of the composition and 

structure of triacylglycerols of milk fat. 

The detailed investigations of the structure of the 

TG's of milk fat which have been carried out in recent 

years are characterized by the extensive use of 8hromato-

graphic methods. In nearly all these studies a 
\ 

combination of chromatographic methods was employed to 

fractionate milk'TG1s into classes on the basis of their 

constituent FA's and G.L.C. was used to analyse the TG 

classes obtained. 

Blank and Privett ( 1 9 64 )  fractionated the TG's of milk 

fat �nto fractions of high and low mol. wt. u�ing silicic 
·. 

a.c�d column chromatography and examined the fractions in 

detail in the following ways: 
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( i ) Tl1e high and low mol. wt. fractions were 

resolved by silver ion-T.L. C. and by ozonolysis-T. L. C. 

into TG classes of differing degrees of unsaturation, the 

proportions of which are given in Table 2 .  The position al 

arr angement of FA's in each of the TG classes of the high 

mol. wt. fraction was investigated using pancreatic lipase 
I 

and from the d at a  obtained some 3 5  TG types of milk fat 

were determined. 

( ii ) The low mol. wt. fraction, after interesterific at-

ion, was resolved by T . L . C .  into three groups of TG1s which 

were shown to contain o, 1 ,  and 2 short-chain FA's per TG 

molecule. Since the original fraction w as found to consist 
I 

of a single spot which had the s ame � value as TG's 

containing 1 short-chain FA per TG molecule it w as concluded 

that the component TG's of the low mol. wt. fraction consist 

of one short-chain FA in combination with two long-chain 

FA1 So On the b asis of this finding �t was calculated that 

7 8% of the TG's of the low mol. wt. fraction contain 4 : 0  in 

combination with two long-ch ain FA's. 

It is clear from the above results that FA's are 

d istributed in a non-random manner in both high and low mol. 

wt. TG1s of milk f at. 

A detailed study of the structure and composition of 

milk TG's of low mol. wt. was carried out by Nutter and 

Privett ( 1 9 6 7 ) .  TG's of low mol. wt. were obtained from 

milk fat by column chromatography on Florisil and then 
l 

separated into TG classes of differing leve�s of unsaturat

ion by silver ion-T.L.C. The proportions of the different 

TG classes are given in Table 2 .  Further resolution of 



these TG cl �sses on the basis of  mol . wt . by li quid-

li quid partition chromatography made possibl e the identifi

c ation of  1 6 8  diff erent mol ecul ar species of TG 1 s . The 

more abundant mol ecul ar species of TG 1 s  identi fi ed in thi s 

low mol . wt . fraction of  milk  f at are listed in Table  3 .  

The short-chain F A ' s were found to  be  widely distributed 

among the constituent TG 1 s  with practically al l TG ' s  

containing one short-chain F A  in combination with two 

medium- and long-chain F A ' s .  N ever ·thel ess small but 

significant �1ounts of TG 1 s  containi ng two short-chain 

FA ' s  were  found . There was no one principal TG speci es .  

In a subsequent investigation carri ed out by 

Breckenridge and Kuksis ( 1 9 6 8 a ,  1 9 6 9 )  T.L. C .  was used to 

separate mil k  TG 1 s  into fractions of  hi gh ,  medium and 

low mol . wt . Each of these TG fractions was separated 

by silver ion-T . L . C .  into TG cl ass es of diff ering degrees 

of unsaturation , the proportion s of which are presented in 

T abl e  2 .  The saturated TG ' s  and mono ene TG ' s  o btained 

f rom the fractio n  of low mol . wt. were further resolved 

on the basi s of  mol . wt . by preparative  G . L . C .  of intact 

TG 1 s . Analysi s o f  the resultant mixtures o f  small 

nwnbers of TG ' s  enabl ed some 3 8  mol ecul ar species  of TG 1 s  

representing 2 8%'o f  total TG 1 s , to b e  identi fi ed and 

their rel ative proportions to be estimated . The 

quantitatively  mor e  important mol ecul ar species  of TG 1 s  

are given in Tabl e  3 .  Results again showed the non-

random di stribution of F A ' s in  milk TG 1 s  o f  low mol . wt . 

with 4 : 0  and 6 : 0  b eing f ound almost exclusi vely in 

combination with m edium- and long-chain  FAls . This 



investigation appears to b e  on� of the most d etailed 

studi es of the constituent TG 1 s  of  milk fat and as  a 

r esult  it  i s  a useful sourc e o f  basic data about the 

d etail ed chemical compo sition of mil k fat and its  

f r actions . 

1 5 .  

A det ai l ed examin ation o f  mi lk TG 1 s  o f  high mol . wt. 

was recently c arri ed out by Shehata et al . ( 1 9 7 1 ,  1 97 2 ) .  

Fractions o f  milk fat o f  high mol . wt . ,  which were 

prepared from milk fat by column chromatography o n  silicic  

aci d ,  were s eparated into TG cl asses bf diff ering l evel s 

o f  unsaturation by silver i on-T . L . C .  The proportions o f  

the cl asses o f  TG 1 s  obtained are sho wn in Tabl e 2 .  F rom 

the analyses o f  these TG cl asses the identity and 

proportions of the component mol ecul ar  speci es of TG 1 s  i n  

these  high mol . wt . fractions o f  milk fat were deduced. 

The quantit atively more im portant mol ecul ar species o f  

TG 1 s , which consi st of  combin ations o f  14 : 0 , 1 6 : 0 , 1 8 : 0  

and 1 8 : 1 , are gi ven in T abl e 3 .  

In  each o f  the above d etai l ed investi gati cn� of  the 

T � 1 s of mil k  fat, TG fractions of diff ering mol . wt . 

prepared from milk  f at by adsorption chromatography wer e 

s ep arat ed according to thei r d egree o f  unsaturation by 

preparative silver ion-T . L . C .  The pro portions of  the 

TG classes prepared in thi s manner are presented in Tabl e 

2 .  I t  c an b e  seen that in the main different sets  o f  

workers found co np arabl e propo rtions o f  corresponding TG 

cl asses in f ractions of simi lar mol . wt . The only 

exc epti on occurs in the dat a  obtained fo r mil k  f at 

f ractions o f  high mol . wt . where results obtained by 



Tabl e 2 .  P roportions of  triacyl gl yc ero l cl asses o f  diff eri ng degrees of unsaturation 
prepared from mil k  fat by a combination of adsorption chromato graphy and silver ion - T . L. C .  

Tri acylglycerol 
cl ass 

Saturated TG 1 s  

Monoene TG ' s  

Di ene TG 1 s  

Triene TG 1 s  

Po lyene TG 1 s  

Proportions in  tri acyl glyc erol fractions of  differing 
mol ecul ar wei ght 

High 

Ref . 1 a Ref . 3  c Ref . 4  d 

Medium 

Ref . 3  c 

Low 

a b Ref . !  Ref . 2  Ref o 3  c 

( wt o % )  (mol e % )  ( wt . % )  (mol e % )  ( wt . % )  ( wt . % )  (mol e % )  

1 9 . 6  !6 o S t 6 �4 !8 o 0 3 8 o 7  4 3 o 7  47. 2 4 5 . 0 

5 8 . 3  3 6 o 7  3 8 . 5  43 o 9  3 8 o 3  4 0 . 8 3 3 . 5  3 8 o l 

2 2 . 1  27. 7  3 0 . 4  2 9 . 1  1 4 - 4  9 o 8  1 5 . 2 l l a7 
- 1 2 . 9  1 0 . 5 s. 8  8 . 7 5 . 6  4 - 1  5 . 2  
- 6 . 2 4 . 7  4o2 - - - -

-
1 00 . 0  1 0 0 . 0  1 00 . 5  1 0 1 . 0  1 0 0 . 1 9 9 . 9  1 0 0 . 0  1 0 0 . 0  

aBl ank and Privett ( 1 9 6 4 ) 
bNutter and Pri vett ( 1 9 67) 
cBreckenrid ge and Kuksis  ( 1 9 6 8 a ,  1 9 6 9 )  
d Shehata et al o ( 1 9 71, 1 972 )  

Pro porti ons in 
mil k  f at 

Ref o l a Ref o 3  c 

( wt o % ) ( m o 1 e % ) 

2 8 o l 3 3 .o 
5 0 . 4 3 7. 6 

t 6 . 9 1 8 . 4  

2 o l 8 . 8  
- z.s 

97a5 1 00.3 

f-4 
0> 



Bl ank and Privett ( 1 9 6 4 ) di ffer somewhat from those  

obtained by  other workers . In going from high to low 

mol . wt . fractions of milk  f a� the proportion of  saturated 

TG 1 s  increase s ,  the proportion o f  diene ,  tri ene ,  and 

polyene TG 1 s  d ecreases and the proportion of mono ene TG 1 s  

r�n ains approximat ely constant. One result  of thi s t rend 

is that the saturat ed TG 1 s comprise  1 6-20% and 44-47% 

respectively of  the high and low mol . wt. fraction s .  

The more  abundant mol ecular species of  TG 1 s  d etermined 

in fractions of mil k  TG 1 s  of  dif f ering mol . wt . are 

presented in Tabl e 3 .  The s ame maj or  mol ecul ar speci es 

of  TG 1 s  are  present in the two sampl es of milk  TG ' s  o f  low 

mol . wt . whi ch were analysed ( Nutter and Privet t ,  1 9 6 7 ;  

Breckenridge and Kuksi s, 1 9 68a , 1 9 6 9 ) . In each case these 

mol ecul ar sp eci es consist of  4 : 0  in combination with two 

o f  the following long-chain F A ' s ;  1 4 : 0 , 16 : 0 , 1 8 : 0 and 

1 8 :  1 0 The quantit atively important mol ecul ar speci es o f  

mil k  TG 1 s  of high mol . wt . ( Shehata e t  al o 1 9 7 1 ,  1 9 7 2 )  

consi st o f  combinations·o f the maj or  F A ' s i n  the hi gh mol . 

wt . fraction o f  mil k  f at i . e . 1 4 : 0 , 1 6:0 , 18 : 0  and 1 8 : 1 .  
I 

It  i s  not eworthy that the mol ecul ar spec i es of  TG 1 s  

li sted in Tabl e 3 resembl e the more abund ant constituent 

TG1s of  mi lk  f at det ermined by Hilditch and P aul ( 1 9 4 0 ) . 



Tabl e 3. Compo siti o n  o f  the more abundant mol ecul ar speci es o f  tri acylglycerols  

present in tri acylglyc erol fractions o f  milk f at o  

Triacylglycerol  
class  

Saturated TG 1 s  

Mono ene TG ' s  

Diene TG ' s  
I 

Tri acylglyc erol fractions o f  diff ering mol ecul ar weight 

High c Ref . 3 

18: 0, 18:0 ,  
18: 0, 16: 0 ,  
18:0,  16: 0, 
16: 0, 16: 0' 
18: 0' 14: o, 
16: 0, 16:0, 

18: 1' 18:0,  
18: 1' 18: 0, 
18: 1' f 6: 0' 
i8:1 16:0,  

18: 1' 18: 1' 

14:0 
16': 0 
14: 0 
16: 0 
14: 0 
14: 0 

16: 0 
14�0 
16:0 
J.4: 0 

16: 0 

Lo w 
R � a 

er o 1 

18:0,  16: 0,  
18:0,  14:0, 
16: 0, 16: 0, 
16: 0' 14:,0,  

4: 0  
4:0 
4: 0 
4:0 

18:1, 18:0,  4: 0 
18:1, 16: 0, 4:0 
18:1, 1'i: O ,  4: 0 

18:1, 18:1, 4:0 

aNutter and P rivett (1967) 

bBreckenridge and Kuksi s (1968a, 1969 ) 

c Shehata et al . (1971, 1972) 

�Not  d etermined 

Lo w b Ref 'o 2 

18: 0, 16:0 ,  4:0 

16: 0, 16:0,  4: 0  
16: 0, 14:0, 4: 0 

18:1, 18:0; 4: 0 
18:1, 16:0, 4:0 

N Dd 

f-4 
CO 
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Stereospecific  analyses o f  tri acylglycero l s  of  

milk  fat . 

To d at e  two set s  of  workers , Pitas  et al . ( 1 9 67) 

and Breckenridge and Kuksi s ( 1 9 6 8 b ,  1 9 6 9 ) , have studied 

the stereo specific  po sitioning o f  individual F A ' s in TG ' s  

o f  milk  fat using the procedure o f  Brockerho ff ( 1 9 6 5 ) .  

Results  obtained from the stereo specific  analysi s o f  

milk  fat by  P itas  et al . ( 1 9 67)  show that F A ' s ar e 

distributed within the TG ' s  of mil k  fat in a highly 

s el ective  manner . The short-chain F A ' s 4 : 0  and 6 : 0  are  

esterified almost entirely at  po sition 3 .  In  contrast 

the greater propo rtions  of  1 0 : 0 , 1 2 : 0  and 1 4 : 0  are 

esterified at c arbon 2 of the glycerol mol ecul es .  1 6 : 0  

i s  preferentially esterified at po sitions 1 and 2 whil e 

1 8 : 0  and 1 8 : 1 a r e  concentrated at po sition 1 .  Stereo-

specific analysi s of  TG ' s  using the procedure o f  

Brockerho ff  ( 1 9 6 5 ) requires 1 , 2 ( 2 , 3 ) -DG ' s  a s  intermedi ates . 

Pitas et al . ( 1 9 67) found that the 1 , 2 ( 2 , 3 ) -DG ' s prepared 

for thi s study by the action of  pancreatic lipase  on mil k  

f at ,  were not representative o f  the F A ' s o f  the original 

TG 1 S o  This was the expected finding since studi es of  
' 

the hydrolysis o f  milk fat by pancreatic lipase  ( section 

1 . 1 . 3 . ) have shown that pancreatic lipase preferenti ally 

digests c ertain milk  TG ' s . The r esults obtained in  thi s  

i nvestigation are  therefo r e  subj ect to some error . 

Two mol ecul ar  di still ates  of  butteroil , pne repre s ent� 

ative of the high mol . wt . TG 1 s  of milk fat and the other 

r epresentative  of the low mol . wt . TG ' s  of  mil k  fat were 
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each subj ec�ed to �tereo speci fi c  analysis by Breck enridge 

and Kuksis ( 1 9 6 8b ,  1 9 69 ) .  When the molecul ar di still ate 

containing low mol o wt . TG 1 s  was digested with pancreatic 

lipase to prep are 1 , 2 ( 2 , 3 ) -DG intermedi ates the results  

obtained indi cated that there was  no selective hydrolysis 

of �ny speci f i c  TG type o  On the basis of thi s finding 

the authors  concluded that the results of the analysi s 

were quantitatively co rrect but data obtained by S�1pugna 

et al o ( 1 9 67 ) , whi ch has been discussed in Section 1 o 1 . 3 . ,  

suggests that the 1 , 2 ( 2 , 3 ) - DG ' s fo rmed "ould b e  non-

representative  of the original TG 1 s o The d ata  obtained 

in thi s study showed a stereo speci fic placement of F A ' s 

in th e TG 1 s  o f  milk fat whi ch was simil ar to that determined 

by Pitas et al o ( 1 9 67 ) .  

It i s  evident from the data obtained by the two sets 

o f  workers that none o f  the ma� or  F A ' s in mil k  f a� is 

randomly di stributed and , furthermore , that the F A ' s do 

not fit a 1 , 3 -random- 2-random di stribution pattern o 



Section 1 . 2 . Seasonal vari ations in  the properti es o f  
I 

N ew Z eal and milk fat . 

Seasonal fluctuations in  the general properti es 

of N ew Z e�a_!-and mil k  fat . 
I ' 

A s easonal survey of  the g eneral properti es o f  N ew 

2 1 .  

Z eal and mil k  f at was c arri ed o ut by Cox and McDowall ( 1 9 4 8 )  

who d etermined iodine valu�s,  Reichert values , saponific at-

ion values and softening points on monthly sampl es obtained 

f rom nine f actori es over a period  o f  four y ears.  E ach o f  

the four properti es measured showed marked and r egul arly 

occurring s easonal fluctuations . Reichert values ro se  

f rom low  l evel s at  the  beginning o f  the season ( July ) to  a 

maximum in  Spring ( August-Sept ember ) and then d eclined 

gradually until a minimwn v alue was reached in May . 

Saponification values exhi bited a trend which  was comp arabl e 

to that shown by Reichert v alues . On the o ther hand iodine 

values f ell  sh arply,  from high spri ng values ,  during l at e  

spring-earl y swruner ( October ) and remained a t  a low l evel 

�uring swnmer after which they increased . So ftening points 

were r el atively low during spring and rel atively high during 

swnmer and autumn . 

I n  more recent studi es  of  the seasonal vari ation o f  

properties o f  N ew Z eal and milk f at ,  McDowell and Creamer • 

( 1 970 ) and Norris et al . ( 1 973 ) noted the same trends in  

these properti es o f  milk fat . 
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Influence o f  feed  conditions and s t age of  

l actation on  the  general properti es of  N ew Zeal and 

milk f at . 

In .N-el� Z eal and ,  cows are gra zed on pasture throughout 
I 

the y ear and l actation normally con� ences in  early spring . 

Hence there occur changes in stage o f  l actation and in  f eed 

conditions with the progress of the dairying s eason whi ch 

are , more or l es s ,  consistent for succ essi ve d airying 

seasons . It c an therefor e  be  th�orised that properti es 

o f  mil k  fat whi ch vary on a regul arly recurring seasonal 

b asis are influen c ed by either or both of  these f actors . 

Consequently studies have b een c arri ed . out on the influenc e 

o f  f eed and stage o f  l actation on the properti es o f  mi lk  

fat whi ch vary in  thi s manner (HcDowall et  al . 1 9 6 1 ;  

HcDowall , 1 9 6 2 ;  HcDowall and HcGillivray, 1 9 6 3 a , I 9 6 3 b ;  

Hawke ,  1 9 6 3 ) .  Extensive use  was made of  mono zygotic twin 

cows in  these investigations  to facilitate experi mental 

d esign . 

In  a study designed to d etermine the effect o f  stage 

of l actation on the characteri stics of milk fat early and 

l at e  c al ving cows o f  mono zygotic twin pairs  were grazed 

on the SMle pasture over the period when both cows of the 

twin pairs were in l actation (McDowall , 1 9 6 2 ) . Season al 

fluctuations in the properti e s  of milk fat ; namely iodine 
I 

value,  r efractive index ,  s aponification value ,  Reichert 

value,  softening point , and c arot ene  and vitamin A cont ents ,  

were found to be  clo sel y  simi l ar for the two groups o f  cows 



which i ndicated that the seasonal changes i n  these 

prop erti es  are not the r esult of  c hanges i n  the state of  

l actation o f  cows . 

2 3 . 

Thi s negative correl ation l ed to an investigation o f  

the influence o f  seasonal changes i n  di et on  the character-

i stics o f  milk f at . In thi s conn ection i t  seemed 

signifi c ant that the emergence of  clover in l ate spring

early sununer as the domi nant botani cal species  in d ai ry 

pastures coincid es with a marked d ecrease i n  the iodine 

values and vitamin A and c arotene contents of mil k  fat . 

However trials  c arri ed out by McDowall and McGill ivray 

( 1 9 6 3 a )  have shown that although the properti es o f  milk 

f at c an b e  influenc ed by the botani cal composi tion o f  

pasture the seasonal c hanges i n  the charact eri sti c s  o f  

N ew Zeal and mil k fat were not directly attributabl e t o  the 

changes whi ch occur in the propo rtion of  clover present in 

pastures . 

At the same time that clover emerges a s  the domin ant 

speci es in pasture in l ate  spring- early summer ryegrass 

changes f rom soft ,  lush , immature foli age to  a harder , 

more mature grass . An investigation o f  the lipids  o f  

ryegrass b y  Hawke ( 1 9 6 3 ) showed that the l i pi d  content o f  

n ew ryegrass was greater than that of  mature  ryegrass and 

that the l ipid from the new growth was mor e  unsaturated 

than mature  ryegrass cont aining a greater p ro portion o f  

1 8 : 3  and l esser proportions o f  1 8 : 2  and 1 6 : 0 .  In  addition 

the mil k  f at from cows grazed on the new growth was found 

to contain greater proportions o f  4 : 0 , 1 8 : 0  and 1 8 : 1  and 

l esser proportions o f  6 : 0 , 8 : 0 , 1 4 : 0  and 1 6 : 0 o The 
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f indings concerning mil k  fat were supported by McDowall 

and McGillivray ( 1 9 6 3b ) who noted that milk f at from cows 

grazing imm ature ryegrass was mo re uns aturated and had 

higher carotene and vit amin A contents than that from cows 

grazing mature ryegrass . Hawke ( 1 9 6 3 )  theorised that the 

inc reased unsaturation o f  milk  lipids from cows fed 

immature ryegrass coul d ari se  fr'om the greater total intake 

of di etary l ipid which could result i n  a decrease in  the 

overall hydrogenation i n  the rumen . 

It  would appear from the above  investigations that 

the seasonal fluctuations in the gener al characteri stic s  

o f  milk f at are mai nly attributabl e  t o  the variation i n  

the stage o f  m aturity o f  the ryegrass i n  the pastures 

(Mc Dowall et al . 1 9 6 1 ; Mc Dowall and McGilli vray ,  1 9 6 3b ) . 

In particul ar,  the marked fall in the iodine value and in  

c arotene and vit amin A contents o f  mil k  fat  in l ate  

spring-early summer occurred as ryegrass became mature 

while  the subsequent ri se in these pro perti es in autwnn 

coincided with the appearance of  ne,., growth due to autumn 

r ains . 

1 . 2 . 3 .  Seasonal fluctuations in the f atty acid composition 

of  N ew Zeal and mil k  fat . 

Hansen and Shorl and ( 1 9 5 2 )  used e ster fractionation 

techni ques to d etermine the FA composition o f  sampl es o f  

N ew Zeal and mil k  f at which were collected at two-monthly 

intervals throughout the d airying season . The following 

seasonal fluctuations i n  the pro portions o f  F A ' s were 
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found : 

( i ) 4 : 0  s howed a ge ne ra l  decl ine throughout the 

s e a s o n . 

( ii ) Each o f  6 : 0 , 8 : 0 ,  1 0 : 0 ,  1 2 : 0  and 1 4 : 0  we re found 

to inc rease f rom a l ow va lue at the beginning of the 

s e a so n  ( Jul y )  to a ma ximum value during e a rl y  summe r 

( Novemb e r ) and t hen t o  d e c l i ne th roughout the  re st o f  t he 

s e a son . 

( i i i ) Value s fo r 1 6 : 0  rose slightly d uring late sp ring 

( O ctobe r )  and then d e c re a sed sl ightly in a utumn ( April ) .  

( iv )  P roportions o f  1 8 : 0  rema ined cons tant fo r most 

o f  the season bu·t inc re a s e d  in autwnn ( Ap ril-Ma y )  . 

( v ) 1 8 : 1  fell  f rom high v a lue s e a rl y  i n  the season  

( Jul y- Se ptembe r )  t o  l ow v a l ue s  du ring summe r and then  

i nc reased  again t o  ma ximum va lues i n  autumn .  

I n  a more re c e nt survey Gray ( 1 9 7 3 ) used G . L . C .  t o  

study the seasonal v a riation in  the F A  c omposition  o f  New 

Z e a l a nd milk fat . Sampl e s  we re collected at two- weekly 

i nt e rvals  th roughout the d a i rying season from he rds 

c o nsi sting of c ows which c a lve d in s pring . I n  genera l ,  

t he re sults obt a i ned we re c ompa rable  with those ment ioned 

a bove . Howeve r  values fo r 1 6 : 0  we re found t o  v a ry 
I 

considerably t hroughout t he seaso n .  1 6 : 0  rose from low 

v a lues i n  spri ng ( August- Se ptembe r )  to high v alue s during 
�""'"'er Gtrad �'"' d ecnz c:o� d {o \ow \Jal"'es clur�'<''j 

autwnn . The s e a so na l  t re nd s hown by 1 6 : 0  wa s the i nv e rse 

o f  that exhibited by 1 8 : 1 .  

Ha nsen a nd Sho rland ( 1 9 5 2 ) and No rris et al . ( 1 9 7 3 ) 

f ound t he p re d i cted rel a t i onshi ps between the sea sonal 

c ha nge s i n  the pro po rt i o n  of FA ' s  a nd t he sea sonal 



fluctuations in the chemical constant s ,  i odine v a lue a nd 

Re i che rt value � Pooled d a t a  for  short-chain FA ' s  

exhibited a t rend simil a r  t o  that noted for seasona l  

fluctua t i 6ns in the Reiche rt value while data  fo r total 

un s atu rat ed  FA ' s  fo llowe d the same trend a s  i o d i ne v alue � 

fn flu��f s�e o f  l a ctation, d i et a nd pl ane 

o f  nut rition on  the fa t ty a c i d  c omposition o f  New Ze aland 

mi l k  fat . 

It c a n  be  seen from t he above result s that maximwn 

pro po rtions o f  FA ' s  6 : 0 t o  1 4 : 0 we re attai ned du ri ng early 

Gra y  swnme r ( November ) , some 1 0- 1 4  weeks after calving .  

( 1 9 7 3 ) sugge sted that this patt e rn may be c aused b y  

l a ctational e f fects since i t  ha s been re po rte d  b y  D e c aen 

and Adda  ( 1 9 6 6 )  that, i n  expe riments i n  whi c h  cows we re 

fed a uni form diet,  the t ot a l  amounts of FA ' s  6 : 0  to 1 4 : 0  

synthe sised ro se from l ow l ev e l s  at the beginning o f  

l a ct a t i o n  t o  a maximum 6- 1 2  wee ks a fter  c alv ing and then 

d e c re a s e d  a s  lactation p rogresse d .  In  the same study 

D ecaen a nd Adda  ( 1 9 6 6 ) s howe d t hat the amount s o f  1 8 : 0  and 

1 8 : 1  p r o duced decl ined ra pidly, f rom high i niti a l  levels,  

du ring t he fi rst eight weeks o f  l a ctation and thereaft e r  

d e c reased  at a less rapid rate � The amount s o f  1 6 : 0 

s ynthe s i s �d during l a ctation we re found t o  d e c l i ne slowly 

a s  l a ctation p rogressed � Thes e  findings suggest that 

s e a sonal changes in the proport i o ns o f  1 6 : 0 , 1 8 : 0  and 1 8 : 1  

re p o rted  above for  New Z e a l a nd milk fat a re not signi fi cant

ly influenced by change s in t he state o f  l a ctat i o n  o f  cows � 
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As noted  p revi ous ly (S e cti�n 1 . 2 . 2 . ) Hawke ( 1 9 6 3 ) 

showe d t hat milk fat from cows grazed on matu re ryeg ra ss 

cont a i ne d  le sse r proportions of  1 8 : 0  and 1 8 : 1  and a 

gre a t e r  p�oportion o f  1 6 : 0  than milk fat f rom c ows gra z e d  

on inwature ryegrass . It i s  t herefore signi ficant that 

the d e c re a se in the propo rti ons of 1 8 : 0  and 1 8 : 1  and t he 

incre a se in the pro po rtion o f  1 6 : 0  which occur i n  New 

Zeal a nd mil k fat i n  l a te s p ri ng - e a rl y  swmne r coincides 

with ryegra s s  becoming more matu re . Simi l a rl y  the i nve rse 

changes in the p ropo rtions o f  t he se FA ' s  whi c h  o ccur in 

autumn is coincident with t:;he a ppe a rance of new growth 

caused by autumn ra ins . r·t woul d appe a r  that t he ma rked 

sea sona l fluctuations i n  1 6 : 0 , 1 8 : 0 a nd 1 8 : 1  whi ch o ccur 

in late s p ring - e a rly summe r a nd during autwnn c a n  b e  

l a rgel y  att ributed to cha nge s in diet, namely change s in 

the maturit y  o f  ryegra s s  i n  pastures . 

The above find ings a re not unexpected s i nce  it i s  

now ge ne rally a ccepted that i n  mil k fat FA ' s  4 : 0 to 1 4 : 0  

a re synthesised  wit hin the mamma ry gl a nd,  FA ' s  conta ining 

1 8  ca rbon atoms a re de riv � d  f rom the blood pla sma TG 1 s  

and 1 6 : 0  o riginates from both s ources (J  one s ,  1 9  69 ) • 

Nea r t he end o f  the season ( late autumn - e a rl y  

wint e r ) t he re occurred a n  inc re a se i n  the p ro po rtions o f  

1 8 : 0  a nd 1 8 : 1  a nd a dec re a se i n  t he propo rt i o ns of  FA ' s  

4 : 0  t o  1 4 : 0 . The se fluctuations may be t he re sult o f  a 

l owe ring of  t he plane o f  nut rit ion since i n  l a t e  autumn -

e a rl y  wint e r  t he re i s  little growth o f  pa sture a nd 

c o nse quent l y  the re o c curs a reduct ion in t he amount o f  

fe e d  ava i lable t o  the cow unl e s s  suppl eme nt a ry feeding 
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i s  unde rta ke n �  I n  this connect i o n  it h a s  been shown 

t hat a sub- opt imum plane of nut rit i o n  reduce s the 

supply of sho rt- chain FA 1 s  f rom t he rwne n a nd incre a s e s  

t he util i z a t i o n  o f  FA i s  f rom body f a t  by t he mamma ry 

gland thereby d e c re a sing the propo rt ions o f  sho rt- chain 

FA i s  and incre a s i ng the pro po rti ons of FA 1 s  cont a i ni ng 

1 8  ca rbons in the resultant mi l k  fat ( Smith a nd D a stur, 

19 3 8 ;  Luick a nd Smi th,  1 9 6 3 ; Munfo rd et al . 1 9  6 4 } .  

1 . 2 . 5 .  Sea sonal va ri a t ions in t h e  fatty a c i d  composit i o n  

o f  mi lk fat f rom ot he r count rie s .  

In a n  i nvest igation o f  the sea sona l v a riation i n  t he 

F A  composition o f  Aust ral i a n  milk fat, Parodi ( 1 9 7 0 ) 

obtained re sults compa rable with t ho se re p o rt e d  by Hansen 

and Sho rl a nd ( 1 9 5 2 ) and by Gray ( 1 9 7 3 )  for New Zealand 

milk fat . The simila rity betwe e n  t he re sults is not 

surprising becau se cond i tions for milk product ion in 

Aust ralia  a re simila r to those whi c h  exist in New Zeal and, 

i . e .  cows a re ma inta ined ? n pa sture throughout t he yea r 

and calving occurs in late wi nt e r  - e a rly s pring to 

coincide with new spring pasture . 

O n  t he othe r hand, i n  No rthe rn Hemi s phe re count rie s ,  

whe re cows a re housed in wint e r  a nd where calving i s  not 

c onfined t o  e a rl y  s p ring t he p ropo rtions o f  1 8 : 0 a n d  

1 8 : 1  in m i l k  fat a re l owe r in wint e r  ( Novembe r-Ma rch ) 

t han i n  summe r ( Jul y- Se ptemb e r ) a n d  the p ro p o rt i on o f  

1 6 : 0 shows t he reverse trend . ( J e nsen et al . 1 9 6 2 ; 

Hutton et al . 1 9  69 ; Hall, 1 9 70 ) .  Thi s patte rn may b e  



att ributed ·i-,o t he change f rom indoo r feedi ng o f  c ows 

during wint e r  to outdoor pa sture g raz ing during summe r 

since i t  has been shown by Reite r  et al . ( 1 9 6 9 ) that a 

change f rom a die"L o f  hay and c oncen-t rate to a d i et o f  

fre s h  grass causes a n  i nc re a se in the propo rti ons o f  

FA t s  cont a i ning 1 8  ca rbons a nd a d e c rease i n  the 

proportion of 1 6 : 0 .  It woul d a p pe a r  the re fore t hat 

d i ffe rent feed ing conditions a re re s ponsible fo r the 

di f fe rence betwee n  t h e  sea sonal t rends of 1 6 : 0 ,  1 8 : 0  and 

1 8 : 1  in milk fats from No rthern Hemi s phere count r i e s  

and t he seasonal t rends o f  1 6 : 0 ,  1 8 : 0  and 1 8 : 1  i n  mil k  

fats f rom Aus t ra l i a  a nd New Z e a l and . 

2 9 . 
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Section 1 . 3 .  Phys i c a l  characte rist 1cs o f  m i l k  fat . 

Fact o rs in fluencin� t h�hysi cal cha ract e ri st i c s  

o f  fat s .  

Most o f  t he investigations in·t o  both the phys ical  

and chemic a l  propertie s o f  fats  have for  c onooe rcial 

rea sons been related to factors whi c h  influence t he 

consist e ncy o f  fat and fat p roduct s .  The main phys i c a l  

p rocesses involved i n  det e rmini ng t h e  consi stency o f  f a t  

a re polymo rphism and s o l i d  solution  f o rmat ion which a r e  

b o t h  influenced by tempe rature t re a tment o f  fat 

( t empe ri ng ) • The chemi c a l  compo sition o f  fat i . e .  FA 

compo sition a nd TG st ructu re , a re known to ma rkedly 

a f fect the physical prope rties of fat,  in pa rti cul a r  the 

consistency o f  fat . Cons i de ra bl e  wo rk has been c a r r ie d  

out on t he co rre l at i o n  between chemical compo sition a nd 

physical p ropert i e s  o f  fat s .  

Polymo rphism a nd solid solut i o n  forma t i o n  inv a ri a bl y  

occu r  t ogethe r i n  f at s .  · Polymorphism is most evi d e nt 

i n  sha rp me lting fats whi ch consist predominantly o f  a 

sma l l  numbe r o f  T G 1 s ( e . g .  cocoa butte r ) a n d  is the 

maj o r  facto r influencing t he consi stency of fats o f  t hi s  

type . For  e xample ,  during chocolate manufa cture t he 

cocoa butter mix i s  t empe red to p ro duce a pa rticul a r  

polymo rphi c form whi ch has the d e s i rable cha racte rist i c s  

o f  sna p a nd na rrow melting range ( Wil l e  and Lutton, 

1 9 6 6 ) . O n  the othe r hand i n  mo re complex fats wit h  a 

b road mel ti ng range ( e . g .  milk fat ) solid solution 
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fo rmat i o n  is t he p redominant f a c t o r  i nfluencing the 

consi stency o f  fats a n d  fat product s .  Ge ne rally 

polymorphism i s  not, a fact o r  which signi fi cantly a f fec·cs 

the c o nsi stency o f  thi s t ype of fat ( B a iley, 1 9 5 0 ) .  The 

t e rm solid solution f o rmation use d  he re re fers to multi

compone nt phase b ehav i our which for mixture s of T G ' s  

no rma l l y  involves l imited solid solution f o rmat ion i . e .  

fo rmation o f  mixed c rysta l s  betwee n  d i f fe rent TG  species . 

P a rtial hyd rogenation,  whi ch i s  used extensively in 

the ma rga rine i ndust ry, demonst rate s  clea rl y  how a change 

in FA composition a lone a f fects the physi cal  p ro pe rties 

a n d  consistency of  fat (Mattil,  1 9 64 ) . The i nfluence 

of T G  st ructu re on  t he phys ical pro pe rties o f  fats is 

shown by a compa rison between two natu ral fat s,  cocoa 

butte r  a nd tallow .  The se two fats have simi l a r  FA 

c ompositions but wi dely d i f f e re nt physical pro p e rtie s .  

Cocoa butte r i s  b ritt l e ,  non-greasy and has a v e ry narrow 

me lting range whil e  tal l ow is soft ,  greasy and ha s a 

c o ns i de rably broader  me l ti ng ra nge . The d i f f e rP. nc e  1n 

phys i c a l  .Pro pe rties o f  t he se fats is d ue to the i r  d i ff e r-

i ng T G  compo sitions a nd st ructures . Cocoa butte r 

c onsi st s predominantly o f  t hree monoene T G 1 s :  1 , 3 -

d i pa lmitoyl- 2- oleoyl- glyce rol ; 1 , 3- d i st e a royl - 2 - oleoyl-

glyc e rol ; and �- 1 - palmitoyl- 2-oleoyl- 3 - stea royl - �

glyc e rol ( Sampugna a n d  Jensen, 1 9 69 ) .  O n  the othe r hand 

t a l l ow cont a i ns a gre at e r  numbe r o f  quant it atively 

impo rtant TG s pecies  a nd a more dive rse st ructural range 

o f  T G 1 s  ( Hilditch and Wil liams, 1 9 64 ) . 



1 . 3 . 2 .  fpl;ymo rph ism and solid so lution fo rma tion in 

mi l k  fat . • 

( a ) Pol ymo rphi sm 
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Mul der ( 1 9 5 3 ) was among the fi rst to note  polymo rphism 

in mil k  fat, . He o b se rved a double me lting point when 

heating mi l k  fat whi ch had been ra pi.dly  cooled to 0 ° C . 

Subse que ntly a numbe r  o f  i nvestigations, using ·te chni que s 

such a s  X- ray d i f fraction and infrared spectroscopy have 

co nclusively demonst rat ed  the occu r rence of v a rious 

polymo rphi c fo rms in mi l k  fat . Wood row and de Ma n ( 1 9 6 8 )  

have shown the o ccur rence o f  ·t hree polymo rphi c fo rms i . e .  

a l pha,  beta -p rime and b e t a ,  in  mi l k  fat . Re sult s  

obt a ined fo r s l owly coo l e d  milk f a t  indicated the p re se nc e  

o f  c rystals in  the beta- prime and beta modifications . 

Ra p i d  cooling o f  mil k  fat resul ted in t he fo rmat i0n o f  

c rystals  whi ch we re predominant l y  in  t he a l pha f o rm .  O n  

h o l ding at S ° C t hese c ry stals  sl owly t ransfo rmed t o  the 

bet a - prime and beta fo rms . The se findings d i ffe r some

what f rom e a rl i e r  re sul t s  obtained by de Ma n ( 1 9 6 1 b )  who 

est a bl ished that slow cooling of milk fat produced c ryst a l s  

i n  both beta- p rime a nd beta mod i f i cati ons whi le rapid  

c o o ling re sulted  only i n  t he beta - p rime form .  Howeve r, 

i n  thi s study the t empe rature o f  the sampl e s  use d fo r t he 

X- r a y  examinati o ns wa s not as  pre c i se l y  cont rol l e d  a s  i n  

t he l ater inv e stigat ion . In a recent study van Be resteyn 

( 1 9 7 2 )  obtained d a t a  whi ch aga in showed t he three poly

mo r phi c fo rms i n  mil k  fat obtaine d  by Woodrow and de  Man 

( 1 9 6 8 ) . 



3 3 . 

The a bove findings indicate th�t pol�1o rphi sm i s  

unlike l y  t o  a f fect the physic a l  p roperties o f  but t e r  made 

f rom cream by the conventional method because the p roces sing 

conditions re sult in t he f o rmat i o n  o f  the mo st s t a b l e  

polymo r phic fo rm i n  t h e  butt e r . In this conne ct i o n  Wood 

and D o l by ( 1 9 6 5 ) observ e d  an a b rupt b reak in  the setting 

curve o f  but te r  made from c re am given abno rmal treatment 

i . e .  ra pid cooling followe d by churni ng a f t e r  only 3 0  min . 

They s pe cula t e d  t hat this phe nome no n may indi cate a change 

in t he pol ymo rphic form of milk fat c rysta l s , 

( b ) S o l i d  solut i on formation 

In a rev i ew a rticle Mul d e r  ( 1 9 5 3 ) note d  t hat t he 

available  e xpe rimental d at a  rel at ing to the mel t i ng a n d  

solidi fication o f  m i l k  f a t  c o u l d  be e xplaine d  i f  it  was  

asswne d tha·t m i l k  TG 1 s could c rysta l l ize as  mixe d  c ry st a l s  

i . e .  that mil k  fat exhibited soli d solution f o rmat i on . 

Using this hypo-the sis �Iul d e r  wa s able to put f o rwa r d  a 

nwnbe r o f  gene ral conclusions c o nce rning t he mel t.i ng and 

solidi fication p ro pe rt i e s  of mi l k  fat : 

( i ) . O n  cooling, ·the l owe r t he tempe rature a t  which 

liquid milk fat b egins to c ryst a l l i z e  the l owe r t he final 

melting point of the solid fo rme d . 

( i i ) A l a rg e r  propo rtion o f  milk fat solidi f i e s  with 

rapid cooling than with aithe r slow cooling o r  ste pwise 

cooling . 

( ii. i ) Re cry.stalliz ation can t a ke place i f  semi- solid  

mil k  fat is  t empe red,  t he rat e o f  recryst a l l i z at i o n  

depending o n  the amount o f  l i qui d phase present , 
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( iv )  I f  mi l k  fat is  cooled rapi d l y  below the 

s o l idus l i ne the e ffe ct o f  the s o li d i f ication tempe rature 

wi l l  be remov e d . 

Evidence suppo rti ng Mulde r 1 s  hypothesis h a s  

subseque.ni� }. y been repo rted b y  a nwnbe r  o f  i nve s t igat o rs . 

De Man and Woo d  ( 1 9 5 9 ) obt a i ne d  dilatomet ri c 

me a sureme nt s which showed that ra pid cool ing p ro duced a . 

highe r sol i d  fat cont e nt than s l ow cooling . The l a rger 

amount of  solid fat o b t a ined by rapid cool i ng re sult s  

f rom the inclusi o n  of l owe r mel ting T G ' s  i n  the s o l i d  

phase whi ch woul d have rema i ne d  i n  ·t he l i quid phase i n  

t he case o f  s l o w  cooling . The l i qu i d  phase o f  rapidly 

cooled fat i s  i n  turn depleted i n  t h e se TG ' s  a nd c o n

se quentl y  it has a greater propo rt i o n  o f  v e ry l o w  me l t i ng 

Since the ve ry l ow me lting T G ' s  o f  mi l k  fat 

c ontain high lev e l s  o f  short- chain a nd unsaturate d  FA ' s  

it would b e  e xpected that rapid cool ing would produce a 

l i quid phase high e r  in short- chain a n d  unsaturated FA ' s  

t ha n  slO\v cool i ng . A l ate r i nvestigation by V a sic a nd 

de Ma n ( 1 9 6 6 ) showe d  this to  be the c a se . 

Knoo p  and Samhamme r ( 1 9 6 2 ) inte rpreted X- ray 

di f fract i o n  patte rns as i ndicating t he pre sence o f  two 

solid so lutions in mil k fat ,  o ne c o n sisting o f  saturated 

TG ' s  a nd t he · othe r c o nsisting of monoe ne T G 1 s .  Using 

a combinat ion o f  X- ray diffract i o n  a n d  adiabatic c a l o ri- · 

met ri c  techniqu e s  She rbo n  a nd Coulter ( 1 9 6 6 )  showe d t hat 

solid s ol ut i on f o rmation occu rred b etween high a nd l ow 

melting fract i o ns o f  milk fat . The presence o f  two 
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solut i ons w� s no ted,  the sol i d  phase consi sting o f  a 

sol i d  solution o f  a l ow melting fat f ra ction in a high 

mel t i ng fat fra c ·t ion a nd the J_ iquid pha se consisting o f  

a solution o f  a high me lting fat fract ion i n  a low 

meltiP4 fat fra ction , 

1 , 3 , 3 .  I nfluence o f  chemica l COI1112£�iti£!!._��he 

l?_hysi c�!._.ch a ra c L c ri. st i c s  o f  m i l k  fat . 

( a ) Fatty acid c omeo s i t i on 

The ma rked i nfluence of  unsaturated  FA 1 s  on t he 

t he rmal p ropert i e s  o f  mil k fat wa s demonst rat e d  by 

Yoncoskie et al . · ( 19 69 ) who showe d ,  using d i f fe rential 

the rmal ana lysi s ,  that the p roportion of  l ow melting 

T G i s  gradually de c re a se d a s  milk fat was  p rog res s ivel y 

hyd rogenat e d ,  O rigina l  mil k fat me lted ove r  the range 

- 3 0  to 4 0° C whil e  completely hyd rogenated milk fat me lted  
0 betwe e n  0 and 60  C .  

( b ) Tri a cylglyce ro l  structure 

Int e reste rification of milk fat,  whi ch change s a 

highl y selective a rrangement o f  FA 1 S  ( Pita s  et al . 1 9 6 7 ) 

i nto a random FA, d i st ribution, demonst rate s  how a change 

i n  TG st ructure al one a ffect s the physical p rope rties o f  

milk fat . de Man ( 1 9 6 1 a ) has shown that int e re ste ri ficat-

i on ma rkedly increased ha rdne ss,  solid fat cont ent a nd the 

p ro po rtion o f  high me lting TG i s  o f  milk fat . 

In New Zeal and a numbe r of investigati o ns o f  the 



seasona l v a riations in  the cha r�cte ri stics o f  milk fat 

hav e been c a rried out with a v i ew to relating the chemi cal  

composition t o  the  physical  pro pe rtie s o f  mi l k  fat . 

D o l b y  ( 1 9 49 )  exam i ned the sea sonal cha ng e s  i n  the 

charact e ri st i cs o f  mi l k  fat and butte r obt a i ned f rom a 

nwnbe r  o f  comme rcia l  da i ri e s  a nd not ed that ha rdne ss o f  

but t e r  s ampl e s  wa s signi ficant l y  co rrelated wit h  i odine 

v a l u e  a nd with s o ftening point . In addition he fo�nd 

that onl y a sma ll  pa rt o f  the seasona l v a ri at i o n  in butte r  

ha rdne s s  wa s due t o  va riations in  t he manufa cturing proce ss  

a nd t hat at least  80%  of  this  s e a sonal change coul d be 

att ribut ed to d i f ferences i n  t he chemical composition o f  

milk fat . Hi s findings we re suppo rted by Russell  ( 1 9 7 0 ) 

who showed that the ha rdne s s  o f  butter, manufa ctured 

und e r  constan� proce ssing conditions, v a ries consi de ra b l y  

th roughout t h e  season a nd exhibits  a sea sonal trend 

simi l a r  to that shown fo r iod i ne v alue . 

Recently No rris  et �· ( 1 9 7 3 ) me asure d t he se asonal 

c hanges in t he l i quid fat cont e nt of milk fat at  v a ri ous 

t empe rat�res using d i ff e re ntial  scanning c a l o rimet ry 

( D . S . C . ) and related t hem t o  seas onal fluctuations i n  

FA composit i on . Data obta ined showe d that sea sonal 

va ri ations i n  l i quid fat c o ntent at 1 2  and 2 2° C we re 

s igni ficantly co r related with sea sonal v a riations in the 

sum of sho rt- chain a nd ci s-unsaturated FA 1 s .  Short-

chain FA ' s  we re shown t o  a ccount for a gre at e r  p ropo rtion 

of  t he va riance . Liquid fat c o ntent at  1 2  a nd 2 2° C 

exhibited a sea sonal  trend compa rabl e to that found by 

Russell ( 1 9 7 0 ) fo r hardne s s  of butte r manufactured und e r  
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constant p ru ce s s i ng cond i t ions . 

!he _c ons istency o f  butt e r . 

Nwne rous wo rke rs  hav e ,  for  comme rcial re a sons,  

inve s·t igated  fact o rs influencing the c o nsistency of but t e r  

in an  attempt t o  f i nd p ractical  metho d s  o f  cont ro l l i ng 

but t e r  consist ency . The se stud i e s ,  which i n  recent yea r s  

have been d i re c t ed towa rd s produc ing a more s p readable 

but t e r ,  have shown t hat the foll owing p rocedure s  can b e  

use d to  p roduce a s o ft butt e r : therma l t rea-tme nt o f  

c re am,  mecha ni cal t re a tment o f  bu-Lte r,  alte rat ion o f  t he 

chemi cal composition o f  milk fat . 

The Al na rp process,  in  whi ch c ream i s  cooled to 

5 - 7 ° C and then h eat ed  and h e l d  at 1 6- 1 9 °C fo r 2 to  6 h 

b e f o re being cooled to churni ng t empe rature, i s  wi dely 

use d in European count ries t o  ?ro duce a soft butte r 

( Samuelsson and Pete rson, 1 9 3 7 ) .  

The hardne s s  o f  butte r i nc re a s e s  rapidl y  during t he 

f i r st few hours  a ft e r  manuf a ctu re and t he re a ft e r  at a 

d e c re a sing rat e . Thi s phe nome non i s  known a s  s etting 

a nd has been att ribut e d  to change s o f  a thixot ropic 

nature . (Mul d e r, 1 9 4 9 ) .  It ha s b e e n  shown that 

me chanical wo rking of butte r  a ft e r  manufacture p roduc e s  

a s o ftening e ffect,  the reduction i n  hardne s s  inc re a si ng 

with the ext e nt o f  sett ing which occurs before rewo rki ng 

( Tayl o r  et � · 1 9 7 1 ) .  

The above two pro c e sse s so ften butter by al te ring its  

physical state and as a result t h e  s o ftening e f fect 
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p r o d u c e d  may b e  d e st r oyed i f  s i g n i f i c ant rc c ry st a l l i z a t i on 

o c cu r s  d u r ing s t o rage . Me t h o d s  w h i c h  p ro d u c e  a s o ft 

but t e r  b y  c ha ng i ng t he c he m i c a l  c om p o s i t io n o f  m i l k  f a t  

d o  not su f fe r  f r om t h i s  d i s a dv a nt a ge . O ne suc h m e t ho d  

i s  t o  s e p a r a t e  m i l k  fat i nt o  f r a ct i o ns o f  d i f f e re nt 

me l t i ng r a nge s by f ra c t i o n a l  c ry s t a l l i z a t i o n . T h e  

r e c e nt d ev e l o pn� nt o f  a c onwe rc i a l  p r o c e s s  b y  t h e  Al f a  

Lav a l  Co . f o r  s e pa r a t i ng m i l k  f a t i nto h i g h  a nd l ow 

me l t i ng f ra ct i o n s  h a s  ma d e  i t  p o s s i b l e  to m a ke ha rd a n d  

s o ft but -t e r s  ( No r ri s  e t  ?-1 • 1 9 7 1 ) .  The l ow me l t i ng 

f ra c t i o n  p ro d uc e d  by t h i s  p ro c e s s  i s  curre nt l y  b e ing u se d  

i n  New Z e a l a nd t o  m a nufa ctu re s o f t but -t e r  o n  a c omme r c i a l  

s c a l e . 

S c o t t  e t, a l . ( 1 9 70 ) have d ev e l o pe d  a n  a l t e r na t iv e  

m e t h o d  o f  c h a ng i ng t h e  c h emi c a l  c om p o s i t i o n  o f  mi l k  f a t . 

The p ro c e du re i nv o lve s t he f e e d i ng t o  cows o f  l i p j d s  

p ro t e c-t e d  a g a i ns-t b i o hy d rogena-L i o n  i n  t h e  rume n w hi c h  

re sult s i n  mi l k  f a t  c o nt a i ni ng c o n s ide r a b l e  p r o po rt i o n s  

o f  t h e  p o l yuns a tu r a t e d  F A ' s , 1 8 : 2 a n d  1 8 : 3 . Butt e r  

p ro du c e d  f rom t h i s  mil k f a t  i s  v e ry s o ft . 



S e c ·t i o n  1 . 4 .  The a im o f  t h e  pre s e nt wo rk . 

T h e  p re s ent study wa s und e rt a k e n  t o  i nv e s t i g a t e  

c h a nge s i n  t h e  st ruc t u re o f  mi l k  T G 1 s w hi c h  o c c u r  a s  a 

r e s ul t  o f  t he m a rke d a nd regul a r  s e a s o n a l  fluctua t i o ns 

in the c h a ra ct e r i st i c s  o f  New Z e a l a nd m i l k  fat . 

Conse que nt l y  a d e t a i l e d  s t udy o f  t h e  c o n s t itue nt T G 1 s 

o f  s ampl e s  o f  mi l k  f a t ,  re p re s e n t a t iv e  o f  d i ffe rent 

3 9 . 

s t a ge s  o f  t he d a i ryi ng se a s o n ,  wa s c a r ri e d  out . I n  

a d d i t i o n  t h e  t h e rm a l  p ro pe r t i e s  o f  T G  f ra c t i o n s  o f  m i l k  

f a t  we re exam i n e d  w i t h  a v i ew t o  d e t e rm i n i ng t h e  i nf l ue n c e  

o f  T G  st ructu re o n  t he phys i c a l  c h a r a ct e r i s t i c s  o f  m i l k  

f a t . 
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Chapter 2 . 

MATERI ALS AND METHODS 

Section 2 . 1 .  Materi al s . 

2 o l o l o Reagents  and Sol v ents . 

All the chemic al s  used in thi s work were suppli ed by 

British Drug Hous es Ltd . ( Pool e,  Engl and ) and by May and 

Baker Ltd . ( Dageham,  Engl and ) except for the following : 

Chromo sorb W ,  6 0- 8 0  mesh,  acid-washed and treated with 

dichlorodimethyloilane  ( Vari an-Aerograph, C aliforni a ,  

USA ) . 

Thermally stabili zed di ethyl ene glycol adipate 

pol yester ( Anal abs ,  Connecticut, USA) . 

3 %  ( w/w ) JXR on G as-Chrom Q ,  1 00- 1 20 mesh ; and 

methanol containing 1 4% ( w/v ) boron trifluorid e  ( Applied 

Sci enc e Laboratori es ,  C ali fornia,  USA) . 

Standard tri acylgl yc erol s ,  9 9 %  pure ;  pancreatic 

lipase,  Steapsin ;  and Ophiophagus hannah snake venom 

( Sigma Chemic al Co . ,  St . Loui s,  U SA ) . 

Ki eselgel G ,  according to Stahl ( E .  Merck A . G . ,  

Darmstadt , Germany } .  

Phenyldichlorophosphate ( Aldrich Chemic al Co . ,  

Milw'aukee , USA) . 

Mr R .  Norri s generously provi d ed a number of  pure 

standard tri acylglyc ero l s  and di acylglycerol s .  



All solvents used were of  analytical grade and were 

di sti ll ed before  use . 

2 . 1 . 2 .  Preparation of  sampl es  o f  mil k  fat . 

At -monthly int ervals during the 1 9 6 9/ 7 0 d airying 

season one d ay sampl es o f  milk were obtained from the 

Massey Universi ty No . 2 herd , which i s  typic al of  d airy 
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units operating in  N ew Zeal and . The herd consi sted o f  2 9  

pairs of  mono zygotic twin cows ; the maj ority of  which were 

J ersey ,  and the remainder Fri esi an ,  Friesi an-J ersey cross 

and
.
Ayrshire-J ersey cross . The c alving period for the 

herd was spread over a si x-seven week period b eginni ng 

about the middl e of  July and finishing _ near the end o f  

August . The herd was gr azed on pasture throughout the 

d airying season which  is  normal practic e  in N ew Zeal and . 

The milk from a f ew twin cows involved in speci al f e eding 

experiments was exclud ed from the bul ked s ampl e of  mil k  

coll ected . 

After coll ection the mil k  was passed through a cream 

s eparator ,  the cream held  overnight at 5°C and then 

churned in the l aboratory . The butter produc ed was 

0 . 
m elted in a water-bath at 6 0  C ,  centrifuged , and the super-

natant f at filtered in  an oven at 6 0° C .  Portions o f  the 

melted fil ter�d f at w ere weighed , dissolved in hexane,  and 

stored in a gl ass-stoppered fl ask at - 1 0°C until required : 
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Section 2 . 2 .  Analyti c al metho d s . 

2 . 2 . 1 .  Thin-l ayer chromatogr.ill2h_y . 

( a ) . Preparation of thin-l ayers 

For  preparative T . L . C .  o rganic impuri ti es were removed 

from 2 0 0  g batches o f  Ki eselgel G ( silica gel G )  by slurry-

ing with 5 0 0  ml CHC1 3
, transf erring to sintered gl ass 

filter funnel s and washing wi th 5 vol . CHC1 3 : CH3
0 H  

( 2 : 1 ,  v/v ) followed by 5 vol . CHCl-
3 

: CH
3

0H ( 1 : 1 , v/v ) . 

The washed adsorbent was air-dri ed , dri ed overnight at 

1 0 0°C and stored in gl ass-stoppered reagent bottl es until 

required . 

Sili c a  gel G was slurried wi th water i n  the propo rtions 

1 : 2 , w/v and spread on to gl a s s  pl ates ( 2 0 x 20  cm ) to a 

thi ckn ess of either 0 . 2 5 mm ( analytic al ) or 0 . 5 mm 

( prepar ative ) .  After air-drying for  3 0  min the thin- l ayers 

of silica  gel G were activated by heating at 1 1 0°C for 2 h .  

Thin-l ayers o f  sili c a  gel G impregnated wi th bori c  

acid were prepared in a simil ar manner , the slurry consi st-

ing of silica  gel G and 3% aqueous boric acid solution 

( 1 : 2 , w/v ) . 

Thin-l ayers impregnated with AgN0 3 were prepared by 

spreading a slurry , consi sting o f  3 0  g sili c a  gel G and 6 �  

ml 1 0% AgN0 3 solution,  o n  to gl ass pl ates with a p erspex 

spreader . The thin-l ayers were allowed to ai r-dry in the 

d ark for 2 h and then activated at 1 0 5° C for 1 h .  

After activation,  thin-l ayer pl ates were allowed t o  



4 3 · 

cool in  a dessic ator for 2 h before use . Thin-l ayers o f  

sil i c a  gel G impregnated with AgN 03 were prepared . and used 

the same day while  other thin-l ayers were sto red for up to 

one week in a dessicator . 

( b )  Conditions for thi n-l ayer chromatography 

Sampl es were appli ed as small b ands approximately 1 cm 

long using c apill ary pip ettes for analytical work and as 

one continuous b and across the thin-l ayer with a 50 '11 1 

syriuge for preparative separations . During application 

of sampl es thin-l ay ers were covered with cl ear glass pl ates 

to  retard adsorption o f  water by sil i c a  gel G .  Thin-l ayer 

pl ates were developed by the ascending method . Chromato-

graphic tanks ( Desa ga Co . ,  Germany ) were lined with fil t er 

paper to enhance  vapour satur ation of  the atmo sphere wi thin 

the tank . Developing sol vent was added to the tank to a 

depth of approximately 0 . 5  cm 3 0 min b efore thin-l ayer 

pl ates were chromatographed . Pl ates were d eveloped at 

room temperature ( about 2 0°C )  to 1 2- 1 4  cm above the origin 

whi ch was set 2 cm from the bottom of  the pl at e .  After 

developing , thin-l ayer chromatograms were allowed to dry 

b efore spraying . 

( c )  Detection o f  l ipi d s  o n  thin-l ayer chromatograms 

General lipid spray . Lipids  were normally detected by 

spraying thin-l ayers with a 0 . 1 % ( w/ v )  solution o f  
1:! 

2 : 7-dichlorofluorscein  in  CH3oH and vi ewing under ultra-

viol et light . Lipid components showed as y ellow 

fluorescent spots on an orange background . 

Non-speci fic  spray . O rganic compounds were d etected by 



spraying thin-l ayer chromatograms v1i th a solution of 1 %  

K2 cr2 o7 in  9 M sulphuric aci d and heating pl ates a t  1 4 0°C 

for appro ximately 1 h .  Under these conditions  organic 

44 · 

compounds appeared a s  charred bl ack spots on a whi te  b ack-

ground . Acylglyccrol s containing doubl e bonds charred 

mor e  readily than saturated acylglycerol s .  Thi s spray , 
<? 

although more sensi tive than dichloro fluor.'scein ,  i s  

d estructive and consequently unsuitable  for preparative  

T . L . C .  

Phosphat.e est er spr£t.Y . A spray r eagent , speci fic for 

compounds containing a pho sphate ester group , was prepared 

according to the method o f  Vaskovsky and Ko stetsky ( 1 9 6 8 ) .  

Upon spraying on thin-l ayer chromatograms i t  reacted 

immedi ately with pho spholipids to give blue spots on a 

white  b ackground . The col our gradually di sap peared over 

2 h .  

2 . 2 . 2 .  An alysi s of f atty acid s . 

( a ) Preparation of methyl esters by method A 

( Ad apt ed from the proc edure of Van Wij ngaarden ,  1 9 6 7 ) .  

To a 5 ml round bottomed fl ask a 5 mg sample  of  TG 1 s  

and 0 . 5 ml 0 . 5  M methanolic  N aOH  were added . The fl ask 

was connected to a doubl e surf ace condenser and the mixture  

refluxed for 3 m1n in a s an d  bath . 

containing 1 4% ( w/v ) boron tri fluori d e  was then added 

through the condenser and refluxing was continued for  a 

further 2 min . 1 ml of  p entan e  was added and after 

refluxing for a further 3 0  s the fl ask was cool ed in water 
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0 a ·t 0 C .  The condenser was removed and sufficient s aturated 

N aCl solution a d d e d  to r cd se the pentane l ayer into the 

neck o f  the fl ask from w h e r e  it was transf erred to a gl ass-

stopper ed centri fuge ·tub e .  A small amo un t  of anhydrous 

N a 2 so 4 was added and 2- 5 f-1. l of  th e solution was analysed 

by G . L . C .  

( b ) P r epar n tion of  m �thyl e s t e r s  by method B 

( The m c·thod of  Sheh a ta et al . 1 9 7 0 ) . 

5 0 f-1. 1 o f  t r an s e s t erifyi ng reagent was add ed to a 1 - 4  mg 

sampl e o f  acyl glyc ero l s in a 0 . 3 ml r eaction vi al ( Kontes 

Gl ass Co . ,  U SA ) . T h e  vi al was c apped and rot ated gently 

for  2-3 min . At thi s stage transesterific ation was 

compl ete .  The vi al was opened , 5 0  f-1. l o f  pentane added , 

the vial rapidly r e - c a p p e d  and then shaken gently . 2- S l-1.  1 

of  the pentane l ayer was  i n j ec t ed dir ectly into t h e  gas-

l i qui d chromatograph . 

The transesteri fying reagent consi sted of  0 . 5 ml 0 . 5 M 

N aOCH3 in CH30H  ( pr epared by di ssolving N a  in cH30H ) ,  2 ml 

p entan e ,  and 0 . 8 5 ml di ethyl ether . Although consi sting 

0 o f  two phases at 5 C the reagent formed one phase upon 

mixing at room t emperature . F r esh reagent was prepared 

every two or three d ays from a stock  solution of  0 . 5  M 

N a0CH3 in CH30 H  which was stored in  a d essicator at 5° C 

in tub es fitted with teflon-lin ed , screw c aps . 

The compl eteness  of  the conversion to methyl este�s 

was checked by T . L . C .  Reaction products together with 

m arker standards were appli ed to silica  gel G thin-l ayer 

pl ates impregnated with boric aci d ,  whi ch were d eveloped 
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in  h exane : di ethyl ether ( 4 :  1 ,  v / v } . Both method s  were 

found to compl et ely convert TG ' s , DG 1 s . and MG 1 s  tp methyl 

est ers o Solv ents used in the above methods  were distill ed 

b efore us� and an alysed by G . L . C .  to ensur e that no 

impuri ti es were present . 

( c )  Compa r i so n  o f  m eth o d s  used to pr epare me·thyl es·ters 

with respect t o  � nti t. a t i  v e  reco v �ri es of m ethyl esters 

Using the t �o m etho d s  d escribed above , ali quot s  of a 

standard mixtu1·e o f  high purity TG 1 s were converted to 

methyl esters and inj ected into the gas-li qui d  

( F  = weight ) 

chromato-

graph o Weight response factors w area were 

c alcul ated for in di vi dual m ethyl esters from the weight o f  

e ach methyl ester in  the standard mixture and i t s  peak 

area . For  each method a set of  m ean F values was w 

d etermined o Theoretic al F valu es were determined using w 

che calcul ation o f  Ackman and Sipo s ( 1 9 6 4 ) ,  which assumes 

that the c arbonyl carbon atom gives no response in 

hydrogen flame ion i z ation detector s  and that methyl 

esters of F A ' s are compl et ely recovered from the colwnn . 

The two sets o f  F values determined from experimental w 

d at a  and the set o f  theoretic al F values are gi ven in w 

T abl e 4 o  For  each set methyl caprate was assigned a F w 

value of  1 o 00 .  

It  c an b e  seen that F values which were c alcul ated . W 

from results  obtained by method B corr espond reasonably 

clo sely with the s et of F values d etermined from w 

theoretic al · consi derations o On the o ther hand , F values  w 

for methyl esters o f  short-chain F A ' s calcul ated from 

data obtained by Method A,  were consid erably greater than 



the corresponding theor etic al F values and the \V 
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corresponding F values determined for Method B ,  indi c ating w 

that lo sses o f  methyl esters of  short-chain F A ' s occurred 

when Method A was used . On the basi s of thi s finding it 

was decided to use Method B for all subsequent FA analyses . 

. Tabl e 4 .  Weight response f actors ( F  ) for m ethyl w 

esters of  f atty acids,  which were c alcul ated from experiment-

al data  and determined from theoretic al considerations . 

(Methyl c aprate assigned a F value o f  1 . 0 0 ) . w 

Methyl esters 

F values w 

Experimental Theoretic alc 

of f atty acids  Method A a Method Bb 

methyl butyrate 2 . 6 7 l o 3 5  1 . 3 8 

methyl c aproate  l o 4 5  l o l l 1 . 1 7 

methyl c apryl ate 1 0 1 2 1 . 0 3 l o 07 

methyl c aprate 1 . 0 0 1 . 0 0 1 . 0 0 

methyl myristate 0 . 9 9 0 . 9 6 0 . 9 6 

methyl palmitate  0 . 9 7  0 . 9 5  0 . 9 1  

methyl stearate 1 . 0 0 0 . 9 9 0 . 8 9 

a F values ,  each a mean o f  three determinations ,  w 

calcul ated from results obtained by Method A .  

b F values ,  each a mean o f  six determinations , w 

calcul ated from results obtained by Method B .  

c F values determined using the c alcul ation o f  w 

Ackman and Sipo s ( 1 9 6 4 ) . 
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( d )  Gas-liquid chromatogr aphy 

Methyl esters of  F A 1 s were analysed by G . L . C .  
. . 

US.l. ng 

a Vari an Aerograph Seri es 1 5 2 0  Chromatograph equipped 

with a hydrogen flwne  ioni zation detector and a linear 

temperature programmer o The chromatographic separations 

were made on a gl ass colwnn ( 8  ft x � in . o . d o ) packed 

with 1 8% di ethyl ene glycol adipate polyester on Chromo sorb 

W ( 6 0- 8 0  mesh ) . The colwnn packing was prepared by the 

u funnel co ating method 11 ( McNair and 13onelli ,  1 9 6 8 ) and 

the column was packed to p ermit on-colwnn inj ection using 

the procedure  outlined by Kuksis and tlreckenridge ( 1 9 6 6 ) .  

Prior to use,  the column was conditioned overnight at 

2 2 0°C with 2 0  ml/min nitrogen gas flo�. 

For  normal operation the flow rate of the c arri er gas,  

ni trogen ,  was 25  ml/min whil e the  flow of  air and hydrogen 

to the detector was 3 0 0  ml/min and 2 0  ml/min r espectiv ely . 

The inj ector was maintained at 1 8 0° C and the d etector base  

0 at 240  C .  After inj ection of  the sampl e at an initi al 

0 column temperature o f  6 0  C ,  the chromatograph oven was 

temper ature progrwnmed at 4°C/min to 1 8 0°C and hel d  at 

thi s t emperature until all methyl esters were eluted . 

Under these conditions methyl butyrate was compl etely 

separated from CH30H . 

The identity o f  methyl esters was establi shed by 

compari son with the ret ention times and elution  t emperatures 

of standard methyl ester s o  P eaks were tri angul ated and 

their vertic al heights and base-widths measured o The 

rel ative proportions of F A 1 s in a s ampl e were c al cul ated 



using the formul a below . Results were expressed as  

;aol e  % .  

h .  b .  F 
J._ J._ w .  J._ 

M .  1 0 0  
· mol e 'fo . =  

J._ X 
J.. h .  b .  F 

I 
J._ J._ w .  

J._ 
M .  J._ 

where : h. = p eak height . 

b = peak width at base . 

H = mol ecul ar weight o f  methyl ester . 

F = experimentally determined weight w 
response  facto r .  

Data obtained for duplic ate  smnpl es showed a rel ative 

error of l ess than 5% for any peak comprising more than 5% 

of  the sampl e .  

An alysi s o f  tri acylglycerol s .  

( a } G as-l iquid chromatography 

TG ' s  were analysed by G . L . C .  using a Varian Aerogr aph 

Seri es 1 5 2 0  Chromatograph fitted with a hydrogen fl ame 

ioni zation  detector and a linear temperatur e progr ammer . 

The chromatographic separations were made with a gl ass 

column ( 2 ft x i  in . o . d . ) ,  fitted with gl ass  to metal 

Kovar seal s ,  and packed with 3 %  ( w/w } JXR on Gas-Chrom Q · 

( 1 0 0- 1 2 0 mesh ) to permit on-column inj ection according to 

the techni que of Kuksis and Breckenridge ( 1 9 6 6 ) . Prior 

to use the colwnn was conditioned for 4 h at  3 5 0° C with 

1 0 0 ml/min nitrogen gas flow . The first t en runs on the 



newly condi tioned colwnn were not used for quanti ta·ti ve  

analyses . 

For  normal operation the inj ector was m aintained at 

0 0 
3 2 0 C and the detector base at 3 5 0  C .  After inj ection 

of  the s.am.pl e ( 3-5 ll l of a 1% solution of  TG 1 s )  at an 

0 ini ti al colunm t emperatur e of  220  C the chromatograph 

oven was t emperature programmed to 3 5 0°C at 4°C/mi n .  

Nitrogen wa8 used a s  the c arri er g a s  a t  a flow rate o f  

1 0 0 ml/min a t  room temper atur e .  After passing through 

the column the c arri er gas  was spl it  in the proportions 

so .  

1 : 5  b etwe en detecto r and coll ecto r .  The flow o f  ai r and 

hydrogen to the det ector was 3 00 ml/min and 1 5  ml/min 

respectivel y .  

TG peaks were d esignated b y  their carbon number i . e . 

the nwnb er of  acyl carbon atoms per TG mol ecul e .  I d enti-

fication  o f  peaks was accompli shed by comp ari son with the 

r etention times and elution temperatures of standard TG 1 s . 

P eaks were tri angul ated and their vertical h eights and 

base-widths were measur ed . Odd-carbon numb er TG 1 s  in the 

sampl es were estimated by compl eting the el ution curves 

between the adj acent even-c arbon numb er TG 1 s . The 

rel ative proportions of TG peaks ( TG speci es with the same  

carbon numb er ) in a sampl e were calcul ated using the 

formul a b elow . Results  were expressed as  mol e % .  

h .  b .  F J.. J.. w . J.. 
M .  

mol e  % 
J.. 

1 00 i 
= h .  b .  F X 

I 
J.. J.. w .  J.. 

M .  
J.. 
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where : h = peak height . 

b = peak wi dth at base . 

M = molecul ar weight of TG . 

F = experimentally d etermined weight 
w 

response f actor . 

The gas-l i quid chromatogr aph was c alibrated by 

inj ecti ng a standard mi xture of tril auroyl-glycerol , 

trimyristoyl-glyc crol , tripalmi toyl-glyc erol and 

tri stearoyl-glycerol , and c al cul ating weight r esponse 

f actors ( F  = weight ) .  w area With tril auroyl-glyc erol assigned 

a F value of 1 . 0 0 the F values for trimyri stoyl-glyc erol , w w 

tri palmitoyl-glyc erol and tristearoyl-glyc erol were 1 . 0 6 ,  

1 . 1 0 and 1 . 09 respectively . 

( b ) Thermal an alysi s 

Thermal analyses o f  TG fractions of mil k  fat were 

carri ed out using a P erkin-Elmer differenti al sc anning 

c alorimeter ( D . S . C . - l B ) . The D . S . C .  was c alibrated for  

power and temperature readout according to the  method of 

Norri s  et al . ( 1 9 7 3 ) .  

A solution containing a 2 - 5 mg sampl e of  TG 1 s  was 

transf erred to a •  0 . 3 ml reaction vi al and evaporated to 

dryness under nitrogen . Traces of sol vent were removed 

by pl acing the sampl e und er vacuum in a dessic ator over-

night . The solvent-free sampl e was mel ted and transf erred 

as  compl etely  as possibl e to a sampl e pan,  pre-weighed with 

lid ,  u sing a gl ass capill ary . ( Thi s operation was carri ed 

out whil e  the sampl e was compl etely li quid ) . The sampl e 
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pan was then sealed and loaded in to the in strument . After 

holding the sample at 60°C for 3 0 min to er·ase previous 

thermal hi story a cooling thermogram was reco rded down to 

- 6 0°C at a r at e  of 8°C/min . The s ample was then held  

at thi s temp eratur e for  5 min. prior to  recording a heating 

thermogram up to 6 0°C at a r ate  of 8°C/min . 

Some s ampl es when r apidly cool ed in thi s way showed 

an exothermi c transition in the heating thermogram which  

i s  a direct  result of a polymorphic  transition fro1n a l ess  

stabl e to  a mor e  stabl e crystalline form .  To obtain  a 

heating thermogram for the mo st stabl e polymorphic form o f  

a s ampl e the following tempering proc edure was ado pted . 

F rom the heating thermogram o f  the rapidly cool ed s ampl e 

the l ast integral value of  the temp erature before  the 

sampl e was compl etely melted was obt ained ( temperature T ) . 

The s ampl e was  cool ed to - 6 0° C at a r ate of  8°C/mi n ,  held 

S . min , heated to temperatur e T at a r ate of 8°C/mi n ,  held 

2- 3 min. and cool ed to - 6 0°C at a rate of  8°C/mi n . After 

holding for  5 min. a thermogram was recorded up to 6 0°C at 

a r at e  of  8°C/min . 

Normally  tempering i s  c arri ed out with a hold  temper-

ature near the m�ddl e of the melting r ange . Suc h  

t empering of  TG fractions o f  mil k  fat  allows consi derable  

recry stalli zation  to  take pl a c e  which results in  a dip  at  

the  hold  temperature in  the resultant heating thermogram . 

In  the tempering process used in this work the very small  

amount o f  solid present at temperature T precludes the 

possibility of signi ficant r ecrystalli zation occurring . 



Th e thcrmo gr ams o b t ained were c o r r ected for 

t �nperature c al i b r ation,  thermal -l ag and h eat-c apac i ty 

eff ects using a computer programme . The programm e 

( Fo rtran II , fo r the I . B . M .  1 6 2 0  wit h  plotter ) was 

d eveloped by Sh erbon ( 1 9 7 1 )  and i s  b a sed on t h e  work o f  

H euvel and Lind ( 1 9 7 0 ) . 

5 3 . 
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Section 2 . 3 .  F ractionati on o f  triacylglyc erol s of  mil k  fat . 

2 . 3 . 1 .  C h rom atogr aphy on columns o f  silicic acid . 

( a )  Preparation of adsorbent 

1 , 0 0 0  ml 5 M HCl was added to 1 0 0 g silicic acid 

( 1 0 0  mesh , Mallinckrod� and the r esul tant slurry stirred 

for 6 0  min . Af t e r  allowing the sil i cic  acid to s ettl e 

for 3 0  min the supernatant was d ecanted . The silicic  acid 

was then mix ed wi th 5 vol s .  o f  di stil l ed water and , after 

allowing the slurry to settl e for 30 min , the supernatant 

was d ecanted . Thi s washing process was repeated three or  

four times in  order to remove  a l arge proportion of  fine  

particl es o f  silicic acid . The silicic acid was pl aced 

in sintered gl ass filter funnel s  and washed with distil l ed 

water unti l washings were n eutral after which it  was d r i ed 

overnight at 1 00°C .  Removal of fine particl es o f  silicic 

aci d increased the flow rate of  eluting solvent through the 

column . 

( b )  Colwnn preparation and elution 

45  g o f  treated silicic  acid was activated at 1 1 0° C 

overnight and then slurri ed with hexane .  The  slurry was 
I 

pl aced under vacuum to r emove  air bubbl es and then 

transf erred slowly to a gl ass column ( 4 0 cm x 1 . 8  cm i . d . ,  

Quickfit  and Quartz  Ltd . ,  Engl and ) .  The silicic  acid 

produced a column 3 3 - 3 5  cm in height . 

5 ml hexane containing 6 5 0  mg milk fat  was pl aced on 

the column . The lipids  were eluted using hexane,  in 

whi ch the proportion of di ethyl ether was linearly increased 



s s .  

f rom 0 to 9 %  o v er 1 , 5 0 0  ml . The gradual increase in the 

pol arity of the eluting solvent c aused milk TG 1 s  to b e  

eluted i n  o rd er o f  decreasing mol . wt . 1 . e .  increasing 

pol arity . A micro m et ering pump ( F . A . Hughes and Co . ,  

Engl and ) was employed to pump eluting solvent through the 

column at a rate of  9 0- 1 0 0  ml/ h .  It  was necessary to 

wash the column tip at interval s with small amounts  of  

hexane t o  stop eluted TG 1 s  co ating the  outside  o f  the 

column tip .  9 0  fractions,  each co ntaining 1 5  ml o f  

eluant , were collected . H2 0 was rigidly excluded f rom 

apparatus and solvents in order  to obtain sati sf actory 

and r eproducibl e fraction ations  of mi lk TG 1 s . 

( c )  An alysi s o f  eluant 

Sel ected eluant fractions were  evaporated to dryness 

using a stream of nitrogen and r edi ssol ved in 2 ml hexan e .  

5- 1 0 11  1 o f  each solution was then applied ,  a s  a 1 cm band , 

to sili c a  gel G thin-l ayer plates . A sampl e o f  milk  fat 

was used as a marker . The thin-l ayers wer e d ev eloped in 

hexan e : di ethyl ether ( 4 : 1 , v/v )  and sprayed with either 

dichlorofluor�cein or sulphuric  acid spray r eagents . RF 

values of  eluant fractions wer e measured . Under these 

chromatogr aphic �onditions � values of  standard TG 1 s  were 

shown to b e  proportional to their mol . wt ; high mol . wt . 

TG ' s  having greater RF values than low mol . wt . TG 1 s . The 

measured RF values of elu ant f ractions were used to sel ect 

eluant f ractions for combination into three  TG f ractions 

of differing mol . wt . ( designated high, medium and low mol . 

wt . ) . After bulking the eluant f ractions ,  each mol . wt . 

fraction was evapor ated to dryness , weighed , r edissolved in 



0 
2 0- 3 0  ml hexane and sto red at - 1 0  C in  gl ass-stoppered 

fl asks . 

The following amounts of  TG fractions of  differing 

mol . wt . wer e prepared from milk  f at using a column o f  

silicic acid : 

milk  f at pl aced on column 

TG fraction o f  high mol . wt . 

( eluant f r actions 3 8- 5 0 )  

TG f raction o f  medium mol . wt . 

( eluant fr actions 5 1 - 5 5 ) 

TG f r action o f  low mol . wt . 

( eluant f r actions ( 5 6- 8 2 )  

Reco vered . TG 1 s  

6 4 0 mg 

27 5 mg 

9 5  mg 

2 3 0  mg 

6 0 0  mg 

A thin-l ayer chromatogr am o f  TG fractions of high , 

medium and low mol . wt . is  shown in Figure 1 .  It  i s  

evident that the thr ee TG f r actions gave distinctly 

di fferent RF values in hexane :  di ethyl ether ( 4 : 1 ,  v/v ) .  

F A  compo sitions of  mil k  fat s ampl es and TG f r actions 

of high , m edium and low . mol . wt . were determin ed .  In 

addition the March sampl es of  mil k  fat and its  TG f ractions 

of diff ering mol . wt . wer e subj ected to analysis of intact 

TG ' s  by G . L . C .  a�d to thermal analy si s .  

2 . 3 . 2 .  Chromatography on thin�l ayers of sil i c a  gel G 

impregnated with silver nitrate . 

( The method o f  Breckenridge and Kuksi s ,  1 9 6 8 a ) . 

TG fraction s ,  which were prepared from mil k  f at by 

silicic  acid column chromatography , were separated i nto TG 



high medium l ow milk fat 

Figu� e l o  Thin-l ay er chromatogram o f  

the March sampl e o f  mil k  fat and i ts tri acyl

glyc erol fractions of h i gh ,  medium and low 

mol e cul ar wei ght . Thin-l ayer plate d ev el oped 

in h exane : di ethyl ether ( 4 : 1 ,  v/ v ) . 

57 . 



classes o f  d i f f ering l ev el s  o f  uns at.,ur ati on by p r e p ar ative 

sil ver i on-T . L . C .  Thin-l ay er s impregn ated with AgN 0 3 wer e 

prepared and activated a s  d escrib ed p r eviously ( sectio n  

6- 8 m g  o f  a TG f r action was  disso l ved i n  0 . 2 ml 

of CHC1 3 and appli ed to a sil i c a  gel G thin-l ayer pl ate  

impregnated wi th AgN0 3 • A st and ard mixture o f  TG ' s  

consi s ti ng o f  t r i p almi toyl-glyc erol ; rac- 1 - p almi toyl - 2-

ol eoyl - 3- ste aroyl -sn-gl ycero l ; and tri ol eoyl -glyc erol was 

used a s  a marker . Aft er d evelo ping the pl ate i n  ethanol 

0 . 6 ,  v/v )  the TG b ands w ere 

visual i z ed by spraying wi th the dichl oro fluor�c ei n  r e agent 

and vi ewing und e r  ultr avi ol et l ight . In general TG s ampl es 

wer e s e p arated into seven TG b an d s  whi ch were t entatively 

identi f i ed by r ef er enc e to the mi xtur e of  standard TG 1 s . 

E ach TG b and was  scrap ed into a 5 0  ml c entri fuge tub e and 

extract ed thr ee times wi th 20 ml al i quots of di ethyl eth er : 

The combined extracts  o f  

each b and wer e evapo rat ed to d ryness  und er v acuwn , 

redi ssol ved in 3 0  ml hexan e and washed thr ee time s  with 

2 ml p o rti o n s  o f  H 2 0 to r emov e  trac es of dichl o ro fl uor�c ein 

and silver i on s . E ach hexan e extract was then evaporated  

t o  dryness , a n d  t h e  TG 1 s  were  r edissolved in 5- 1 0  m l  hexane 

and stored at - 1 0° C in tub es fitted with teflon-lined screw 

caps . 

The F A  compo sition of each TG band was d etermined 

using a measured ali quot of  each hexane extract . P rior to 

transesterifi c ation 1 0 0 fl l  of a standard solution o f  methyl 

heptad ecano ate was added as an int ernal standard . Thi s 

enabl ed the mol es of F A ' s present in each TG b an d  to be  
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d etermin ed by the following fo rmul a :  

L 
h .  b .  F 

J.. J.. w .  J.. 

mol es o f  F A ' s mol es  o f  M . 
= .X J.. 

in TG b and int ernal standard h b F s s w s 

M s 

wh er e :  h = peak height . 

b = peak wi dth at b a s e .  

F = exp erimentally d et ermined weight 
w 

r esponse f acto r . 

M = mol ecul ar weight o f  methyl ester . 

s = internal stand ard . 

The r el ati v e  proporti o , ls  o f  t h e  r espective TG b an d s 

were c al cul ated f rom the mol es of  F A ' s present i n  each b and . 

F rom the F A  compositions o f  e a ch TG band the average 

numb er o f  doub l e  bo nds  per  TG mol ec ul e  was c al cul ated . On  

the  basis  o f  thi s information and the initi al tentati v e  

i d enti f i c ati on i t  w a s  d et ermin ed that the s even TG b and s 

( in decrea sing o rder  o f  Ry values ) contained s aturated TG ' s , 

mono ene TG 1 s , mono en e  TG 1 s , d i en e  TG ' s , di en e  TG 1 s , tri en e 

TG ' s  and tri en e  TG 1 s . T . L . C . an alysis of the methyl e s t er s  

p repared f rom t h e  constituent TG 1 s  o f  e ach b and showed that,  

of  the two b ands  containi ng mono en e TG 1 s , the one  with the 

higher Ry value contained o nly tran s-uns atur ated F A ' s whi l e 

the one with the lower RF v alue c o n t ained o nly c i s-

uns aturated F A 1 s .  F o r  ease  o f  p r e s en tation F A  compo si tions 

for di ene TG 1 s  and f o r  tri en e TG 1 s  wer e poo l ed . Cons equ ently 

d at a  o b t ai n ed f r om FA analyses of the above TG b and s a r e  



presented in the chapter o n  Resul ts ( S ection 3 . 3 . ) a s  

s atur ated TG 1 s , tran s-mono e11 e TG 1 s , ci s-mono ene TG 1 s , 

di ene TG 1 s  and tri ene TG 1 s . 
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Section 2 . 4 .  Stereo spec i fi c  analysi s o f  tri acylglyc erol s 

o f  mi l k  f at . 

2 . 4 . 1 .  Gen eral outl ine o f  method . 

St ereo specific anal y s es o f  TG f r action s o f  mil k  f at 

were c arri ed out using the pro c edure o f  Brockerho f f  ( 1 9 6 5 ) 

a s  modi fi ed by Chri s ti e  and Ho ore ( 1 9 6 9 ) . The proc edur e 

f o r  the an al y s i s  i s  giv en i n  Figur e 2 .  TG f r actio n s  o f  

high , mediwn and l ow mol . wt . ,  'vhich were prepared f rom 

m i l k  f at ,  were d egr aded to yi eld DG ' s , MG ' s  and F A ' s  either 

by d eacyl ation with a Grignard reagent or by digestion with 

p ancr eatic l i pase ( EC 3 . 1 . 1 . 3 ) .  The mi xtur e  o f  1 , 2-di acyl -

sn-gl yc erol s and 2 , 3-di acyl-sn-glycerol s L1 , 2 ( 2 , 3 ) -DG 1 §] 

were  i sol ated f rom th e r e ac tion pro duct s  and converted to 

a mi xture of 1 , 2-di acyl- sn-glyc erol 3 -pho spho ryl pheno l s  

and 2 , 3-di acyl- sn-glycerol ! -pho sphoryl pheno l s  

[) , 2 ( 2 ,  3 ) -P L  1 E..7 ,  whi ch w e r e  then digested with pho spholi p a s e  

A2 ( EC 3 . 1 . 1 . 4 )  from snake venom . P ho spho l i p a s e  A2 

hydro lysed o nl y  the 1 , 2-di acyl- sn�glyc erol 3 -pho spho ryl 

pheno l s  ( 1 , 2-P L 1 s )  to give the 1 - acyl - sn-glyc erol 

3-pho sphoryl pheno l s  ( 1 -P L ' s ) .  Thus the FA compo sition 

o f  the 1 -P L ' s  r epre s ented that o f  po si tion 1 in the o rigi n a l  

TG 1 s . The F A  c ompo si tio n  of  position 2 w a s  d etermi ned 

f rom the 2-HG ' s formed during pancreati c l i p a s e  hyd rolysi s .  

The  F A  compo sition o f  po sition 3 was d et ermi ned using t�e 

two c al cul ations b el ow : 

p o si ti o n  3 = 2 x ( 2 , 3-P L 1 s ) - ( 2-HG ' s )  

po sition 3 = 3 x ( TG 1 s ) - ( 1 -P L 1 s ) - ( 2-Jv1G 1 s ) 



2{ : > 2
{ 1 

+ 2 -L
3 

+ c :  + F A 1  s .;;. MG 1 s  + F A ' s 
Grignard Grign ard 
r e agent r eagent 

TG 1 s  1 , 2 ( 2 , 3 ) - DG ' s  1 , 3 -DG ' s  

2{ : > 2 

-r l  
+ 2 { + F A ' s > 2 1 + F A 1  s 

p an c r eati c p ancreati c 
l i p as e  3 l i p a s e  

TG 1 s  1 , 2 ( 2 , 3 ) - DG ' s  2-MG 1 s 

{ 1. { { 1 �- P Ph [ 1 { P P h  

2 + 2  > 2 + 2 > 2 + + 2 

. 3 . phenyl- P P h  L 3 
· · phosphol i p as e A P P h  3 

1 , 2 ( 2 , 3 ) - DG ' s d� chl o ropho sphate 1 , 2 ( 2 , 3 ) -P L ' s 2 1-P L 1 s  2 , 3-P L 1 s  

1 , 2 , 3  = F atty acids in the s e  po sitions . ( p o s i tions r el ative to sn-gl y c erol 3 -pho sphat e ) . 
P P h  = P ho spho ryl phenol . 

F igu r e  2 . The proc edur e f o r  the stereo speci fic an al ysi s o f  tri acylglyc erol s .  
0' 
N 



The conversion o f  1 , 2 ( 2 , 3 ) - DG ' s to 1 , 2 ( 2 , 3 ) -P L ' s and 

the sub s e quent hydrolysi � with pho sphol i p a s e  A2 a r e  

e s s enti ally quanti tati v e  reacti ons but t h e  1 , 2 ( 2 , 3 ) - DG ' s  

are fanned only as int ermedi ates i n  the ini ti al d e acyl ati o n  

r eacti ons . Consequently the st�reo specific analysi s i s  

o nly valid i f  the 1 , 2 ( 2 , 3 ) -DG ' s fo rmed are r epresentati ve 

of  the F A ' s o f  the o rigi n al TG 1 s . I t  i s  ther efo r e  

n ec e s sary to d etermin e  experiment ally th e F A  compo sition 

o f  each 1 , 2 ( 2 , 3 ) - DG prepar ation and to c omp am it with th e 

F A  composition c al cul at ed for r epr esent ati v e  1 , 2 ( 2 , 3 ) - DG ' s 

by the fo rmul a b elow ( th e  c alcul atio1 1  o f  Yurkowski and 

Brockerhoff , 1 9 6 6 ) : 

1 , 2 ( 2 , 3 ) - DG ' s  1 e a  c 
= 

1x(TG 1 s) + ( 2-M� 
4 

Thi s theo r eti c al c al culation as sumes that the 2-MG ' s 

formed duri ng p ancr eati c l i p a s e  hydrolysi s are  representat-

ive of the F A ' s at po si tion 2 i n  the origi nal TG 1 s . 

In a simi l ar manne� the F A  compo si tion o f  1 , 3 - DG 1 s , 

fo rmed during the d e acyl ation o f  the o ri ginal TG 1 s  with a 

Grignard r e ag ent , c an b e  compared with the F A  compo sition 

c al cul ated for  r ypresent ati v e  1 , 3 - DG ' s .  

1 , 3 - DG ' s l e a  c 
= 

3x(TG 1 s ) - ( 2-MG 1 s ) 
2 

2 . 4 . 2 .  Hyd rolysi s o f  tri acylglyc erol s by pan creatic lipa s e . 

( Adapt ed from the method o f  Luddy et al . 1 9 6 4 ) . 

P rior to u s e  the c rud e preparati o n  of  pancreatic l i p a s e  



was extrac t ed wi th di ethyl ether according to the pro c edure 

o f  Sampugna et  al . ( 1 9 6 4 ) . 

d ri ed and sto r ed at 5° C .  

The extracted preparation was 

TG f r ac·ti on s ,  whi c h  wer e prep ared f rom mil k  f at by 

si l i cic  acid column chromatogr aphy , were digested wi th 

pancreatic l i p a s e  in a room regul at ed at 
0 

3 5- 3 7  c .  A 

suspension consi sting o f  1 m l  0 . 5 M tri s buffer ( pH 8 . 0 ) , 

0 . 1 ml 2 M C aCl 2 , 0 . 2 ml 0 . 2% ( w/v )  sodium chol a t e ,  and 

1 5  mg pancr eati c lip a s e ,  was prepared and added to a 1 0  ml 

tub e containing 6 0  mg TG 1 s d i s sol ved in 0 . 1 ml h exane . 

The tub e was p romptl y c apped and shaken fo r 7 5  s at 

maximum sp eed in a f l a s k  shaker . At the end o f  the 

reacti o n  time 1 . 5  ml c 2H50 H  was added to stop the digesti o n . 

The r e action mi xtur e was  adj usted to pH 4 with 1 M HCl and 

extr acted thr ee times with 20 ml ali quots o f  di ethyl ether . 

The di ethyl ether extr act was washed with 2 ml portions o f  

disti l l ed water until the wa shings were n eutral and then 

evapor ated to d ryn ess under vacuum . Aft e r  dissol ving the 

r e sidue in a small quantity o f  CHC1 3 the l ib er ated DG 1 s  

and MG 1 s  were i sol ated by prepar ative T . L . C .  The CHC1 3 

solution was appl i ed t o  two sili c a  gel G thin-l ayer pl ates 

impregnated with boric acid whi ch wer e  d ev el o p ed in 

hexane : di ethyl ether ( 1 : 1 , v/v ) . Lipid b and s were 
12 

vi sual i z ed by spraying wi th the dichl oro fluo s c ein reagent 

and vi ewi ng und er ul t r avi ol et light and i d enti f i ed by 

ref er enc e to marker stand ards run at the sides of the 

pl ate s . After  extraction f rom the thin-l ayer s and 
e 

r emov al of  trac es  o f  dichlorofluo�scein and boric acid a s  

d escrib ed previously ( Secti on 2 . 3 . 2 ) t h e  2-MG 1 s and 2 0 %  



o f  the 1 , 2 ( 2 , 3 ) - DG 1 s w er e  subj ected to F A  an alysi s .  The 

r emaining 1 , 2 ( 2 , 3 ) -DG 1 s were sub sequently u s ed fo r stereo

sp eci fic  analysi s . 

Wh en TG ' s  were  dig ested with p ancreati c l i p a s e  und er 

the above exp eriment al condi ti o n s  1 8- 2 5% o f  e s t er bonds 

were hyd rolysed . Sho rt r eaction times were e.mployed to 

minimi z e  acyl mi gration . 

I n  o r d er to determi n e  th e ef f ect of  the addition o f  

h exan e t o  t h e  reaction mi xtur e on the hydrol y s i s  o f  TG 1 s  by 

p ancreati c l i p as e  two 6 0  mg s ampl es of the TG f raction o f  

l o w  mol . wt . pr epared from the March s ampl e o f  milk f at 

w er e  subj ected to hydrolysis  by p ancr eatic l i p as e .  O n e  

s ampl e was digested as outl i n ed abo ve whil e t h e  o ther 

s ampl e was digested und er th e s ame conditi o n s  exc ept that 

no hexane was added . 1 , 2 ( 2 , 3 ) -DG 1 s and 2-MG 1 s  were 

i sol ated f rom the r eaction  pro ducts o f  each digestion and 

subj ect ed to FA an alysi s .  Results obtained a r e  shown i n  

T abl e 5 .  The F A  compo sitions o f  the resp ec ti v e  

1 , 2 ( 2 , 3 ) -DG 1 s  and 2-MG 1 s w e r e  simi l ar indi c a ti ng that the 

addition of hexane to the r e action mi xture did not sign

i fi c antly affect the spec i fi c i ty of pancreatic  l i p a s e  under 

the abo v e  exp eri�ental conditions . A secon d  experiment 

gave simil ar resul t s . O n  the b asi s o f  th e s e  findings it 

was d ec i d ed to add hexane to the re action mi xture o f  

sub sequent digestions ( i . e . follow the experimen t al 

d escri b ed above ) b ec ause h exan e shoul d ensur e  a homogenous 

di sper sion of TG 1 s  in t h e  r e action mixture and  would 

eliminate  any po s sibi l i ty o f  TG 1 s  exi sting i n  crystalline 

f o rm .  
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T ab l e  5 .  E f f ect o f  t h e  addition o f  hexau e ( O o l ml ) 

to the r eaction mi xtur e ( 1 . 3  ml ) on the hydrolysis o f  

the l ow mol ecul ar weight tri acylglycerol fraction o f  

the  March mil k  fat s ampl e b y  p ancr eati c lipa s e . 

F A  

4 : 0  

6 : 0  

8 : 0  

1 0 : 0  

1 0 :  1 

1 2 : 0  

1 4 : 0  

1 4 : 1  

1 5 : 0  

1 6 : 0  

1 6 :  1 

1 8 : 0  

1 8 :  1 

1 8 : 2  

F atty acid compo s i t i o n  ( mol e % )  o f  r e action 

products i solated  f o l l owing p ancreatic  l i p a s e  

hydrolysi s .  

H exan c added 

1 , 2 ( 2 , 3 ) -DG ' s  

4 o l 

1 3 . 9  

0 . 9  

1 . 7  

27 . 8  

1 0 1 

6 . 0  

1 2 .  1 ,  

0 . 5  

1 00 . 0  

2-HG 1 s  

1 o 7 

8 0 1 

0 . 6  

8 . 8  

2 3 . 7  

2 . 1  

2 . 8  

3 3 o 3  

2 . 2  

3 o 9  

1 2 . 3  

0 . 6  

1 0 0 . 1 

No h exane added 

1 , 2 ( 2 , 3 ) - DG ' s  

2 1 . 8  

6 . 3 

1 - 7  

3 o 7  

0 . 3 

4 o 1 

1 3 . 2  

0 . 9  

1 - 4  

2 6 . 1  

1 . 8  

5 . 8  

1 2 . 8  

9 9 o 9  

2 -MG ' s 

l o 8  

8 . 3  

0 . 3  

8 . 4  

2 3 . 5  

2 . 0  

2 o 4  

3 2 . 7  

2 o l 

4 . 2  

1 3 . 6 

0 . 8 

1 0 0 . 1  



Deacyl ation o f  tri acylglyc crol s by a Grignard 

r e agen t .  

( a )  Tri acylglyc ero l fractions of high mol ecul ar weight 

Initi ally a so lution o f  c 2H5MgBr was p r ep ared . 0 . 4 ml 

c 2H 5B r  was ad d ed to a 2 5  ml gl ass- stoppered fl ask con

t ai ni ng 1 8 0  mg Mg turning s ,  5 ml dry di ethyl ether , and a 

small r 2  crystal . A conden s er and d rying tub e were 

promptl y attached to the fl ask . Approxima t el y  3 0  s after 

the addition o f  c 2H5B r  the iodine col our di s appeared and 

a spontan eous r eaction o c curred which resul t ed in the 

f o rmation o f  a 1 M solution o f  c2H5MgBr . 

6 0  mg o f  a high mol . wt . fraction o f  mi l k  TG 1 s  

d i s so l v ed in 3 ml dry di ethyl eth er was sh aken rapidly 

wi th a f l ask shaker . 0 . 5 ml of  the f reshly prepared 

c 2H 5MgB r soluti on was add ed to the shaking f l a sk .  The 

deacyl ation of TG 1 s  was stopped after 40 s by the addi tion 

of 0 . 0 6 ml gl aci al ac eti c acid fol l owed by 2 ml H 2 0 .  The 

r eaction mixtur e  was extracted thr ee times with 20 ml 

porti o n s  of di ethyl eth er . The di ethyl ether extr act was 

washed succ essi vely wi th 3 ml H 2 0 ,  3 ml 2%  N aHco 3 , and 

3 ml H 2 0 and th e? evapo r at ed to dryness unaer vacuum . 

Aft er d i s solving the residue in a small qu anti ty o f  CHC1 3 

the 1 , 2 ( 2 , 3 ) -DG ' s and 1 , 3 - DG ' s  wer e i sol ated b y  prep ar ativ e  

T . L . C .  The CHC1 3 soluti o n  was appli ed to two sil i c a  gel G 

t hi n-l ayer pl ates impr egn ated with boric acid  whi ch were 

d ev e l o p ed in hexane : di ethyl ether ( 1 : 1 , v/v ) . After 

vi sual i z ation with t h e  dichl orofl uo��c ein s pray r e ag ent 

DG b ands  were i d enti fi ed by r ef er enc e to 1 , 3-dipalmitoyl-



glyc erol and rac- 1 , 2-di p almitoyl - sn-glyc erol run a s  

marker s . Under thes e c o nditions the 1 , 3-DG b and 

( RF 0 . 3 )  r an slightly ahead of the 1 , 2 ( 2 , 3 ) - DG b and 

( � 0 . 2 5 )  0 Af ter extraction f rom the thin-l ayers and 
. p 
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r emov al o f  traces of  di chl o ro fluo�sc ein and b o ric acid a s  

d e scri b ed previously ( S ec ti on 2 . 3 . �) the 1 , 3 - DG ' s and 

2 0% of th e 1 , 2 ( 2 , 3 ) - DG ' s  w ere subj ected to F A  anal y si s .  

The r emai ning 1 , 2 ( 2 , 3 ) - DG ' s w er e  sub sequently u s ed for  

stereo specific an alysi s .  

R esul ts  o f  F A  an al y s e s  whi ch are presen t ed in  the 

ch apt e r  on  Resul ts  ( S ection 3 . 2 . 3 . ) show tha t  for each 

high mol . wt . f r acti o n  of mi lk TG 1 s  the FA compo sition o f  

1 , 2 ( 2 , 3 ) - DG ' s  i sol at ed f rom t h e  reaction products o f  the 

d eacyl ation reac tion cl o s ely r esembl ed the F A  compo sition 

c al cul at ed for r epresent ative 1 , 2 ( 2 , 3 ) -DG ' s .  Thi s 

i ndi c at e s  that the d eacyl ati on of  high mol . wt . f r actions 

of  mi lk f at by  c 2H 5MgBr produc 8d 1 , 2 ( 2 , 3 ) - DG ' s whi ch were  

representati v e ,  withi n experiment al erro r s , o f  the  F A ' s 

p r e s ent in the o rigi n al . TG 1 s . 

( b )  T ri acylglyc erol f r actions of low mol ecul ar w�ight 

The TG f raction o f  l ow mol . wt . ,  prep a r ed f rom the 

March s runpl e o f  mil k  f at ,  was deacyl ated with c 2H 5MgBr 

and the r eacti on product s  were  separated b y  T . L . C .  using 

the proc edure outlined above . Two DG b an d s  were obtained . 

Ref e r ence to pure DG stand ards  run as markers showed th at 

the f aster-runni ng DG b and corresponded to the RF ' s  o f  

1 , 3 - DG ' s  containing o n e  sho rt-chain and o n e  long-chain F A  

and 1 , 2 ( 2 , 3 ) - DG 1 s  contai ning two long-ch ain F A ' s whil e 

the sl ower-running DG b and corresponded to the � o f  



1 , 2 ( 2 , 3 ) -DG ' s cont aining o n e  sho rt-chain and o n e  l ong-

chain F A .  Consequentl y th e 1 , 2 ( 2 ; 3 ) -DG ' s fo rmed by the 

d eacyl ation re action wer e not s eparat ed from the 1 , 3 - DG ' s 

by  the s e  chromatogr aphic co ndi tions . 

In an attempt to o v ercome thi s probl em o f  separ ation 

conti nuous d evelopment o f  thin-l ayers was c ar r i ed out 

acco rding to th e proc edure of B ennett and Heftm an ( 1 9 6 3 ) .  

An ali quo t o f  the produc t s  o f  the above deacyl ation reaction 

was appl i ed to a sil i c a  g el G thin-l ayer pl a t e  impregnated 

with boric  aci d .  A trough o f  aluminium foil  was attached 

to the top o f  the pl at e and f il l ed wi th sil i c a  g el G .  The 

pl ate was then d eveloped at 2 0° C fo r 3� h in b en z ene : dry 

di ethyl ether ( 9 4 : 6 , v/v ) . Under these co nditions three DG 

b and s ,  whi ch o verl apped slightl y ,  were obt a i n ed . By 

r ef erenc e to pur e DG standards run as markers  the b ands 

were i d entifi ed in  d ec r e a sing o rder of RF values a s ;  

1 , 2 ( 2 , 3 ) -DG ' s containing two l ong-chain F A ' s ,  1 , 3 - DG 1 s  

containing one short chain and one long-ch a i n  F A ,  and 

1 , 2 ( 2 , 3 ) -DG ' s containing one short-chain and one l ong-

chain F A .  The thr ee DG band s were r ecovered a s  d escri b ed 

previ ously ( Section 2 . 3 . 2 . ) , the two 1 , 2 ( 2 , 3 ) -DG b ands 

pool ed , and the FA compo sitions o f  the 1 , 2 ( 2 , 3 ) - DG ' s and 

1 , 3 - DG ' s d et ermin ed . The r esul t s  are given in  T abl e 6 

together with F A  compo si tions o f  1 , 2 ( 2 , 3 ) - DG and 2-MG 

produc t s  o f  pancreati c l i p a s e  hyd rolysis ( se e  T abl e 5 )  and 

F A  comp o si tions c al cul a t ed for r epresent ative 1 , 2 ( 2 , 3 ) -DG ' s 

and 1 , 3 - DG 1 s . A comp ari son o f  the F A  compo sitions o f  the 

respective 1 , 2 ( 2 , 3 ) - DG ' s showed that the 1 , 2 ( 2 , 3 ) - DG ' s  

i so l ated from the Grignard r eaction contain ed l ower 
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T ab l e  6 .  F atty acid  compo si ti ons o f  the r eaction 
produc t s  i sol ated aft er the d eacyl ati o n  o f  the low 
mol ecul a r  weight tri acyl gl y c erol fraction o f  the March 
mi l k  f at s ampl e by two di f f eren t metho d s . 

F A  

4 : 0  

6 : 0  

8 : 0  

1 0 : 0  

1 0 : 1 

1 2 : 0  

1 4 : 0  

1 4 :  1 

1 5 : 0  

1 6 : 0  

1 6 :  1 

1 7 : 0  

1 8 : 0  

1 8 : 1 

1 8 : 2 

1 8 : 3  

TG 1 s  

Ori g .  

2 3 . 5  

6 . 7  

2 . 0  

2 . 9  

0 . 4  

3 . 6  

1 0 . 3  

1 0 0 

1 0 4 

2 4 . 0  

1 o 7  

0 . 6  

7 . 4  

1 3 . 5  

0 . 6  

0 . 5  

1 0 0 . 1 

F atty acid  c ompo si ti o n  ( mol e % )  

2-MG 1 s  

a Exp . 

1 . 7  
8 0 1 

0 . 6  

8 . 8  

2 3 . 7  

2 0 1 

2 . 8  

3 3 . 3  

2 . 2 

3 . 9  

1 2 . 3  

0 . 6  

1 00 . 1 

1 , 3 - DG ' s  

b C al c . Exp . 

3 5 . 2  2 8 . 1  

1 0 . 1 6 . 8  

2 . 2 

0 . 3 

0 . 3  

1 0 0 

3 . 6  

0 . 5 

0 . 7  

1 9 . 3  

1 o 5  

0 . 9  

9 . 2  

1 4 . 1 

0 . 6 

0 . 8 

3 . 3  

6 . 2  

0 . 5 

5 . 6 

9 . 3  

0 . 7  

1 o 5  

1 9 . 4  

0 . 8  

7 0 1 

1 0 . 3 

0 . 5  

1 00 . 3  1 0 0 . 1 

1 , 2 ( 2 , 3)- DG ' s  

C alc . 

1 7 . 6 

5 . 0  

1 . 9  

4 . 2  

0 . 5 

4 . 9  

1 3 . 8  

1 o 3  

1 . 8  

2 6 . 2  

1 . 8  

o . s 
6 . 5  

1 3 . 2 

0 . 6  

0 . 4 

a b Exp . Exp . 

4 o l 

1 3 . 9  

0 . 9  

1 . 7 

27 . 8  

1 o l  

2 . 9 

1 2 . 9  

1 . 0 

1 . 6 

2 8 . 4  

1 . 6  

7 . 2  

1 5 . 1 

0 . 6  

1 0 0 . 2 1 0 0 . 0  1 0 0 . 1 

a r eaction product s  i sol ated after hydrolysi s o f  the 

tri acylglycerol s ampl e by p ancreatic l i p as e .  

b
r eaction products isol ated after d eacyl ation of  the 

tri acylglycerol s ampl e by a Grignard r eagent . 
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proportio n s  o f  1 0 : 0  and 1 2 : 0  than either the 1 , 2 ( 2 , 3 ) - DG 1 s 

fo rmed by pancreatic l i p a s e  hydrol y si s  or th e c al cul ated 

1 , 2 ( 2 , 3 ) -DG ' :::; . On the o th er h and the F A  compo sition o f  

1 , 3 - DG 1 s i so l ated from t h e  Grign ard reaction d evi ated from 

that c al cul ated for r ep r e s ent a t i � e  1 , 3 - DG 1 s i n  that i t  

cont ain ed l es s er proporti ons o f  4 : 0 , 6 : 0  and 1 8 : 1  and 

greater proportions of 1 0 : 0 , 1 2 : 0  and 1 4 : 0 .  I t  i s  cl ear 

from t h e  abo v e  r e sul t s  th at , al though r epr e s entative 

1 , 2 ( 2 , 3 ) - DG 1 s m ay b e  pro duced by the  Grignard deacyl ation , 

the 1 , 3 - DG b aud was not quanti t atively separated f rom the 

1 , 2 ( 2 , 3 ) - DG b an d s  und er the above chromatogr aphic condit-

ions . Consequently i t  was  d ecided to prep a r e  th e 

1 , 2 ( 2 , 3 ) - DG 1 s f o r  the ster eo specific analy s e s  o f  TG 

fracti o n s  o f  l o w and m e d i wn mol . v1t . by pan c r e ati c l i p ase  

hydrol y s i s  even though the r esul ts  i n  Tabl e 6 showed that 

the F A  compo siti on of 1 , 2 ( 2 , 3 ) ·-DG 1 s prepar ed in this 

m anner f rom th e low mol . wt . TG f r action o f  the March mi l k  

fat  s ampl e devi ated sl ightl y  f rom that cal cul at ed fo r 

represen t ative 1 , 2 ( 2 , 3 ) - DG 1 s .  

2 . 4 . 4 .  P r epa ration of pho spho l ipi d s  

6- 8 m g  o f  1 � 2 ( 2 , 3 ) - DG ' s dissolved in 0 . 5  m l  ethanol-

0 f r e e  CHcl 3 wer e added sl owly at 0 C to a 5 ml round-

bottomed fl ask cont ai ning 0 . 5  ml ethanol - f r ee CHcl 3 , 0 . 5 ml 

pyridine and 0 . 1 ml phenyl dichl oropho sphat e .  The r eactio n  

mi xture was  stood at r o om t emper atur e ( about 2 0° C )  i n  a 

sto p p er ed fl ask for 2 h during which time the f l ask was 

o cc asionally swi rl ed . At the end o f  th e r eaction time 

the f l ask was pl ac ed ·  in i c e  and 2 ml pyridine  foll owed by 
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1 5  ml CH30H,  1 2 . 5 ml 

H 2 0 ,  1 5  ml CHC1 3 and 0 . 5  ml tri ethyl amine were then 

add ed . The mi xtu r e w a s  shaken and the chl o r o f o rm l ayer 

recovered and ev apo rated to d ryn es s ,  under vacuum , b elow 

N1al ysi s of  t h e  r e action products by T . L . C .  showed 

that 1 , 2 ( 2 , 3 ) -P L 1 s  had b e en f o rmed in good yield and only 

traces of  un r e a c t e d  1 J 2 ( 2 , 3 ) - DG 1 s  were pr esent . 

2 . 4 . 5 .  Hyd rolysi s o f  pho spho l ipi d s  by pho sphol ipa s e  A2 • 

1 ml di ethyl ether , 0 . 1 ml 0 . 2  M CaCl 2 , 1 0  ml 0 . 1 M 

tri ethyl ammoni um b i c arbon a t e  ( p r epared by bubbl i ng C0 2 

through 0 . 1 M tri ethyl ami n e  until a pH o f  7 . 0  w a s  o btained ) 

and 1 mg snake venom ( Oph.ioph agus hann ah ) were add ed to a 

2 0  ml gl ass- stoppered coni c al fl ask containing the 

1 , 2 ( 2 , 3 ) -P L ' s .  After t h e  r eaction mi xtur e h ad been 

gently s ·tirred overnight 1 0  ml i scbutanol was added and the 

· t t d t d d b elow 3 5° C ,  m1 x u r e  evapo r a - e o ryn e s s ,  u n  e r  vacuum , 

with the aid o f  small vo l wnes o f  absolute eth anol : 

b en z ene ( 1 : 1 , v/v ) . Th e r esidue was dissol ved i n  a small 

quanti ty of CHC1 3 : cH 3 0 H  ( 2 :  1 ,  v/v ) , a drop o f  acetic  acid 

added , and the re action pro duc t s  were i sol ated by prepar at

i ve T . L . C .  The solutio n  was appl i ed to a sil i c a  gel G 

thin-l ayer pl ate impr egn a t ed with boric acid which was 

d evel o p ed i n  hexane : di ethyl ether ( 1 : 1 , v/v ) . After  
e 

vi suali zati o n  wi ·th dichl o r o fl uo r_.<sc ei n  spray r e agen t  th� 
F A  b and was  extracted a s  d esc ri bed previousl y ( Section 

2 . 3 . 2 . ) . The band at the o rigin , whi ch contai ned a 

mixtu r e  o f  1 - P L ' s  and 2 , 3 - P L ' s was extracted four times ,  
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twi c e  with 3 0  ml portions o f  CHC1 3 : cH3 0H : H 2 0 ( 2 0 : 1 0 : 1 ,  

v/v/v )  and twi c e  with 3 0  ml p o rtions  o f  CHC1 3 : cH 3 0H : H2 0 

( 1 5 : 1 5 : 1 ,  v/ v/v ) . Af t e r evapo r atio n to dryness und er 

vacuum the mi xture o f  1 -P L ' s  and 2 , 3-P L ' s  was redi s solved 

in  a sm all qu anti ty o f  CHC1 3 : cii3 oH  ( 2 : 1 v/v )  and r e appl i ed 

to a sil i c a  g e l  G th in-l ayer pl a t e ,  which was d eveloped in  

CHC1 3 : cH3 0J l : 1 4 M NH3 ( 8 0 : 2 0 : 2 , v/ v/ v ) . The pho spho l i pi d  

b an d s  wer e i d enti fied l>y spr aying the ou tsid e  inch o n  both 

si d e s o f  the thi n-l ay er wi th the pho sphate est er spray .  

Und er the abo v e  chromat o g r a p h i c condi tions b and s c o ntaining 

1 -P L ' s and 2 , 3 - P L ' s  had RF v al u e s  of 0 . 1 and 0 . 5  r e spective

ly . After d et ection the 1 - P L ' s  and 2 , 3-P L ' s  were recovered 

as d escrib ed above for the origin b and and their r e spectiv e  

F A  comp o sitions were d etermi n ed . The F A ' s o f  the  r ec o v er ed 

F A  b and wer e conv erted to methyl ester s ,  by r efl uxing wi th 

m ethanol containing 1 4 % ( w/v )  bo ron tri fluori d e  for 2-3 

min , and anal y s ed by G . L . C . Th e r esul t ant F A  compo sition 

was no t stri c tl y  r epresentati v e  o f  F A ' s at po sition 2 in 

the origi n al TG ' s  b ec au s e  sho rt-chain F A ' s were l o st during 

the extracti o n  proc edur e .  However the analysi s was  useful 

for comparison with the F A  compo sition o f  2-MG ' s  fo rmed 

during p an c r e ati c l i p a s e  hyd ro l y si s . 



Chapter 3 .  

RESULTS 

Section 3 . 1 . Sel ection and fraction ation o f  sampl es  o f  

milk fat . 

3 . 1 . 1 .  Sel ection  of  sampl es of mil k  fat for  detai l ed 

study o f  tri acylglyc erol structure . 

As di scu ssed in the introduction ( Section 1 . 2 . 3 . ) 

there o ccur m arked and regul ar seasonal fluctuations  in 

the constituent F A ' s of New Z eal and milk fat . I t  was  

7 4 .  

consid ered that the eff ect o f  thi s seasonal vari ation  o f  

the F A ' s o n  the structure of  TG 1 s  o f  milk fat could b e  

best studi ed by : 

{ i ) sel ecting sampl es o f  mi lk  fat which exhibi ted 

l arge differenc es in thei r respecti ve FA  compo siti ons ,  

( ii ) sel ecting sampl �s o f  milk  fat with simil ar  F A  

compo si tions which were produc ed at different stages o f  

the d airying season . 

Accordingly the F A  compo sitions of  the milk f at 

sampl es coll ected from the Massey University No . 2 herd 
I 

were d etermined . With the avail ability of  this data  

three s ampl es were sel ected for detailed study o f  TG 

structure .  The two milk  fat s ampl es which showed the 

greatest difference in thei r respective F A  compositions 

were sel ected , one from the month of September { spring ) 



Tabl e 7 .  F atty acid compo sitions o f  the thre e  

sampl es o f  mil k  f at sel ected f o r  detailed analysi s of  

tri acylglycerol structure .  

F atty acid compo sition (mole % )  

F A September J anuary March 
( 4-9-69 ) ( 1 4- 1-7 0 )  ( 1 2 - 3- 7 0 )  

4 : 0  1 2 . 0 9 - 7  1 0 . 0 

6 : 0  4 . 5  4 - 5  4 . 6  

8 : 0  2 . 3  2 . 2 2 . 3  

1 0 : 0  4 . 2 4 . 2  4 . 2 

1 0 :  1 0 . 3  0 . 4  0 . 3  

1 2 : 0 4 . 0 4 . 1 3 . 9 

1 4 : 0  1 0 . 9  1 1 . 5  1 0 . 9  

1 4 : 1 0 . 8  1 . 2  1 .  1 

1 5 : 0  1 o 4  1 o 7 1 . 6 

1 6 : 0  2 2 . 1 2 7  0 6 -- 2 6 . 4  

1 6 :  1 1 .  4 2 o l  1 . 9  

1 7 : 0  0 . 6 0 . 8  0 . 9 

1 8 : 0  1 3 . 1 1 0 . 1 1 1 . 5  

1 8 : 1  2 1 . 5 1 7 . 8  1 8 . 4  

1 8 : 2  0 . 7  1 . 4  1 0 1 

1 8 : 3  0 . 3 0 . 8  0 . 8  

20 : 2  0 . 2 

1 0 0 . 3 1 0 0 . 1 9 9 . 9  
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Figure 3 .  F atty aci d compo si tions o f  the September , J anuary and March 

sampl es of milk  fat . '-l 
Q\ 
• 
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F igure 4 o  G a s-l i quid chromatogram o f  the f atty aci d methyl esters o f  the S eptember s ampl e 
o f  milk f at o  

-....) 
-....) 
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and the other from the month of J anuary ( summer ) .  In 

addition a third mil k  fat sampl e from the month of  March 

was sel ected b ec ause it had a FA compo sition simi l ar to 

that of the sel ected J anuary sampl e o  

The F A  compo sitions of  the thr ee milk  f at s ampl es 

s el ected are given in Tabl e 7 . The  results presented 

are the means of duplicate determinations o I n  addition 

the proportions of the quantitati vely more important F A ' s 

i n  the sampl es are compared in graphical fo rm in  Figure 

3 and a gas-liquid chromatogram o f  the FA  methyl esters 

of the Septemb er sampl e is presented in Figure 4 o  I t  can 

b e  seen that the F A  compositions o f  the January and March 

sampl es resembl ed each other closel y  with values for 

co rresponding F A ' s ( as mol es %) varying only slightly o On 

the other hand , the FA  compo sition of the Septemb er s ampl e 

di ffered considerably from tho se  o f  the January and March 

s ampl es in  that it contained higher proportions of 4 : 0 , 

1 8 : 0  and 1 8 : 1  and a lower proportion  of  1 6 : 0 o 

3 o 1 . 2 . F.ractionation of the three  sel ected sampl es o f  

milk f at . 

The sel ected sampl es of  mil k  f at were separated into 

TG fractions of high, medium and low mol . wt . ( fractions 

A ,  B and C )  by chromatography on silicic acid columns and 

these TG f ractions were further r e solved into TG cl asses  

of  dif fering l evel s of  unsaturati o n  by  silver ion-T . L . C .  

( Figure 5 ) .  



F igure S o  Tri acylglycerol fractions and classes 

obtained from milk f at .  

high mol . wt . 
fraction 

( fraction A )  

silver ion
T . L . C .  

milk fat 

column chromatography 

on sili c i c  acid 

medium mol . wt . 
fraction 

( fraction B ) 

silver ion
T . L . C .  

low mol . wt . 
fraction 

( fraction C )  

sil ver ion
T . L . C .  

7 9 . 

saturated TG 1 s  

�rans-mono ene TG 1 s  

ci s-mono ene TG 1 s  

di ene TG 1 s  

s aturated TG 1 s  

trans-mono ene TG 1 s  

ci s-mono ene TG 1 s  

di ene TG 1 s  

saturated TG 1 s  

trans-mono ene TG 1 s  

ci s-mono ene TG 1 s  

di ene TG 1 s  

t,ri ene TG • s tri ene  TG 1 s  tri ene TG 1 s  

( a )  P roportions of  the tri acylglyc erol fractions of high ,  

medium and low mol ecul ar weight 

The proportions o f  the corresponding TG fractions 

prepared from the three s ampl es of milk  fat by silicic  acid 

column chromatography ( Tabl e 8 )  were simil ar in  that the 

TG fractions o f  Ligh mol . wt . ( fr action A ' s )  compri sed 

b etween 3 9 . 1  and 4 1 . 4% of  the s ampl es , the TG f ractions 

of medium mol . wt . ( fraction B 1 s ) comprised b etween 1 6 . 0  



8 0 . 

and 1 8 . 1% ,  · and the TG f r actions of  low mol . wt . ( fraction 

c • s )  comprised b etwe en 4 2 . 4  and 4 3 . 2% .  

T able 8 .  P roportions o f  the tri acylglycerol fractions 

o f  high, medium and low mol ecul ar weight ( fractions A ,  B 

and C )  obtained from each of  the three  s�1pl es o f  mil k  f at 

by silicic acid column chromatography . 

Proportions ( Mole % ) a 

Tri acylglyc erol Septemb er J anuary March 
fraction 

F raction A 4 0 o l 3 9 o l  4 1 . 4  

Fraction B 1 6 . 6  1 8 . 1  1 6 . 0 

F r action c 4 3 . 2  4 2 . 8  4 2 . 4  

aTri acylglyc erol fractions were weighed and converted 

to mol e  % using their respective fatty acid compo sitiond . 

( b )  Propo rtions of  the tri acylglycerol classes of di ff ering 

l evel s  of unsaturation 

The propo rtion s  of TG classes of differing degrees o f  

uns aturation,  which  were prepared from the TG fractions o f  

high , medium and low  mol . wt . by sil ver ion-T . L . C .  are  

presented in T able 9 .  The data show that the satur at ed 

TG 1 s , cis-mono ene TG 1 s  and di ene TG 1 s  were the more  

abundant component TG cl asses i�  fraction A whi l e  trans-

monoene TG 1 s  and tri ene TG 1 s  were r el atively  minor 

constituent TG cl asses . In fraction B the s atur ated TG ' s  ' 
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Tabl e 9 .  Proportion� o f  the tri acylglyc erol cl asses o f  

dif f ering l evel s  of  unsaturation prepared from the tri acyl

glycerol fractions of high , medium and low mol ecul ar weight 

( fractions A ,  B and C )  by silver ion-T . L . C .  

P roportions (mol e % ) a 

Triacylglyc erol Septemb er J anuary March 

cl a ss % F a % Mb % F a % Mb 
% Fa 

% Mb 

Fraction A 

Saturated TG 1 s  28 . 5  1 1 o 4  3 3 - 9  1 3 - 2  3 1 - 7  1 3 . 1  

Trans-mono ene TG 1 s  1 1 0  2 4 - 5  1 0 . 0  3 - 9  8 . 2  3 . 4  

Ci s-mono ene TG 1 s  28 . 4  1 1 o 4 3 1 . 3  1 2 . 2 3 2 . 8  1 3 . 6  

Di ene TG 1 s  2 1 . 5  8 . 6  1 7  0 5 6 . 8  1 7 . 5  7 . 2  

Triene TG 1 s  1 0 . 5 4 . 2  7 . 6  3 . 0  9 . 9  4 . 1 

Fraction B 

Saturated TG 1 s  4 5 . 4  7 . 6 50 . 4  9 . 1  4 9 . 1 7 . 8 
Tr ans-mono ene TG 1 s  1 0 . 1 1 . 7  7 . 2  1 . 3  6 . 2  1 . 0  

Ci s-mono ene TG 1 s  27 0 2 4 . 5  23 . 2  4 . 2  2 6 . 7  4 . 3  
Di ene TG I s  1 0 . 0 1 0 7 1 1 . 3  2 . 0  1 0 . 1 1 . 6  
Triene TG 1 s  6 . 8 1 0 1 8 . 2  1 . 5  8 . 0  1 . 3  

Fraction C 

Saturated TG 1 s  4 6 . 5  2 0 . 1 54 . 3  2 3 . 2  5 3 . 4  2 2 . 6 
Trans-monoene TG 1 s  9 . 4  4 . 0  7 . 6 3 . 2  5 . 8  2 . 4  
Ci s-monoene TG 1 s  2 8 . 2  1 2 . 1 2 5 . 3  1 0 . 8  2 6 . 5  1 1 . 2  
Di ene TG 1 s 9 . 9  4 . 3  8 . 4 3 . 6  8 . 9  3 . 8  
Triene TG 1 s  6 . 3  2 . 7  4 . 6  2 . 0  5 . 6  2 . 4  

a 
percentage in tri acylglyc erol fractio n .  

b 
percentage in mil k  fat . 
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which compri se  between 45 . 4  and 5 0 . 4% of the TG ' s  present 

in these fractions ,  were the principal TG cl ass . Cis-

mono ene TG ' s  were present in appreciable amounts but 

trans-mono ene TG 1 s , di ene TG ' s  and tri ene TG 1 s  were of 

minor quantitative importanc e . In  fraction C the 

saturated TG ' s  were again the principal constituent TG 

cl ass , compri sing between 4 6 . 5  and 54 . 3 % of  the TG ' s . 

Ci s-mono ene  TG ' s  were of considerabl e quantitati v e  

importance but trans-monoene TG 1 �  diene TG 1 s  and tri ene 

TG 1 s  were minor component TG classes . 

The proportions of  corresponding TG classes  in the 

J anuary and March sampl es of mil k fat sampl es were  

comparabl e • . In  contrast each TG fraction o f  the 

Septemb er mil k  fat sampl e contained a l esser contribution 

by s aturated . TG 1 s and a greater contribution by unsaturat eG 

TG 1 s  than the corresponding TG f ractions o f  the J �nuary 

and March mil k  fat sampl es . In each sampl e o f  mil k  f at 

the contribution by saturated TG 1 s  i ncreased i n  going from 

fraction A to fraction C and the converse appli ed fo r 

unsaturated TG 1 s . As a r esult  o f  this trend s aturated 

TG 1 s  of  low mol . wt . accounteq for more than S O%  of  the 

total saturated TG 1 s  present in each s ampl e of milk f at . 
I 

( c ) Purity o f  the triacylglyc erol cl asses of diff ering 

l evel s o f  uns aturation 

In  o rder to obtain an estimate of the purity of  tne 

TG cl asses s eparated by sil ver ion-T . L . C .  the average 

number of doubl e bonds per TG mol ecul e was c al cul ated 

from their F A  compositions ( T abl e 1 0 ) . No unsaturated F A ' s 



Tabl e 1 0 .  Degree o f  unsaturation of the tri acylglycerol 

cl asses prepared from the tri acylglycerol fractions of high , 

medium and low molecul ar wei ght ( fractions A ,  B and C ) by 

sil ver ion-T . L . C .  

T ri acylglyc erol 
c l ass 

Fraction A 

Saturated TG 1 s  

Trans-monoene TG 1 s  

Ci s-monoene TG 1 s  

Di ene TG I s  

Tri ene TG 1 s  

Fraction B 

Saturated TG ' s  

Trans-monoene TG 1 s  

.Cis-monoene TG 1 s 

Di ene TG 1 s 

Tri ene TG 1 s  

Fraction C 

Saturated TG 1 s  

Trans-mono ene TG ' s  
Cis-mono ene TG ' s  
Di ene TG I s  

Tri ene TG 1 s  

Average number of doubl e bonds per 
tri acylglyc erol mol ecul e . a 

Septemb er 

o . o 
0 . 9 5 

1 . 0 5 

1 . 9 1  

2 . 87 

o . o 
0 . 9 0 

1 .  07 

1 o 7 5  

2 . 7 6 

o . o 

0 . 94 

1 . 0 3 

1 . 8 7  
2 . 6 0 

January 

o . o 
0 . 93 

1 . 0 2  

1 . 9 0 

2 . 8 2 

o . o 
0 . 8 5 

0 . 9 8 

1 . 7 2  

2 . 6 2 

o . o 
0 . 94 

0 . 97 

1 o 7 7 

2 . 6 8 

March 

o . o 
0 . 9 1  

1 . 03 

2 . 09 

3 . 05 

o . o 
0 . 8 5  

1 . 03 

1 - 8 0 

2 . 7 2  

o . o 
0 . 8 8  

1 . 04 

1 . 8 0  

2 . 9 5 

a 
c alcul ated from the r espective fatty acid  
compo sitions . 



were  detected in any o f  the saturated TG 1 s . In all c ases  

values for  trans-monoene TG 1 s  were slightly less than unity 

suggesting that these TG classes \'>'ere c ontaminated with 

small amounts o f  satur ated TG ' s . Values for ci s-mono ene 

TG 1 s  were equal to unity,  within experimental erro r ,  

indicating n o  contillnination b y  diene  TG 1 s . T . L . C .  

an alysis of  methyl esters prepared from the constituent 

TG 1 s  of bands containing mono ene TG 1 s  showed that t�ans

mono ene TG 1 s  contained no detectabl e amounts of ol eic 

acid and that no el aidic acid could b e  detected in the 

ci s-mono ene TG 1 s , thus ruling out partial overl apping o f  

the bands containing monoene TG 1 s . With the exc eption o f  

fraction A o f  the March sampl e o f  mil k  fat , values for 

diene TG 1 s  were l ess  than two suggesting parti al contamin

ati on of these  TG classes by ci s-mono ene TG ' s . Again ,  

with the exc eption of  fraction A of  the March s ampl e of  

mil k  fat , values for  tri ene TG 1 s  were l ess than three 

whi ch suggests p artial contrunination of tri ene TG ' s  by 

diene TG 1 s . 
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Section 3 . 2 .  Composition o f  the tri acylglyc erol fractions 

of  high, medium and low 1nol ecul ar weight prepared from 

each of the three sampl es o f  mil k fat . 

3 .  2 . 1 .  Tri acylglyc erol compositions of the tri acylglyc erol 

f r actions prepared from the March sampl e o f  milk  fat . 

The TG compo sitions o f  the March sampl e o f  mil k  f at 

and the TG f r actions o f  high ,  medium and low mol . wt . 

( fractions A ,  B and C ) ,  which were prep ared from the March 

s ampl e by silicic  acid column chromatography , are given i n  

T abl e 1 1 .  In  addition gas-li quid chromatograms o f  the 

constituent TG 1 s  of these sampl es are presented in Figure 

6 and the TG compo sitions of the TG fractions are shown i n  

graphic al form i n  Figure 7 .  

Referenc e to Table 1 1  shows that the following 

mol ecul ar types of TG 1 s  all contributed appreci abl e 

amounts to the March sample o f  mil k  f at ;  c 3 4  ( 5 . 2% ) ,  c 3 6 

( 1 3 . 9% ) ,  c3 8 ( 1 7 . 2% ) , c4 0 ( 1 2 . 0% ) , c4 2  ( 6 . 3 % ) ,  c44  ( 4 . 9% ) ,  

c4 6 ( 5 . 3 % ) , c4 8 ( 7 . 2% ) ,  c 5 0 ( 9 . 6% ) , and c5 2 ( 7 . 7 % ) . In 

f raction A the more  abundant mol ecul ar types of TG 1 s ; c4 4  

( 9 . 0% ) ,  c46 ( 1 1 . 7 % ) ,  c48 ( 1 6 . 9% ) ,  c 5 0 ( 2 3 . 0% )  and c5 2  

( 1 8 . 7% ) ,  compri sed 7 9 . 3 % o f  the TG 1 s  which make up thi s 

TG fraction . The maj or mol ecul ar types of TG ' s  in f raction 

B ;  c3 8 ( 2 5 . 0% ) ,  c4 0 ( 3 3 . 3% )  and c4 2  ( 2 0 . 9% )  compri sed 

7 9 . 2% of  the TG 1 s  present . In  fraction C the two 

principal mol ecul ar types of TG ' s  were c 3 6 ( 3 1 . 3% )  and 

c 3 8 ( 3 0 . 9% ) , whi l e  c 3 4  ( 1 2 . 2% )  and c4 0 ( 1 3 . 9% )  were  o f  

considerabl e quantit ative importance . 
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Tabl e 1 1 .  Tri acylglycerol compo sitions of  the March 

sampl e of milk fat and its tri acylglycerol fractions o f  

high, medium and l ow mol ecul ar weight ( fractions A ,  B and C ) . 

Compositi on of  mol ecul ar types  of  �ri acylglycerol s 
(mol e  %) 

TGa 
· Frac�ion A 

% Fb 
% Mc 

Fraction B 

% Fb 
% Mc 

Fraction C 

% Fb 
% Mc 

2 8  

3 0 

3 2  

3 4  

3 5  

3 6 

3 7  

3 8 

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6 

47  

4 8  

49  

50  

5 1  

5 2  

53  

54  

1 . 8 

0 . 3  

5 o 2  

0 . 7  

9 . 0 

l o l  

. 1 1  0 7 

l o 6  

l 6 o 9  

l o 6  

2 3 o 0  

1 . 6  

l 8 o 7  

O o 9 

5 o 7  

O o 7  

0 0 1 

2 o 2  

0 . 3  

3 o 7 

O o 5  

4 o 8  

O o 7  

7 o 0 

0 . 7  

9 o 5  

O o 7  

7 o 7 

O o 4  

2 . 4  

9 9 . 8  4 1 . 4  

2 5 o 0  

l o 9  

3 3 o 3  

l o 3  

2 0 o 9  

1 0 0 

7 o 6  

O o 5  

3 o l  

1 . 3  

O o 6  

o . s  

4 o 0  

0 . 3  

5 o 4  

O o 2 

3 . 3  

O o 2 

1 . 2  

O o l 

O o 5  

0 . 2 

0 0 1 

99 . 9  1 6 . 0  

O o 4  0 . 2  

l o l  0 . 5  

3 . 3  

1 2 . 2  

1 . 0  

3 1 . 3  

2 . 5  

3 0 . 9  

1 . 2  

1 3 . 9 

0 . 6  

l o 6  

1 0  4 

S o l  

O o 4  

1 3 . 2  

1 0 1 

1 3 . 1  

O o 5  

5 o 9 

O o 3  

O o 7  

l OO o O  4 2 . 4  

a c arbon number o f  tri acyl gl ycero l s  
b p ercentag e  i n  tri acylgl y c erol f r acti o n  
c p er c ent age i n  mil k  f at 

Milk f at 

Rec . Orig . 

O o 2  0 . 2 

o . s  . O o 4  

1 0  4 

5 . 1 

0 . 4  

l 3 o 7  

1 0 1 

l 7 o l  

0 . 8  

l 2 a 0  

0 . 6  

6 o 2  

0 . 5  

4 . 9  

0 . 6  

5 . 3  

0 . 7  

7 . 2  

0 . 7  

9 . 6 

0 . 7  

7 . 7 

O o 4  

2 o 4  

l o 3  

4 o 4  

O o 5  

l 2 o 2 

O o 9  

l 5 o 3  

O o 8  

1 2 o 4  

O o 7  

6 . 9  

0 . 4  

5 . 6  

0 . 4  

5 o 6  

0 . 6 

7 . 9 

0 . 8  

l 0 o 4  

O o 9  

8 o l  

O o 5  

2 . 9  

9 9 . 8  l OO o l  
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Figure 6 .  Gas-l iquid chromatograms of the 
tri acylglycerol s of the March s ampl e of milk fat and its 
tri acylglyc erol fractions of high , medium and low 
mol ecul ar weight . 
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I t  is  evident f rom the data presented in Tabl e 1 1  and 

Figure 7 that the March sillnple  of mil k  f at was eff ectively 

separated into thr ee  TG fractions on the basi s of mol . wt . 

The m6l ecul ar types of TG 1 s  c4 6 to c 54 were conc entrated 

almost exclusively in fraction A,  the mol ecul ar types c 2 8  

to c3 6 were conc entrated almost exclusively in  fraction C 

whil e  fraction B contained the greatest proportions o f  the 

mol ecul ar types c4 0  and c42 " The average mol . wt . 

( calcul ated from TG compositions )  of  the total March s ampl e 

and fractions A ,  B and C prepared from it were respecti vely ; 

7 3 4 ,  8 1 4 ,  7 0 2 and 6 5 2 .  These values provided additional 

evidence o f  the eff ectiveness of the fractionation proc ed-

ure .  

3 . 2 . 2 . F atty acid compo sitions of the tri acylglycerol 

fractions of high, medium and low mol ecular weight . •  

The F A  composi tions of the TG fractions of high , 

medium and low mol . wt . ( fractions A,  B and C ) ,  which were 

prepared from each of the thr ee sampl es  of milk  fat by 

silicic acid column chromatography , are given in Tabl es 

1 2 ,  1 3  and 1 4 .  The results shown are the means o f  

duplicate determinations . A graphical representation 

of  the more abund ant F A ' s in the three TG fractions o f  the 

March sampl e o f mil k  f at is  presented in Figure 8 .  

An inspection of Tables 1 2 ,  1 3  and 1 4  shows that 

for each sampl e of mil k  fat the FA compo sition reconstructed 

f rom the proportions o f  FA ' s in the respective TG 

fractions cl osely re.sembl ed the F A  composi tion d et ermined 



T abl e 1 2 . Fatty acid compo si tions of  the tri acylglycerol f ractions of  high� medium ,  and low 
mol ecul ar weight ( f r actions A�  B and C )  obtained f rom the sampl e o f  September milk f at by silicic 
acid column chromatography . 

F atty aci d composition (mole  % )  

F A  Fraction A Fraction B Fraction C M:Llk f at 
% F a % Mb % F a % Mb % F a % Mb Rec . Orig . 

4 : 0  - - 6 , 1  1 . 0  24 . 9  1 0 . 7 1 1 0  7 1 2 . 0  
6 : 0  0 . 7 0 . 3  1 1 . 2  1 o 9  6 0 1 2 . 6  4 . 8  4 . 5  
8 : 0  1 o 7  0 . 7  4 . 9  0 . 8 2 . 1 0 . 9  2 o 4  2 . 3  

1 0 : 0  4 o 1 1 . 6  6 . 2  1 . 0  3 o 5  1 o 5  4 0 1 4 . 2  
1 0 : 1 - - O o 6  0 . 1 O o 4  0 . 2 0 . 3 0 . 3  
1 2 : 0 4 . 1 1 . 6  3 o 9 0 . 6  3 . 7 1 . 6  3 . 8 4 . 0  
1 4 : 0  1 1 . 5  4 o 6  1 0 o 2 1 o 7  1 0 . 5 4 o 5  1 0 o 8 1 0 . 9  
1 4 : 1  0 . 9  O o 4  O o 8 0 0 1 O o 6 O o 3 O o 8 O o 8  
1 5 : 0  1 . 6  0 . 6  1 . 2  0 . 2 1 . 1  0 . 5 1 o 3  1 0 4 . 
1 6 : 0  2 3 . 2  9 . 3  2 1 . 7  3 . 7  2 0 o 2 8 . 7 2 1 . 7 2 2 . 1 
1 6 : 1  1 . 7  0 . 7 1 0 1 O o 2 1 o 2  O o 5 1 0 4 1 0 4 
1 7 : 0  0 . 9  0 . 4  I 0 . 7 0 . 1  0 . 3  0 0 1 O o 6  O o 6  I 
1 8 : 0  1 7 . 5  7 o 0 1 3 . 3  2 o 2  8 o 2  3 o 5  1 2 . 7 1 3  0 1 
1 8 : 1 2 8 . 8  1 1 . 5  1 6 . 6  2 . 8  1 5 o 9 6 . 9  2 1 . 2  2 1 . 5 
1 8 : 2  2 . 0 0 . 8 0 . 8 0 0 1 1 0 1 0 . 5 1 0 4 0 . 7 
1 8 : 3  1 . 0  0 . 4  0 . 6 0 0 1 0 . 5  0 . 2 0 . 7  0 . 3  
2 0 : 2  0 . 4  0 . 2 0 . 3  o . o - - 0 . 2 0 . 2 

- -- -

1 00 0 1 4 0. 1 1 00 o 2 1 6 . 6 1 0 0 . 3  4 3 . 2  99 o 9 1 0 0 . 3 

a p ercentage i n  fraction 

bpercentage in milk fat 
\Cl 
0 

. 



T abl e 1 3 ·  F atty acid compo sitions of  the tri acylglyc erol fractions of high, medium ,  and low 
mol ecul ar weight ( fractions A,  B and C )  obtained f rom the sampl e of  J anuary milk  f at by silicic  
acid column chromatography . 

F atty aci d compo sition (mol e % )  

F A  F raction A F raction B Fraction C Milk  f at 
% F a % Mb % F a % Mb 

% F a 
% M  b Rec . O ri g .  

4 : 0  - - 0 . 5 0 0 1 2 3 . 1  9 . 9 1 0 . 0  9 o 7  
6 : 0  - - 9 . 6 1 o 7  7 o 0  3 o 0  4 o 7  4 o 5  
8 : 0  0 . 6 0 . 2 6 . 4  1 0 2 1 o 8  0 . 8 2 o 2 2 o 2  

1 0 : 0 3 . 7 1 . 4  8 . 7  1 o 6 3 o 0  1 o 3 4 o 3 4 o 2  
1 0 : 1 - - 0 . 9  0 . 2 0 . 5 O o 2 O o 4  0 . 4  
1 2 : 0 4 . 3 1 o 7 5 . 2  O o 9 3 o 4  1 o 5 4 0 1 4 0 1 
1 4 : 0  1 3 . 0  5 . 1 1 1 o 7 2 0 1 1 0 . 4  4 o 4  1 1 . 6  1 1 . 5  
1 4 : 1  1 o 3 o . s 1 . 4  0 . 3  O o 8 0 . 4 1 o 2  1 . 2  
1 5 : 0  1 . 9  0 . 7  1 o 2  0 . 2  1 o 3 0 . 6  1 o 5  1 .  7 . 
1 6 : 0  3 0 . 8 1 2 . 1 27  0 8 5 . 0 24 . 4  1 0 . 4 27 0 5 27 0 6 
1 6 : 1 2 . 4  0 . 9  1 o 8  0 . 3  1 o 9  0 . 8 2 . 0  2 0 J. 
1 7 : 0  1 . 6 0 . 6  I t . O 0 . 2 O o 9  O o 4 l o 2  o . o 
1 8 : 0  1 4 . 5 5 . 7  8 o 8  1 o 6  O o 9 2 o 9 1 0 o 2 . 1 0 .  1 
1 8 :  1 2 3 . 5 9 . 2  1 3 o 4  2 o 4 1 2 o 7  5 . 4  1 7  0 0 1 7 . 8  
1 8 : 2  1 . 6  0 . 6  1 o l  O o 2 1 o 2  0 . 5  1 . 3  1 0 4 
1 8 : 3 0 . 9  0 . 4  0 . 7 0 0 1 O o 8 O o 3 O o 8 0 . 8 -- -

1 0 0 . 1 3 9 . 1  1 0 0 . 2  1 8 0 1 1 0 0 o 0 4 2 o 8  1 0 0 . 0  1 0 0 . 1 

a percentage in  fraction 

b percentage in  milk  f at \0 
,_. 



T abl e 1 4  • F atty acid compo sitions o f  the tri acylglycerol fractions of  high, medium ,  and low mol ecul ar weight ( fractions A ,  B and C )  obtained f rom the sampl e of  March milk f at by silici c  acid column chromatography . 

F atty aci d composition (mole  % )  

F A  F raction A Fraction B Fraction C Milk  f at 
% F a % Mb 

% F a % Mb 
% F a 

% M  b 
Rec , Ori g .  
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exp erimentally . 

( a ) The Septemb er sampl e o f  mil k  fat 

Fraction A of  the Septemb er sampl e contain ed no 

9 4 ·  

4 : 0  and very littl e 6 : 0  whi l e  1 4 : 0  ( 1 1 . 5% ) , 1 6 : 0  ( 2 3 . 2% ) ,  

1 8 : 0  ( 1 7 . 5% ) , and 1 8 : 1 ( 2 8 . 8 % )  together compri s ed 8 1 . 0% 

o f  the component F A ' s ( T abl e 1 2 ) . 1 8 : 0  and 1 8 : 1  together 

account ed for 3 4 . 6% of  the F A ' s in the milk f at sampl e 

and o f  thi s 1 8 . 5% ( i . e . 5 3 %  of  total 1 8 : 0  � 1 8 : 1 ) was 

conc entrated in fraction A .  I n  fraction B 6 : 0  ( 1 1 . 2% ) , 

1 4 : 0  ( 1 0 . 2% ) , 1 6 : 0  ( 2 1 . 7 % ) , 1 8 : 0  ( 1 3 . 3% )  and 1 8 : 1  ( 1 6 . 6% )  

together accounted for 7 3 . 0%  o f  the F A ' s present . 4 : 0  

( 24 . 9% ) , 1 4 : 0  ( 1 0 . 5% ) ,  1 6 : 0 ( 2 0 . 2% ) , and 1 8 : 1  ( 1 5 . 9% )  

c ompri sed 7 1 . 5% o f  the F A  constituents o f  fraction C .  The 

short-chain F A ' s ;  4 : 0 , 6 : 0  and 8 : 0 , accounted for 3 3 . 1 % 

o f  the F A ' s present in this fraction . 90% o f  4 : 0  present 

in the September sampl e was  concentrated in f r action  C .  

( b ) The J anuary sampl e o f  milk  fat 

In  fraction A of the J anuary sampl e 1 4 : 0  ( 1 3 . 0% ) ,  

1 6 : 0  ( 3 0 . £ % ) , 1 8 : 0  ( 1 4 . 5% )  and 1 8 : 1  ( 2 3 . 5% )  together 

constituted 8 1 . 8% of the F A ' s present ( Table  1 3 ) . No 

d et ectabl e amounts of 4 : 0  or 6 : 0  and only a small amount 

o f  8 : 0  were found in this TG fraction . Mo r e  than 50%  

o f  the 1 8 : 0  and 1 8 : 1  present in  the January s ampl e was  

found in f r action A .  6 : 0  ( 9 . 6% ) , 1 4 : 0  ( 1 1 . 7 % ) , 1 6 : 0  

( 27 . 8 % )  and 1 8 : 1  ( 1 3 . 4% )  compri sed 6 2 . 5% o f  the component 

F A ' s o f  f raction B .  In  f raction C 4 : 0  ( 2 3 . 1 % ) , 1 4 : 0  

( 1 0 . 4% ) ,  1 6 : 0  ( 24 . 4% )  and 1 8 : 1  ( 1 2 . 7 % )  accounted for  

7 0 . 6% o f  the  constituent F A ' s .  Together the short-chain 



F A ' s ;  4 : 0 , 6 : 0 , and 8 : 0 , contributed 3 1 . 9% of  F A ' s 

present in thi s TG fract�on . The 4 : 0  present in the 

January sample  was concentrated almo st exclusively in 

fraction C .  

( c )  The March sampl e o f  milk  fat 

9 5 . 

In the March sampl e fraction A contained no 4 : 0  and 

only small amounts of 6 : 0  and 8 : 0 while 14 : 0  ( 1 2 . 4% ) ,  

1 6 : 0  ( 2 9 . 2% ) , 1 8 : 0  ( 1 5 . 6% )  and 1 8 : 1  ( 24 . 9% )  compri sed 

8 2 � 1 %  o f  the component F A ' s ( Table  1 4 ) . Together 1 8 : 0  

and 1 8 : 1  accounted for 29 . 9% o f  the FA ' s in the s ampl e 

of  milk  fat and of  thi s 1 6 . 7 % was concentrated i n  f raction 

A .  In  fraction · B  6 : 0  ( 1 1 . 7 % ) ,  1 4 : 0  ( 1 1 . 6% ) , 1 6 : 0  ( 2 6 . 2% ) ,  

1 8 : 0  ( 9 . 8 % )  and 1 8 : 1 ( 1 5 . 1 % )  accounted for 7 4 - 4% o f  FA ' s 

present . I n  fraction C 7 1 . 3% of the F A ' s consi sted of  

4 : 0  ( 2 3 . 5% ) , 1 4 : 0  ( 1 0 . 3% ) ,  1 6 : 0 ( 24 . 0% )  and 1 8 : 1  ( 1 3 . 5% ) . 

Together the short-chain F A ' s ;  4 : 0 , 6 : 0  and 8 : 0  accounted 

for 3 2 . 2% of the FA ' s present in this TG fraction . The 

4 : 0  present in the sampl e of milk fat was again concentrated 

almost exclusi vely in fraction  C .  

( d )  Comparison of the Septemb er, J anuary and March sampl es 

of  mil k  fat 

From the above d escri ptio n  it is  evident that 

corresponding TG fractions contai ned the s ame maj or  F A ' s .  

In  the TG fractions o f  high mol . wt . ( fraction A ' s )  the 

maj or  constituent FA ' s were 1 4 : 0 , 1 6 : 0 , 1 8 : 0  and 1 8 : 1 ; in 

the TG fractions of medium mol . wt . ( fraction: B ' s )  6 : 0 , 

1 4 : 0 , 1 6 : 0 , 1 8 : 0  and 1 8 : 1  made l arge contributions to the 

total F A ' s ;  and the - maj or F A  components in  the TG 



fractio ns of  low mol . wt . ( fraction C 1 s ) wer e 4 : 0 , 1 4 : 0 , 

1 6 : 0  and 1 8 : 1 . 

Tabl es 1 2 ,  1 3  and 1 4  show that the di stribution o f  

F A ' s i n  the three TG f r actions of  diff ering mol . wt . was 

simil ar for each of the thr ee sampl es of  milk  fat . 4 : 0  

occurred almo st exclusi vely in fraction C 1 s with the 

exc eption of the Septemb er sampl e where it compri sed 6%  

of the  total F A ' s in  fraction B .  Values o f  6 : 0 , 8 : 0  

9 6 .  

and 1 0 : 0  (mol e % )  were greatest in fraction B .  In the 

J anuary and March sampl es the proportions o f  1 4 : 0  

d ec reased from fraction  A to fraction C but i n  the 

September sampl e the propo rtions of 1 4 : 0  in fr actions B 

and C wer e 1 0 . 2% and 1 0 . 5% respectively . I n  each o f  the 

three sampl es proportions for 1 6 : 0  decreased from fraction 

A to fraction C .  1 8 : 0  showed a simil ar but greater 

d ecrease from fraction A to fraction C whi l e  the proport

ions o f  1 8 : 1  in each fraction A was consid erably greater 

than those  in the respective fractions B and C .  

As noted previously C Section 3 . 1 . 1 . )  the J anuary and 

March s amples of milk  fat had similar FA compo sitions 

which  di ffered from the F A  compo sition of the Sept ember 

s ampl e in that the September sampl e contained greater 

proportions of 4 : 0 , 1 8 : 0  and 1 8 : 1  and a l e sser proportion 

of 1 6 : 0  ( Table  7 ) . These  simil ariti es and differences 

in FA compositions were,  in general , reflected in the F A  

compo sitions o f  the TG f ractions of  differing mol . wt . 

prepared from each of  the three sampl es o f  milk f at 

( Tabl es 1 2 , 1 3 and 1 4 ) .  Fraction A of  the September 

s ampl e contained higher proportions of 1 8 : 0  and 1 8 : 1  and 
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a lower proportion of 1 6 : 0  than the A fractions o f  the 

J anuary and March sampl es ,  fraction B of the September 

s ampl e hau higher proportions o f  4 : 0  and 1 8 : 0  and a lower 

proportion of 1 6 : 0  than the J anuary and March B fractions,  

and fraction C o f  the September sampl e contained higher 

proportions of 4 : 0  and 1 8 : 1  and a lower propo rtion o f  1 6 : 0  

than the C fractions of  the J anuary and March  s ampl e s .  

In  addi tion to the above diff erences in the proportions 

of F A ' s between corresponding TG fractions mo st  of  the 

o ther more  abundant F A ' s in the B fractions varied 

slightly b etween the respective fraction B 1 s . 

These findings suggest that,  in the mai n ,  the entire  

mol . wt . r ange of  TG 1 s  present in  milk  fat i s  influenced 

by  changes in the FA compo sition of  milk fat . Furthermore,  

mil k  fat  s ampl es of  simil ar F A  compo sition contain TG 

fractions of comparabl e mol . wt . which have simil ar FA  

compo sitions . 

Tabl e 1 5  shows the average mol . wt . of  the component 

F A ' s o f  each sample  o f  mil k  f at and each TG fr action . 

Values o f  2 5 6- 257 , 2 24- 2 2 6 ,  and 2 0 0- 2 0 2  were obtained for 

the A f ractions,  the B f ractions and the C f ractions 

r espectivel y .  Thus i t  i s  evident that the A fractions 
' 

contained TG 1 s  which possessed on average six c arbons 

more than TG ' s  of the B f r actions and 1 2  c arbons more  

than TG 1 s  o f  the C fractions . Despite the di fference 

b etween the FA  compositions of the September s ampl e and' 

its TG fractions , on the one hand , and the F A  compositions 

of the J anuary and March s ampl es and their TG fractions , 

on the other , it i s  clear that the three s ampl es of  mil k  
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fat  and the corresponding TG f ractions consi sted o f  FA ' s 

which had closely simila� average mol . wts . 

Table_l1 o  The average mol ecul ar weight o f  the fatty 

acid constituents of each s ampl e  of milk fat and each 

tri acylglyc erol fraction o 

Average mol ecul ar weight a 

Septemb er J anuary March 

Mil k  fat 2 2 7  2 29 2 2 9  

fraction A 2 5 6 2 57 2 57  

fraction B 2 2 4  226  224  

fraction c 2 0 2  200  2 0 2  

a c alcul ated from the respective fatty acid 

compositions . 

3 o 2 o 3 o  Stereospecific analysi s o f  the tri acylglyc erol 

fractions of high, medium and low mol ecul ar weight . 

The TG f ractions o f  high , medium and low mol o wt o 
. 

( fractions A,  B and C ) ,  which were prepared from e ach of  

the  thre e  sampl es o f  milk  f at by silicic acid column 

chromatography , were subj ected to stereo speci fi c  analysi s o  

The results obtained are shown in  Tabl es 1 6  to 24 o 

Included in the Tabl es are the F A  compositions o f  ( i ) the 

original TG ' s , ( ii )  the 1 , 2 ( 2 , 3 ) -DG ' s , 1 , 3- DG ' s and 2-MG ' s 

i sol ated from the reacti on  products following d eacylation 
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o f  the TG s ample s ,  ( iii ) the 2 , 3-P L ' s  and 1 -P L ' s  isol ated 

from the reaction products after the digestion o f  

1 , 2 ( 2 , 3 ) -PL ' s  with phospholipase A2 , ( i v )  the 1 , 2 ( 2 , 3 ) - DG ' s  

and 1 , 3-DG ' s  determined by calcul ation,  and ( v )  position 

3 determined by  two diff erent c alcul ations o 

( a ) Accuracy of  the stereospeci fic analyses 

For the results of  the stereo specific analysis to b e  

quanti tati vely correct the 1 , 2 ( 2 , 3 ) -DG ' s  formed a s  inter-

mediates during the first step of the analysi s must b e  

representative o f  the FA ' s present in  the original TG 1 s  

( Section 2 o 4 o 1 o ) .  

Data present ed in Tabl es 1 6 ,  1 7  and 1 8  show that f o r  

each TG fraction of  high mol o wt o ( fr action A )  the F A  

composition o f  the 1 , 2 ( 2 , 3 ) -DG ' s , prepared by deacyl ation  

of TG 1 s  with a Grignard reagent , was  simil ar to  the FA  

composition determined for  the 1 , 2 ( 2 , 3 ) -DG ' s  by  c al cul ation . 

Thi s would suggest that 1 , 2 ( 2 , 3 ) -DG ' s  determined experiment-

ally were repres entati ve of the F A ' s pr esent in the 

original TG 1 s . Furthermo� e,  it was  found that for  each 

f raction A the FA compo sitions of the 1 , 3- DG ' s obtained 

experimentally d eviated slightly f rom the FA  compo sition  

d etermined for  the 1 , 3-DG ' s by c al cul ation o However the 

differences b etween each set o f  F A  composi tions did not 

indicate that the 1 , 3-DG ' s obtained experimentally were 

partially contaminated with 1 , 2 ( 2 , 3 ) -DG ' s . 

Data obtained for  TG fractions  o f  medium and low mol o 

wt o ( fractions B and C )  which i s  p r esented in T abl es 1 9  to 

2 4  showed that for each TG fraction  the FA compo sition o f  
L I BRARY 

MASSEY UNIVE�ITY 



the 1 , 2 ( 2 , 3 ) - DG ' s , prepared by dige�tion of TG ' s  with 

pancreati c lipase,  devi ated to some extent from the F A  

compo sition  determined by c al cul ation . In each case  

the proportions of 4 : 0  and 6 : 0  obtained by c al cul ation 

wer e 1 0- 2 0%  lower . This would suggest that the 

1 , 2 ( 2 , 3 ) -DG ' s obtained experimentally were not strictly 

representative of the constituent F A ' s of  the original 

TG 1 s . 

A further check of  the accuracy o f  each stereo

specific analysis may be  obtained by comparing the two 

F A  compositions determined for  po sition 3 .  Both F A  

compo sitions were d etermined indirectly by c al cul ation 

1 0 0 .  

and the n ature o f  the c al cul ations magnifi ed the experiment-

al error s .  Consequently some vari ation in the two sets 

of  data would b e  expected and in each stereospecific  

3nalysis it  was  found that these two FA  compositions 

varied appreci ably . However , the uncertainty introduc ed 

into thi s aspect o f  the stereospeci fic analysi s did not 

prevent valid quali tati ve compari son between the di stri

bution of . F A ' s in positions 1 ,  2 and 3 of  TG ' s . 

( b ) The arrangement of f atty acids  in positions 1 ,  2 and 

3 o f  the triacylglyc ero l s  o f  high molecul ar weight 

The simil ariti es b etween the FA compositions o f  the 

A fractions of  the J anuary and March sampl es ( Section 

3 . 2 . 2 . ) were reflected in the F A  compositions of positions 

1 ,  2 and 3 of  their constituent TG 1 s  with corresponding 

po sitions in each fraction  h aving similar FA composi tions 

( Tabl es 17  and 1 8 ) .  Furthermore the di fferenc es in  the 



Tabl e 1 6 . Stereospecific  analysi s o f  the tri acylgl yc erol fraction of  high mol ecul ar weight ( fraction AJ obtained f rom the sampl e of September milk f at by silicic  acid column chromatography . 

F A  

6 : 0  
8 : 0  

1 0 : 0  
1 2 : 0  
1 4 : 0  
1 4 : 1 
1 5 : 0  
1 6 : 0  
1 6 : 1  
1 7 : 0  
1 8 : 0  
1 8 : 1 
1 8 : 2  
1 8 : 3  
2 0 : 2  

F atty aci d compo sition (mol e % )  

TG 1 s  1 , 3-DG ' s  1 , 2 ( 2 , 3 ) -DG ' s 2 , 3-PL ' s  Orig . Exp . Cal c . Exp o Calc o 
0 . 7  0 . 2 1 o 0 l o O  0 . 5 1 0 0 
l o 7  l o O  2 . 3  l o 2  l o 4  l o 7  4 . 1 4 o 2 4 o 6  3 o 6  3 . 9  5 o 4  4 o l 3 o 5  3 o 7 4 o 2  4 o 3  4 o 6 

l l o 5  8 o 2  7 o 7  l 3 o 4  l 3 o 4 l 3 o 9  o .  9 . 0 . 8 1 0 1. O o 9  O o 8 l o O  1 . 6  l o 4  l o 7 l o 5  1 . 6  l o 2  2 3 . 2  1 8 . 7  1 6 . 7  2 6 o 3  2 6 . 4  2 3 . 8  
l o 7  l o 4  l o 8  1 0 8 1 . 7  1 . 6  O o 9 1 o 7  1 0 1 O o 7  0 . 8 O o 6 

1 7 . 5  2 2 . 5  2 l o 4  1 5 o 8  l 5 o 5 l 5 o 4 2 8 o 8  3 4 o 3  3 2 . 4  2 8 . 2  2 7 o 0  2 8 . 1 2 . 0 1 . 4  2 . 6  I 1 o 3  1 o 7  1 . 6  I 
1 0 0 0 . 6  l o 5  - 0 . 7  -0 . 4  - O o 6  - O o 3  -

- -- -- --

1 00 . 1 9 9 . 9  1 00 . 2 9 9 . 9  l OO o O  9 9 o 9  

aposi tion rel ative to sn - glycerol 3- phosphate 
b 2x( 2 , 3-PL 1 s )  - ( 2-MG 1 s ) 

c 3 x ( TG 1 s )  - ( 1 -PL ' s ) - ( 2-MG ' s ) 

l a 
2 a 

. __,}
a 

1 -PL ' s  2-MG ' s 3 Ab 
3Bc 

- - 2 . 0  2 o l 
- O o 4  3 o 0  4 o 7  
O o 8 3 0 1 7 . 7  8 o 4  
l o 7 4 o 9  4 o 3  5 o 7  
7 0 1 1 9 . 0  8 o 8 8 . 4  
0 . 6 0 . 6 l o 4  1 . 5  
l o l  l o 5  O o 9  2 . 2 

2 7 o 6  3 6 . 2  l l o 4 5 . 8  
O o 9  1 . 6  1 o 6  2 . 6  
O o 5 O o 4 O o 8 L 8 

2 5 . 2  9 o 7  2 1  0 1 1 7 . 6  
3 3 . 6  2 1 o 8  34 . 4  3 1. . 0  

O o 9 0 . 7 2 o 5  4 - 4 
- - - 3 . 0  
- - - 1 . 2  

-- -- -

1 00 . 0  9 9 o 9 9 9 o 9  1 00 . 4 

f-4 
0 
f-4 



T abl e 1 7 . Stereo specific analysi s of  the tri acylglycerol fraction of high mol ecul ar weight ( fraction A) obtained from the sampl e of January mil k  f at by sili ci c aci d column chromatography . 

F A  

8 : 0  
1 0 : 0 
1 2 : 0  
1 4 : 0  
1 4 : 1 
1 5 : 0  
1 6 : 0  
1 6 : 1  
1 7 : 0  
1 8 : 0  
1 8 :  1 
1 8 : 2  
1 8 : 3  

TG ' s  
Ori g o  : , 

0 . 6 
3 . 7  
4 . 3  

1 3 o 0  
1 o 3  
1 . 9  

3 0 o 8  
2 . 4  
1 0 6 ' 

1 4  0 5 .  
2 3 o 5  

1 . 6 
O o 9 . 

1 00 o 1 ' 

1 , 3-DG ' s 
Exp . Calc o 

O o 4  0 . 9 
3 o 7  4 . 4  
3 o 3  3 o 7  

1 0 o 1 8 . 3  
1 o 2  l o 5  
1 o 6  2 o 0  

2 6 . 4  2 3 o 8  
1 . 6  2 o 8  
1 . 4  2 o l 

1 8 . 9  1 8 . 6  
2 9 . 7  2 9 . 6  

1 . 8  1 . 8  
1 0 1 

1 0 0 . 1  1 00 . 6  

/ 

F atty acid composition (mol e % )  

1 , 2 ( 2 , 3 ) - DG ' s 
Exp o Calc . 

0 . 8 0 . 5 
3 . 8  3 . 4  
4 . 7  4 . 6  

1 6 . 5  l 5 o 4  
1 . 3  1 . 2  
2 . 0  1 o 9  

3 5 . 9  3 4 . 3  
1 o 7  2 o 2  
O o 8  1 o 4  

1 2 o l 1 2 o 5 
1 9 . 7  2 0 . 5  

0 . 8  l o 5  
0 . 8 

1 0 0 . 1  1 00 . 2  

2 , 3 -PL ' s  

0 . 7  
4 . 7  
5 . 5  

1 6 o 9 
1 . 6  
1 . 8  

2 8 . 9  
l o 7  
1 o 2  

1 2 o 2 
2 3 . 8  

l o O  

1 00 . 0 

aposition rel ative to sn - glycerol 3- phosphate 
b 2x ( 2 , 3-PL 1 s ) - ( 2-MG ' s ) 
c 3x( T� 1 s ) - ( 1-PL ' s ) - ( 2-MG ' s )  

l a 

1 - PL ' s  

1 . 2  
1 . 8 
7 . 0 
0 . 6  
1 0 1 

3 8 . 6  
1 . 2  
1 . 3  

2 3 . 0  
2 3 . 5  

0 . 6  

9 9 o 9  

2 a 

2 -MG ' s  

2 . 3  
5 . 6  

2 2 . 5  
l o O  
1 o 7  

44 . 9 
1 . 6  
0 . 7 
6 . 4  

1 l o 3  
1 . 3  
O o b  

9 9 o 9 

3 Ab 

1 0 4 
7 o l 
5 o 4 

l l o 3 
2 o 2  
1 o 9  

1 2 . 9  
1 . 8  
1 . 7  

1 8 . 0  
3 6 o 3  

0 . 7  
-O o b  

1 0 0 . 1 

3a 

3 Bc 

1 . 8  
7 . 6  
5 o 5  
9 o 5  
2 . 3  
2 . 9  
8 . 9  
4 . 4  
2 . 8  

1 4 . 1 
3 5 . 7  

2 . 9  
2 . 1 

1 00 . 5  

,_. 
0 
N 



T abl e 1 8  • Stereospecific analysi s of  the tri acylgl yc erol fraction of  high mol ecul ar weight ( fraction A) o btained f rom the sampl e of March milk fat by silicic acid  column chromatography . 

F A  

6 : 0  
8 : 0  

1 0 : 0 
1 2 : 0  
1 4 : 0  
1 4 : 1  
1 5 : 0  
1 6 : 0  
1 6 :  1 
1 7 : 0  
1 8 : 0  
1 8 : 1 
1 8 : 2  
1 8 : 3  

F atty acid compo sition (mol e % )  

TG 1 s  1 , 3-DG 1 s 1 , 2 ( 2 , 3 )  .... DG 1 s  2 , 3-P L 1 s  Ori g .  Exp . C al c . Exp . C alc . 
0 . 2 - O o 3  - 0 . 2 -O o 9  O o 6  1 0 1 O o 9  0 . 8  l o 2  3 o 5  3 o 4  3 o 6  3 o 5  3 o 5  4 o l 3 o 8  3 o 6  2 o 9 4 o 5  4 o 3  4 o 3  1 2 o 4  8 o 9  8 0 1 1 5 o 5 1 4 o 6 l 5 o 6  1 o 4  1 o 3  1 0  6 l o l l o 3  l o 3  1 o 9  1 o 4  1 o 9  1 o 6  l o 9  2 o 0  2 9 o 2  2 5 o 2 2 3 o 6  3 3 o 8  3 2 o 0  27 . 3  2 o 0  1 o 5  l o 9  l o 3  2. . 1 1 o 6  1 0 1 1 o 7  1 o 5  1 o l  O o 9  1 o 3  1 5 o 6  1 9 o 4  2 0 o 0  1 3 o 7  1 3 o 4 1 5 . 2 24 o 9  3 1  0 1 3 0 o 5 2 1 . 2  2 2 . 1 2 4 o 8  

l o 5  2 o 3  I 1 o 3  2 . 0  1 o 2  2 . 1  I 
O o 9  0 . 4  O o 8  0 . 6  l o O  -

--
--

9 9 o 9  1 0 O o  0 1 0 0 o 1 1 00 o 1 1 00 o l 9 9 . 9  

aposition rel ative to sn - glycerol 3- phosphat e 
b 2x( 2 , 3-PL 1 s ) - ( 2-MG ' s ) 
c3x( TG 1 s )  - ( 1-PL ' s ) - ( 2-MG ' s )  

l a 
2 a 

3a 

l -PL 1 s 2-MG ' s  3 Ab 

- - -
- O o 5 1 . 9  
l o 5  3 o 3  4 o 9  
2 o 2  5 o 6 3 o 0  
9 0 1 2 1  0 1 1 0 . 1 
O o 8  1 0 1 1 . 5  
1 0 4 2 o 0 2 o 0  

3 8 o 1  4 0 o 4  l 4 o 2  
1 0 1 2 o 3  O o 9  
1 0 0 O o 4  2 o 2  

2 0 . 3  6 . 8  2 3 o 6  
24  0 1 1 3 . 8  3 5 . 8  

O o 6  l o 7  O o 7  
- . 1 0 2 -1 o 2  

--

1 00 o 2  1 00 o 2  9 9 . 6  

3Bc 

0 . 6 
2 . 2 
5 o 7  
3 o 6  
7 o 0  
2 . 3  
2 o 3  
9 - 1 
2 ! 6  
1 . 9 

l 9 o 7  
3 6 o 8  

4 ., 0 
1 . 5  

9 9 . 3  

'""" 
0 

w 



1 04 .  

proportions o f  1 6 : 0 , 1 8 : 0  and 1 8 : 1  b etween f raction A 

o f  the S eptemb er s ampl e ,  on the o n e  hand , and the A 

f r actions  o f  the J anuary and March sampl es , on  the o ther , 

( Section 3 . 2 . 2 . ) wer e  refl ected i n  the diff er enc es i n  the 

proportions o f  F A ' s which occupi ed po sitions 1 and 2 o f  

their constituent TG ' s  ( T ables 1 6 ,  1 7  and 1 8 ) .  F o r  

exampl e ,  in f r a ction A o f  each o f  t h e  Septemb er , J anu ary 

and March s ampl es of mil k  fa ·t the proportions o f  1 8 : 1 

in the consti tuent TG 1 s  were 2 8 . 8 % ,  2 3 . 5% and 24 . 9% 

r espectively ; the proportions o f  1 8 : 1  esteri f i ed at 

position 1 were 3 3 . 6% ,  2 3 . 5% and 2 4 . 1 %  respectivel y ,  the 

propo rtions at po sition 2 were 2 1 . 8 % ,  1 1 . 3 % and 1 3 . 8 % 

r especti v el y ,  and the proportions  at po sition 3 were ( 3 1 . 0-

3 4 . 4% ) ,  ( 3 5 . 7 - 3 6 . 3 % )  and ( 3 5 . 8- 3 6 . 8 % )  respectively . 

As expected these di ff erences  involvi ng 1 6 : 0 , 1 8 : 0  

and 1 8 : 1 , were superimpo s ed on bro ad similariti es i n  the 

p attern of d i s t ri bution o f  F A ' s in positions 1 ,  2 and 3 

o f  each f r action A ( Tabl es 1 6 ,  1 7  and 1 8 ) . 1 0 : 0  w a s  

prefer enti ally esterifi ed a t  position 3 whi l e  simi l ar 

propo rtions of 1 2 : 0 were esteri f i e d  at positions 2 and 3 .  

Only sm all amount s  o f  these two F A ' s occupi ed po sition 1 .  

1 4 : 0  w a s  preferenti ally esteri f i e d  at c arbon 2 o f  the 

glycerol mol ecul e s  whil e small e r  amounts wer e est eri f i ed 

at c arbons 1 and 3 .  P ro po rti o n s  of  1 4 : 0  at c arbons 1 , 

2 and 3 were ( 7 . 0- 9 . 1 % ) ,  ( 1 9 . 0� 2 2 . 5% )  and ( 8 . 4- 1 1 . 3% )  

r espectiv ely . 1 6 : 0  was preferenti ally i ncorpo rated at 

position 1 ( 27 . 6- 3 8 . 6% )  and at po sition 2 ( 3 6 . 2-44 . 9% )  

with only a r el atively minor amount i ncorpor ated a t  

posi tion 3 ( 5 . 8- 1 4 . 2% ) . 1 8 : 0  exhibi ted a p attern o f  



di stribution whi ch was the reverse of  that shown by 1 4 : 0 .  

It  was preferenti ally esteri fi ed at po sitions 1 and 3 with 

only a small amount esterifi ed at position 2 .  P roportions 

of  1 8 : 0  at po sitions 1 ,  2 and 3 were ( 20 . 3- 2 5 . 2% ) , ( 6 . 4-

9 . 7 % )  and ( 1 4 . 1 - 2 1 . 1 % )  r espectively .  The distribution 

pattern o f  1 8 : 1 was simil ar to that for 1 8 : 0  with proport-

ions of ( 2 3 . 5- 3 3 . 6% ) , ( 1 1 . 3- 2 1 . 8 % ) and ( 3 1 . 0- 3 6 . 8 % )  

esteri fi ed at po sitions 1 ,  2 and 3 respectivel y .  

As a resul t  o f  thi s non-random di stribution o f  F A ' s 

in the TG fractions o f  high mol . wt . ,  po sition 1 was l argely 

o ccupied by 1 6 : 0 , 1 8 : 0  and 1 8 : 1 ; po sition 2 by 1 4 : 0  and 

1 6 : 0 ; and position 3 by  1 8 : 0  and 1 8 : 1 . In  addition 

consid erable amounts of 1 8 : 1  were esteri fi ed at po si tion 2 

in f raction A o f  the September sampl e .  The l ong-ch ain 

F A ' s ( 1 4 : 0 , 1 6 : 0 , 1 8 : 0  and 1 8 : 1 ) which comprise the m aj or 

F A ' s in  each fraction A wer e present in signific ant 

proportions in all thre e  po sitions . 

( c )  The arrangement o f  fatty acids in positions 1 ,  2 and 

3 o f  the tri acylglyc erois  o f  medium mol ecular weight 

F raction B o f  the Sept�1ber sampl e contained greater 

proportions of  4 : 0  and 1 8 : 0  and a l esser proportion o f  1 6 : 0  
' 

than the B fractions o f  the J anuary and March sampl es . In 

addition the proportions of most of the other mor e  abundant 

component FA ' s varied slightly between the respective  B 

f ractions ( Section 3 . 2 . 2 . ) .  The differen c es in the 

proportions of 4 : 0 , 1 6 : 0  and 1 8 : 0  b etween f raction B of the 

Septemb er sampl e ,  on the one hand , and the B f ractions o f  

the January and March s ampl es ,  on the other,  were refl ected 



Tabl e 19 • Stereo specific  analysis o f  the tri acylglyc erol fraction o f  medium mol ecul ar weight { fraction B )  obtained from the s ampl e of  September milk fat by silicic  aci d column chromatography . 

F atty aci d com2osition {mol e  �l 

l a 2 a 3a 
FA TG ' s  1 , 2 ( 2 , 3 ) - DG I s 2 , 3 -PL ' s  1 -P L ' s 2-MG ' s 3 Ab . O rig . Exp . Cal c . 
4 : 0  6 . 1 5 . 5 4 . 6  1 0  0 1 - - 2 0 . 2 6 : 0  1 1 . 2  t O o l 8 . 4  t 6 . 9 2 . 6  - 3 3 . 8  8 : 0  4 . 9  4 . 7  4 . 5 6 . 4  1 . 5  3 . 5  9 . 3  1 0 : 0  6 . 2  6 . 8 7 o 2  7 . 8  2 . 3  1 0 . 4  5 . 2  1 0 : 1 0 . 6  0 . 5  0 . 6  0 . 6 0 . 5  0 . 8 0 . 4  1 2 : 0  3 . 9  4 . 3  s . o 4 . 5  4 . 8 8 . 4 0 . 6  1 4 : 0 1 0 . 2 1 2 . 5 (3 0 1 1 0 . 8  8 . 8  2 1 . 8  -0 . 2  1 4 : 1 0 . 8  0 . 6  0 . 8  0 . 6  0 . 5 0 . 9 0 . 3  1 5 : 0 1 . 2  1 . 3  1 o 4 1 . 6  1 . 5  2 . 0  1 . 2  1 6 : 0  . 2 1 0  7 24 . 1 2 3 . 3  1 8 . 7  2 9 . 3 28 . 2  9 . 2  1 6 :  1 1 o l  l o O  l o 2  1 . 3  0 . 8  1 . 7  0 . 9 1 7 : 0  0 . 7  0 . 3  0 . 6  0 . 4  0 . 8 0 . 4  0 . 4  1 8 : 0  1 3 . 3 1 1 . 2  1 1 . 5  7 . 4  2 0 . 5  6 . 0  8 . 8  1 8 :  1 1 6 . 6  1 6 . 3  1 6 . 2  1 2 . 8  2 6 . 2 1 5 . 1 1 0 . 5 1 8 : 2  0 . 8 0 . 8 0 . 8  - - 0 . 8  - 0 . 8 1 8 : 3  0 . 6 - 0 . 4  - - - -2 0 : 2  0 . 3  - 0 . 2 - - - --- --

1 0 0 . 2  1 00 . 0 9 9 . 8 9 9 . 9 1 0 0 . 1 1 0 0 . 0 9 9 . 8  

apo sition rel ative to sn - glyc erol 3- pho sphate 
b Zx ( 2 , 3-PL 1 s ) - ( 2-MG 1 s )  
c 3 x ( TG 1 s ) - ( 1 -PL 1 s ) - ( 2-MG ' s ) 

3 Bc 

1 8 . 3 
3 1 . 0  

9 . 7  
5 . 9 
0 . 5  

- 1 . 5  
o . o 
1 . 0  
O . t 
7 . 6 
0 . 8 
0 . 9 

1 3 . 4  
8 . 5  
t . 6 
1 . 8 
0 . 9 

1 0 0 . 5 

'""" 
0 
� 
. 



Tabl e 2 0 . Stereo specific analysi s o f  the tri acyl glycerol fraction o f  medium mol ecul ar weight ( fraction B )  obtained f rom the sampl e of  J anuary milk f at by silicic  aci d column chromatography . 

F atty aci d comQosi tion {mole  �l 

l a 
2a a 

F A  TG 1 s  1 ' 2 ( 2 ' 3 ) - DG I s 2 , 3-PL ' s  1-PL ' s  2-MG ' s 3 Ab 
Ori g .  Exp . Calc . 

4 : 0  0 . 5  0 . 5  0 . 4  1 . 2  - - 2 . 4  b : O  9 . 6  9 . 2  7 . 5  l 3 o 4 4 . 1 1 0 1 2 5 . 7 8 : 0  6 . 4  5 . 6  5 . 4  7 . 4  2 . 4  2 o 6  1 2 o 2 1 0 : 0 8 . 7  8 . 0  8 . 2  9 . 8  4 . 0  6 . 7  1 2 . 9 1 0 : 1 0 . 9  0 . 5  0 . 8  o . s O o 6  O o 5  O o 5  1 2 : 0  5 . 2  5 o 9  5 o 8 4 . 8 6 . 9  7 o 7  l o 9 1 4 : 0 1 l o 7 1 4 o 5 1 4  0 1 1 3 o 4  7 o 9  2 1  o l  5 o 7  1 4 : 1  1 . 4 1 . 2  1 o 4  O o 9  1 0 0 1 . 6  0 . 2 1 5 : 0  1 o 2  1 . 5  1 0 4 l o 5  2 . 4  2 . 0  1 . 0  1 6 : 0  27  0 8 3 1 . 4  3 0 . 2 2 6 o 3  3 5 . 8 3 7 . 6  l 5 . 0 t 6 : 1 1 . 8  1 . 2  1 . 7  1 0 1 1 . 7  1 . 3  0 . 9  1 7 : 0  1 . 0  0 . 4  0 . 9  O o 6  O o 8  O o 5 0 . 7  1 8 : 0  8 . 8  7 . 6  7 . 8  6 . 9  1 3 . 8  4 . 8  9 . 0  1 8 :  1 1 3 . 4  1 1 . 9  1 2 . 8  1 1 0  8 1 8 . 1 1 0 . 9  1 2 . 7  1 8 : 2  1 0 1 0 . 6  l o O  0 . 4 0 . 6  0 . 8 0 1 8 : 3  0 . 7  - 0 . 7  - - 0 . 7  - 0 . 7  
--

1 00 . 2 1 00 . 0  1 0 0 . 1 1 0 0 . 0 1 0 0 . 1 9 9 o 9  1 0 0 . 1 

a po si tion rel ative to sn - gl yc erol 3- pho sphate 
b 2x ( 2 , 3-PL 1 s ) - ( 2-MG ' s ) 
c3 x ( TG 1 s ) - ( 1-PL 1 s ) - ( 2-MG 1 s )  

3 Bc 

1 . 5  
2 3 . 6  
1 4 . 2  
1 5 . 4  

1 . 6  
1 .  0 
6 .  1 
1 . 6  

- 0 � 8  
1 0 . 0 

2 . 4  
1 . 7  
7 . 8  

1 1 . 2  
1 .  9 
1 .  4 

1 0 0 . 6  

....... 
0 

'-l 



T abl e 2 1 . Stereo specific analysi s  of  the tri acylglycerol fraction of  medium mol ecul ar weight ( fraction B )  obtained from the sampl e of  March mil k  f at by silicic acid column chromatography . 

F atty aci d com2osition {mole  �l 

l a 
2a a 

F A  TG 1 s  1 ' 2 ( 2 ' 3 ) - DG I s 2 , 3 - PL ' s 1 - P L ' s  2-MG ' s  3 Ab 
O ri g .  Exp . Calc . 

4 : 0  2 . 0  1 . 8 1 . 5 2 . 9 - - 5 . 8 6 : 0  1 1 . 7 1 1 . 0  8 . 8 1 5 . 0 4 . 5 - 3 0 o 0  8 : 0  5 o 0  4 . 4  4 . 1 5 0  1 3 o 0  1 . 5  8 o 7  1 0 : 0  7 o 7 7 . 4 7 · 4  7 . 3  5 o 1 6 o 5 8 0 1 1 0 : 1 O o 8  O o 5 0 . 7 O o 4  O o 6 O o 4  O o 4  1 2 : 0  4 o 6  4 o 9  5 o 2  4 o 5  3 o 8  6 o 9  2 0 1 1 4 : 0  1 1 o 6  1 4  0 1 1 4 o 4  l 3 o 5  9 o 6  2 2 o 7 4 . 3  1 4 : 1  1 0 4 l o 2  1 . 5  1 o 2  O o 9  2 . 0 O o 4  1 5 : 0  l o O 1 o 6  l o 3  1 o 3  1 o 5  2 o 4 O o 2 1 6 : 0  2 6 o 2  2 8 o 6  2 8 o 8  24 o 8  3 5  o l  3 6 o 6  .1 3 0 0 1 6 :  1 l o O  l o O  l o 2  1 0 1 l o O  1 o 8  O o 4  1 7 : 0  O o 3  O o 3  O o 3 O o 6 O o 5 O o 3 O o 9  1 8 : 0  9 o 8  8 o 2  8 o 7  8 o 8  l 5 o 2  5 o 5  1 2 . 1 1 8 :  1 1 5 o 1 1 3 o 7 1 4 o 3 1 2 o 9  1 9 o 1 1 2 o 0 1 3 o 8  1 8 : 2  l o 2  O o 8  l o O  O o 6 - 0 . 6 O o 6 1 8 : 3  O o 8 0 . 5 O o 8  - - O o 8 - O o 8  
--

1 0 0 o 2 l O O o O 1 0 0 . 0  1 0 0 o 0  9 9 . 9  1 00 o 0 l O O o O  
-

a po sition rel ative to sn - glyc erol 3- pho sphate 
b 

2 x ( 2 , 3-PL 1 s ) - ( 2-MG ' s ) 

c3 x ( TG 1 s ) - ( 1-PL ' s ) - ( 2-MG ' s ) 

3 Bc 

6 . 0 
3 0 o 6 
1 0 . 5  
1 l o 5  

l o 4 
3 0 1 
2 . 5 
1 . 3 

- O o 9 
6 . 9 
0 . 2 
0 . 1 
8 . 7  

1 4 . 2  
3 . 0  
1 . 6 

1 00 . 7 

� 
0 
(X) 



in the di fferenc es in the propo�tionb  o f  these F A ' s in 

positions 1 ,  2 and 3 o f  their constituent TG ' s  ( Tabl es 1 9 ,  

2 0  and 2 1 ) .  However , the eff ect was  not constant through

out all three po sitions in that the di ff erences in the 

proportions of  4 : 0  aff ected only po si tion 3 , the di ffer en c es 

in 1 6 : 0  aff ected positions 1 and 2 and the differenc es in 

1 8 : 0  aff ected po sition 1 .  The small differences in the 

proportions of other F A ' s between the respective B 

fractions were al so refl ected in the differ ences in the 

proportions of F A ' s esteri fi ed at c arbons 1 ,  2 and 3 o f  

their constituent TG 1 s . 

Despite these  di ff erenc es between the F A  compo sitions 

of corresponding posi tions of  the respective  B fractions 

the overall pattern of di stribution  o f  FA ' s in posi tions 

1 ,  2 and 3 was similar for each fraction B ( Tabl es 1 9 ,  2 0  

and 2 1 ) .  The short-chain F A ' s ,  4 : 0  and 6 : 0 , were 

esteri fi ed almost exclusi vely at po sition 3 whi l e  8 : 0 was  

pr�ferenti ally incorporated at  thi s po sition .  I n  the 

J anuary and March B fractions 1 0 : 0 was preferenti ally 

esterified at po sition 3 out in f r action B of the 

September s ampl e 1 0 : 0 was preferenti ally esteri fi ed at 

position 2 .  Proportions o f  1 2 : 0  were greatest at c arbon 

2 and l east at c arbon 3 .  Approximately twice  as  much 

1 4 : 0  was esteri fi ed at position 2 as  at po sition 1 with 

small to negligibl e amounts esteri fi ed at po sition 3 .  

The proportions o f  1 4 : 0  at positions 1 , 2 and 3 were 

( 7 . 9-9 . 6% ) , ( 2 1 . 1 - 2 2 . 7 % )  and ( - 0 . 2 - 6 . 1 % )  respectively . 

1 6 : 0  was concentrated at c arbon 1 ( 29 . 3-3 5 . 8 % )  and at 

c arbon 2 ( 2 8 . 2- 3 7 . 6% )  with compar atively  minor amounts 



1 1  o .  

esteri fied �t carbon 3 ( 6 . 9- 1 5 . 0% ) . The gr eatest 

proportions of 1 8 : 0  were esteri fied at position  1 ( 1 3 . 8-

2 0 . 5% )  consid erable proportions  were esterified at 

po sition 3 ( 7 . 8- 1 3 . 4% )  but o nly small proportions were 

esterifi ed at  po sition 2 ( 4 . 8- 6 . 0% ) . 1 8 : 1  was  prefer-

enti ally incorpor ated at c arbon 1 of the glyc erol 

mol ecul es ( 1 8 . 1 - 26 . 2% )  whi l e  small er and comparabl e 

amount s  were incorpor ated at c arbon 2 ( 1 0 . 9- 1 5 . 1 % )  and 

at c arbon 3 ( 8 . 5- 1 4 . 2% ) . 

From the above description it  is  cl ear that in each 

TG fraction of medium mol . wt . the more abundant con

sti tuent F A ' s were di stributed in a non-random manner 

within the constituent TG mol ecul es .  1 6 : 0 , 1 8 : 0 and 

1 8 : 1  compri sed about 7 0% o f  the acyl groups at po sition 

1 ;  1 4 : 0  and 1 6 : 0  accounted for 5 0- 60% of  the F A ' s 

esteri fi ed at position 2 ,  and 4 : 0 , 6 : 0 , 8 : 0  and 1 0 : 0  

a�counted for 50-7 0% o f  the acyl groups which o ccupied 

po sition 3 .  

( d )  The arrangement o f ' f atty acids in po sitions 1 ,  2 and 

3 o f  the tri acylglycerols  of  low mol ecul ar weight 

The simil ari ties between the FA compositions o f  the 

C fractions of the J anuary and March sampl es  ( Section 

3 . 2 . 2 . ) were refl ected in the proportions of F A ' s in 

positions  1 ,  2 and 3 of  thei r constituent TG ' s  and almo st 

without exc eption corresponding positions in these 

fractions  had similar FA compo sitions ( Tabl es 23 and 24 ) .  

The slightly greater proportions of  4 : 0 , and 1 8 : 1  and the 

l esser proportions of 1 6 : 0  in f raction C of the September 



Tabl e 2 2 . Stereo specific  anal ysi s o f  the tri acylglyc erol fraction o f  low mol ecul ar weight ( fraction C) obtained from the s ampl e o f  September milk f at by silici c  aci d column chromatography . 

F atty acid com�osition {mol e �l 
l a 

2a a 
F A  TG ' s  1 ' 2 ( 2 ' 3 ) - DG I s 2 , 3-PL ' s  1-PL ' s  2-MG ' s  3 Ab 

3Bc 
O ri g .  Exp . Calc . 

4 : 0  24 . 9  2 1 . 2  1 8 . 7  3 3 . 6  - - 67 . 2  7 4 . 7  6 : 0  6 . 1 5 . 5  4 . 6  7 . 6  l o 9  - 1 5 . 2 1 6 . 4  � : 0  2 . 1 2 . 6  2 . 2 2 . 2  1 . 2  2 . 7  l o 7  2 . 4  1 0 : 0  3 . 5  5 . 3  5 . 2  4 . 4  l o 5  9 . 7  - 0 . 9  -0 . 7  1 0 : 1 0 . 4  0 . 3  0 . 5 0 . 3  - 0 . 6  0 0 . 6 1 2 : 0  3 . 7  4 o 7  5 . 0  4 . 8  l o 4  8 . 8  0 . 8 0 . 9  1 4 : 0  1 0 . 5 1 4 o 3 1 4 . 0 1 2 . 1 8 . 7  24 e 6  - 0 . 4  - 1 . 8  1 4 : 1  0 . 6  0 . 6  0 . 9  0 . 6  0 . 3  l o 7  - 0 . 5  - 0 . 2 1 5 : 0  l o l  1 . 2  1 . 4  1 . 6 2 . 6  2 . 2 1 . 0 - 1 . 5 1 6 : 0  2 0 . 2  2 0 . 4  2 2 . 2 1 6 . 7  3 1 . 2 2 8 . 4  5 . 0 1 . 0  1 6 : 1 1 . 2  l o O  l o 4  1 .  1 0 . 9  1 . 8  0 . 4  0 . 9  1 7 : 0  0 . 3  0 . 4  0 . 3  0 . 4  0 . 4  0 . 4  0 . 4  0 . 1 1 8 : 0  8 . 2  6 . 8  7 . 1  3 . 6  2 1 . 7  3 . 9  3 . 3 - 1 . 0  1 8 : 1 1 5 . 9  1 4 . 3 1 5 . 5 1 0 . 6  2 8 . 1  1 4 . 1 7 o 1  5 . 5  1 8 : 2  1 0 1 0 . 7  1 . 0  0 . 5 - 0 . 8 0 . 2 2 . 5 1 8 : 3  0 . 5  0 . 6  0 . 5 - - 0 . 4  - 0 . 4  1 - 1  -

1 00 . 3 9 9 . 9  1 0 0 . 5  1 0 0 . 1 9 9 . 9  1 0 0 . 1 1 0 0 . 1 1 0 0 . 9  
a po si tion rel ative to sn - glyc erol 3- pho sphate 
b 2 x ( 2 , 3-PL 1 s ) - ( 2-MG 1 s )  
e 3 x ( TG 1 s ) - ( 1-PL 1 s ) - ( 2-MG 1 s )  

I-' 
I-' 
I-' 



T abl e 2 3 . Stereospecific analysi s of the tri acylglycerol fraction of  low mol ecul ar weight ( fraction C) o bt ained from the sampl e of J anuary mil k  f at by silicic acid column chromatography . 

F A  

4 : 0  
6 : 0  
8 : 0  

1 0 : 0  
1 0 : 1 
1 2 : 0  
1 4 : 0  
1 4 : 1 
1 5 : 0  
1 6 : 0  
1 6 :  1 
1 7 : 0  
1 8 : 0  
1 8 : 1  
1 8 : 2  
1 8 : 3  

F atty aci d comQosition {mo l e  �) 

TG 1 s  1 ' 2 ( 2 ' 3 ) - DG I s 2 , 3 -PL ' s  
O ri g .  Exp . Cal c . 

2 3  o l  1 9 . 4  1 7 . 3  3 2 . 5 
7 . 0  6 . 4  5 . 7  8 0 1 
1 . 8 1 . 7  l o 9 1 . 6 
3 . 0  3 . 8  4 . 2  2 . 9 
0 . 5 0 . 4  0 . 5  0 . 4  
3 . 4  4 . 3 4 . 6  4 . 2  

1 0 . 4 1 4 . 4  i 3 o 5 1 1 . 6  
0 . 8  1 0 1 1 0 1 0 . 9  
1 . 3  l o 4  1 . 6  l o 5  

2 4 . 4  27  0 4 2 6 . 7  2 1  D 1 
l o 9  1 . 4  l o 9 1 . 6 
0 . 9  0 . 5 0 . 8 0 . 4  
� . 9 5 . 4  6 . 0  3 . 0  

1 2 . 7  1 1 . 3  1 2 . 3  9 . 6 
1 . 2  0 . 6 1 0 1 0 . 5  
0 . 8  0 . 4  0 . 7  

-- -- --

1 0 0 . 1 9 9 . 9 9 9 o 9 9 9 . 9 

aposition relative to sn - glycerol 3- pho sphate 
b 2 x ( 2 , 3 -PL 1 s ) - ( 2-MG ' s ) 
c 3 x ( TG 1 s ) - ( 1 -PL ' s ) - ( 2-MG ' s ) 

_
l a 

1 -P L ' s  

l o 7 
2 . 4  
l o O  
1 . 5  

3 . 0  
9 o 7 
0 . 7 
1 D 1 

3 8 . 8 
1 . 8 
l o O  

1 6 . 4  
2 0 . 6  

0 . 4  

-

1 0 0 . 1 

2a 

2-HG ' s  

2 . 0  
2 . 3 
7 . 9 
0 . 7  
8 . 4 

2 2 . 9  
2 . 0  
2 . 4  

3 3 . 5  
2 . 0 
0 . 4  
3 o 4  

1 1 o 0  
0 . 7 
0 . 4  

1 0 0 . 0 

__:____]a 

3 Ab 

6 5 , 0  
l 4 o 2 
0 . 9 

- 2 . 1 
0 . 1 
o . o  
0 . 3 

- 0 . 2 
0 . 6 
8 . 7  
1 . 2  
0 . 4  
2 . 6  
8 . 2  
0 . 3  

- 0 . 4  
-

9 9 . 8  

3 Bc 

67 . 6  
1 6  0 .6 

2 . 1 
- 0 . 4 

0 . 8 
- 1 . 2 
- 1 . 4  
-0 . 3  

0 . 4  
0 . 9 
1 . 9  
1 - 3  
0 . 9  
6 . 5  
2 . 5  
2 . 0  

1 00 . 2 

...... 
...... 
N 



T abl e 2� Stereospecific analysi s of  the tri acylglyc erol f raction of  low mol ecul ar weight ( fraction C )  obt ained from the sampl e of  March mil k  f at by silicic acid column chromatography . 

F atty acid comQosition {mol e  �l 

l a 
za a 

F A  TG ' s  1 ' 2 ( 2 ' 3 ) - DG I s 2 , 3-PL ' s  1 -P L 1 s  2-MG ' s  3 Ab 
3 Bc 

O ri g .  Exp . Cal c . 
4 : 0  2 3 . 5  2 0 . 4  1 7 . 6 3 2 . 2 3 . 6  - 6 4 . 4  6 6 . 9 6 : 0  6 . 7  5 . 8  5 . 0  8 . 2 2 . 6  - 1 6 . 4  1 7 . 5  8 : 0  2 . 0  1 . 7 1 . 9  1 - 7 0 . 8 l o 7 l o 7  3 o 5  1 0 : 0 2 . 9  3 . 6 4 . 0  3 - 5 1 - 9  7 o S - 0 . 5 - 0 . 7  1 0 : 1 0 . 4  0 . 3  0 . 5  0 . 3  0 . 2 0 . 8 - 0 . 2 0 . 2 1 2 : 0  3 . 6  4 o l 4 . 8  4 . 0  2 . 2 8 . 4  - 0 . 4 0 . 2 1 4 : 0 1 0 . 3  1 3 . 6  " 1 3  0 4 1 0 . 8 1 0 . 6 2 2 . 7  - 1  o l  - 2 . 4  1 4 : 1 1 0 0 1 0 1 1 . 3  0 . 8  0 . 5 2 . 3  - 0 . 7  0 . 2 1 5 : 0  l o 4  1 . 8  1 . 7  1 . 6  l o 6  2 . 8  0 . 4 - 0 . 2 1 6 : 0  . 2 4 . 0  2 6 . 5  2 6 . 2  2 0 . 3  3 7 o 2  3 2 . 8 7 . 8  z . o  1 6 : 1  1 . 7  1 0 2 1 o 9 1 . 5  1 . 3  2 . 4  0 . 6  1 . 4  1 7 : 0  0 . 6  0 . 2 0 . 5 0 . 3 0 . 6  0 . 3  0 . 3 0 . 9 1 8 : 0  7 . 4 5 . 8  6 . 5 3 . 8  1 5 . 9 3 o 7 3 . 9 2 . 6  1 8 :  1 1 3 . 5  1 3 . 2  1 3 . 5  1 0 . 4  2 0 . 8  1 3 o 4 7 o 4  6 . 3 1 8 : 2  0 . 6  0 . 5 0 . 7  0 . 5 0 . 3 0 . 9  0 . 1  0 . 6 1 8 : 3 0 . 5  0 . 3  o . s - - 0 . 4 - 0 . 4  1 . 1  -- -

1 0 0 . 1  1 00 . 0 1 0 0 . 0  9 9 - 9  1 0 0 . 1 1 0 0 . 1 9 9 o 7  1 0 0 . 1 

a po si tion rel ative to §Q - glycerol 3- pho sphate 
b 2x ( 2 , 3-PL 1 s ) - ( 2-MG ' s ) 

c 3 x ( TG 1 s )  - ( 1 -PL ' s ) - ( 2-MG ' s )  ,.... 
,_. 
w 



s ampl e ,  compared to the C f r actions e f  the J anuary and 

March s ampl es  ( Section 3 . 2 . 2 . ) wer e r efl ected in the 

di f f er ences in the proportions of F A ' s which o ccupi ed 

po siti o n s · 1 , 2 and 3 o f  their con stituent TG ' s  ( Tabl es 

2 2 ,  2 3  and 24 ) .  However the eff ect was  not constant 

throughout all three po si tions in that the diff erences 

i n  the proportions of  4 : 0  aff ected only po siti o n  3 , the 

di ffe renc es i n  1 6 : 0  a ff ected positions 1 and 2 and the 

di fferences in  1 8 : 1  aff ected only po sition 1 .  

1 1 4 .  

Despite the s e  d i f f er ences the o ver all p attern o f  

di stri bution o f  F A ' s i n  po sitions 1 , 2 and 3 w a s  simi l a r  

f o r  e a c h  f r acti o n  C ( T ables  2 2 ,  2 3  and 24 ) . T h e  sho rt

chained F A ' s ,  4 : 0  and 6 : 0 , were esteri fi ed almo st enti r el y  

a t  po s i tion 3 .  I n  e a c h  f r action C 4 : 0  compri s ed about 6 5%  

and 6 : 0  about 1 5% o f  the acyl groups at po si tion 3 .  I n  

contr ast the medium- chain F A ' s ,  1 0 : 0  a n d  1 2 : 0 , wer e  

esteri fi ed almo st exclusively a t  po sition 2 with e ach F A  

compri si ng 7 . 5- 1 0 . 0% o f  the compon ent F A ' s o f  thi s 

po sitio n . The long-chai n  F A ' s ,  1 4 : 0 , 1 6 : 0 , 1 8 : 0  and 1 8 : 1 , 

wer e  prefer enti ally e steri fi ed at c arbons 1 and 2 o f  the 

gl yc erol mol ecul es . Appro ximately twice a s  much 1 4 : 0  was 

esteri fi ed at po sition 2 a s  at p o sition 1 with negligibl e 

amounts esteri fi ed at posi tion 3 .  P roportions of  1 4 : 0  

at po sitions 1 , 2 and 3 were ( 8 . 7 - 1 0 . 6% ) , ( 2 2 . 7 - 24 . 6 % )  and 

( - 2 . 4  - 0 . 3% )  respectively . 1 6 : 0  was preferenti ally 

esteri fi ed at po sition 1 ( 3 1 . 2- 3 8 . 8 % )  and at po sition 2 

( 2 8 . 4- 3 3 . 5% )  while only a relatively minor proportion was 

esteri fied at po sition 3 ( 0 . 9-8 . 7 % ) . 1 8 : 0  was preferenti ally  

esteri fied at  c arbon 1 ( 1 5 . 9- 2 1 . 7 % )  with only small amounts  
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at c arbon � ( 3 . 4-3 . 9% )  and at carbon 3 ( - 1 . 0 - 3 . 9% ) . 

1 8 : 1  was also concentrated at po sition 1 although 

appreci abl e amounts were esteri fi ed at po sitions 2 and 

3 .  P roportions of  1 8 : 1  at positions 1 ,  2 and 3 were ,  

( 2 0 . 6- 28 . 1 % ) ,  ( 1 1 . 0- 1 4 . 1 % )  and ( 5 . 5-8 . 2% )  respectively . 

I t  is  cl ear from the above description that in  each 

TG fraction of  low mol . wt . the component F A ' s were 

arranged in a highly sel ective mann er within the con-

stituent TG mol ecules . 4 : 0  and 6 : 0  compri sed 8 0-9 0% 

of  the FA ' s esteri fi ed at position 3 ,  1 4 : 0  and 1 6 : 0  

accounted for about 55%  of the acyl groups at position 2 ,  

and 1 6 : 0 , 1 8 : 0  and 1 8 : 1  constituted 7 5- 8 0 %  of FA ' s at 

po si tion 1 .  

( e )  The arr angement o f  fatty acids in  po sitions 1,  2 and 

3 of the constituent tri acylglyc erols  of each s ampl e of  

milk fat . 

The FA compositions at po sitions 1 ,  2 and 3 o f  the 

TG ' s  of the three tot al milk fats were recon structed from 

the proportions of F A ' s at po sitions 1 ,  2 and 3 of thei r 

r espective TG fractions of  high, medium and low mol . wt . 

In each case the F A  composition o f  po sition 3 was re

constructed from data  determined by the following 

calcul ation : 

position 3 = 2 x ( 2 , 3-P L ' s ) - ( 2-MG ' s ) . 

The det ail ed r esul ts are shown in Tabl es 2 5 ,  2 6  and 

27 and the arrangement of the more  abundant F A ' s in 

po sitions 1 ,  2 and 3 of the September s ampl e of  mil k  fat  
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Table 2 5. Stereo specific analysi s of the 

tri acylglycerol s of the srunpl e of  September milk fat . Data 

reconstructed from analyses carri ed out on the high , mediwn ,  

and low mol ecul ar weight f r actions . 

F A  

4 : 0  

6 : 0  

8 : 0  

1 0 :  1 

1 2 : 0  

1 4 : 0  

1 4 : 1 

1 5 : 0  

1 6 : 0  

1 6 : 1 

1 7 : 0  

1 8 : 0  

1 8 :  1 

1 8 : 2  

1 8 : 3  

2 0 : 2  

1 . 3  

0 . 8 

0 . 1 

2 o l 

8 o l 

0 . 5 

1 . 8  

2 9 o 4  

0 . 9  

O o 5  

3 0 . 0 

O o 4  

F atty aci d compo sition ( mol e % )  

l o 9  

3 l o 5  

l o 7  

O o 4  

6 . 6  

1 7 . 3  

0 . 8  

0 . 2  

1 00 . 1 

2 . 2  

1 0 0 

O o 6  

l o O  

0 . 5  

1 00 . 2 

Mi lk f at 
Rec o O rig o  

O o 2  

1 1  0 1 

0 . 7  

l o 6  

2 3  o l  

l o 2  

O o 5  

1 3 . 6  

0 . 2  

1 0 0 . 2 

1 2 . 0 

1 0 o 9  

O o 8 

1 0  4 

O o 6  

1 3  o l  

2 1 . 5  

0 . 7  

O o 3 

0 . 2  

1 0 0 . 3 

aposi tion rel ative to SQ - glycerol 3- pho sphate 
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T abl e 2 6 .  Stereo sp eci f i c  anal ysi s of the 

tri acylgl yc ero l s  of the s ampl e o f  J anu ary mi l k  f at .  Dat a 

reconstructed f rom anal ys e s  c arri ed out on  the hi gh , m ediwn ,  

and low mol e cul ar wei ght f raction s . 

F atty aci d com po sition (mol e % )  

Milk f at 
F A l a 2 a 3 a Rec . O ri g .  

4 : 0  0 . 7  2 8 . 2  9 . 6 9 - 7  

6 : 0  1 . 8  1 .  1 1 0 . 7  4 . 5  4 . 5  

8 : 0  0 . 9  1 . 5  3 .  1 1 . 8  2 . 2 

1 0 : 0  1 . 8  5 . 5  4 . 2  3 . 8  4 . 2  

1 0 : 1 O o l 0 . 4  0 . 1  0 . 2 0 . 4  

1 2 : 0  3 . 2  7 o 2  2 . 5 4 o 3  4 . 1  

1 4 : 0  8 . 3  2 2 . 4  5 . 6  1 2 . 1 1 1 . 5  

1 4 : 1  0 . 7  1 . 5  0 . 8 1 . 0  1 o 2  

1 5 : 0  1 o 3 2 . 1 1 . 2  1 . 5  1 o 7 

1 6 : 0  3 8 . 2 3 8 o 7  1 1 0  5 2 9 . 5  27 0 6 

1 6 : 1  1 o 6  1 c, 7  1 .  4 1 . 5 2 . 1 

1 7 : 0  1 . 1 O o 5 1 .  0 O o 9  O o 8 

1 8 : 0  1 8 o 5 4 o 8  9 . 8  1 1 o 0  1 0 . 1 

1 8 : 1  2 1 o 3  1 1 .  1 2 0 o 0  1 7 . 4  1 7 o 8  

1 8 : 2  0 . 5  1 o 0  0 . 4  0 . 6  1 o 4 

1 8 : 3  0 . 5 - 0 . 5  O o O  0 . 8  

aposi tion rel ative to � - gl yc erol 3- phosphate  
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T a b l e  2 7 . Stereo sp ec i f i c  anal ysi s of the 

tri acylglyc ero l s  o f  the sampl e of March milk f at . Data 

reconstructeC: f rom an alyses c arri ed out on the high , mediwn , 

and low mo l ecul ar wei ght f r acti o n s . 

F atty aci d compo sition (mol e  % )  

Mi l k  f at 
F A l a 2a 3a 

Rec . O ri g .  

4 : 0  1 . 5  2 8 . 4  1 0 . 0 1 0 . 0 

6 : 0  1 . 8  1 1 . 8  4 . 6  4 . 6  

8 : 0  0 . 8 1 . 2  2 . 9  1 . 6  2 . 3  

1 0 : 0 2 . 3 5 . 6  3 0 1 3 · 7  4 . 2  

1 0 :  1 0 . 2 0 . 4  o . o 0 . 2 0 . 3 

1 2 : 0 2 . 5  7 . 0  1 0 4 3 . 6  3 o 9  

1 4 : 0  9 . 8  2 2 . 0  4 o 4  1 2 o l 1 0 . 9 

1 4 : 1 0 . 7  1 . 8  0 . 4  0 . 9  1 0 1 

1 5 : 0 l o 5  2 . 4  l o O 1 . 6  1 . 6 

1 6 : 0  3 7 o 2  3 6 . 6  l l o 3  2 8 . 4 2 6 . 4  

1 6 : 1 l o 2  2 . 3 0 . 7  1 0 4 1 . 9 

1 7 : 0  0 . 8  0 . 4 l o 2  0 . 8  0 . 9 

1 8 : 0  1 7  0 6 5 . 3  l 3 o 4 l 2 o l 1 l o 5  

1 8 :  1 2 1 . 9  ' 1 3 c 3  2 0 . 2  1 8 . 5  1 8 . 4 

1 8 : 2 0 . 4  1 . 2  0 . 4 0 . 7  l c l  

1 8 : 3  0 . 8 -0 . 8  o . o  0 . 8 

1 00 . 2 1 00 . 3 . 9 9  0 8 1 00 . 2 9 9 . 9 

aposition relative to sn - glycerol 3-pho sphate 
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position 3 

position 2 

position 

1 0 :0 1 2:0 14:0 1 6:0  1 8:0 1 8 : 1 

fatty acids 

F igure 9 .  The arr angement o f  f atty acids within the 
tri acylglycerol s of the Septemb er sampl e o f  milk f at . 
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i s  presented in Figure 9 .  

The d ata  obtained �how that o f  the short-chain F A ' s ,  

4 : 0  and 6 : 0  were esteri fi ed almost exclusively a t  position 

3 whil e  8 : 0  was preferenti ally esteri fi ed at po sition 3 .  

On the o ther hand , the mediwn-chain F A ' s 1 0 : 0  and 1 2 : 0  

were preferenti ally esteri fi ed at position 2 wi th , in  

general , more  than 50%  of  each F A  at this posi tion . In  

contrast to the short- and medium-chain F A ' s ,  the maj o r  

long-chain F A ' s ,  1 4 : 0 , 1 6 : 0 , 1 8 : 0  and 1 8 : 1 , were not as  

a cl ass pref erenti ally esteri fi ed at a speci fic po si tion . 

More than twice  as  much 1 4 : 0  was esteri fi ed at carbon 2 

as  at carbon 1 with only rel atively small amounts at 

c arbon 3 .  About 1 0% of 1 6 : 0  in the milk fat s ampl es \vas  

esteri fi ed at position 3 whil e the  remaind er was  esteri fi ed 

in equal proporti ons at positions 1 and 2 .  P roportions  

of  1 8 : 0  were  greatest at  carbon 1 and least at c a rbon 2 .  

In the March and January sampl es about 20- 25%  o f  1 8 : 1  in  

the milk  fat  sampl es was  esterifi ed at  po sition 2 whi l e  

the remainder was esteri fi ed i n  equal proportions at 

po sitions 1 and 3 .  However , in the Septemb er sampl e o f  

milk fat 1 8 : 1 was preferenti ally esterifi ed at position 1 

with lesser and comparabl e proporti ons esteri fi ed at 

po sitions 2 and 3 .  

As a result o f  this arrangement o f  FA ' s wi thin the 

constituent TG 1 s  of  the three sampl es of  milk  fat 1 6 : 0 , 

1 8 : 0 , and 1 8 : 1  comprised about 8 0% of  the F A ' s esteri fi ed 

at position 1 , 1 4 : 0  and 1 6 : 0  accounted for  50-60%  o f  the 

acyl groups at position 2 ,  and 4 : 0  and 1 8 : 1  accounted for 

about 5 0% of the F A ' s esteri fi ed at  position 3 .  
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It shoul d be  emphasised that the p attern of 

di stribution of  F A ' s d escri bed above was the ov erall 

arrangement o f  F A 1 s in positions 1 ,  2 and 3 of the TG 1 s  

o f  the sampl es o f  milk fat o As discussed above certain 

F A 1 s ( e . � .  1 8 : 1 )  e xhi bi ted different arrangements i n  

di ff erent TG fractions . 
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Section 3 . j .  Com22sition o f  the tri acylglyc crol classes  

of dif f ering d egrees o f  un saturation pr epared from the 

tri acYl:_glycerol fracti o n s  of  high, m edium and l ow 

mol ecul ar weigh� . 

3 . 3 . 1 .  F atty a c i d  compo si tions o f  the tri acylglyc erol 

cl asses of high mol ecul ar weight . 

The FA  compo sitions o f  TG classes of differing l evel s 

of  unsa turation , whi ch were prepared from each o f  the 

three TG fractions of  high mol . wt . ( fraction A )  by sil ver 

ion-T . L . C . , are shown in Tabl es 2 8 ,  2 9  and 3 0 .  The 

r esults presented in Tabl e 28 are the means of duplicate  

determinations . 

( a ) The . .§§.2.t emb er sampl e o f  mi l k  fat 

In the saturated TG ' s  of fraction A of the September 

s ampl e 1 4 : 0  ( 1 7 . 3% ) ,  1 6 : 0  ( 3 5 . 1 % )  and 1 8 : 0  ( 26 . 9 % )  

compri sed 7 9 . 3% o f  the F A ' s pres ent ( Tabl e 28 ) .  Trans-

and cis-mono ene TG 1 s  had similar FA compo sitions and the 

r espective proportions of  their maj or F A ' s were 1 4 : 0  

( 8 . 5% and 1 0 . 2% ) , 1 6 : 0  ( 2 5 . 5% and 2 5 . 8 % ) , 1 8 : 0  ( 2 0 . 9% and 

1 8 . 0% )  and 1 8 : 1 • ( 2 9 . 9 % - el aidic acid and 3 2 . 8 % - ol ei c  

acid ) . I n  the diene TG 1 s  1 8 : 1  ( 5 6 . 6% )  was the principal 

F A  constituent whi l e  1 4 : 0  ( 6 . 8% ) ,  1 6 : 0  ( 1 5 . 8 % )  and 1 8 : 0  

( 9 . 3 % )  wer e  present  in appreci abl e amounts but 1 8 : 2  ( 1 . 7 % )  

was quantit ativel y  unimportant . 1 8 : 1  ( 4 9 . 9% )  was the 

principal F A  in the triene TG 1 s  whil e  1 6 : 0  ( 1 2 . 1 % ) ,  1 8 : 0  

( 8 . 8% ) , 1 8 : 2  ( 1 0 . 4% )  and 1 8 : 3  ( 7 . 0% )  were all present in  



Tabl e 2 8 . F atty acid  compo sitions of  the tri acylglycerol cl asses of  diff ering degrees o f  
unsaturation obtained f rom the high mol ecul ar weight fraction of the s�pl e of  September milk  fat 
by silver ion - T . L . C .  

F atty acid compo sition (mol e  % )  

F A  Saturated TG ' s  Trans-mono�ne TG ' s  ei s-monoene TG 1 s  Di ene TG 1 s  Tri ene TG ' s  F raction --
% ea % Fb % ea % Fb % e a % Fb % ea 

% F b % ea 
% Fb Rec . Orig . 

6 : 0  1 .  7 o . s 1 0 1 0 . 2 0 . 6 0 . 2  0 . 2  - - - 0 . 9 0 . 7  
8 : 0  2 . 6  0 . 8 l o O 0 . 2 l o 3  O o 4  0 . 7  0 0 1 O o 2 - l o 5 l o 7  

1 0 : 0 7 . 9  2 . 2 s . o 0 . 6 3 . 8  1 0 1 2 o 3 O o 5 O o 8 0 0 1 4 o .S 4 � 1 
1 0 : 1 - - - - - - O o 3  0 0 1 O o 3  - 0 0 1 
1 2 : 0  6 . 7  1 o 9 4 o 3  0 . 5 3 . 7  1 . 1  2 o 2 0 . 5 1 o 5  0 . 2 4 o 2  4 o l 
1 4 : 0  1 7 . 3  4 . 9  8 . 5  0 . 9  1 0 . 2 2 o 9 O o 8  1 o 5  4 o 7 0 . 5 1 0 . 7  1 1 . 5  
1 4 : 1 - - - - l o O  0 . 3  l o O  0 . 2 1 0 1 0 . 1 0 . 6 0 . 9  
1 5 : 0  1 o 9  0 . 5 1 0 4 0 . 2 1 0 4 0 . 4  0 . 6 0 0 1 O o 6 0 . 1 1 . 3  1 . 6  
1 b : O 3 5 o l l O o O  2 5 . 5  2 . 8  2 5 . 8  7 o 3 1 5 o 8 3 . 4 1 2  0 1 1 o 3  24 . 8  2 3 . 2  
1 6 :  1 - - 0 . 7  0 0 1 1 o 5 0 . 4  2 o 5  o . s 2 o 6  O o 3  1 .  3 1 . 7 
1 7 : 0  - - - - - - - - - - - 0 . 9  
1 8 : 0  2 6 o 9 7 o 7  2 0 o 9  2 o 3 l 8 o 0 5 0  1 9 . 3  2 o 0  8 o 8  O o 9  1 8 . 0 1 7 . 5  
1 8 :  1 - - 29 . 9  3 . 3  3 2 . 8  9 . 2  5 6 . 6  1 2 o 2  49 . 9  5 . 2  2 9 . 9  2 8 . 8  
U N  Kc - - 1 0 0 0 0 1 - - - - - - 0 .  1 
1 8 : 2  - - - - - - 1 o 7  0 . 4  1 0 o 4 1 0 1 1 . 5  2 . 0  
1 8 : 3  - - - - - - - - 7 . 0  0 . 7 0 � 7  1 . 0  
2 0 : 2  - - - - - - - - - - - 0 . 4  - -- -- -- -- --

1 00 o 1 2 8 . 5  9 9 o 9 1 1 . 2  1 00 . 1 2 8 o 4  1 00 . 0 2 1 . 5  1 0 0 . 0 1 0 . 5 1 00 . 1 1 0 0 . 1 

a percentage in tri acylglyc erol class 

b p ercentage in f raction 

cidentity not d etermined 1-' 
N 
w 



Tabl e li.· F atty acid compositions of  the tri acylglyc erol cl asses of diff ering degrees o f  unsaturation obtained from the high mol ecul ar weight fraction of  the sampl e of J anuary milk  fat by silver ion - T . L . e . 

� atty acid composition (mo l e  % )  
F A  Saturated TG 1 s  Trans-mono ene TG 1 s  ei s-mono ene TG 1 s  Di ene TG ' s  Tri ene TG ' s  Fracti on 

8 : 0  
1 0 : 0  
1 2 : 0  
1 4 : 0  
1 4 : 1 
1 5 : 0  
1 6 : 0  
1 6 :  1 
1 7 : 0  
1 8 : 0  
1 8 : 1 
U N  Kc 

1 8 : 2  
1 8 : 3  
2 0 : 2  

% ea % F b % ea % Fb 

1 . 3  0 . 4  0 . 6  0 . 1 
6 . 1 2 . 1 3 . 3  0 . 3  
6 . 7 2 . 3  4 o l 0 . 4  

2 0 . 3  6 . 9  1 2 . 6  l o 3  
- - 1 0 0 O o l 

2 . 6  0 . 9  1 . 2  0 . 1 
4 2 . 5  1 4 . 4  3 2 . 0 3 . 2  

- - 1 0 4 0 0 1 
- - - -

2 0 . 5  6 . 9 1 5 . 1 1 · 5 
- - 2 6 . 7  2 . 7  
- - 2 . 0  0 . 2  
- - - -

- - - -

- - - -

1 0 0 . 0  3 3 . 9  1 00 . 0 1 0 . 0  

apercentage in tri acylglycerol class 

bpercentage in fraction 

cidentity not d etermined 

% ea % F b 

0 . 6  0 . 2  
2 . 6  0 . 8  
3 o 8  l o 2  

1 2 . 0  3 . 8  
1 . 7  0 . 5 
1 o l  0 . 4  

3 2 o l 1 0 . 0 
3 o 2  l o O  

- -

l 3 o 5 4 o 2  
2 9 o 4 9 . 2  

- -
- -

- -

- -

1 0 0 . 0  3 1  0 3 

% ea % Fb 

0: 

ea % Fb Rec . Ori g .  /o 

- - - - 0 . 7  0 . 6  
l o 3  0 . 2  0 . 4  o . o  3 o 4 3 . 7  
2 . 2  0 . 4  l o O  O o l 4 o4 4 - 3  
7 . 6  1 o 3 5 . 4  0 . 4  1 3 o 7 1 3 . 0  
2 . 2  0 . 4  1 o 7 O o l 1 o l 1 . 3  0 . 9  0 . 2  0 . 8 0 . 1 1 . 7 1 . 9  1 8 . 7 3 o 3  1 7 . 0  1 o 3  3 2 0 2 3 0 . 8  
3 . 3  0 . 6  3 . 0 0 . 2  l o 9  2 . 4  

- - - - - 1 . 6  8 . 1  1 0 4 8 . 9 0 . 7 1 4 - 7  1 4 - 5 
5 2 . 9  9 . 2  4 1  o l  3 0 1 2 4 . 2  2 3 . 5  - - - - 0 . 2 

2 . 5  0 . 4  1 4 o 4 1 o l 1 o 5  1 . 6  
- - 6 . 6  0 . 5  0 . 5  0 . 9  0 . 4  0 . 1 - - 0 . 1 

- -- --

1 00 . 1  1 7 . 5  1 00 . 3 7 . 6 1 00 . 3 1 0 0 . 1  

,...... 
N 
.p.. . 



Tabl e 30 . F atty acid compo sitions of  the tri acylglyc erol cl asses of  diff ering degrees o f  unsaturation obtai ned f rom the high mol ecul ar weight f raction o f  the s ampl e o f  March mi lk fat by silver ion - T . L . e . 

F atty acid composition (mole  % )  
F A  Saturated TG ' s  Trans-mono ene TG 1 s  ei s-mono ene TG 1 s  Di ene TG ' s  Tri ene TG ' s  Fraction 

% ea % F b 
-% e a 

% Fb % e a 
% F b 

% e a 
% Fb 

% e a 
% F b Rec . Ori g .  

6 : 0  0 . 9 O o 3  - - - - - - - - 0 . 3  0 . 2 8 : 0  2 . 2 O o 7  0 . 9  O o 1 1 o 0  0 . 3 - - - - 1 . 1  0 . 9  1 0 : 0 6 . 7  2 o 1 2 o 9 0 . 2  3 o 4  1 0 1 1 0 4 O o 2  O o 6 0 0 1 3 0 7 3 o 5  1 2 : 0 6 o 8  2 o 2 3 o 9  O o -3 3 o 8  1 o 2  2 . 0  O o 4  1 . 4  0 0 1 4 . 2  3 o 8  1 4 : 0  1 7 o 9  5 o 7  1 4 . 4  1 . 2  1 2 o 7  4 . 2 7 . 0  1 . 2  5 . 2  o . s 1 2 ;, 8  1 2 . 4  1 4 : 1 - - 1 0 1 0 . 1 2 . 3  0 . 7 2 . 4  0 . 4  1 . 6  0 . 2 1 0 4 1 - 4  1 5 : 0  2 o 6  O o 8  1 . 3  0 . 1 1 o 6  0 . 5  1 o 0  0 . 2 0 . 7  0 . 1 1 o 7  1 . 9  1 6 : 0  4 1 . 7  1 3 o 2  29 . 0  2 . 4  2 9 o 3  9 o 6  1 8 o 2  3 o 2  1 6 o 6 1 . 6 3 0 . 0 29 . 2  1 6 : 1 - - 1 0 1 0 0 1 2 o 0  0 . 7 3 o 2  0 . 6  2 o 8  O o 3  1 o 7 2 . 0  1 7 : 0  - - - - - - - - - - - 1 • 1 1 8 : 0  2 1 . 2  6 o 7  1 7 . 3  1 0 4 1 3 o 9 4 . 6  8 . 5  1 o 5  8 . 9  O o 9  1 5 o l 1 5 . 6 1 8 :  1 - - 2 6 o O  2 0 1 3 0 o 1 9 o 9  4 8 o 3  8 o 4  3 8 o 8  3 o 8  2 4 . 2  24 . 9  U N  Kc - - 2 o 3  O o 2  - - - - - - O o 2 1 8 : 2  - - - - - - 7 . 8  1 0 4 1 1 . 8  1 o 2  2 o 6  2 .  1 1 8 : 3  - - - - - - - - 1 1 . 6  1 0 1 1 0 1 0 . 9 -- -- --
l OO o O  3 1 o 7  1 00 o 2 8 . 2  1 00 . 1 3 2 o S 9 9 o 8 1 7 o 5  1 00 o 0  9 o 9  1 00 o 1 9 9 . 9 

a perc entage in  tri acylglycerol  class  

b perc entage in  f raction 

ci d enti ty not d etermined 

...... 
tv 
c..n 
0 



signi f i c ant amounts . 

( b ) Th e January s ampl e o f  mil k f at 

Tabl e 29 shows that in fraction A of the J anuary 

s ample the f o l l owing F A ' s compri sed 8 3 . 3 % of the F A ' s 

present in the saturated TG 1 s : 1 4 : 0  ( 2 0 . 3 % ) , 1 6 : 0  

( 4 2 . 5% )  and 1 8 : 0  ( 2 0 . 5% ) . Trans- and ci s-mono ene TG 1 s  

had simil ar FA  compo sitions and the respective proportions 

of thei r mor e  abundant FA components were 1 4 : 0  ( 1 2 . 6% and 

1 2 . 0% ) , 1 6 : 0  ( 3 2 . 0% and 3 2 . 1 % ) , 1 8 : 0 ( 1 5 . 1% and 1 3 . 5% )  

and 1 8 : 1  ( 2 6 . 7 % - el aidic acid and 29 . 4% - ol ei c  acid ) . 

In the diene  TG 1 s  1 8 : 1  ( 5 2 . 9% )  was the princi p al F A  

consti tuent , 1 4 : 0  ( 7 . 6% ) , 1 6 : 0  ( 1 8 . 7% ) ,  and 1 8 : 0  ( 8 . 1 % )  

were present in appr eci abl e amounts but 1 8 : 2  ( 2 . 5% )  was 

only a minor component . I n  the triene TG 1 s  1 8 : 1  ( 4 1 . 1 % )  

was th e principal F A  whi l e  1 6 : 0  ( 1 7 . 0% )  and 1 8 : 2  ( 1 4 . 4% ) 

were o f  consid erabl e quanti tati v e  importanc e .  

( c ) The March sampl e o f  mi lk  fat 

The s aturated TG 1 s  of fraction A o f  the March s ampl e 

contained 1 4 : 0  ( 1 7 . 9% ) , 1 6 : 0  ( 4 1 . 7 % )  and 1 8 : 0  ( 2 1 . 2% )  

which accounted for 8 0 . 8 % o f  the constituent F A ' s ( Tabl e 

3 0 ) . 1 4 : 0  ( 1 4 . 4% and 1 2 . 7 % ) , 1 6 : 0  ( 2 9 . 0% and 29 . 3 % ) , 

1 8 : 0  ( 1 7 . 3 % and 1 3 . 9% )  and 1 8 : 1  ( 26 . 0% - el aidic acid 

and 3 0 . 1% - oleic acid ) were the maj o r  F A 1 s in the trans

and ci s-mono ene TG ' s  r especti vely . 1 8 : 1  ( 48 . 3 % )  was the 

principal FA in the di ene TG 1 s  and 1 4 : 0  ( 7 . 0% ) , 1 6 : 0  

( 1 8 . 2% ) , 1 8 : 0  ( 8 . 5% )  and 1 8 : 2  ( 7 . � % )  were  present in 

considerabl e amounts .  In the triene TG 1 s  1 8 : 1  ( 3 8 . 8% )  

was  the principal F A  and 1 6 : 0  ( 1 6 . 6% ) , 1 8 : 2  ( 1 1 . 8 % )  and 
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1 8 : 3  ( 1 1 . 6% )  were of  consid erabl e quantitative importanc e .  

( d ) Compari son of  the S eptemb er, J anuary and March 

sampl es of mil k  fat 

I t  i s  evident from the abo �e description o f  T abl es 

28 , 2 9  and 3 0  that the s ame  maj or F A ' s were found in 

corr esponding TG cl asses of the TG f ractions of high mol . 

wt . In the saturated TG 1 s  1 4 : 0 , 1 6 : 0  and 1 8 : 0  made 

l arge contributions to the tot al F A ' s ,  in the tr ans- and 

ci s-mono en e  TG 1 s  the maj or constituent F A ' s were 1 4 : 0 , 

1 6 : 0 , 1 8 : 0  and 1 8 : 1 ,  whil e  in the di ene TG ' s  and tri ene  

TG 1 s  1 8 : 1  was the principal F A .  

Tabl e 3 1 . Ratio s  of  the saturated f atty aci ds 

present in the tri acylglyc erol cl asses prepared from the 

high mol ecul ar weight tri acylglyc erol fraction o f  the 

Septemb er mil k  fat sampl e .  

Tri acylglyc erol F atty acids expressed as a pro port-

cl ass  ion of the total saturated f atty 
acid s  

_14 : 0  1 6 : 0  1 8 : 0  

Saturated TG 1 s  0 . 1 7 0 . 3 5 0 . 27 

Tr ans-monoene TG 1 s  0 . 1 2  0 . 3 7 0 . 3 0 

Cis-mono ene TG 1 s  0 . 1 6  0 . 40 0 . 2 8 

Di ene TG 1 s 0 . 1 8  0 . 4 2 0 . 2 5 

Tri ene  TG 1 s  0 . 1 6 0 . 4 2 0 . 3 1 · 



When 1 4 : 0 , 1 6 : 0  and 1 8 : 0  are expr essed as a 

proportion of  the total saturated F A ' s present in  the 

r espective  TG classes it was found that for each o f  

thes e  F A i s the values wer e rel atively constant throughout 

·the TG cl asses . The rel evant values are given for  

fraction A o f  the  Septemb er s ampl e in  Tabl e 3 1  and 

similar trends were observed for the A fractions o f  the 

J anuary and March sampl es . 

3 . 3 . 2 . F atty acid compo si ti ons of the tri acylglyc erol 

cl asses o f  medium mol ecu l ar w eight . 

The F A  compo sitions o f  TG cl asses of diff ering 

l evel s  of unsaturatio n ,  whi ch were prepared from each 

of the three TG fractions of medium mol . wt . ( fr action 

B )  by silver ion-T . L . C . , are given in Tabl es 3 2 ,  3 3  and 

3 4 .  

( a )  The September sampl e o f  milk  fat 

In the s aturated TG ' s  of fraction B of  the September 

s ampl e 6 ": 0  ( 1 2 o 6% ) , 1 4 : 0 ( 1 2 o 7 % ) , 1 6 : 0  ( 3 0 o O% )  and 1 8 : 0  

( 1 8 o 8 % )  compri sed 7 4 o 1 %  of  the F A ' s present ( Tabl e  3 2 ) .  

Trans- and ci s-mono ene TG 1 s  had simil ar F A  compositions 

and the respective proportions o f  their maj o r  compon ent 

F A ' s were 6 : 0  ( 1 2 o 5% and 1 1 o 3 % ) , 1 6 : 0  ( 1 5 o 9% and 1 5 o 4% ) , 

1 8 : 0  ( 1 0 o 7 % and 9 o 3% ) ,  and 1 8 : 1  ( 27 o 9% - el aidic  acid 

and 3 2 o 6 % - ol eic acid ) o  In the di ene TG 1 s  1 8 : 1  ( 4 1 o 8 % )  

was  the principal F A  whi l e  none o f  the r emaining 1 2  F A ' s 

exceeded 1 1 o 7 % .  The mor e  abundant constituent F A ' s o f  



Tabl e 32 . F atty acid compositions of  the tri acylglyc erol classes of  diff ering degrees of  
uns aturation obtained from the  medium mol ecul ar weight f raction of  the  sampl e o f  September mil k  
f at b y  silver i o n  - T . L . e . 

F atty aci d composition (mol e % )  

F A  Saturated TG 1 s  Trans-mono ene TG ' s  ei s-monoene TG 1 s  Di ene TG ' s  Tri ene TG 1 s  Fracti on 

% ea % Fb % ea % Fb % ea % Fb % ea 
% Fb 

% ea % Fb Rec . Ori g .  

4 : 0  s . s 3 . 8  - 5 0 4 O o S  4 . 6 l o 2  1 . 2  O o l - - s . 6 6 . t 
6 : 0  1 2 . 6  5 . 7  1 2 . 5 l o 3 l l o 3  3 o l  l l o 7 1 o 2 1 . 6  0 . 1 1 1 . 4  1 l o 2 
8 : 0  4 . 8  2 . 2  S o 3  o . s 4 . 8  l o 3 S o l o . s 2 . 5  0 . 2  4 . 7  4 . 9  

1 0 : 0  6 . 7 3 o 1  6 . 9 0 .- 7  6 . 5  1 . 8  6 o 3 o . 6  6 . 4  0 . 4  6 . 6  6 . 2  
1 0 : 1 - - - - · 0 . 4  O o l 3 o 3 O o 3  1 o 9 D o l  0 . 5 0 . 6  
1 2 : 0  4 o 9  2 . 2  4 o 4 o . s 3 o 5  l o O 3 o 4  0 . 3  4 . 6  0 . 3  4 . 3  3 . 9 
1 4 : 0  l 2 o 7  s . s 8 . 7  0 . 9 S o l  2 . 2  s . s  o . 6  9 o l  0 . 6  1 0 . 1 1 0 . 2 
1 4 : 1  - - - - l o l  0 . 3  2 o l  0 . 2  2 . 3 0 . 2 0 . 7 '0 0 8 
1 5 : 0  l o O o . s 0 . 3  o . o  0 . 7  0 . 2  - - o . s .... 0 . 7 1 . 2  
1 6 : 0  3 0 . 0 1 3 . 6  1 5 · 9 1 . 6 1 5 . 4  4 . 2 8 . 9  O o 9  l 4 o 4  l o O 2 1 . 3 2 1 . 7 
1 6 : 1  - - 0 . 7  0 . 1  1 . 6 0 . 4 3 . 0 0 . 3  2 . 6 0 . 2  l o O  l o l  
1 7 : 0  - - - - .... - .... - - - - 0 . 7  
1 8 : 0  1 8 . 8  s . s l 0 o 7  1 0 1 9 o 3  2 . 5  3 o 3 0 . 3  6 . 2  0 . 4  1 2  0 8 1 3 . 3 
1 8 :  1 - - 2 7 . 9  2 . 8  3 2 . 6  8 . 9 4 1 . 8  4 - 3 2 5 . 7  1 . 8 1 7 . 8  1 6 . 6 
u N KC 

- - 1 . 3 0 .  1 - - - - - - 0 . 1 
1 8 : 2 - - - - - - 4 o l 0 . 4  7 0 1 o . s 0 . 9 0 . 8  
1 8 : 3 - - - - - - - - 1 5 . 2 1 0 0 1 . 0  0 . 6 
2 0 : 2  - - - - - - - - - - - 0 . 3  

-- -- -- -- -- -- --

1 0 0 . 0  4 5 o 4  1 0 0 . 0  1 0 . 1  9 9. 9 2 7 . 2  1 0 0 . 0 1 0 . 0  1 00 . 1  6 . 8  9 9 . 5  1 0 0 . 2 

a perc entage in tri acyl glyc erol class  

bp�rcentage in fraction 

ci dentity pot determined 

'"'""' 

N 
� 
• 



Tabl e 3 3 · F atty acid compositions of the tri acylglycerol classes of  diff ering degrees of  
unsaturation obtai ned from the medium mol ecular weight fraction of  the sampl e of J anuary milk 
f at by silver ion - T . L . e . 

F atty acid composition (mole  % )  

F A  Saturated TG 1 s  Trans-mono ene TG ' s  ei s-mono ene TG 1 s  Di ene TG 1 s Tri ene TG 1 s Fraction 

% ea % F b % ea . 
% Fb % ea % Fb % ea % F b 

% ea % F b Ori g .  Rec . 

4 : 0  l o O o . s - - - - - - - - o . s o . s 
6 : 0  1 1 . 7 5 · 9  1 0 . 0 0 . 7  9 . 0 2 0 1 S o O  O o 6 - - 9 . 6  9 o 3  
8 : 0  6 . 9 3 . 5 7 . 0  O o 5  6 . 9  1 o 6 S o l O o 6  1 0 0 O o l 6 o 4  6 . 3  

1 0 : 0  9 o 2  4 . 6  9 . 3  0 . 7  9 . 2  2 0 1 7 o l  O o 8 4 . 4  O o 4  8 . 7  8 . 6  
1 0 : 1 - - - - 0 . 2  0 0 1 5 o 3  0 . 6  2 o l  0 . 2  O o 9  0 . 9 
1 2 : 0  5 . 8  2 . 9  4 . 8 O o 3  5 o 2  1 o 2  4 - 1  O o S 4 o 9  O o 4  5 . 2  5 . 3 
1 4 : 0  l 4 o 2 7 . 2  l 0 o 6  O o 7  l O o l 2 o 3 7 o 9  O o 9 1 1 - 4 O o 9  l l o 7 1 2 . 0 
1 4 : 1 I 2 . 7  O o 6  4 . 0  O o S 2 . 4  O o 2  1 o 4 1 . 3  - - - -

1 5 : 0  1 o 6  0 . 8  0 . 8  0 . 1  1 o 2  O o 3  O o 9  O o l 1 0 2 0 .  1 1 0 2 1 . 4  
1 6 : 0  3 7  o l l 8 o 7 2 1 o 3  1 0 5 2 0 o 9 4 o 9 1 7 o 0  1 o 9 2 2 o 1 1 o 8  2 7 . 8  2 8 . 8  
1 6 : 1  - - 1 0 1 O o l 2 o 2  o . s 3 . 2  O o 4  2 . 3  O o 2  1 o 8  1 .  2 
1 7 : 0  - - - - - - - - - - 1 . 0  
1 8 : 0  1 2 . 5  6 . 3  8 o 0  0 . 6  4 o 7  1 o l  3 . 4  0 . 4  3 o 9  0 . 3  8 . 8  8 . 7  
1 8 :  1 ....! - 2 5 . 0  1 . 8  2 7 o 7  6 . 4  2 9 o 9  3 o 2  2 2 o 6  1 o 8  1 3 . 4  1 3 . 2  
U N  Kc - - 2 . 3  O o 2 - - - - - - - 0 . 2 
1 8 : 2  - - - - - - 7 - 4  O o 8  7 0 1 O o 6  1 .  1 1 . 4  
1 8 : 3  - - - - - - - - 1 4 o 6  1 . 2  0 . 7  1 . 2  

-- -- -- -- --

1 0 0 . 0  s o . 4 1 0 0 . 2  7 . 2. 1 0 0 . 0  2 3 . 2  1 0 0 . 3 l l o 3  l OO o O  8 . 2 1 0 0 o 2  1 0 0 . 3 

a perc entage in  tri acylglyc erol class  

b perc entage in  f raction 

ci dentity not determined ..... 
w 
0 . 



T abl e 3 4. F atty acid compositions o f  the tri acylgl yc erol cl asses o f  diff ering degrees of 
unsaturation o b t ained f rom the medium mol ecul ar weight f r action of the sampl e o f  March mi lk f at 
by sil v er ion - T . L . C .  

F atty acid composi tion (mol e % ) 

F A Satur ated TG 1 s  Trans-mono ene TG 1 s  ei s-mono ene TG 1 s  Di ene TG ' s  T ri ene TG ' s  F r action 

% e a 
% F b 

% e a 
% F b 

% e a % F b 
% ea 

% Fb %
' e a 

% Fb Rec o Orig . 

4 : 0  2 . 8  1 0  4 - - - - - - - - 1 o 4  2 o 0  
6 : 0  1 4 . 2  7 o 0  1 2 . 2  O o 8  1 1 . 5  3 0 1 6 o 1  0 . 6 - - 1 1  0 5 1 1 o 7  
8 : 0  5 o 9  2 . 9  5 . 9  O o 4  5 . 8 1 o 5  4 . 0  0 . 4  1 o 3  O o l 5 o 3  5 o 0 

1 0 : 0 7 . 8  3 o 8  7 o 2  O o 4 7 o 1 1 o 9 5 o 7 O o 6  5 o 1 0 . 4  7 o 1 7 o 7  
1 0 : 1 - - - - 0 . 4  O o 1 4 o 5  O o 5 2 0 1 O o 2 O o 8 0 . 8 
1 2 : 0  4 . 8  2 . 4  4 . 2 0 . 3  4 o 5 1 o 2  3 . 9  0 . 4 4 . 7  0 . 4 4 · 7 4 . 6  
1 4 : 0  1 3 . 8  6 . 8  1 0 . 4  0 . 6  9 . 3  2 � 5 7 . 9  0 . 8  1 1 . 1  0 . 9  1 1 . 6  1 1 . 6  
1 4 : 1 - - - - 2 o 7  0 . 7  3 o 8  0 . 4  2 . 7  o . z  1 o 3 1 . 4  
1 5 : 0  1 o 7  0 . 8  O o 8  0 . 1 1 . 5  0 . 4  1 o l  0 . 1 1 . 6 0 .  1 1 . 5  1 . 0  
1 6 : 0  3 5 'c. 5 1 7 o 4 2 2 . 3  1 . 4  1 9 . 6  5 . 3  1 4 . 4  1 . 4  2 0 . 2 1 . 6  2 7 . 1  2 6 . 2  
1 6 :  1 - - 1 o Z 0 0 1 . 2 . 0  0 . 5  2 . 7  O o 3 2 . 4 0 . 2 1 0 1 1 . 0  
1 7 : 0  - - - - - - - - - - - 0 . 3  
1 8 : 0  1 3 o 5  6 . 6  8 . 6  0 . 5  6 . 5  1 o 7  3 o 1  0 . 3  3 - 7  0 . 3  9 . 4 9 . 8  
1 8 : 1  - - 2 5 . 0  1 . 5  2 9 . 2  7 o 8  3 6 . 7  3 . 7  2 3 . 6  1 o 9  1 4 . 9  1 5 . 1 
U N K c - - 1 . 7  0 . 1 - - - - - - 0 . 1  
1 8 : 2  - - - - - - 6 o 1 O o 6  4 . 9 0 . 4 1 . 0  1 . 2  
1 8 : 3 - - - - - - - - 1 6 o 7 1 o 3  1 . 3  0 . 8  

- -- -- --

1 00 . 0  49 . 1  1 0 0 . 0  6 . 2 1 0 0  0 1 26 o 7  1 0 0 . 0  1 0  0 1 1 0 0 0 1 8 o O  1 0 0 0 1 1 0 0 . 2 

a p erc entage i n  tri acylglyc erol class 

b p erc ent age i n  f raction 

ci d entity not d etermined 
� 
w 
� 
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the triene  TG 1 s  were 1 6 : 0  ( 1 4 . 4% ) ,  1 8 : 1  ( 2 5 . 7 % )  and 1 8 : 3  

( 1 5 . 2% ) . 

( b )  The J anuary sampl e o f  mil k  fat 

In the s aturated TG ' s  of  fraction B of the J anuary 

s ampl e 6 : 0  ( 1 1 . 7 % ) , 1 4 : 0  ( 1 4 . 2% ) , 1 6 : 0  ( 3 7 . 1 % )  and 1 8 : 0  

( 1 2 . 5% )  accounted for 7 5 . 5% of  the F A ' s present ( Tabl e 

3 3 ) .  As in the Septemb er sampl e the F A  compositions of  

tr ans- and ci s-mono ene TG 1 s  resembl ed each other cl osely 

and their  respective maj or F A ' s were 6 : 0  ( 1 0 . 0% and 9 . 0% ) ,  

1 0 : 0  ( 9 . 3 % and 9 . 2% ) , 1 4 : 0  ( 1 0 . 6% and 1 0 . 1 % ) , 1 6 : 0  ( 2 1 . 3 % 

and 2 0 . 9 % )  and 1 8 : 1  ( 2 5 . 0% - el aidic acid and 27 . 7 % - ol ei c  

acid ) . In the diene TG 1 s  the more abundant constituent 

F A ' s were 1 6 : 0  ( 1 7 . 0% )  and 1 8 : 1  ( 2 9 . 9% )  while none of the 

r emaining 1 1  F A ' s exc eed ed 7 . 9% of the total . In  the 

triene TG 1 s , 1 4 : 0  ( 1 1 . 4% ) , 1 6 : 0  ( 2 2 . 1 % ) , 1 8 : 1 ( 2 2 . 6% )  and 

1 8 : 3  ( 1 4 . 6% )  compri s ed 7 0 . 7 % of the total F A ' s .  

( c )  The March sampl e of  milk fat 

Tabl e 3 4  shows that the following FA ' s  comprised 

7 7 . 0% o f . F A ' s present  in the saturated TG ' s  obtained 

from fraction B of  the March · s ampl e :  6 : 0  ( 1 4 . 2% ) , 1 4 : 0  

( 1 3 . 8% ) , 1 6 : 0  ( 3 5 . 5% )  and 1 8 : 0  ( 1 3 . 5% ) . Trans- and 

ci s-mono ene  TG ' s  had simil ar F A  compo sitions and the 

r espective proportions of thei r maj or F A  constituents 

were 6 : 0  ( 1 2 . 2% and 1 1 . 5% ) , 1 4 : 0  ( 1 0 . 4% and 9 . 3% ) , 1 6 : 0  

( 2 2 . 3% and 1 9 . 6% )  and 1 8 : 1  ( 2 5 . 0% - el aidic acid and 

29 . 2% - oleic acid ) .  In  the diene  TG 1 s  the maj or F A ' s 

were 1 6 : 0  ( 1 4 . 4% )  and 1 8 : 1  { 3 6 . 7 % )  while  the remaining 

1 1  constituent F A ' s ,  vari ed b etween 1 . 1  and 7 . 9% .  The 



1 3 3 · 

mor e  abundant F A  components in th� tri ene TG ' s  were 

1 4 : 0  ( 1 1 . 1 % ) , 1 6 : 0  ( 2 0 . 2% ) ,  1 8 : 1  ( 2 3 . 6% ) and 1 8 : 3  ( 1 6 . 7 % ) 

which together account ed for 7 1 . 6% of  F A ' s pr esent . 

( d )  Compari son of the September, J anuary and March 

sampl es  of mil k fat  

From the  above  d escription o f  T abl es 3 2 ,  3 3  and 3 4 ,  

it  c an b e  seen that,  with f ew exc eptions, corresponding 

TG cl asses of the TG fractions of medium mol . wt . con

t ained the same maj or F A ' s .  In  the saturated TG ' s  the 

maj or F A  compon ents were 6 : 0 , 1 4 : 0 , 1 6 : 0  and 1 8 : 0  in 

the 1rans- and ci s-mono ene  TG 1 s  6 : 0 , 1 4 : 0 ,  1 6 : 0 , and 

1 8 : 1  were of consider abl e quantitative importanc e ,  in 

the di ene TG 1 s  the more  abundant F A ' s wer e 1 6 : 0  and 1 8 : 1 , 

and in the tri ene TG ' s  the maj or  constitu ent F A ' s wer e  

1 4 : 0 , 1 6 : 0 , 1 8 : 1  and 1 8 : 3 .  

When comparing the contributions o f  saturated F A ' s 

to e ach TG cl ass it  i s  observed that , for each fraction 

B ,  values of 1 0 : 0  and 1 2 : 0  (mol es % )  remained approximately 

constant and that values of 1 6 : 0  and 1 8 : 0  (mol es % )  

d ecreased as the proportion o f  saturated F A ' s in TG classes  

d ecreased . 

3 . 3 . 3 .  F atty acid compo sitions of the tri acylglyc erol 

cl asses of low mol ecul ar weight . 

The FA  compositions o f  TG cl asses o f  diff ering l ev el s 

o f  unsatur ation,  which were prepared from each o f  the 

thre e  TG fractions o f  low mol . wt . ( fraction C ) by sil v er 



T abl e 3 5 • 
F atty acid compo sitions o f  the triacylgl yc erol classes o f  diff ering d egrees of 

unsaturation o bt ai n ed f rom the l ow mol ecul ar weight f r action o f  the s ampl e o f  September mil k  fat 
by silver ion - T . L . e . 

F atty acid compo si tion (mol e % ) 

F A  Saturated TG 1 s  T rans-mono ene TG ' s  ei s-mono ene TG 1 s  Di ene TG 1 s Tri ene TG 1 s  F r action 

% e a % F b % e a % Fb % ea % F b 
% e a 

% F b 
% e a 

% F b Rec . Orig . 

4 : 0  2 5 . 1 1 1 . 7  -24 . 1 2 . 2 24 . 6  6 . 9 2 4 . 3  2 . 4  2 3 . 0  1 0 4 2 4 . 6  2 4 . 9 
6 : 0  6 . 0  2 . 8  6 . 2  0 . 6 S o l l o 4  5 o 3  0 . 5 7 o 7  o . s 5 . 8 6 o l 
8 : 0  2 . 4  1 .  1 1 . 7 0 . 2 1 . 8  0 . 5 l o 5 O o l  2 . 5  0 . 2  2 .  1 2 .  1 

1 0 : 0  4 . 8 2 . 2 2 . 7 0 . 2 2 . 4  0 . 7  1 . 6  0 . 2  2 . 8  0 . 2 3 . 5  3 . 5 
1 0 :  1 - - - - · C . 5  0 . 2  1 . 6  0 . 2  1 .  4 0 . 1  0 . 5  0 . 4  
1 2 : 0 5 o 2  2 . 4  3 . 2  0 . 3  2 . 7  0 . 8 1 o 3  0 . 1 2 .  1 0 0 1 3 ' 7 3 . 7 
1 4 : 0 1 4 . 8 6 . 9  8 . 7  0 . 8 7 o 8 2 . 2 3 . 3 0 . 3  4 . 9 0 . 3  1 0 . 5  1 0 . 5 
1 4 : 1 - - - - 1 .  1 0 . 3 1 o 7  0 . 1  0 . 6  - 0 . 4 0 . 6  
1 5 : 0  1 . 5  0 . 7  0 . 8 0 . 1 0 . 9 0 . 3  0 . 2 - - - 1 . 1 1 .  1 
1 6 : 0  2 8 . 0  1 3 . 0  1 5 . 0  1 . 4  1 5 . 3 4 . 3 5 o 7 0 . 6 8 . 9  0 . 6  1 9 . 9 2 0 . 2  
1 6 :  1 - - 1 . 6  0 . 2 2 . 2  0 . 6 3 . 6  0 . 4 l o 5  0 . 1 1 . 3  1 . 2 
1 7 : 0  - - - - - - - - - - - 0 . 3 
1 8 : 0  i 2 . 2 5 . 7 6 . 2 0 . 6  5 . 0 1 Q 4 2 . 2  0 . 2  3 . 6 0 . 2  8 o 1  8 . 2  
1 8 :  1 - - 2 8 . 1  2 . 6  3 0 . 7  8 . 6  4 0 . 1 4 . 0  1 6 . 1  1 . 0  1 6 . 2 1 5 - 9 
u N KC - - 1 . 7  0 . 2 - - - - - - 0 . 2  
1 8 : 2  - - - - - - 7 o 7 0 . 8 8 0 1 o . s 1 . 3  1 • 1 
1 8 : 3 - - - - - - - - 1 7 . 0  1 .  1 1 0 1 0 . 5  

-- -- -
1 0 0 . 0  4 6 . 5 1 0 0 . 0 9 . 4 1 0 0 . 1 2 8 . 2  1 0 0 . 1  9 . 9  1 0 0 . 2 6 . 3 1 0 0 . 3  1 0 0 . 3 

a p erc entage i n  t ri acylglyc erol cl ass 

b p ercentage i n  f r acti on 1-4 
w 

ci d entity not d etermined � . 



Tabl e 3 6 .. F atty acid compo sitions o f  the tri acylgl ycerol cl asses o f  dif f ering degrees o f  
unsaturation  obtained from the low mol ecul ar weight fraction  of  the sa�pl e of  J anuary milk  f at 
by silver ion � T . L . e . 

F atty aci d compo sition (mo l e  % )  

F A  Saturated TG 1 s  Trans-mono ene TG 1 s  ei s-monoene TG 1 s  Di ene TG 1 s Tri ene TG 1 s Fracti on 

% ea % F b % ea % Fb % ea % F b % e a % F b % ea % F b Rec ., Ori g .,  

4 : 0  24 o 4  1 3 o 3  - 2 1  0 2 1 o 6 2 4 o 9  6 o 3 2 0  .. 7 1 o 7 1 1 o 6 O o 5  2 3 o 4 2 3 o 1  
6 : 0  6 ., 6  3 o 6  6 o 9  O o 5  7 - 3  1 . 8 7 o 7 O o 7  6 ., 4  O o 3 6 .. 9 7 o 0 
8 : 0  1 o 7  0 . 9 1 0 4 O o l  l o 5 0 ., 4 1 o 5 O o l 2 o 2  O .. i 1 o 6  1 o 8 

1 0 : 0 3 o 6 l o 9  2 o 2  0 . 2  2 .. 0 O o 5 l o 7  O o 2  2 o 9  O o l 2 o 9  3 . 0  
1 0 : 1 - - - - 0 . 3  O o l 2 .. 8 O o 2  l o 2  O o l 0 .. 4 o .. s 
1 2 : 0  4 .. 6 2 o 5 2 . 8 0 . 2  2 o 7  O o 7  l o 5 O o l 2 o l O o l 3 o 6  3 o 4  
1 4 : 0  1 4 o 8  8 .. 0 9 o 2  0 . 7 7 o 8 2 . 0 4 o 4  O o 4  b o 4  0 . 3 l 1 o 4 1 0 . 4 
1 4 : 1 - - 0 . 2  0 ., 0  l o 7 O o 4  2 o 3 0 ., 2 0 ., 8  0 ., 0  0 . 6 0 . 8  
1 5 : 0 1 0 8 . l o O  l o 3  O o l O o 8  0 ., 2 0 .. 4 0 ., 0  O o 5 o . o  l o 3  1 - 3 
1 6 : 0  3 3 o 4  1 8 . 1  1 8 . 9 1 o 4  1 7  o l  4 o 3  9 o 4  0 . 8  1 8  .. 6 O o 9  2 5 . 5  24 . 4  
1 6 :  1 - - l o 6  0 . 1 2 o 6  0 . 7  4 o 6  O o 4  2 . 2  0 0 1 1 0 3 l o 9  
1 7 : 0  - - - - - - - - - - - 0 . 9  
1 8 : 0  9 o 2  5 o 0  4 o 9  O o 4  3 o 6 O o 9  2 .. 8 O o 2  4 0 1  O o 2  6 . 7  6 . 9  
1 8 :  1 - - 2 7 . 4  2 o l 2 7 o 8  7 o 0 3 1 o 2  2 .. 6 l 6 o O  O o 7  1 2 . 4 1 2 . 7  
u N KC - - Z o O  O o 2 - - - - - - 0 . 2  
1 8 : 2  ... - - - - - 9 o 0  0 . 8  6 . 3 O o 3  1 . 1 1 . 2 
1 8 : 3  - - - - - - - - 1 8 o 8  O o 9  O o 9  0 . 8  

-- -- -- -- --

1 00 o l  54 . 3  l O O o O  7 0 6 1 0 0  0 1 2 5 o 3  1 00 .. 0 8 o 4 1 00  0 1 4 . b 1 0 0 . 2 1 0 0 .  1 

a percentage in  tri acylglycerol class  

b percentage  in f raction 1-' 
w 

ci �entity not determined 
V1 
• 



Tabl e 3 7 . F atty acid compo sitions of  the tri acylglycerol cl asses o f  differing d egrees o f  
uns aturation obtained f rom the l o w  mol ecul ar weight f raction of  the sampl e o f  March mil k  fat by 
sil ver ion - T . L . C .  

F atty aci d compo sition (mol e  % )  

F A  Saturated TG ' s  Trans-mono ene  TG 1 s  ei s-mono ene  TG 1 s  Di ene TG ' s  Tri en e TG ' s  Fraction 
% ea % F b % ea % Fb % ea % F b 

a-: 
ea 7o % Fb 

% ea % Fb Rec o Orig . 

4 : 0  2 3 . 5  1 2 . 5 -2 2 o 3 1 o 3 2 2 . 8  6 . 0  1 8 . 7 1 o 7  1 5 0 1 0 . 8  2 2 o 3 2 3 . 5  
6 : 0  6 . 4 3 o 4  6 . 3 O o 4  5 . 7 1 o 5  7 o 0 0 . 6  8 . 0  0 . 5 6 o 4 6 o 7  
8 : 0  1 o 9 1 . 0 1 o 6 O o l 1 o 4 O o 4 1 o 5 O o 1  2 o 5  0 0 1 1 o 7  2 . 0 

1 0 : 0 3 o 4  1 . 8  2 . 0  O o 1  2 . 0  O o 5 1 o 8  O o 2 3 o 2 0 . 2 2 o 8  2 . 9  
1 0 : 1 - - - - 0 . 3 0 . 1  2 . 5  0 . 2 1 0 2 0 . 1 0 . 4  0 . 4  
1 2 : 0 4 o 5  2 . 4  2 . 5 0 . 1 2 . 5  0 . 7 1 0  4 O o 1  2 . 3 0 . 1 � . 4 3 . 6 
1 4 : 0  1 4 o 7  7 o 9  8 o 5 0 . 5 8 0 1 2 0 1 4 o 5  0 . 4 5 o 6 O o 3  1 1 o 2  1 0 . 3 
1 4 : 1  - - O o 3  - 2 . 1 o . 6  2 o 3  0 . 2 1 o 3 0 0 1 0 . 9 1 .  0 
1 5 : 0  l o 9  l o O 1 o 4  0 0 1 1 0 1 0 . 3 O o 3  - O o 4  - 1 .  4 1 . 4 
1 6 : 0  3 3 . 6  1 8 . 0  2 0 . 1 1 0 1 l 7 o 4  4 o 6 9 . 8  O o 9  l 3 o 5 0 . 8  2 5 . 4 2 4 . 0 
1 6 : 1 - - 1 . 6 0 . 1 2 o 8 0 . 8 4 o 3  0 . 4  2 o 3 O d 1 . 4 1 . 7  
1 7 : 0  - - - - - - - - - - - 0 . 6  
1 8 : 0  l O o l 5 o 4 6 . 1  O o 4  4 o 2  1 0 1 3 . 8 O o 3  3 o 4  O o 2  7 . 4 7 o 4  
1 8 :  1 - - 2 6 o 2  1 0 5 2 9 o 6  7 o 8  3 3 ., 4 3 . 0  1 2 o 3  0 . 7 1 3 . 0  1 3 . 5  
u N KC - - l o 2  0 . 1 - - - - - - 0 . 1 
1 8 : 2  - - - - - - 8 o 7  0 . 8 5 . 9  0 . 3 1 • 1 0 . 6  
1 8 : 3  - - - - - - - - 2 3 . 1  1 o 3 1 . 3 0 . 5  

-- -- -- -
1 0 0 o 0  5 3 o 4  1 00  0 1 5 . 8 1 0 0 . 0  2 6 . 5 1 0 0 . 0  8 ·9  1 00 . 1  5 o b 1 0 0 . 2 1 0 0 . 1  

a percentage in tri acylglyc erol cl ass 

b percentage in f raction """" 
w 

cid enti ty not determined a-
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Figure  1 0 . Gas-liquid chromatograms o f  the f atty 
acid methyl esters' of  the saturated and cis-monoen e  
tri acylglyc erols  obtained from the l o w  mol ecul ar weight 
tri acylglycerol fraction of the September milk  fat 
sampl e .  
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1 7 : 0  

1 8 : 3  

4:0 
d iene TG's 
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temperature °C 

Figur� . Gas-liquid chromatograms o f  the f atty 
acid methyl esters of the diene and tri ene tri acylglycerol s 
obtained from the l ow mol ecul ar  weight tri acylglycerol 
fraction of  the September milk  fat sampl e .  



ion-T . L . C . , are shown in Tabl e� 3 5 , 3 6 and 3 7 . The 

resul ts given in  Tabl e 3 5  are the means o f  duplicate  

d etermi nations . Gas-li quid chromatograms o f  F A  methyl 

esters o f  TG cl asses pr epared from fraction C o f  the 

Septemb er sampl e are presented in Figures 1 0  and 1 1 .  

( a )  The  Septemb er sampl e o f  milk fat 

1 3 9 .  

In the satur ated TG 1 s  o f  fraction C o f  the Septemb er 

sampl e 4 : 0  ( 2 5 . 1 % ) , 1 4 : 0  ( 1 4 . 8 % ) , 1 6 : 0  ( 2 8 . 0% )  and t 8 : 0  

( 1 2 . 2% )  comprised 8 0 . 1 %  of  the total F A ' s pres ent ( Tabl e 

3 5 ) . 4 : 0  ( 24 . 1 % and 2 4 . 6 % ) ,  t 6 : 0  ( 1 5 . 0% and 1 5 . 3 % )  and 

1 8 : 1  ( 2 8 . 1 % - el aidic acid  and 3 0 . 7 % - ol ei c  acid ) wer e 

the maj or F A ' s in the trans- and cis-mono ene TG ' s  

respecti vely . In the di en e  TG ' s  the maj or  F A  constituents 

were 4 : 0  ( 2 4 . 3 % )  and 1 8 : 1  ( 4 0 . 1 % )  while  th e more abundant 

F A ' s in the tri ene TG 1 s  were 4 : 0  ( 2 3 . 0% ) , 1 8 : 1  ( t 6 . t % )  and 

t 8 : 3 ( 1 7 . 0% ) . 

( b )  The Janu ary sampl e o f  milk fat 

Tabl e 3 6 shows that the following F A ' s comprised 

7 2 . 6 % o f · the F A ' s present in the saturated TG 1 s  obtained 

from fr action C of the J anuary sampl e :  4 : 0  ( 2 4 . 4% ) ,  

1 4 : 0  ( 1 4 . 8 % )  and 1 6 : 0  ( 3 3 . 4% ) . Again 4 : 0  ( 2 t . 2% and 

24 . 9 % ) ,  1 6 : 0  ( 1 8 . 9 % and 1 7 . 1 % )  and 1 8 : 1 ( 2 7 . 4% - el aidic  

acid and 27 . 8 % - oleic  aci d ) were the mor e  abundant F A ' s 

in the trans- and ci s-mono ene TG 1 s . The maj or con

stituent FA ' s ia the di en e  TG 1 s  were 4 : 0  ( 2 0 . 7 % )  and 1 8 : 1  

( 3 1 . 2% )  whi l e  in  the tri en e  TG ' s  the quantitatively mor e  

important F A ' s were 4 : 0  ( 1 1 . 6 % ) ,  1 6 : 0  ( 1 8 . 6 % ) ,  1 8 : 1  

( 1 6 . 0% )  and 1 8 : 3  ( 1 8 . 8 % ) . 



( c ) The :March sampl e o f  milk  fa·t 

1 4 0 .  

In the saturated TG 1 s  o f  fr action C o f  the :March 

sampl e 4 : 0  ( 2 3 . 5% ) , 1 4 : 0 ( 1 4 . 7 % ) , 1 6 : 0  ( 3 3 . 6% )  and 1 8 : 0  

( 1 0 . 1 % )  account ed for 8 1 . 9 % of  the F A ' s present ( Tabl e 

3 7 ) .  The FA compo sitions of  trans- and ci s-mono ene 

TG ' s  were similar and the respective proportions of  the 

maj or F A  components wer e 4 : 0  ( 2 2 . 3 % and 2 2 . 8 % ) , 1 6 : 0  

( 2 0 . 1 %  and 1 7 . 4% )  and 1 8 : 1  ( 2 6 . 2% - el aidi c acid and 

2 9 . 6 % - ol eic acid ) . In the dien e  TG 1 s  the maj or 

constituent F A ' s were 4 : 0  ( 1 8 . 7 % )  and 1 8 : 1 ( 3 3 . 4% )  whil e  

i n  the tri ene TG ' s  4 : 0  ( 1 5 . 1 % ) , 1 6 : 0  ( 1 3 . 5 % ) , 1 8 : 1  ( 1 2 . 3 % )  

and 1 8 : 3 ( 2 3 . 1 % )  were o f  consid erabl e quantitative 

importanc e .  

( d ) Compari son of the September, January and March 

samples  of  milk fat 

It is  cl ear from the above d escription of the resul ts  

that the same maj or F A  constituents were present in  

corresponding TG  cl asses of  the TG  fractions of  low  mol . 

wt . In the saturated TG 1 s  4 : 0 , 1 4 : 0 , 1 6 : 0  and 1 8 : 0  were 

of  considerabl e quantitative _ importance , in the trans-

and ci s-mono ene TG 1 s  the more abundant FA constituents 

were 4 : 0 , 1 6 : 0  and 1 8 : 1 , in the di ene TG 1 s  4 : 0  and 1 8 : 1 

made l arge contributions to the consti tuent F A ' s ,  and 

in the tri ene TG 1 s  the maj or F A ' s were 4 : 0 , 1 6 : 0 , 1 8 : 1  

and 1 8 : 3 . 

Referenc e to Table  3 5  shows that in fraction C o f  

the September  s ampl e o f  milk  fat the proportions of  each 

of 4 : 0 , 6 : 0  and 8 : 0 - were similar in each TG cl ass whil e  



1 4 1 o 

the propo rtions o f  each o f  1 4 : 0 , 1 6 : 0  and 1 8 : 0  decreased 

markedly as the propo rtj cn  of  unsatur ated F A ' s in TG 

classes increased . Thes e  F A ' s showed a simil ar pattern 

of distribution in the C f ractions of the J anuary and 

March sampl es of  milk  f at ( Tabl es 3 6  and 3 7 ) .  

F rom a further examination of  the data presented in 

Tabl es  2 8  to 37  and f rom the above detail ed description 

of  these results it is po ssibl e to put forward the 

following general conclusions relating to the component 

TG cl asses of  the three  s ampl es of  milk fat examined : 

( i ) TG 1 s  of  the same  average degree o f  unsaturatio n ,  

obtained from corresponding TG fractions,  h a d  the same 

maj o r  FA constituents and generally comparabl e FA compo �tion s . 

( ii ) In each TG fraction trans- and cis-monoene TG 1 s  

had simil ar FA  compositi ons . 

( iii ) In the TG f r ac tions of  medium and low mol . wt . 

more  than 5 0% o f  each saturated FA  was found  in the 

satur at ed TG 1 s . 

( i v )  For each TG f r action  clo se agreement was 

obtained b etween the FA compo sition reconstructed from 

the proportions , of  F A ' s in the respective TG cl asses and 

the F A  compo sition d etermin ed experimentally .  
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3 . 3 . 4 . Tri acylglyc erol compo siti ons of  sel ected 

triacylglyc erol cl asses of the March sampl e of  milk  f at . 

The TG compo si tions o f  the mor e  abundant TG cl asses 

prepar·ed from the March sampl e of mil k  fat are gi ven in 

Tabl e 3 8 . The mol ecul ar types c4 0 ( 7 . 4% ) ,  c4 2  ( 1 6 . 0% ) , 

c4 4  ( 1 8 . 8 % ) , c4 6 ( 1 7 . 4% ) ,  c48  ( 1 5 . 4% )  and c5 0 ( 1 0 . 4% )  

were o f  consider abl e quantitative importance  in the 

saturated TG 1 s  o f  fraction A and compri sed 8 5 . 4% o f  the 

TG 1 s  present . TG 1 s  with 44 , 46 , 48 , 5 0 and 5 2  carbon 

atoms in their consti tuent FA ' s compri sed 9 . 8 , 1 2 . 1 ,  

2 2 . 2 , 27 . 1  and 1 3 . 8 % respectively o f  the ci s-monoene 

TG ' s  of  fraction A ( 8 5 . 0% of the TG 1 s  present ) .  In 

fraction B c3 8  ( 4 2 . 2% )  and c40 ( 2 9 . 3% )  compri sed 7 1 . 5% 

o f  the saturated TG 1 s  whil e  in the ci s-mono ene TG 1 s  o f  

fraction B the mol ecul ar types c4 0  ( 4 2 . 4% )  and c4 2  ( 2 7 . 3 % )  

together accounted for  6 9 . 7 % of  the TG 1 s . In the 

s aturated TG ' s  of fraction C the maj or  TG types were c 3 4  

( 2 2 . 6% ) ,  c3 6 ( 4 1 . 4% )  and c3 8  ( 1 6 . 0% )  whil e  in the cis

mono ene TG 1 s  c 3 6 ( 20 . 2% ) , c 3 8  ( 47 . 6% )  and c4 0 ( 1 5 . 9% )  

compri sed 8 3 . 7 % o f  the constituent TG 1 s . 

It  is  evid ent f rom Tabl e 3 8 ,  that for  each o f  the 

three TG fractions obtained from the March sampl e the 

saturated TG ' s  had a l ower average mol . wt . than the 

ci s-monoene  TG ' s . 



Tabl e 3 8 . Tr� ac�lglyc erol compositions o f  the 
saturated and ci s-mono en e TG 1 s  obtained from the 
tri acylgl yc erol fractions of high , medium and lov� 
molecul ar weight ( fractions A ,  B and C ) of the March  
m�lk fat sampl e .  

1 4 3 .  

Compo sition of mol ecul ar types  o f  tri acylglyc erol s 
( mol e % )  

TGa 
Fraction A Fraction  B F ract�on C 

Sat . b Mon . c Sat . b Mon . c 
Sat . b Mon . c 

2 6 0 . 3  
2 8  1 o 2  
3 0 2 . 6  O o 4  
3 2  8 . 5  l o 8  
3 4  o . s 2 2 o 6  5 o 7  
3 5  2 o 6  O o 9  
3 6 l 0 o 7 4 1 0 4 2 0 o 2  
3 7  2 o 2  2 o 7 3 - 4  
3 8  O o 7  4 2 o 2  6 . 4  t 6 o o  47 . 6  
3 9  2 o 8  l o 7  0 . 7  2 . 4  
4 0 7 o 4 2 9 o 3  4 2 . 4  l o 4 l 5 o 9 
4 1  l o O  1 o 2  2 . 4  O o S 
4 2  l 6 o O  3 o 9  8 o 4  2 7 . 3  0 . 9  
4 3  l o 7  O o 6  0 . 7  1 0 9 
44 l 8 o 8  9 . 8  l o S 1 1 . 6  
4 5  2 o l  1 . 2  O o 3  0 . 9  
4 6 1 7 - 4  1 2 o l  O o 2 3 . 9 
47  2 o 0  l o 6  0 . 4  
4 8  l 5 o 4  2 2 o 2  0 . 8  
49  1 . 6 2 . 9  
s o 1 0 . 4  2 7  o l  o . s 
5 1  1 . 0  1 . 6 
5 2  3 . 7  1 3 . 8  
5 3  0 . 4  l o O  
54 0 . 3  2 o 2  

9 9 . 9  1 0 0 . 0  1 00 . 0  1 00 . 2  1 00 . 0  9 9 o 7  
a c arbon number of tri acylglycerol s 
b s aturated tr� acylglycero l s 
c c� s-mono ene tr� acylglycerol s 
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Section 3 . 4 . Thermal an alysis  o f  the tri acylglycerol 

fractions and cl asses pr epared f rom the March samnl e o f  

milk  fat . 

3 . 4 . 1 .  Heating thermog£ams obt. ai ned by diff erenti al 

scanning c alorimetry .  

The  heating thermograms o f  the  March s ampl e o f  milk 

fat and the TG fractions of high , medium and low mol . wt . 

( fractions A ,  B and C ) , which were prepared from the 

March sampl e by silici c acid column chromatography are 

shown in Figure 1 2 .  The saturated TG 1 s  and uns aturated 

TG 1 s  prepared from fractions A and C of  the March 

sampl e by sil ver ion-T . L . C .  were al so examined by 

di ff erenti al sc anning c alorimetry (Figure 1 3 ) .  The 

heating thermograms presented in Figures 1 2  and 1 3  were 

record ed after rapid cooling of the f at s ampl e ( S ectior1 

2 . 2 . 3 . ) .  

F igure 1 2  shows that th e March sampl e o f  mil k  fat 

melted o¥er the range - 3 3  to 3 7° C with _ the main mel ting 

0 0 peak at 1 7  c ,  a small broad peak c entred at 7 C ,  and 

a shoulder pl ateau between 2 2  and 3 7°C .  No exo thermic 

transiti ons were present al though a dip o ccurr ed at 

F raction A melted over the range -2 to 4 2° C and 

had a singl e melting peak at 3 8-40°C which was prec eded 

by an exothermi c transition c entred at 1 2°C .  Reference 

to the heating thermogram ,  obtained after tempering, 

showed that about 8 0% of this fraction melted b etween 

2 5  and 4 2° C .  Fraction B melt ed o ver the r ange - 1 8  to 
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Figure 1 2 .  H eating thermogr ams o f  the March s ampl e o f  
mil k fat and i t s  tri acylglycerol fr actions o f  hi gh , medium 
and l o w  mol ecul ar weight . 
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Figure l3 o Heating thermograms o f  the satu r a t ed and 
unsaturated tri acylglyc erol s obtained f rom the hi gh and l ow 
mol ecul ar weight tri acyl glyc erol fractions o f  the March mil k  
fat s ampl e o  
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2 3°C with a single l arge melting peak at 1 8°C .  No  

exothermic tran sitions were present . Fracti on C had 

the greatest melting r ange of  the three fractions ( - 3 8  to 

It had al so the mo st compl ex heating thermogram 

wi th an exothermic transition at 8°C ,  a dip in the thermo

gram which almo st reached zero at 1 5°C ,  and a main mel ting 

Appro ximately 3 O% of the mo st stabl e 

form o f  this fraction melted b etween -4 0 and 0°C .  

The heating thermogram for the s aturated TG ' s  of  

frac tion A ( Figure  1 3 ) had a melting range f rom 1 4  to 

4 5°C with an exothermic transition c entred at 25°C and a 

singl e sharp mel ting peak at 43°C .  It  r esembl ed the 

�eating thermogram for fraction A al though it had a 

sharper mel ting peak . The uns aturated TG 1 s  of  fraction 

A mel ted over the range - 23 to 29°C whi ch was considerably 

b elow that of fraction A .  The heating thermogram had a 

dip  at about 1 7°C which almost reached zero . The 

heating thermograms for the saturated TG 1 s  and unsaturated 

TG 1 s  of  fraction C h ad melting ranges from 8 to 3 0°C and 

0 from - 6 8 . to - 3  C respectively . They did not overl ap 

and each had a simil ar shape.  to the corresponding 

proportion of the heating thermogram for fraction C .  

However the unsaturated TG 1 s  exhibited a broad,  shallow 

0 exo thermic transition c entred at - 5 0  C whi ch was not 

shown by f raction C .  

The heating thermograms presented in  Figures 1 2  and 

1 3  show both polymorphi sm and sol i d  solution formation . 

As noted in  the introduction ( Secti on 1 . 3 . ) polymorphism 

generally predominates in  fats containing r el ativel y  f ew 
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TG species whil e soli � solution formation predominate s  

i n  fats which a r e  compl ex mixtur es o f  l arge numb ers o f  

TG 1 s . An exampl e o f  thi s trend  i s  given in Figure 1 2 .  

It  can be  seen that fractions A and C both exhibi ted 

obvious p�lymorphic b ehaviour ( i . e .  an exothermic 

transition ) which was  not evident in  the total milk fat . 

3 . 4 . 2 .  E ff ect of  th e tempering procedure . 

Heating thermograms for fraction C of  the March 

sampl e of milk  f at obtained with the rapidly cool ed and 

tempering proc edures described in the Methods  ( Section  

2 . 2 . 3 . )  are given in  Figure 1 4 . The exothermi c  transi tion 

at 8°C and the dip at 1 5°C ,  whi ch were pr esent in the 

heating thermogram reco rded after rapid cooling ,  were 

bo th removed by the tempering proc edure with littl e 

alteration to the rest of  the thermogram . Thi s showed 

that both the exo thermic transition and the dip at 1 5°C 

were caused by polymorphic tr ansitions . 

The t empering procedure was appli ed to the TG s ampl es 

whos e  heating thermograms are giv en in Figures 1 2  and 1 3 .  

In the c as e  o f  f r action A the tempering proc edure r emoved 

the exo thermi c transition present in the heating thermo

gram r ecorded after rapid cooling (Figure 1 2 )  without 

signific antly altering the shape of the rest o f  the 

thermogram thereby providing addi tional evidence that 

this exothermic transition was  a polymorphic transition . 

Simil arly all maj or dips pres ent in the h eating thermo

grams r ecorded after rapid cooling,  for the saturated 
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weight tri acylglyc erol fraction of the March mil k  fat 
s ampl e obtained with the r api dly cool ed and t empering 
proc edures o 



TG ' s  and unsaturated TG 1 s  of  fractions A and C ( Figure  

1 3 ) were  removed by  the  t empering proc edure with, in  

each case ,  littl e  change to  the  shape o f  the  main 

melting peak . Hence  these  dips were the resul t o f  

polymorphic transi tions . 

3 . 4 . 3 .  Rel ationship between compo sition and melting 

ragges of triacylglyc erol s .  

Referenc e to Figure 1 3  shows that the greater the 

aver age mol . wt. and the l esser the average l evel o f  

unsaturation o f  the T G  s ampl e the higher its mel ting 

range . It  c an be  seen that the mel t�ng ranges o f  the 

1 5 0 . 

di ff erent consti tuent TG cl asses o f  milk fat were spread 

over a wide  temperature range ( - 6 8  to 45°C ) . 

From the d ata given in Tabl e 3 9  i t  i s  evident that 

although fraction A melted over the highest temperatur e  

range it  contained the lowest proportion of  saturated 

TG 1 s . Convers ely fraction C which melted over the 

l owest temperature r ange contained the highest propo rtion 

of s aturated TG 1 s . Thus in -going f rom fraction A to  

fraction C o f  the  March sampl e o f  milk fat the l owering 

effect on the melting r ange c aused by the d ecrease  in 

the average mol . wt . of constituent TG 1 s  outweighed the 

el evating eff ect on the melting range caused by the 

increase in the proportion of saturated TG 1 s . 



Table 39 . The influence of  composition on the 

1 5 1 .  

melting ranges of the tri acylglycerol fractions o f  high , 

mediwn and low mol ecul ar weight · ( frac tions A ,  B and C )  

obtained from the March milk fat s ampl e .  

Average mol . wt . o f  
constituent TG 1 s  

Proportion ( mol e % )  
of  saturated TG 1 s  
in fraction 

Mel ting range °C 

Tri acylglycerol class 

Fraction A Fraction B Fraction C 

7 02 6 5 2  

3 1 - 7  4 9 . 1  5 3 . 4 

- 2  to 40 - 1 8 to 2 3  - 3 8  t o  2 5  



Chapter 4 .  

DI SCUSSION 

Section 4 o 1 o  Compo sition of milk  fats . 
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I t  has been shown that marked and regul ar s easonal 

vari ations occur in the F A  composition of  N ew Z e al and 

milk  fat ( Hansen and Shorl and , 1 9 5 2 ;  Gray , 1 9 7 3 ) .  It 

was consid ered that the eff ec t  of thi s seasonal 

vari ation of  the F A ' s on the structure and composition 

of milk TG ' s  could be b est  s tudi ed by ( i )  sel ecting 

sampl es o f  milk  fat which  showed l arge di fferences  in 

their respective FA  compo siti ons,  and ( ii ) sel ecting 

s ampl es o f  milk fat with simi l ar FA compo sitions  which 

were produc ed at di fferent stages of  the dairying 

season o Reference to the studies carri ed out by 

Hansen and Shorl and ( 1 9 5 2 ) and by Gray ( 1 9 7 3 ) shows 

that the September , J anuary and March sampl es of mil k  

fat  used. i n  the current investigation were representative 

of the two extremes which occur in FA compositlon o f  

N ew Zeal and milk f a t  during the dairying season o The 

September s ampl e contained high proportions o f  4 : 0 ,  1 8 : 0  

and 1 8 : 1  and a low proportion  o f  1 6 : 0  and had a FA 

composition typical o f  soft spring milk fat whil e the 

J anuary and March s amples  contained low proportions o f  

4 : 0 , 1 8 : 0  and 1 8 : 1  and high proportions o f  1 6 : 0  and 

had FA composi tions typical o f  hard summer mil k  fat 

( Tabl e 7 ) .  
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When these three  s ampl es o f  milk fat were separated 

by adsorption chromatography on silic a  gel G into TG 

fractions o f  high , medium and low mol . wt . it was found 

that the proportions of corresponding TG fractions in 

the di ff erent sampl es were similar . Kuksi s  and 

Breckenridge ( 1 9 6 8 ) ,  using the same method of fraction-

ation,  prepar ed from a Canadi an milk fat TG fractions 

who se  proportions were comparabl e to those obtained 

above . For all sampl es the TG fractions o f  high mol . 

wt . compris ed between 3 8 . 6  and 4 1 . 4% o f  the mil k  fat,  

the TG fractions of medium mol . wt . compri sed b etween 

1 6 . 0  and 1 8 . 1 % ,  and the TG fractions o f  l ow mol . wt . 

comprised b etween 4 2 . 4  and 44 . 6% .  

An examination o f  the F A  compositions o f  these 

sampl es of  milk  fat and their TG fractions showed that, 

in general , the simil arities and di ff erences b et�·1een 

F A  compositions o f  the respective sampl es o f  milk  fat 

were refl ected in the F A  compo sitions of  their correspond-

ing TG fractions . For exampl e ,  the proportions of  1 6 : 0  

in the Canadi an ( Kuksis and Breckenridge, 1 9 6 8 ) ,  Septemb e r  

and March samples and their r espective TG fractions were 

r espectively : mil k  fat 2 3 . 4% ,  2 2 . 1 %  and 2 6 . 4%,  high 
' 

mol . wt . fraction 24 . 4%,  2 3 . 2% and 29 . 2%, medium mol . 

wt . fraction 2 2 . 9% ,  2 1 . 7 % and 2 6 . 2% ,  low mol . wt . 

fraction 2 3 . 5%,  2 0 . 2% and 24 . 0% .  Notabl e exc eptions to 

the above trend were ( i )  the proportion of 4 : 0  in the · 

low mol . wt . fraction o f  the C anadi an sampl � which was 

l ower than expecte� and ( ii }  the proportion o f  1 8 : 1  in 

the high mol . wt . fraction of the same sampl e which  



was higher than expected . This trend suggests that a 

change in F A  compo sition of  milk  fat i s  r efl ected 

throughout the entire  mol . wt . range o f  milk  TG 1 s . 

When the TG f ractions o f  di ff ering mol . wt . were  

s eparated by  silver  ion chromatogr aphy to  give TG 

cl asses o f  diff ering l evels  o f  uns aturation it was 

found that the l ow mol . wt . fracti ons contained a 

higher propo rtion o f  satur ated TG 1 s  and consequently 

a lower proportion of  unsaturated TG 1 s  than the medium 

mol . wt . fractions . I n  turn the medium mol . wt . 

fractions contained higher proportions of  s aturated 

TG 1 s  and lower proportions o f  unsaturated TG 1 s  than 

the high mol . wt . fractions ( Tabl e 4 Q ) . For  exampl e ,  

i n  the March sampl e o f  milk  fat saturated TG ' s  

comprised 3 1 . 7 % ,  4 9 . 1%  and 5 3 . 4% respecti vely o f  the 

high,  medium and low mol . wt . fractions . In their 

investigations of North Ameri c an milk fats Bl ank and 

P rivett ( 1 9 64 )  and Kuksi s and Breckenridge ( 1 9 6 8 ) 

noted a simil ar trend in the proportions o f  TG cl asses 

1n  the TG f ractions ( Tabl e 4 0 ) . 

In so far a s  diff erences and similari ti es b etween 

the Septemb er ,  J anuary and March sampl es o f  mil k  f at 

are  concerned it  was observed that ( i ) the proporti ons  

of  corresponding TG cl asses in  the  J anuary and March 

sampl es were simil ar and ( ii ) each TG fraction o f  the 

September sample c ontained a lower proportion o f  

s aturated TG 1 s  and a higher proportion o f  unsaturated 

TG ' s  than the corresponding TG f racti ons of the 

J anuary and March sampl es  ( Tabl e 4 0 ) . Comparabl e 
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fractionations c arried out by other workers ( Bl ank and 

P rivett 1 9 64 ,  Kuksi s and Breckenridge 1 9 6 8 ,  Sheh�ta 

1 5 5 .  

et  al o 1 9 7 2 )  showed that s ampl es o f  milk fat f rom North 

Americ an countri es contained a much lower proportion o f  

saturated TG 1 s  i n  TG fractions of  high mol o wt o than 

N ew Z e aland milk fats . However ,  simil ar proportions 

of the saturated , mon o ene ,  di en e  and tri ene TG ' s  o f  

low mol . wt . were found i n  the September sampl e and in 

the North Americ an sampl es  ( Tabl e 4 0 ) .  

Further examination showed that corresponding TG 

cl asses o f  these milk fats had generally comparabl e F A 

compositions o Thi s finding was not unexpected since  

the TG cl asses were  obtained by  fractionating milk TG 1 s  

on the b asis of their constituent F A ' s o  



Tabl e 40 . Propo rtions o f  tri acylglycerol cl asses of  di ffering degrees o f  unsaturation 
prepared from mil k  fats by a combination o f  adsorption chromatography and sil ver ion-T . L . C .  

Tri acylglycerol 
cl ass 

TG fraction 
of high mol . wt . 

Saturated TG 1 s  
M()noene TG ' s  
Di ene TG ' s  
Tri ene  TG 1 s  
Polyene  TG 1 s  

TG fraction 
of medium mol . wt . 

Saturated TG 1 s  
Monoene  TG 1 s  
Di ene TG 1 s  
Tri ene TG 1 s  

TG fraction 
of low mol . wt . 

Saturated TG 1 s  
Monoene TG ' s  
Di ene TG ' s 
Triene TG ' s  

P roportions in tri acylglyc erol fractions o f  diff ering mol ecul ar weight 
P resent study 

September January .March Ref . 1 a 
Ref . 2  b Ref . 3  c 

(mol e % )  (mol e % )  (mol e % )  ( wt .  % )  (mole  % )  ( wt .  % )  

28 . 5  3 3 . 9  3 1 . 7 1 9 . 6  1 6 . 5  1 7 . 0  
3 9 . 6  4 1 . 3  4 1 . 0  5 8 . 3  3 6 . 7  4 0 . 6 
2 1 . 5  1 7 . 5  1 7 · 5 2 2 o l  27 . 7  3 4 . 2  
1 0 . 5  7 . 6  9 . 9  - 1 2 . 9  4 . 0  

- - - - 6 . 2  4 . 2  

4 5 . 4  5 0 . 4  49 . 1  - 3 8 � 7  
3 7 . 3  3 0 . 4  3 2 . 9  - 3 8 . 3 
1 0 . 0  1 1 . 3  1 0 . 1 - 1 4 o 4  

6 . 8  8 . 2  8 . 0  - 8 . 7 I 

4 6 . 5  54 - 3 5 3 . 4  4 3 o 7  4 5 . 0  
3 7 . 6 3 2 . 9  3 2 . 3  40 . 8  3 8 . 1  

9 . 9  8 . 4  8 . 9  9 . 8  1 1 . 7 
6 . 3  4 . 6 5 . 6 5 . 6  5 . 2  

aBl ank and P ri vett ( 1 9 64 )  

bBreckenridge and Kuksis ( 1 9 6 8 a ,  1 9 6 9 )  

cShehata et al . ( 1 9 7 1 , 1 97 2 )  

- -

tLl t 

l'. \ 
, ,  :. 
:.. 

'""" 
<.n 
a-



1 57 . 

Section 4 . 2 .  Stereo speci fic analyses of the tri acyl

glycerol s of  milk fats . 

A numb er of  enzymatic method s  have b een propo s ed 

for the determination o f  the stereospecific  pl ac ement 

of F A ' s in the constituent TG ' s  of f ats ( Lands et al . 

1 9 6 6 ;  Brockerho ff , 1 9 6 5 and 1 9 6 7 ) .  The initi al step 

in e ach method i s  the preparation of DG 1 s , either by  

hydrolysis with pancreati c lipase  or by  d eacyl atio n  

w�th a Grignard reagent , which must be  repr esentative  

of  the original TG ' s  for  results o f  the stereospeci fi c  

analysis  to b e  strictly quantitative . Because a 

po rtion o f  mil k  TG 1 s  contain shor t-chain F A ' s the 

preparation of r epresentative DG ' s from milk fat poses  

speci al probl ems for  the following reasons : 

( i ) TG 1 s  containing 4 : 0  are hydrolysed more  

rapidly than triol eoyl-glyc erol by  pancreatic lipase  

( Sampugna et  al . 1 9 67 ) .  

( i i ) C ertain DG species form ed by lipolysi s o f  

TG 1 s  containing 4 : 0  are preferentially  hydrolysed by  

pancreatic lipase  ( Sampugna et  al . 1 9 67 ) .  

( iii ) 1 , 2 ( 2', 3 ) -DG ' s and 1 , 3-DG ' s , obtained by 

deacyl ation of total milk  fat with a Grignard reagent,  

cannot be  compl etely  separated b y  T . L . C .  ( Yurkowski 

and Brockerhoff , 1 9 66 ) .  

In  the present study TG fractions o f  high, medium 

and low  mol . wt . prepared from milk fat were d eacyl ated 

with a Grignard reagent in an effort to obtain 
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1 , 2 ( 2 , 3 ) - DG ' s which were representative o f  the constit

uent F A ' s of  the origin�l TG 1 s  ( Section 2 . 4 . 3 . ) .  This 

method produced representative 1 , 2 ( 2 , 3 ) -DG ' s from TG 

fractions of  high mol . wt . However when the TG 

fractions o f  medium and low mol o wt . were d eacyl ated 

wi th a Grignard reagent the DG products formed � , 3-DG ' s  

and 1 , 2 ( 2 , 3 ) -DG ' s J  could not b e  compl etel y  s eparated . 

Consequently there remained no al ternative but to 

prepare 1 , 2 ( 2 , 3 ) -DG ' s by hydrolysi s of TG s ampl es  with 

pancreatic lipas e .  Al though there exists n o  d ata in 

the literature concerning the FA composi tion o f  

1 , 2 ( 2 , 3 ) -DG ' s prepar ed in  thi s  manner from milk TG ' s  

o f  low mol . wt . the d ata obtained by Sampugna et al . 

( 1 9 6 7 ) , which are mentioned above, suggest that the 

1 , 2 ( 2 , 3 ) -DG ' s formed would not be strictly r epresentative  

o f  the F A ' s present in the original TG 1 s . The 

experimental results obtained in the present study 

indic ated that this was the c ase . It was found that 

for the TG fractions o f  medium and low mol . wt . the 

F A  compo sitions of the 1 , 2 ( 2 , 3 ) -DG ' s  obtained 

experimentally contained some 1 0- 2 0% mor e  4 : 0  and 6 : 0  

than the FA  compo si tions determined by c al cul ation . 

In the published studi es rel ating to the stereo

spec i fi c  analysis of mil k  fat ( Pitas et al . 1 9 67 )  and 

milk TG 1 s  of low mol . wt . ( Breckenridge and Kuksis ,  

1 9 6 8 b ) the 1 , 2 ( 2 , 3 ) -DG intermedi ates were prepared by · 

hydrolysi s of  the TG s ample with pancreati c lipase . 

Consequ ently these r esul ts and the data d etermined in  

the present study for  milk TG 1 s o f  medium ·· and  low mol . 



wt . were not strictly  quanti tative . However , valid 

qualitative conclusions conc erning the stereo specific 

arrangement of  F A ' s c an be obtained f rom these resul t s . 
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An examination o f  the resul ts o f  the stereospeci fi c 

analyses o f  the high mol . wt . fractions of  September , 

January and March sampl es o f  milk fat ( Section 3 . 2 . 3 . ) 

and the mol ecul ar di still ate  o f  milk TG 1 s  of  high mol . 

wt . ( Breckenridge an d Kuksi s ,  1 9 69 )  showed that the 

overall pattern of di stribution of F A ' s in positions 

1 ,  2 and 3 was similar for each TG f raction . Simil arly ,  

when comparing the resul ts of  the stereospeci fi c analyses  

of  the low mol . wt . milk TG 1 s  d etermined in the  present 

study and reported by Breckenridge and Kuksi s ( 1 9 6 8 b ) it  

was  again observed that the overall pattern o f  di stri

bution of F A ' s in po sitions 1 ,  2 and 3 was similar for  

each s ampl e .  Results o f  the stereo speci fic analyses 

o f  sampl es  o f  milk fat obtained by Pitas et  al . ( 1 9 67 )  

and reported in  this work al so showed that the stereo

speci fic arrangement of F A ' s in these sampl es was 

simil ar . 

These resul ts showed that the FA ' s were di stributed 

in a highly sel ective manner within the component TG 1 s  

o f  milk fat and fractions of  milk fat . In the 

constituent TG ' s  of milk fat 4 : 0  and 6 : 0  were esteri fi ed 

almost entirel y  at position 3 ,  1 4 : 0  was concentrated at 

position 2 ,  and 1 6 : 0  tended to b e  preferenti ally  

esteri fied at positions 1 and 2 ,  but the patterns of  

distribution of  1 8 : 0 and 1 8 : 1  vari ed according to the 
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mol . wt . of  the TG 1 s . In  milk TG 1 s  of  l ow mol . wt . 

1 8 : 0  and 1 8 : 1  were preferenti ally  esteri fi ed at �o sition 

1 whil e in TG 1 s  of high mol . wt . they were concentrat ed 

at positions 1 and 3 .  The f A ' s cl early do  not fit a 

1 , 3- random- 2-random distribution pattern . However,  i t  

h a s  been suggested that the 1 -random- 2-random-3-random 

theory may hol d  for mil k  fat ( Chri sti e and Moore,  1 97 0 ) . 



Section 4 . 3 .  Influence of the compo sition of milk 

tri acylglycerol s on the nhysic al charact eri stic s  of  

milk fats . 

In the preceding di scussion it  has been noted that : 

( i ) In the three sampl es o f  milk  fat examined in 

the present study the stereospeci fic arrangement o f  F A ' s 

was simil ar . 

( ii ) Corresponding TG cl asses o f  these three  sampl es  

o f  milk fat had gener ally comparabl e FA compositions . 

( iii ) E ach TG fraction of  the September s ampl e 

contained a greater proportion o f  unsaturated TG 1 s  and 

consequently a l ower proportion o f  s aturated TG 1 s  than 

the corresponding TG fractions o f  the January and March 

samples . 

Since  the three sampl es o f  milk  fat examined in the 

current work were sel ected from di ff erent stages during 

the dairying s eason it  can be  concluded that changes i n  

the state o f  l actation and in f eed conditions whi ch o ccur 

with the progress of the dai rying season in N ew Zeal and 

affect the rel ative  proporti�ns of the constituent TG 

speci es o f  milk fat but do not signi ficantly aff ect the  

nature o f  these TG speci es .  Thi s vari ation in the 

proportions of the constituent TG speci es of milk fat  

appears to be  the  overriding f actor which influences the  

seasonal vari ation in the physi c al characteri stics o f  

N ew Zeal and milk fat . 



Simil arly it  can be  concluded from the preceding 

di scussion that in the C anadi an milk fat examine� by 

Kuksis and Breckenridge ( 1 9 6 8 ) and in the milk  fats 

investigated in  the present work the nature  o f  the 

constituent TG speci es is simil ar but the rel ative  

proportions of  these TG  speci e s  di ff er o The proportions 

of  the saturated TG 1 s  of  high mol o wt o were shown to be 

considerably lower in the Can adi an milk fat . 

Wood and Dolby ( 1 9 6 5 ) not ed that the hardness 

values of butter made in N ew Z eal and were much higher  

than those  reported by de  Man and Wood ( 1 9 5 8 ) for 

Canadi an butter o When the h ardn ess of  butter made by 

conventional methods throughout the season was measured 

at 1 7° C the following hardness  r anges were obtained : 

Canadi an 1 . 5  - 3 o 2  Kg , N ew Zeal and S o 6 - 7 o S Kg o 

Al though some of  the differen c e  i n  hardness b etwe en 

N ew Zeal and and Canadi an butters is  the r esult  o f  

diff erent manuf acturing techni ques most o f  the di ff erence 

may b e  attributed to the di ff erenc es in t.he  chemic al 

composition o f  milk  fat o The much higher hardness of  

N ew Zeal and butter may therefore be  l argely attributed 

to the greater proportion o f  saturated TG ' s  o f  high 

mol . wt o and the l esser proportion of unsaturated TG ' s  

of high mol o wt o present in  New Zeal and milk  f at o 



Section 4 . 4 .  Melting b ehaviour of  the tri acylglycerol s 

o f  milk fat . 

Studi es of  the thermal properties of synthetic 

TG ' s  have shown that the mel ting points of  TG ' s  increase 

as the mol . wt . increases and as the l evel of uns aturation 

decreases ( Bai l ey ,  1 9 5 0 ) . As expected cl asses o f  TG ' s  

obtained from the March s ampl e of  milk fat ( Figure  1 3 ) 

showed the s ame trend i . e .  the greater the average mol . 

wt . and the l esser the d egree of unsaturation o f  the 

constituent TG 1 s  of the TG cl ass the higher its  mel ting 

range . The unsaturated TG 1 s  of  low mol . wt . whi ch 

melt ed over the range - 6 8  to -3° C were mainly r esponsibl e 

for the considerabl e proportion of  milk fat whi ch melted 

0 below 0 C .  In contrast the saturated TG 1 s  o f  high mol . 

wt . had a rel atively high mel ting range ( 1 4 to 4 5°C )  and 

resembl ed that of the high m elting glyceri d e  fraction of 

milk  fat ( Norris et al . 1 97 1 ) .  

By r ef erence to Figure 1 2  it can be  seen that the 

TG fraction of high mol � wt . had a narrower mel ting range 

than the TG fraction of low mol . wt . which impli es that 

the constituent, TG 1 s  of the high mol . wt . fraction fit 

together more  easily than those  which compris e  the low 

mol . wt . fraction . This trend in melting r anges was 

al so exhibited by the saturated and uns aturated TG 1 s  o f  

the respective  fractions ( F i gure 1 3 ) .  The h eating 

thermograms of the saturated and unsaturated TG ' s  o f  

high mol . wt . showed considerabl e overl ap indic ating 

that soli d  solution .  eff ects are important . On  the other 



hand the heating thermograms o f  the saturated and 

unsaturated TG ' s  of low mol .  wt . did  no t overl ap and 

each had a simil ar sh ape to the corresponding proportion 

of the TG fraction of low mol . wt . indicating that very 

l i ttl e formation of solid solutions occur s .  Thi s means 

that the structural di fference b etween the saturated 

and unsaturated TG ' s  of  low mol . wt . must be  suffici ently 

l arge to prevent signi fic ant solid  solution formation 

between these two TG cl asses . The uns aturated TG 1 s  

o f  low mol . wt . are mainly TG 1 s  which consist of  a long

chain saturated F A, a long-chain uns aturated F A  and a 

short-chain satur ated FA .  In o ther words these  TG 1 s  

contain thr ee F A 1 s with widely  different packing 

_requirements. which woul d not readily fit into the 

normal doubl e or tripl e chain l ength TG l atti c es 

(Gunstone,  1 9 6 4 ) and therefore  would not be  expected to 

exhibit $igni fic ant solid sollition formation with normal 

TG 1 s . In contrast,  the saturated and unsaturated TG ' s  

of  the high mol . wt . fraction and the saturated TG ' s  o f  

the low mol . wt . fraction shoul d all fit into either 

doubl e or tripl e chain l ength TG structures and each 

would be expected to exhibit solid solution formation 

with one another . 

As noted above  the uns aturated TG 1 s  of  the low mol . 

wt . fraction  were mainly responsible for the considerabl e 

proportion o f  mil k  fat which mel ted b elow 0°C and con� 

sequ ently for the wid e  melting r ange which i s  character

i stic of milk fat . Thus the wid e  mel ting r ange of milk 

f at is due to both the l arge numb er of diff erent  TG 



species and to the l arge structural di ffer ence between 

the various TG species . 
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