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



. MODIFICATIONS IN THE STRUCTURE OF 

; THE TRIACYLGLYCEROW OF BOVDlE 

MILK FAT 

A thesis presented in partial fulfilment of 
the requirements for the degree of Doctor of 
Philosophy in Biochemistry at Ma ssey University 

M Alillifll liflli ili Ill 11 � � iiif y 
1061920476 

Ie.n Malcolm Morrison 

1976 



MASSEY UNIVERSITY 

(a) I give permtsswn for my thesis, entitled 

MODIFICATIONS IN THE STRUCTURE OF THE 

TRIACYLGLYCEROLS OF BOVINE MILK FAT. 

to be made available to readers in the Library under the conditions 
determined by the Librarian: 

(b) I agree to my thesis, if asked for by another institution, being sent 
away on temporary loan under conditions determined by the Librarian. 

(c) I also agree that my thesis may be copied for Library use. 

Librar.y 

I �ish my thesis, entitled _ _ _ . 

· · · · · ···· · · ·· -� 
. -------� 

.. .. . . . . . .............. . . . . . .. . . .... �.:..:.· . .. . .... . . .. . . ........ .. .... . . . .  � .. -c.:.:. .................. . .  

----- � 
................................... - ......... 7,.<· .............. . .. . . ... . . . . . . . . . ........... . ... . 

-- �------------
········--···············��· · · ·· · · ·· · · · · · ······ · · · · · · · · ······· ::-:-.-,. .. ,,.:..:.: : �······: ······ · ········· 

to .be m�e-aVailab-le to readers or to be sent to other ·institutions 
wi-t-h-6\it my written consent witnin the next two years. 

/' 
d i /n;·' /;-v; -S igne · . ...... -:' ....... ' ...... �.'.�-r.;;-;,:-F.:-r:��-: ............. . 

Date 

Strike out the sentence or phrase which does not apply. 

;ey University 
1erston North, N.Z. 

copyright of this thesis belongs to the author. Readers must sign their name m 
space below to show that they recognise this. They are asked to add their 
nanent address . 

.1e and Address Date 

............ ........ ........................ . . . . . . ............... . . . . .. . . . ... .  



. MODIFICATIONS IN 'I'HE STRUCTURE OF 

; THE TRIACYLGLYCE:ROI,S OF BOVINE 

MILK FAT 

A thes is presented in partial fulfilment of 
the requirements for the degree of Doctor of 
Philosophy in Biochemistry at Ma ssey University 

Ie.n Ma1colm Morrison 

19 76 



i\J3STRACT 

A pair of monozyeous twin cows we.s used to irrvestiga te the 

influence of the increased availab ility of linoleic a cid ( 1 8:2)  to  the 

mammary gland, on the stru cture and physi cal properti es of the milk 

triacylglycerols (TGs). The cows y;ere grazing fresh pasture, an:1 in 

addition one o: the pair was provided ·with a daily supplement of  

encapsulated sunflower oil. The milk fat of the cow given the 

supplement (18:2-rich milk fat )  contained 15.5�j 1 8:2 compared with 1.B;i 

18:2 in the r<1ilk fa t of the other cow ( control milk fat ) . This 

increase in the proportion of 1 8:2 in the mi lk fat vras a ccompanied by 

d e creases in the proportions of myristic a cid ( 14:0) and palmitic a cid 

( 16:0). The effect of this altered fatty acid ( FA) composition on the 

TG composition of the 1 8: 2-rich milk fat was to increase the proportions 

of TGs with 40! 52 and 54 a cyl carbons and to decrease the proportions of 

'l'Gs with 34, 36, 38� 44, 46, 48 and 50 a cyl carbons relative to the 

proportions in the control milk fat .  

Eoth milk fat samples were separated, by column chromatography on 

silicic a cid1 into TG fra cti ons of high, medium and low molecular 

weight . The relative proportions of the TG fra ctions of high, medium 

and low mol . wt. in the 18: 2-rich milk fat were 43.0, 19.5 and 37.5% 

respectively compared with 36.1, 19.7 and 4L!. 2;f, respectively in the 

control milk fat .  Stereospecific analysis of these tria cylglycerol 

fra ctions demonstrated that in fra ctions of similar mol. wt., the 

d istribution of fa tty a cid s wi thin the TG molecule in the presence of  

high levels of 18:2, was not appreciably a lt ered from that in the 

triacylglycerol fra ctions of the control milk fat, The :positional 

d istribution of fatty a cids in the tria cylglycerols of the total milk. 

fats was also similar . In the milk fat ,  conta ining high levels of 



l inoleic acid, 18:2 showed a preference for positions 1 and 2 in the 

triacylglycerols of the low and medium mol. wt. fractions, and for 

positions 2 and 3 of the high mol. wt . fraction. 

The three TG fractions of each milk fat were further resolved 

into TG cla sses of differing levels of unsaturation. The 18:2-rich 

milk fat contained higher levels of the unsaturated TGs , namely the 

d iene , triene and tetraene TGs, and lower levels of the saturated TGs 

and to a lesser extent the monoene TGs . The diene TGs of the 18:2-

rich milk fat included combinations of 18:2 with tvro satura ted FAs, 

whiCh are a minor constituent of normal milk fats . Likewise the 

triene TGs reflected the presence of 18:2.in combination with 18:1 and 

a saturated FA, 

The thermal properties of the tvro milk fats were examined to 

investigate the i���uence of the altered TG composition and structure 

on the physical characteristic s of the milk fat .  The 18:2-rich milk 

fat melted at a lower temperature than the control milk fat with a 

large proportion of the sample melting over the narrow temperature 

0 range between 5 and 1 5  C, In contra st the control milk fat melted 

over a much wider temperature range . 



ACKNOWI.EDGEM8NTS 

I wish to express my appreciation to my supervisor Dr J .c. Hawke 

for his advice an d encouragement th roughout this work. Thanks 

also go to D r  D.R. Husban1s and Mr A. Carne for proof readi ng of 

this thesis. 

I would like to thank Miss E. Schlee for carrying out thermal 

analyses and Mr R. Nor ris and Dr M.W. Taylor for help with 

inte rpretation of the thermal analysis data. Thanks a re also 

extended to W� F.T. Tuttiett for preparation of the figures from the 

thermal analysis data. 

I am grateful to Mrs 0. Harris for the typing of this thesis. 



Chapter 1 

Section 1.1. 

Section 1.2. 

1.2.1. 

1. 2. 2. 

Section 1.3. 

T.A13LB OF COlfl'ENTS 

INTRODUCTION 

General introouction 

AnaJ.ysis of the triacylglycerols of milk fat 

Studies of the cooposition and structure of 

milk fat 

Stereospecific analysis of the triacylglycerols 

of mil k fat 

Metabolism of dietary lipid.s in relation to milk 

fat synthesis in the ruminant 

Page 

1 

1 

2 

2 

3 

5 
1.3.1. Digestion and absorption of dietary lipids 5 

1. 3. 2. Uptake of lirid from the blood by the marrmary 

gland 6 

1.3.3. Biosynthesis of milk fat in ruminants 7 

1.3. 3.1. Biosynthesis of fatty acids in the mammary gland 7 

1.3.3.2. Biosynthesis of triacylglycerols in the mammary 

1. 3.4. 

1.3.5. 

Section 1. 4. 

1 . 4 .1. 

1.4.2. 

gland 

Fatty acid specificity of triecylglycerol 

biosynthesis in the mammary gland 

Biosynthesis of triacylglycerols in freshly 

secreted milk 

Modification of the fatty acid cwposition of 

ruminant fats 

Methods of avoidir.g biohydroge!l2,tion 

Composition of milk arrl milk fat with the 

feeding of diets supplemented with protected 

lipid 

9 

11 

12 

13 

13 

15 



Page 

1.4.3. Effect on plasma lipid s of feeding supplements 

o f  protected lipid 17 

1 .4.4. Fositional di stribution of fatty acids with the 

feeding of diets high in linoleate 18 

1. 4. 5. Effe ct of feeding high levels of 18:2 on the 

levels of the tri acylgl ycerol classes o f  

differing l evels of u nsaturation in depot fat 19 

Secti on 1 • 5. Physical properties o f  milk fat 

1.5.1. Factors infl uencing the physical characteristics 

o f  milk fat 

1.5.2. Influence of elevated l evels of polyunsaturated 

fatty acid s on the physical properties of milk 

fat 

Secti on 1.6. The use of monozygous twin cows in stud ies of 

m ilk composition 

Secti on 1.7. The aim of the present 'I'IOrk 

Chapter 2 METHODS 
Section 2.1. Reagents 

Section 2.2. Milk sample s 

Section 2.3. Analyti cal methods 

2.3.1. Thin-layer chromatography 
. 

2.3.1.1. Prepa ration and development of thin-layer 

chromatograph y plates 

2.3.1.2. Detecti on of li:pid s on thin-layer chromatography 

plate s 

2,3,2. Gas-liquid chromatography 

2.3.2.1. Gas-l iou id chromatography of fatty acids 

20 

20 

23 

24 

25 

26 

26 

27 

27 

27 

27 

28 

28 

28 



Page 

2 .3 .2 .2 .  Gas-liquid chromatography of triacylglycerols 32 

Section 2.4 .  

2 .  4. 1 .  

2 . 4.2. 

2 . 4 .3 .  

Section 2.5. 

2 . 5.1. 

2 . 5.2. 

2 . 5.3. 

2 . 5.4 . 

Section 2 .6 .  

2 .  6 . 1 .  

2,6.2 . 

S ection 2 . 7. 

2 .  7 . 1 . 

2 . 7 . 2 .  

S ection 2 . 8 .  

Chapter 3 

Section 3 . 1 . 

3 . 1  • 1 • 

Fra ctionation of the triacylglycerols of milk 

fat 

Silicic acid column cbxooa t ography of 

triR cylglycerols 

Argentation thin-layer chromat ography of 

triacylglycerols 

Argentation thin-layer chromat ography of the 

triacylglycerols as fatty acid methyl es ters 

S tereosiJe cific anelysi s of triacylglycerols 

Preparation of diacylglycerols 

Preparation of 2-monoacylglycerols 

Preparation of phosphatidyl phenols 

Hydrolysis of phosphatid yl phenols by 

p hospholipase A 

Thermal analysis of milk fat 

Analysis of triacylglycerol sample s 

Analysi s of data 

Triacylglycerol biosynthesis in fres hly 

secreted milk 

Materials 

Method s 

Positional analysis of radioac tive 

t riacylglycerols 

RESULTS 

Compo sition of milk samples 

Fatty acid composition 

33 

33 

34 

35 
36 
37 
39 

39 

4 0  

41 

42 

42 

43 

43 

4 4  

4 5  

47 
47 
47 



3.1 .  2 . TriP.cylglycerol c omposition 

Secti on 3 . 2. Fra ctionation of milk fat samr.·le s 

3. 2 . 1 . Proportions of the fractions of high, med ium 

and low molecular weight of the control and 

1 8: 2 -rich milk fats 

Fatty acid compos ition of the fractions o f  high, 

medium and low molecular weight of the control 

a!".d 18:?-rich milk fats 

3.2 . 3 .  Triacylglycerol c omposition of the fractions of 

high, r.�ed ium and low molecular weight of the 

control and 1 8:2 -rich milk fats 

Se ction 3.3 .  Proportions of the triacylglycerol clas ses of 

differing levels of unsa tura tion in the high, 

medium and low molecular weight fractions of the 

control and 1 8:2 -rich milk fats 

Section 3 . 4 .  Composition of the TG cJxss es of d i ffering 

levels of ur.\S8turation in h igh ,  medium arrl low 

mol ecular weight fractions of the control arn 

1 8: 2 -rich milk fats 

3.4 . 1. Composition of TG classes of the fraction of 

high molecular vrr-:ight in the control and 1 8:2-

rich milk fats 

3.4. 2 . Composition of TG classes of the fracti on of 

med ium molecular wei�1t in the control and 

1 8 : 2 -ri ch m ilk fats 

3 . 4. 3 . Compos ition of the TG classes of the fraction of 

l ow molecul2r vreight in the control and 1 8:2-

rich milk fets 

Page 

51 

5 3  

5 3  

54 

56 

59 

63 

67  

72  



3.4.1:. 

3.4.5. 

Section 3.5. 

3.5.1. 

3.5.2. 

Com!JOSi tion o ::' the TG classes of the total milk 

fat 

Purity of the tria cylglycerols of differing 

levels of unsaturation in the control a!1.d 18:2-

rich milk fats 

Stereospecific analysis of triacylglycerols 

Stereospecific analysis of synthetic 

triacylglycerols 

Stereospecific analysis of the triacylglycerol 

fractions of high, medium and low molecular 

Page 

76 

82 

84 

04 

weight of the control and 18: 2-rich milk fats 87 

3.5.2.1. Stereospecific analysis of the triacylglycerols 

in the fraction of hieh molecular weight of the 

control and 18: 2-ri eh milk fats 

3.5.2.2. Stereospecific analysis of the triacylglycerols 

in the fraction of medium molecular weight of 

the control ani 18: 2-rich milk fats 

3. 5. 2. 3. Stereospecific analysis of the triacylglycerols 

in the fraction of low molecular weight of the 

control and 18: 2-rich milk fats 

3.5.2.4. The arrangement of fatty acids in positions 1, 

Section 3.6. 

3.6.1. 

2 and 3 of the total control and 18:2-rich milk 

fats 

Comparison of the molecular species of 

triacy1glycerol in the control and 18:2-rich 

milk fats 

Molecular species of triacylglycerol in the 

triacylglycerol fractions of high molecular 

89 

93 

96 

100 

104 



3 .6 . 2, 

3.6 .3 ,  

3 . 6.4.  

Section 3.7. 

3 . 7 . 1 .  

3 . 7 . 2. 

3 . 7 . 3 .  

3.7.4 . 

Section 3 . 8 .  

3 . 8 . 1 . 

weight 

Molecular species of tria cylglycerol in the 

triecylglycerol fractions of med ium molecular 

weight 

r,�olecular species of tria cylglycerol in the 

tria cylglycerol fra ctions of low molecular 

weight 

Molecular species of triacylglycerol in milk 

fat 

Thermal analysis of the tria cylglycerols of the 

control and 1 8: 2-rich milk fats and their 

respective high, medium and low molecular weight 

fractions 

Thermal analysis of the tria cylglycerols of the 

fra ctions of high molecular weight 

Thermal  analysis of the triacylglycerols of the 

fractions of medium molecular weight 

Thermal analysis of the triacylglycerols of the 

fra ctions of low molecular weight 

Thermal analysis of the triacylglycerols  of  the 

t otal milk fats  

Liquid fat content of control and 1 8 : 2-rich milk 

fats and their respective fra ctions of high, 

Pa ge 

1 04 

1 06 

1 08 

1 1 0 

1 13 

1 1 3 

1 1 3 

1 1 4 

1 1 5 

1 1 5 med ium and low molecular weight 

Biosynthe sis of triacylglycerols in freshly 

secreted milk 1 1 8 

Biosynthesis of triacylglycerols in freshly 

secreted bovine milk 1 1 8 



3 . 8.2, 

3 . 8 . 3 .  

Chapter 4 

Se ction 4.1 .  

Section 4 . 2. 

Section 4 . 3. 

Section 4 . 4 .  

Section 4 .5 . 

S e ction 4.6 .  

Se ction 4.7 

1 • 

Page 

Biosynthe sis of triacylglycerols in fre shly 

secreted goa ts milk 1 28 

Positiona l analysis of the tria cylglycerols 

synthesized by fre shly se creted goats milk 1 32 

DISCUSSION 

General 

The effect of elevated levels of linoleic a cid 

1 35 

1 35 

on the composition of fats and oils 1 36 

The effect of elevated levels of linoleic acid 

on the positional distribution of fatty acids in 

the tria cylglycerols of fats and oils 

The eff e ct of elevat ed levels of linoleic acid 

on the molecular species of tri2 cylglycerol in 

bovine milk fat 

Effe cts of the evail2b ili�J of elevated levels 

of linoleic a cid on the biosynthe sis of milk fat 

in the cow 

The effect of elevated levels of linoleic a cid 

on the thermal Characteristics of bovine milk 

fat 

Summary 

APPENDICES 

Fatty a cid composition of milk fats from the 

pair of monozygou s twin covrs fed on the control 

and experimental diets 

1 41 

1 45 

1 46 

1 49 

154 

1 56 

156 

2. Milk and milk fat yields of the control and 



Page 

experimen tal cows over the trial period 157 
3. Stereospecific analysis of the triacylglycerols 

in the fraction of high molecular weight of the · 

cont rol milk fat 158 

4. Stereospeci fie analysis of the triacylglycerols 

in the fraction of high molecular weight of the 

18: 2-rich milk fat 159 

5. Stereospecific analysis of the triacyl glycerol s  

in the fraction of medium molecular weight of 

the coptrol milk fat 160 
6, Stereospecific analysis of the triaeylglycerols 

in the fracti on of med ium molecular weight of 

the 18:2-ridh milk fat 161 

7. Stereospecific analysis or the triacylglycerols 

in the fraction of lgw molecular weight of the 

control milk fat 162 

8. Stereospecific analysis of' the triaeylglycerols 

in the fraction of low molecular weight of' the 

18: 2-rich milk fat 163 

9. Molecular species of' triacylglycerol in the 

high molecular weight fraction of the control 

and 18:2-rich milk fats 164 

10. Molecular species of triacylglycerol in the 

med ium molecular weight fraction of the control_ 

and 18:2-riCh milk fats 167 
11. Molecular species of triacylglycerol in the low, 

molecular weight fracti on of the control and 

18:2-rich milk fats 

l3IBJJIOGRAPHY 

170 
172 . 



LIST OF TI GlJRES 

Figure 

1 Stereospecific analysis of triaqylglycerols . 

2a Proportions of fatty acids in the triacylglycerols of 
and 
2b milk fat from the contr ol and experimental cows over 

the trial period . 

3 Gas-liquid chromatograms o.f the fatty acid methyl 

esters of the contr ol and 18 : 2-rich milk fats . 

4 Fatty acid compositions of the control and 1 8:2-rich 

milk fats . 

5 Gas-liquid chromatograms of the triecylglycerols of 

the control an3. 1 8: 2-rich milk fats . 

6 Tria cylglycerol compositions of the control and  

1 8 : 2-rich milk fats . 

7 Triacylglycerol compos itions of the triacylglycerol 

fra ctions of the contr ol anJ. 1 8 : 2 -rich milk fats . 

8 StereQspecific distrib ution of the more abundant 

fatty a cids in the tria cylglycerols of the control 

and 18 : 2-rich milk fats and their respective 

triacylglycerol fractions. 

9 Stereospecific distribution of the more abundant 

fatty a cids in the tria cylglycerols of the control 

and 1 8 : 2-rich milk fats and their respective 

triacylglycerol fra ctions .  

1 0  Stereos pecific distr ibution of fatty acids in the 

triacylglycerols of the control and 1 8 : 2-rich milk 

fats. 

1 1  Major molecular species of triacylglycerol in  the 

Page 

38 

Between 
48 & 49 

Between 
49 & 50 

Between 
49 & 50 

Between 
53 & 54 

Between 
53 & 54 

Between 
59 & 60 

Between 
100 & 1 01 

Between 
101 & 102 

Between 
103 & 104 



Figure 

1 1  hi&� molecular weight fraction of the control and 
( cont . ) 

1 8 :2-rich milk fats. 

12 Major molecular species of tria cylglycerol in the 

medium molecular weight fraction of the control and 

1 8 :2-rich milk fats. 

1 3  Major molecular species of tria cylglycerol in the 

low molecular weight fra ction of the control and 

1 8 : 2-rich milk fats . 

1 4  Major molecular spec ies o f  triacylglycerol in the 

control and 18 :2-ri�1 milk fata, 

1 5  Heating thermograms of the control milk fat and its 

triacylglycerol fra ctions of high, medium and low 

molecular weight. 

1 6  Heating thermograms of the 18 :2-ri ch milk fat and 

its triacylglycerol fractions of high, medium and 

low molecular weight. 

1 7  Heating thermograms of the low molec11lar weight  

fracti on of  the control milk fat and the medium 

molecular weight fra ction of the 1 8 :  2-rich milk fat 

Page 

Between 
105 & 106 

Between 
107 & 108 

Between 
109 & 1 10 

Between 
1 10 & 111 

Between 
1 1 4  & 1 15 

Between 
1 1 4 & 1 15 

Between 
with and without the use of the tempering procedure. 1 15 & 1 1 6 

1 8  Liquid fat contents of the control an:1 1 8 : 2-rich 

milk fats and their tria cylglycerol fractions of 

high, medium and low molecular weight at different 

temperatures . 

1 9  Rate of incorpora tion of fatty a cids into 

triacylglycerols and dia cylglycerols by freshly 

secreted bovine and goats milk . 

20 Proportional distrib ution of maj or fatty a cids in the 

tria cylglycerols of ruminant milk fats . 

Between 
1 1 6  & 1 1 7  

:Between 
128 & 129 

Between 
1 42 & 1 43 



ATP 
B 
RSA 
CoA 

cpm 
DG 
dpm 
n.s.c. 
D.T.A. 
D'.I'T 
::DT!\ 
i:th. 

g.l.c. 

qDL 
i. d. 
LDl, 

HG 
nmoles 
N • �1. R. 
0 
Cri g. 
p 
r·- I'h 
?.,3-PL 
1-H, 
Hf 
s 

St 
TG 
t. l. c. 

Tris 
VLDI. 

/ 
adenosine-5-triphosp�ate 

butyric :1cid 
bovine serum albumen 

coe:1zyme !\ 
counts per minute 

diacylglycerol 

disir.tegrations per minute 
diff,-�rential sca:·ning calorimeter 
rlifferential thernal a�calysis 
d it hi o tr. r ei t ol 

etl:ylenedia:ninetetra::tcetic c·lcid 

ethanol 

fatty acid 
weight respo�se factor 
gas-liquid chromatography 
�igh density lipoprotein 

internal diameter 
low dens:ity lipoprotein 
moles per litre 

monoacylglycerol 
:1a.n 01:10 le s 
nuclear magnetic resonance 

oleic E?.cid 
orir:inal 
pal�1itic acid 

phosphoryl phenol 
::: , j-di J..cy l-;il}-glycerol·- 3-phosphory 1 phenol 

1-acyl-�-glycerol-3-phosphoryl phenol 
distance moved relative to solvent front 
seconds 
stearic acid 

triacylglycerol 
thin-layer chromatography 
tris(hydroxymethyl)aminomethane 
very low density lipoprotein 



ABBREVIATI01lS 

Triaqylglycerols of milk fat are referred to by their total 

rn1rnber of aeyl carbon atoms e.g. Glycerol t ristearate = c54. 
Pure stereospecific and racemic triacylglycerols are 

abbreviated as by Litchfield (1972) e.g. �-glycerol-1 -palmitate-2-

oleate-3-stearate =�-POSt. 

Fatty acids are designated by the Shorthand notation - number 

of carbon atoms : nnmber o f  double bonds, e.g. octadecanoic acid 

(stearic acid ) = 1 8:0. 

Shorthand notation for triacylglycerols separated by degree of 

unsaturation is written as 000 = saturated TG, 001 = rnonot.lnsaturated 

or monoene TG (where 0 and 1 refer to saturated and monoenoic fatty 

acids respectively ) . Vfuen the stereospecific distribution of fatty 

acids in the triacylglycerols is known, these triacylglycerols are 

referred to by da.1ble underlining e. g, 020 .. diene TG containing a -

dienoic fatty acid in position 2 , 

Other abbreviations used in this thesis, unless otherwise 

designated in the text, follow the guide lines set down by the 

Biochemical Journal ( 1973) .131, 1 - 20. 



Section 1. 1 . 

Chapter 1 

INTRODUCTION 

General introduction 

1 . 

Polyunsatureted fatty acids in rmninan·� diets are rapidJ.y 

hydrogenated in the rumen to c,ive mainly se.tun'lted end r:wnoenoic fatty 

acids ( FAs) vrhich then Pre available for incorporetion into ruminant 

milk and tissue triP.cylglycerols (TGs). As a conse�uence of this 

process of biohydrogene.tion, the comnosition of ruminent milk arx:1 tissue 

fats, unlike that of non-ruminants� is fairJ.y constant despite changes 

in the lipid comnosition of the diet. However the introduction of 

techniaues for protecting dietar:.r lipid from hydroeenation in the ru men, 

e.g, Scott et al (1970). permits the m odi fication of ruminant ·tissue an d 

milk fats by dietary means. This technicue provides an op:portuni ty to 

study the effect of alterin£ the FAs available for absorption on the 

composition and structure of the milk TGs secreted by the mammary gland 

and to observe its effect on the rhysical properties of the min: fat. 

Section 1 . 2 .  Analysis_ of the tri8c;ylp;1ycerols of milk fat 

1 .  2 . 1 . Studies of the com'Oosi tion and structure of milk fat 

}/[ilk fat contains 2 wide and comrlex range of triacylglycerol ( TG) 

species ( Litchfield, 1972). and therefore before determinction of the 

com-::Josition and structure of the TGs of milk fat it is an advantage to 

fn:lctionate the TGs into fractions of sir1TJler cornposi tion, Techniques 

that have been used to achieve fractions of hieh an d low mol. wt. and 

often an intermediate fraction of medium mol. wt., include: t.l,c. on 

silicic acid (:BreckenridGe and Kuksis, 1 <;68b 1 969) , and coJ.umn 

chromatography on silicic acid or florisil (:Blank and Privett, 1964: 

Nutter and Privett, 1 967; Shehata et al .• 1971 , 1 972; Taylor and F.lflwke, 



2 .  

1 975a) . These TG �ractions have been sub j ected to argentation t. l.c. 

to separate the TGs on the basis of their degree of u nsaturation . 

Analysis of fractionated TGs was carried out by g.l . c .  of the methyl 

esters of the constituent fatty acid s ( FAs ) and of the intact TGs . 

The sizes of the TG fractions of low. medium and high mol, wt . and the 

proportions of the TG classes with di ffering l evels of unsaturation 

are summarized in Table 1. The proportions of the TG classes in each 

fraction of low end medium mol. wt., obtained by the d i fferent workers 

were qu ite similar , with saturated TGs comprising 39 - 47% and the 

m onoene TGs 34 - 4 1%  of the two fracti ons . On the other hand in the 

fractions of high mol. wt . the results of Breckenridge and Kuksis 

1 969 ) and Blank and Frivett ( 1964 ) d i ffered fr om those of Taylor and 

Hawke (1 975a) in that the New Zealand milk fat contained higher levels 

o f  the saturated TGs of high mol . wt. an:1 consequently lower levels of 

the more unsaturated TGs o f  high mol. wt., than the North American milk 

fats, 

The m ore abundant molecular species of TG, without regard to the 

intramolecular distributi on of the FAs, have been determined for 

several milk fat fraction s , with the additional application of 

preparative g . l .  c. (Breckenridge and Kuksis, 1968b), and liquid - liquid 

partition chromatography ( Nutter and Privett, 1 967 ) ( Table 2 ) .  

S imilar proporti ons of the major FAs Tiere pre sent in the TG fracti ons 

o f  lOVT mol. wt. anglysed by Nutter and Privett ( 1 967 ) ,  and Breckenridge 

and Kuksi s (1968b). It was apparent that the molecular species 

c onsisted of 4:0 in combination with �vo of either 14:0. 16:0, 18:0 or 

18:1. The maj or molecular species in two fractions of high mol. wt. 

( Shehata et al , 1 972 ) consisted of combinations of the FAs 1 4:0 , 1 6 : 0 ,  

18:0 and 18:1 (Table 2) .  



Table 1. Proportions of triacylglycerol classes of differing levels of unsaturation prepared by absorption 
chromatography and argentation t,l,c, of milk fat 

TG class 

Saturated TGs 

Monoene TGs 

Diene TGs 

Triene TGs 

Polyene TGs 

Proportion of 
total FAs (%) 

Proportions in TG fractions of differing mol, wt. 

High mol. wt. Medium mol. wt. Low mol. wt. 

Proportions in total 
milk fat 

a c d e c e a b c e a c- e Ref. 1 Ref. 3 Ref. 4 Ref. 5 Ref. 3 Ref. 5 Ref. 1 Ref. 2 Ref. 3 Ref. 5 Ref. 1 Ref. 3 1tef. 5 

(wt.%) (mole%) (mole?�)( mole%) (mole%)( mole?�) (wt.;:�) (wt.%) (mole%) ( mole�0) (wt.�) ( mole7�) (mole%) 

19.6 

58.3 

2211 

tr, 

tr. 

60,2 

16.5 16.4 28.5 

36.7 38.5 39 . 3  

27.7 34.8 21.7 

12.9 10.8 10.5 

6,2 

38-40 24.5 39.9 

38.7 45.4 

38.3 37.5 

14.3 10 . .) 

8,7 6.8 

16-17 16.9 

43.7 47.2 45.0 46.6 

40.8 33.5 38.1 37.2 

9.8 15.2 11.7 9.9 

5.6 4.1 5.2 6.3 

37.3 24.3 43-45 43.2 

2 8 • 1 32 . 9 3 9 . 2 

50.4 37.6 38.0 

16.9 21.7 14.7 

2.1 5.4 8.1 

2,4 

100 100 100 

a Blank and Privett (1964) 

b Nutter and Privett (19 67) 

c Breckenridge and Kuksis ( 1968b. 1969) 

d Shehata et al (1971, 1972) 

e Taylor and Hawke (1°75a) 1'0 
00 



Table 2 .  The more  abundant molecular species of triacylglycerol in triacylglycerol fractions of milk fat a 

Saturated TGs 

Monoene TGs 

Diene TGs 

Triene TGs 

High m ol, wt. Low mol wt. 

Ref.1 b 

16:0 - 16:0 - 16:0 
18:0 - 16:0 - 14:0 
18:0 - 18:0 - 14:0 
18:0  - 16:0 - 16:0 

18:1 - 16:0 - 16:0 
18:1 - 18:0 - 14:0 
18:1 - 18:0 - 16:0 
18:1 · - 16:0 14:0 
18:1 - 16:0 - 18:1 

18:1 - 18:0 - 18:1 
18:1 - 14:0 - 18:1 

18: 1 - 18: 1 - 18: 1 

. d Ref. 3 
16:0 - 16:0 - 4:0 
16:0 - 14: 0  - 4:0 
18:0 - 16:0 - 4:0 

18:1 - 16:0 - 4:0 
18:1 - 18:0 - 4:0 

18:1 - 18:1 - 4:0 

a 
b 

TG species listed in order of decreasing abundance within each TG class 
Shehata et al (1972 ) ---- . 

c Nutter arrl Privett (1967) 
d Breckenr idge and Kuksis (1968b) 

Ref . 2 c 

16:0 - 14:0 - 4:0 
18:0 - 16:0 - 4:0 
16:0 - 16:0 - 4:0 
18:0 - 14:0 - 4:0 

18:1 - 16:0 - 4:0 
18:1 - 14:0 - 4:0 
18:1 - 18:0  - 4:0 

18:1 - 18:1 - 4:0 
18:2 - 16:0 - 4!0 
18:2 - 14:0 - 4:0 

18:2 - 18:1 - 4:0 
18:3 - 16:0 - 4:0 

1'0 o' 
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1.2.2, Stereosrecific analysis of the triacylgJ.ycerols of milk fat 

Subse�uent to the .first stereospecific analysis of TGs carried out 

by Brockerhoff ( 1?65), the :positional distribution of FAs in numerous 

TGs have been determined, and various modifications made to the original 

procedure (Christie and ff:oore. 1969). 
(a) Special features or the anc._ly§iS of ruminant milk fats 

The results obtainc>d by Pitas et al ( 1967) would indicate that 

acceptable data for the distribution o:f FAs in the TGs of the total milk 

fat cannot be obtained when using rancreatic lipase to hydrolyse TGs 

from total milk fat. Comparison with the results of Jack et al ( 1963), 
Sampugna et al ( 1967) and Smith et al (1965) as reviewed by Taylor 

( 1'?73) would SUGGest that pancreatic lipase vrill exhibit minimal chain 

specifici ty only when presented with TGs containing FAs of similar 

chain length and vrhen u sine, a short time of h::.'drolysis. 

This difficulty and source of error has been overcome by carrying 

out stereospecific analyses on high and low mol. '17t, fractions of milk 

fat. This has the added advantages of reducing the complexity of the 

TG mixture and also helping in the interpretation of stereospecific 

data, 

(b) Stereos�ecific distribution of FAs in the triacylglycerols of 

ruminant milk fats 

In the low mol. vrt. TGs of sheep and c:;oat milk, 4:0, 6:0, 8:0 and 

10:0 were preferentially esterified in position 3, 14:0 in position 2, 

and, 16:0 and 18:0 in position 1. 18:1 was distributed equally 

between positions 1 and 2, (l:Tarai et al, 1969). In the high mol. wt. 

TGs of sheep and goat milk, 10:0 ana 18:1 were preferentially 

esterified in position 3, 14:0 in position 2 and 18:0 in position 1. 

16:0 was distributed diffeTently in the tvm milk fats, being 

concentrated in position 1 of the sheep milk fet, but distributed evenly 
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betvrecm positions 1 and 2 of c,oat milk fe t. 

Two molecular c:istillates of bovine butteroil, one a fraction of 

high mol. wt., the othe1� a fr:::ction of low mol. "'t. were subjected to 

stereospecific andysis by J3reckenridee and Kuksis ( 1968a, 1°69). In 

both fractions. 4:0, G:O and 8:0 W8re esterified almost exclusively in 

position 3. with 14:0 preferentially esterified in position 2, 16:0 in 

positions 1 �md 2, and 18: 0 in position 1 • 18:1 showed a difference 

in distribution in the two fractions, beinc predominantly in positions 

1 and 3 of the high mol. vrt, fraction and in position 1 of the low mol. 

wt. fraction. 18:2 although present only in small amounts tended to 

prefer position 2 of tbe TG. 

Stereosrecific analysis of several high mol, wt. fractions of 

bovine milk fat prepared by fractional crystGlJ.ization from acetone 

sh�ed the same trends in the lower mol. wt. TGs as observed by 

Breckenridge and Kuksis ( 1968a, 1n69) (Barbano and Sherbon, 1974). As 

found by Dimic�<: et al (1965), 16:0 ap1'eared to increase· its :preference 

for position 2 with incre8sing mol. y;t, of the TG fractions. 

Taylor and Hawke ( 1')7:1>) investigated the stereospecific 

distribution of FAs in the TGs of three sar.1:ples of New Zealar:d milk 

fat, which had been obtained at different stages of the dairyinG 

season. The posi tion...al distribution of FAs in the TGs of milk fat, 

were found to be relatively constant throughout the season, The 

positional distribution in one of their milk fat samples, obtained by 

recnlculation from the positional distributions in milk fat fractions 

of high, medium and low mol. wt. is given in Table 3 .  In the tota1 

milk fat 4:0 and 6:0 were esterified almost entirely in position 3 

and 10:0, 12:0 and 14:0 were preferentially esterified at position 2. 

Palmi tic acid was concentrated at positions 1 and 2� and the 

proportions of 18:0 were greatest at position 1 or� least at position 2,  
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Al thou['..b 1 8 : 1  tend ed t o  b e  es terif i ed pre ferent ia lly a t  position 1 ,  

cor1nto erable am ountn we· re esterifi ed nt  positi ons 2 and 3 , Linoleic 

a cid a p-cea red to be  relc, t ively evenly d i s tribu t ed in the TG , even 

thour,h it was pre s ent only in smnll q ua ntiti e s .  The only signi ficant 

d i fferences in the d is tribu t ion of PA s b e tweAn the fra cti ons of hieh, 

m edium and lov; mol . wt . v:e re changes in the di strib u t i on of 1 8 : 0 and 

1 8 : 1 , whi ch were es teri fied eq ually a t  positions 1 and 3 in the high 

mol . wt . fraction but in the loo and medium mol. wt . fra c t i o n ,  1 8 : 0  

and 1 8 : 1 vrere es terified ma inly in position 1 .  

Table 3 .  Stere osne cif.i c  d i s tripu t i on ..9.L.fatty Rcid_g;_j._n_j� 

triacyl gl;rcerols of b_c_yi!}e m i lk fa t (Tayl or and Hawke , 1 975b )  

FA C omp os i t i on ( m o l e  
, 1 ) 
; ·' 

FA8 4 : 0 6 : 0  8 : 0  1 0 : 0  1 2 : 0  1 4 : 0  1 6 : 0  1 6 :  1 1 8 : 0  1 8 : 1 1 8 : 2  

Position 1 1 . 3 0 . 8  1 .  3 2 . 1 8 , 1  29 . 4  0 0 .. ./ 22 . 9  30 . 0  0 . 4  

P osi t i on 2 1 0 7 . 2 7 . 2  2 1 . 9  31 . 4  1 .  7 G . 6  1 7  , I.]  0 . 7  I • ./ 

Position 3 3 2 . 4  1 3 .  1 3 . 5 3 . 5 2 , 2  3 . 3  8 . 3 1 .  0 1 1  . 3 1 8 . 6 0 . 9 
a 

only ma j or FJ\s shom1 (>1 : j  o '  t otal ) 

Section 1 .  3 .  Metab oli sm o f  dietarv l inid s in reb tion to milk fa t 

1 • 3 . 1  • 

The d i et of most New Zea land d o!<!e3tic rumina nts is cornprised of 

d i fferent types of pas ture gra s s es Sl.l:pplemented at certa in t imes of 

the yea r ,  mos tly i n  winter , by vnrious feed crops end hay. The 

average polyenoic fa t ty a cid content o f  the lipids of pa s t:.tre srasses 

i s  about 75iJ (HGwke , 1 ?73 ) ,  but the mi lk fat of the rumi nant conta ins 

only 1 - 6� polyenoic FAs ( Hild i tch gnd "':'!illiams , 1 964 ) . This low 
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level of :polye..."loic F.As in ruminant milk fat e r � s e s  from the enzymic 

processes in the rumAn, namely the hydrolysis of dietary lipids by 

microbial and plant lipases . and th.e hydrogena tion of the polyenoic 

FAs to yield mm:-e saturated FAs . (Hawke and Silcock , 1 970 ; Viviani , 

1 970:  Dawson and Kem:p , 1 970 ; Faruque et al , 1 974) . 

These products pas s  from the rumen Rno are absorbed into the 

mucosal cells of the small intestine where resynthesis of 

triacylglycerol s  (TGs ) occurs ( Senior ,  1 964 ; Johnston, 1 9 70 )  by both 

the monogJ.yceride and gJ.ycerol-3-:phos:phate pathways ( Cunningharn end 

Lea t ,  1 969 ) . The newly synthesized TGs are a ssembled into 

chylomi crons which Anter the blood s tream via the thora cic lymph duct 

( Senior , 1 964) , In experiments with grazinr, cows Ha rtms :m1 and 

La s celles ( 1 966)  showed tha t ave r 400 g of esterified FAs were carried 

in the thora cic lymph duct da ily ,  Chylomicron TG ( 50 - 7o%) and 

phospholipid ( 20%) comprj.sed most of the totel lipid in the lymph . 

The total lipid content of normaJ. bovine plasma is  about 350 -

560 mg per 1 00 ml , of which only 1 - 576 is  TGs , the rest being 

cholesterol e sters ( 40 - 5o%) , phOS])holipid s ( 38 - � 3;:;) , cholesterol 

( 6-9/�) and unesterified FAs ( 0 - 2/�) (Hart?nF>nn an;:l Lascelles ,  1 965 : 

Yamdegni and Schultz , 1 970 � Ra;ha el !rt_ al , 1 973) . About 70 to  SC(;S 
of the total lipid in bovine serum circulates  as high d ensi i'J 

lipoprotein (HDL)  and 24 - 30? as  lryn density lipoprotein (LDL) , 

whereas chylomicrons and very - low density lipoproteins (VLDL) 

comprise only 2 - � of  the total serum lipid , (rrtden e t  al,  1 971 ; 

Wendlandt and Davis , 1 973) . 

1 . 3 . 2 . Uptake of li nid f'rom the blood by the mammar,y _gland 

Th e  maj or components of the blood li:poproteins to  contribut e  to  

milk are the TGs of  the VLDL a nd  to a lesser extent the TGs of  the 



chylomi crons (Barry et al , 1 96 3 ;  Glascock �' 1 966 ; Linzell , 1 968 ; 

West ftt al , 1 972 ; Good en and La scelles , 1 973) . At lea st So% of these 

blood TGs are completely hydrolysed by lipoprotein lipa se during uptake 

by the mammary gland (West et al , 1 972 ) .  

1linor cont�ibutors t o  the uptake of lipid from the b l ood are 

non-esterified FAs ( �TEFA) , vmi ch und ergo an exchange with the FAs of 

the mammar,y gland (Annison et al , 1 96 7 ; 1fu ssart-Leen et al , 1 9 70) , and 

2-monoglycerid es (Bickersta ffe et al , 1 9 70 ) . Acetate and 

� -hydro:xybutyrate are also taken np int o the mammary gland from the 

blood ( Linzell,  1 968) . 

1 . 3 . 3 .  Biosynthe sis of rni lk fat in ruminants 

The bios�rnthesis of milk fat in ruminant s ha s been extensively 

reviewed in recent years ( Di�. ck et al,  1 970 ; St arry, 1 9 70 ; 

Bickersta ffe , 1 9 7 1 ; Starry , 1 9 72 ;  Emery , 1 9 73 ;  11oore , 1 9 74 ; Bauman 

and Davi s ,  1 9 74) . 

The maj or lipid component in mi lk is TG, compri sing 97 - 98;0 of 

the total lipid constituent s (J ens en , 1 97 3) . About 1 40 di fferent 

FAs have b een identified in milk fat ,  but most of these  are present 

only in trace amount s .  The maj or FAs ( compri sing more than 1 %  o f  the 

total FAs )  numb er only about 1 3 , and are comprised of FAs containing 

b etween 4 and 1 8  carbon atoms .  A wid e range o f  TG species  exist s ,  

ranging i n  a cyl carbon nu mber from 26 t o  5 4  for the quantitatively 

important TGs . The di stribu ti on of the FAs within these  TGs has b een 

found to be non-rand om .  

1 . 3 . 3 . 1 . Biosxnthesis of fat�r a cid s in the mammarY glaqg 

The origin of the FAs of milk fat has been extensively studied 

and it is now generall;>r a ccepted , that in ruminants ,  the short chain 
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FAs (4 : 0  to 1 0 : 0 )  are derived, by bi osynthesis within the mammary 

gland, from a cetate and e�hydroxybutyrate , the long ohain FAs ( 1 8C) from 

the TGs of the VLDL and cbylom.i, cro� of the blood plasma and the 

intermediate chain FAs ( 1 2 : 0  - 1 6 : 0 )  from both of the se sources 

( Starry , 1 970) . The total contributions of the vari ous precur�ors t o  

the FAs of milk fat i n  the goat , have been found t o  b e  acetat e ,  4�i, 

e-bydroxybutyrate, 9 . 4%, and other pla sma pre curs ors (by differe:nce ) , 

48. 6%. Acetate and s -hydroxybutyrate together a ccounted for all of 

the 4 : 0  - 1 2 : 0  FAs of milk fat ,  75% of 1 4 : 0 , 45% of 1 6 : 0  and 1 0� of 

1 8 : 0 ( Smith � '  1 974) , 

The biochemical pa thways i nvolved in the intramammal'-'j" biosynthesis 

of FAs include : 

( a ) The malonyl CoA pathway operating in the cell cyt osol ,  whiC'.h 

involves the carboxylat ion of a cetyl CoA t o  malonyl CoA and the 

sub sequent additi on of further malonyl CoAs as c2 units to give FAs 

ranging from 4: 0 to 1 6 : 0 . This pathway wa s first elu cid ated in the 

mammary gland by Ganguly ( 1 960) and later confirmed by Becker a1n 

Kumar ( 1 965 ) and McCarthy and Smith ( 1 972 ) . 

(b ) The direct incorporation of 13 -hyd roxybutyrate as a 4 carbon unit 

following reduction to butyrate, wi th sub sequent additions of c2 units 

t o  give FAs ranging from 4 : 0  to 1 6 : 0  ( Smith and McCarthy, 1969 ; 

McCarthy and Smith, 1 972 ;  Sm.i th et al , 1974) . Some of the butyrat e  

carbons were found in other regions of the FAs , indicating some 

breakd ovm of b utyrat e  to 2 carbon unit s .  

( c) An avidin-insensitive path\my , independ ent of malonyl CoA, 

a s sociated with the mitoChondria , that will incorporate a cetate but 

very little e-hydroxybutyrate into short and medium chain FAs (4: 0  t o  

1 0 : 0) by the postulated u s e  o f  the reversal o f  the process of 

a-oxidati on ( Nand edkar and Kumar , 1 969 ; McCarthy and Smith, 1 972) . 



( d )  The desaturntion of s t earate and JlO�-mi tate to oleate and 

palmi toleate respectively , which occurs in the microsomal fra cti on and 

requires b oth N.ADPH, and CoA esters of 1 8 : 0  and 1 6 : 0  ( Bickerstaffe aril 

Annison, 1 970 ; Sto:rry , 1 970 ; Kin se11 t=:� ,  1 9 70a, 1 972a ) . Oleic ,  

linoleic and linoleni c acids have been shown to inhibit th e desatura se 

(Bickersta ffe and Annison , 1 970 ) .  

Ea ch ruminant spe ci e s  synthe sizes a rather co nstant pattern of 

FAs in the mammary elnr� ,  thus implying a d egree of cellular control. 

Results from the in vi tro incubations of mamnary tissue slices 

(Bauman et al , 1 973)  with a cetate have demonstrated that the 

proporti ons of ea ch FA synthesized are quite similar to those 

occurring in vivo, the maj or dis crepancy b eing the lower levels of 

butyrat e .  I n  contrast , many workers , v:hen usine; purified mamnary FA 

�thetases from variou s animal sources have found tha t the maj or FA 

produ ced i s  1 6 : 0  ( Carey and Dil s ,  1 970 ; Smi th and Abraham , 1 9 7 0 ,  

1 971 ) .  However, altering the concentration of the FA synthetase can 

bring ab out the synthesis of FAs very si milar in composition to those 

found in vivo . ( I<ins ella et al , 1 975) . The rati os of a cetyl CoA : 

malonyl CoA were also important since rai. r:ing the ratio increased the 

proporti ons of short and medium chain FAs synthe sized both by the 

particle-free supernatant ( Smith and nil s ,  1 966) , and a purified FA 

syntheta se prepara ti on ( Carey and Dils , 1 9 70), from the mammary eland 

of the la ctating rabb i t .  

1 . 3 . 3. 2 .  Bio§Ynthe si s o f  tria cylglycerols i n  the mammary glang 

I n  most mammalian tissues the bios��thesis of TGs occurs via two 

pathways i . e .  the glycerol-3-phO SJJhate pathway and the monoglyceride 

pathway ( Hi.ibsc..11er ,  1 970 ) . I n  mammary tissue the exact pathways have 

not been fUlly elucidated . 
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The glycerol required for TG biosynthesis is  derived mainly from 

the plasma TGs w.i. th the remainder bein.g synthesized from glucose ln the 

mammary gland . Only small arteriovenous differences  across the 

mammary gland have been observed for plasma glycerol, therefore the 

tree glycerol of the blood i s  probably not an important precursor of 

TG - glycerol (Barry et al,  1 963) . 

Incorporation of [1 4c] -glycer.ol into lipids by bovine mammary 

tissue (Kinsella , 1 968) indicated the presence in mammary tissu e  of 

glycero1dnase Vlhich activates c::;lycerol to glycerol-.)-phosphate . 

Glycerokinase has also been shovm to b e  present in mammary tissue of 

the goat (l3ickerstaffe und Annison, 1 971b ) . The incorporation of 

[1 4c ]  -glycerol into glycerol-3-phosphate was found to be a ssociated 

with a microsomal fraction, with the addit ion of the particle-free 

supernatant giving some stimulation. 

Esterification of FAs by homogenates of bovine mammary tis sue is 

associated with the particulate fraction o f  the cell ( Askew et al ,  

1 971 a ) , but i s  stimulated by the addition of a particle-free fraction. 

The esterification was observed to be dependent on ATP, CoA,  Mg 
2+ and 

an acyl a cceptor such as  glycerol-3-phosphate.  Similar results have 

been obtained using goat mammary tissue (Pynadath and Kumar , 1 964 ;  

Bickerstaffe and Annison, 197 1b ) . 

Pynadath and Kumar ( 1 964) d emonstrated that D , L  glycerol-3 -phosphate, 

1 , 2 - dipalmitin and diolein were good acyl acceptors for the in  vitro 

synthesis of milk TGs in goats .  Since 2-monogllcerides and monoolein 

were not used for the synthesis it was suggested that biosynthesis of 

TGs in goat mammary tissue occurs almost entirely via a glycerol-3-

phosphate pathway . However evidence for the monoglyceride pathway 

follows from the incorporation of 2-glyceryl ethers into TGs by goat 

mammary tissue (Bickerstaffe and Anni son. 1 971b) . Also the greater 
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proportions of 1 6 : 0  at  p o sition 2 with increa sine mol . wt . of miJ.k TGs , 

and the d ilution of intravenou sly add ed [1 4c] - 1 6 : 0  in the high mol , wt . 

fra ctions of milk fa t TJ� s interpreted by Dimick et a l ,  ( 1 965 , 1 966)  a s  

evidence for the incorporation of FA s ,  i nto position 2 of the s e  TGs t 

that were not in equilibrium wi th other FAs e . g . a 2-monosJ.yceride 

precursor . 

Fatty acid speci ficity of tria cylglyceroJ. biosxnthe sis in the 

mammary gland 

Mammary preparati ons from b oth the b ovine (Askew et al , 1 971b)  and 

the goat ( Bi ckerstaffe ::md Anni son,  1 9 71h) esterified 1 6 : 0 ,  with 

glycerol- 3-phosphate a s  a ccepto r ,  at ra t e s  greater than other FAs .  

In vi tro esterification ra tes in the b ovine were 1 6 : 0 � 1 8 : 1 > 1 8 : 0 > 

1 8 : 2 ,  whi ch is consist ent with the FA c omposi tion found in milk fat . 

Linolei c a cid as well a s  b ei ng poorly esteri fied wa s found t o  ma rkedly 

inhibit the e sterifi cati on o f  o ther FAs .  Very littl e  esterification 

of butyrate wa s a chieved , and this wa s pu t forwa rd a s  an explanation 

for the low levels of TG formation ( 2 . 8% of radioactivity 

incorporated into TGs ) , b ea rins in mind that in milk fat ,  butyrate and 

short chain FAs compri se about 90/� of the FAs in position 3 of the TG . 

The in vitro esteri fi catio n  rates in the coa t were 1 6 : 0  > 1 8 : 1  > 1 8 : 0  > 

1 4 : 0 � 1 8 : 2  > 1 2 : 0  > 1 8 : 3 .  The inab ility o f  particulate fra ctions t o  

esteri fY 8 : 0  and 1 0 : 0  wa s explained by the postulate that these FAs a re 

activa ted in the cytosol and b e come esterified to 1 , 2 - digly cerides 

whi ch have been relea sed int o  the cyto sol by the hydrolysis of 

phosphatid i c  a cid synthe si zed on the mi crosomal part i cles . These 

studi es with goat and b ovine mammary ti ssue were carri ed out u sing free 

fatty a cids a s  sub stra te s ,  wherea s Pynadath and Kumar ( 1 964) had 

demonst rated that the synthesi s of TGs in the particulate fra cti on of 
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goat mammary tissue using palmitoyl CoA as substrata was much greater 

than when using the free FA . In vivo the free FAs absorbed by ma!Illll�ry 

tissue are expected to  be a ctivated immediately, either in the cell 

membrane or in the cell , as demonstrated qy Kinsella ( 1 970b) using 

dispersed cells of b ovine mammary tissue . 

Using fatty acyl CoAs as substrates for bovine mammary microsomes , 

Kinsella and Gross ( 1 973) demonstrated that palmitoyl CoA was by far 

the preferred substrate for the initial a cylation of glycerol-3-

phosphate but that all fatty acyl-CoAs were rapidly esterified t o  

1 -palmitoyl-�-glycerol-3-phosphate.  

1 . 3 . 5 .  Biosynthesis of triacylglycerols in freshly secreted mi� 

An alternative means of investigating the esterifi cation o f :FAs 

into TGs has been to use freshly secreted milk from the goat (McGarthy 

and Patton, 1 964 ;  McCarthy et al,  1 965 ; Christie ,  1 974 )  and the 

bovine (McCarthy am Patton, 1 964 ; Kinsella , 1972b) as an enzyme 

source . A maj or requirement for the activity of the microsomal enzymes 

( Patton et al, 1 965 )  was the use of freshly secreted milk. A 

d esaturase that converted stearate to oleate was also a ctive 

(McCarthy et al , 1 965 ) . 

The incorporation of glycerol into TGs , phosphatidyl cholina and 

phosphatidic  acid , by serum prepared from freshly secreted milk �as 

fUrther evid ence for an active glycerokinase in mammary tissue 

( Kinsella , 1 972b ) , 

The rates of incorporation of individual FAs into TGs by f:r.eshly 

secreted goats milk were in the order 1 8 : 1 : 1 8 : 2 > 1 8 : 3 > 14 : 0 > 1 2 : 0 > 

1 6 : 0  > 1 8 : 0  ( Christie ,  1 974 ) . The TGs , formed by incubation of  milk 

with these isotopically labelled FAs ,  were subjected to stereospeci fi c  

analysis to  determine the distribution of  the labelled FAs in the TGs. 
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The FAs entered all three positions of  the TGs , with markeQ 

positional speci ficiti e�..  1 6 ; 0  was eet �rified preferentially in 

posit!on 2 ( 5� of the 1 6 : 0 ) , and 1 8 : 0  equally in positions 1 and 3 
(87% of the 1 8: 0 ) . 1 8 : 2  was almost evenly distributed over all 

three positions . When 1 8 : 1 wa s add ed to the incubati on it was 

esteri fied almost evenly in all three positions with slightly greater 

proportions in positions 1 and 3 ,  vrhereas the 1 8 ;  1 fo:rmec:J. from 1 8 : 0  

in th� medium was preferentially esterified in position 3 .  The 

positional distribution of FAs differed somewhat from that reported 

for goat milk TGs (Kuksis et al, 1 973 ) , although some similarities , 

suCh as the l9W levels of 1 6 : 0  in position 3 were evid ent . This 

discrepancy was explai�ed by the unlcnown effect of endogenous FAs 

present in su Ch a poorly defined medium. 

Freshly secreted milk was also found to contain some en�es of 

the monoglyceride pathway , as  indicated by the incorporation of FAs op 

t o  2-0-hexadecylglycerol and to a small extent 1 -0-hexadecylglycerol to 

give mostly monoalkylmonoacylglycerols ( Christie , � 974 ) • 

Section 1 .4 .  Modification o f  the fa{ty acid composition of ru.minant 

fats 

Method s  of avoiding biohydrogenation 

Several different methods have been used to bypass the rumen in 

order to alter the FA composition of ruminant fats and to study the 

utilization of FAs by mammary tissue .  These include :  intravenous 

infusion (Tove and M:ochrie , 1 96 3 ;  . Storry et al , 1969 ) ,  duodenal or 

abomasal infusions ( Ogilvie et al , 1 96 1 ; Bickerstaffe and Anni son, 

1 971a ; Rindsig and SChultz , 1 974) and formaldehyde - protected lipid 

(Pan et al,  1 972 ; Cook et al, 1 972 ) . 
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( a ) Intravenous infusion of lipid into lactating ruminants 

Whereas the feeding of soyabean oil resulted in no increa se in 

polyunsaturated FAs in the milk fat ,  ap intravenous infusio� of 

cottonseed oil gave a dramatic increase in the linoleate content of 

milk ( 1 . 8�� up to  21 . 6%) . This was associated with decreased 

proportions of 1 4 : 0 ,  1 6 : 0 ,  and 1 8 : 0  in the milk fat (Tove and 

Mochrie,  1 963) . 

When monoacid TGs containing the FAs 3 : 0  to 1 8 : 1  were 

intravenously infused into lactating covrs , the TGs , except those 

containing 3 : 0  and 4: 0 ,  cau sed increased milk fat yields and increased 

yields in the milk fat , of the particular infused FA. ( Starry �t al , 

1 969) 

(b ) Duodenal and abomasal infusions of lipid into la ctating ruminants 

Infu sion of linseed oil emulsion into  the duodenum of sheep 

increased the level of 1 8 : 2  and 1 8 : 3 in the depot fat ( Ogilvie et al ,  

1 961 ) .  

In checking for any adverse effects of infusion of p olyunsaturated 

oils into the duodenum of la ctating cows , Bi ckerstaffe and Annison 

( 1 971a) infused into the duodenum 650 g sunflower oil per day.  Apart 

from having no adverse effects on the cow, the infusion of sunflower 

oil increased milk fat yield s by about 300 g per day and increased the 

proportions of 1 8 : 2  in the milk fat from 3 t o  27 mole �{;. 
Abomasal infusi ons of 250 - 500 g safflower oil per day increased 

milk fat yields,  increased the proportions of 18 : 2  and decreased the 

proportions of 1 4 : 0 ,  1 6 : 0 ,  1 8 : 0  and 1 8 : 1 in the milk fat ( Rind sig and 

Schul tz,  1 97  4) . 

( c) Feeding oils protected from mgtabolism in the rumen 

The possibility of avoiding the biohydrogenati on of unsaturated 

lipids in the diet of ruminants arose from work by Ferguson et al 
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( 1 967 ) o n  the p�eventi on of the microb ial degradation o f  ca sein in the 

rumen a fter ita treatment with formaldehyde .  Sqott et M ( 1 970) 

devised a procedure fa� the protection of polyunsaturated oils with 

formaldehyde-treated casein, whereby polyunsaturated lipid-protein 

particles were prepared by spraying on homogenate , consisting of equal 

parts (by weight) of sunflower oil and sodium caseinate ,  with formalin 

vapour ( 37% formaldehyde) . Feeding 1 500 g per day o f  a protected 

safflower oil supplement to cows for two days , produced increases in 

the levels of 1 8 : 2  in milk fat from 2 to 35 wt .  % and corresponding 

decreases in 1 6 : 0 , 1 8 : 0  and 1 8 : 1 .  A supplement vmiCh had not been 

treated with formaldehyde caused only small increases in 1 8 : 2  and 

larger increases in 18 : 0  and 1 8 : 1 in the milk fat .  Feeding the 

formaldehyde-treated safflower oil-protein also increa sed the 1 8 : 2 

content in the depot fat of la�bs ( Cook et al ,  1 970 ) ,  sheep ( Scott et al, 

1 97 1 ) and young steers (Faichney et al, 1 9 72 ) ,  and in the milk fat of 

goats ( Scott et al, 1 970 ) , 

There followed a series of extensive experiments t o  determine the 

effects of feeding the protected polyunsaturated oils on the metabolism 

of ruminants as a foundation for it s possible application in the 

commercial production of polyunsaturated ruminant products (Pan et al ,  

1 972 ; Cook �' 1 972 ; Scott and Cook, 1 975) . 

1 .4 . 2 .  Composition of milk and milk fat with the feeding of di ets 

supplemented with protected lipid 

The effect of feeding cows diets supplemented wi th 1 kg 

formaldehyde-treated casein-safflower ( 1 : 1 ,  w/w) per d ay was t o  increase 

fat yields in the milk by up to 1 00 g per day and to increase the 

proportions of 1 8 : 2  (by vrt . )  from 2% up to about 26%. The increased 

1 8 : 2 was associated with decreases in the proportions of 1 4 : 0  and 1 6 : 0  



in the milk fat .  Protein yields in the milk were slightly increa s ed 

and la ctose yields tended to be depres sed by feeding the protected 

supplement .  The effect on the plasma TGs , the proposed maj or 

precursors of milk fat from the diet , wa s to increa se the proportions 

of 1 8 : 2  and decrease the proportions of 1 6 : 0  (Pan et al , 1 972 ;  Cook 

et §1 , 1 972) 

Sub sequent to thi s  initial research ,  numerous s tudies have b een 

carried out u sing the same and alternative protected supplement s .  

Plowman e t  a l  ( 1 972 )  fed cows 1 500 g per day o f  a formaldehyd e

treated supplement of safflower oil - casein ( 55 : 40 w/w) ar.d ob tained 

milk fat oontQini:ng up to 35% 1 8 : 2  (by wt . ) ,  thus confirming the 

results of the Australian research group . Chandler et al ( 1 973) , 

u sing a formald ehyd e·treated supplement of sunflower s eed , lnvestigated 

the effect on milk fat yield and milk fat composition by u sing 1 4  cows , 

7 of which were fed a control diet of lucerne chaff - cru shed oats 

( 1 : 1 ,  w/w) and 7 of whi ch were fed a mixture of the control diet and 

2 .7  kg per day of the prote cted supplement of sunflower seed , fer a 

period of 72 days . The mean daily fat yield s  were increased , by up to 

52%, by the protected supplement feeding \Vhereas pr9portions of 1 0 : 0 ,  

1 2 : 0 , 1 4 : 0 ,  1 6 : 0  anq 1 8 : 1 in the milk fat were decrea sed and 

proportions or 1 8 : 0  and 1 8 : 2  were increa s ed . The milk fat from the 

cows fed the protect ed supplement contained 25 .6% 1 8 : 2  (by wt. ) 
compared t o  1 . 3% 1 8 : 2  with the control cows . Good en and La scelles 

( 1973) , feeding 400 g - 1 kg per day of a pr otected supplement of 

safflower oil along wi th free grazing , a chi eved increa ses in milk 

yield from the control level of 1 1 . 3 kg/d ay up to 1 2 . 5  kg/day and 

increases in milk fat yield from 552 to 600 g per day. The 

proportion o f  1 8 : 2  wa s increased from 2 . 6  t o  24.6% (by wt . ) ,  and was 

compensat ed by a large d e crea se in 1 6 : 0 ( 30 . 4% to 1 5 . 6%) and smaller 



d e crea s e s  in all short and medium chain FAs ( 4 : 0  to 1 4 : 0) . Only in 

4 : 0  and 1 6 : 0  was there a d e crea se in tota� yield (by wt . ) ,  with the 
I 

maj or Changes in the prop ortions of FAs being caused by the greater 

yield (by vn . )  of 1 8 : 2 .  

The yield s and wt .  percent a ges of the FAs of milk fat with 6 t o  

16  carb ons were reduced , whereas butyrate a nd  all 1 8  carb on FAs were 

increased by feeding 3 . 6  kg formald ehyd e-treated full- fa t  soyflour per 

day . The proportion of 1 8 : 2  was increased from 7 . 2% to 1 6 . 2% (by wt . )  
(��ttos and Palmquis t ,  1 974 ) . 

Protected tallow �upplement wa � fed ·to investigate the p�oblem of 

low milk fat yi elds in cows receiving low roughage diets ( St arry 

et al, 1 974) . The feeding of the protected supplement i ncreas ed the 

milk fat yields up to the level of cows on high roughage diet s .  This 

increa sed yield of milk fat when the supplement was fed , wa s due mo stly 

to an increa se in the 1 8 : 1 content of the milk . 

The e fficiency of transfer of 1 8 : 2  into milk fat with the feeding 

of a diet supplemented with di fferent levels of formaldehyd e-treated 

safflower - casein was found to range from 1 7  to 22% (Bitman et al, 

1 973) . · S imi larly in another study a 22 . 6% efficiency of transfer qf 

1 8 : 2  from a protected supplement of full-fat soyflour into milk fat 

wa s  a Chieved (Mattos and Palmquist , 1 974) . 

Effect on pla sma lipi d s  of feeding supplement s of protected 

lipid 

Feeding cows protected lipid diets sharply increa sed the arterial 

concent ration of TGs , chole sterol esters and phospholipi d s but only 

the TGs of the VLDL and chylomi crons were taken up by the mammary gland 

(Gooden and Lascelles, 1973) . The VLDL and chylomicron fractions from 

cows on the protected lipid d i et had greatly increased levels of 
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esterified FAs , with this increase being mainly attributable t o  higher 

levels of 1 8 : 2  and to a lesser extent 1 8 : 0  and 1 8 : 1 .  The major FA 

taken up from the blood by the mammary gland of cows on the protected 

lipid diet was 1 8 : 2  although 1 8 : 0  was also taken up in reasonable 

quanti ties . This was in contrast to the cows on a control diet where 

1 6 : 0  and 1 8 : 0  were the maj or FAs taken up . The arterial concentration 

and uptake into the mammary gland of unest erified FAs were unchanged by 

feeding of the protected lipid diet , but there was a significant 

decrease in the arterial concentration and uptake of acetate .  Gooden 

and Lasoelles ( 1973 )  suspected that this decrease in acetate levels was 

caused by poor protection of the lipid supplement . 

The 1 8 : 2  content , of the TGs , phospholipids and cholesterol esters 

of the plasma lipoproteins of sheep (Scott and Cook, 1 975 )  and 

lactating cows ( Cook et al , 1 972) was also elevated by feeding 

supplements of protected lipid . 

The average lipid level in the blood serum of steers fed a diet 

supplemented with safflower oil was 930 mg per 1 00 rnl , which was about 

twice that of control animals (Dryden et al , 1 975) . On the diet of 

protected safflower oil the level of LDL was approximately fourfold 

higher than in control animals , while the levels of HDL remained 

unaffected . The levels o f  VLDL and chylomicrons were very low and did 

not vary over the trial period . 

Positional distribution of fatty acids with the feeding of 

diets high in linoleate 

Only a limited number of stereospecific  analyses have been carried 

out to determine the distribution of FAs in TGs after the feeding of 

diets high in linoleate (Privett et al, 1 965 ; Christie et al, 1 9 74 ; 

Scott and Cook, 1 97 5 ;  Havrke et al , 1 9  76 ) • 
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The effects of corn oil ( 57� 1 8: 2 )  on the positional distribution 

of FAs in epididymal fat pads ,  kidney and liver of rats ,  relative to 

either lard or fat-free diets,  was determined by Privett et al ( 1 965) . 

The proportions of 1 6 : 0  and 1 8 : 1 in the tissue TGs were lowered with 

the increased 1 8 : 2 .  The distribution of 14 : 0 ,  1 6 : 0  and 1 8 : 0  between 

the primary and secondary positions in the TGs of the epididymal fat 

pads of all dietary groups was similar1 but on the corn oil diet, 1 8 : 1  

was displaced from position 2 t o  b e  replaced by 1 8 : 2 .  

Christie et al , ( 1 974)  found that feeding groups of  rabbits 

linoleic scid along with one of a range of saturated FAs , caused an 

increase in the tissue TGs of eaCh FA fed , and the presence of the 

saturated FA decreased the amount of 1 8 : 2  incorporated into  TCs . 

Although the amounts of each FA in the TGs of each group of  rabbits 

fed 1 8 : 2 and a saturated FA varied considerably the stereospecifi c  

distributions of these FAs were unchanged by the different diets .  

When sheep were fed diets of  protected safflow�r or  sunflower 

oils ,  the 1 8 : 2  which was incorporated int.o adipose tissue was ester:i,fied 

mostly in positions 2 and 3 of the TGs with only low levels in position 

1 ( Scott  and Cook , 1 975 ; Hawke et al,  1 976).  

Effect of feeding high levels of 18 : 2  on the levels o f  the 5 

triacylglycerol classes of di fferine levels of 

unsaturation in depot fat 

On feeding corn oil to rats (Privett et al, 1 965) , the 

replacement of 1 6 : 0  and 1 8 : 1 ,  in the TGs of the epididymal fat pads ,  

b y  1 8 : 2 ,  was accompanied by large increases in the proportions of  triene 

TGs (021 ) i . e .  1 6 : 0 - 1 8 : 2 - 1 8 : 1 ,  tetraene TGs (161) i . e .  1 8 : 1 - 1 8 : 2 -

1 8 : 1 and ( 022) 1 6 : 0 - 1 8 : 2  - 1 8 : 2 ,  and pentaene TGs (1 22 )  i . e .  1 8: 1  -

1 8 : 2  - 1 8 : 2 .  Corresponding decreases were evident in the levels of 



2:0 . 
i 

monoene TGs ( 010 ) i , e ,  1 6 : 0 - 1 8 : 1 - 1 6 : 0 , diene TGs ( 01 1 )  i . e .  1 6 : 0 

1 8 : 1  - 1 8 : 1 and triene TGs ( 1 11 ) i . e . 1 8 : 1 - 1 8 : 1  - 1 8 : 1 ,  As a 

consequence of  the low level of saturated FAs in the TGs of  rat depot 

fats , diene TGs containing two saturated FAs and 1 8 : 2  were of minor 

importance and only showed a small increase  with the feeding of corn 

oil .  

Feeding a protected supplement o f  sunflower oil t o  lambs increased 

the proportions of the more unsaturated TGs such as 020 , 021 , Qgg, 1£1 ...,_, -- ·-- --

and )22 . There were corresponding decreases in the proportions of 

$• S119 and gJJ,. (Hnwke �' 1 976)  

Section 1 . 5 ,  Ppysical properties of milk fat 

Factors influencing the pnysi cal characteristics of milk fat · 

The main physical pro cesses affecting the melting characteristics 

of milk fat are polymorphism and solid solution formati on,  

Polymorphism, defined a s  the ability of a compound to exist in more 

than one crystalline form, is a well kno1m phenomenon associated with 

the crystallization of long chain c?mpounds .  Polymorphism is  most 

evident in fats of relatively simple coQposition which contain only one 

TG species or TGs comprised of FAs of equal chain length . A good 

example of this type of fat is cocoa butter which consists predominantly 

of three monoene TG species comprised of the FAs 1 6 : 0 , 1 8 : 0  and 1 8 : 1 .  

( Sampugna and J ensen, 1 969 ) 

Polymorphism in milk fat was first described by Mulder ,  in 1 95 3 ,  

Wh o  observed the classic demonstration o f  polymorphism , a d ouble 

melting point a fter rapid cooling of milk fat .  Since then the 

occurrence of various polymorphic crystal forms in milk fat has b een 

established , Woodrow and de Man ( 1 968 ) studied the occurrence of three 

polymorphic forms a , 8 1  s using x-ray and infrared spectroscopic 
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techniqu e s .  Slow cooling of milk fat was found t o  produ ce S 'and a 

forms wh erea s rapid co oling produced the a form . I f  the :x:apidly 

cooled milk fat was held a t  5°0 it under.vent a transformati on t o  the 

a ' and 13 form s .  Van Beresteyn ( 1 972 ) concluded from a range o f  

experiments using di fferential s canning calorimetry (D . S . c . ) , x-ray 

d i ffra ction,  H.M. R. and infrared spe ctros copy , tha t rapid cooling o f  

milk fat t o  1 1 °0 led t o  crystals i n  the a modi fi cation. After a 

period of time an addi ti onal cry stallization took pla c e ,  mainly in the 

6 form. Upon heating polymorphic trans itions took pla ce ,  from a to 6 '  

and from e .. t o  13 0 

Solid s olut i on format i on vra s first formulated by Mulder ( 1 953)  

wh o  noted from available experimental data that certain cha racteri stics 

o f  fat s  could only b e  explained by the formation of mixed crys tals in the 

milk fat .  M:Uld er ( 1 953)  pointed out tha t ( a ) The lower the 

temperature a t  whi ch  mi lk fat i s  s olidifi ed the lower the melting 

point of the solid fo�ed . (b ) St epwi s e  cooling re sult s i n  the 

solidifi ca t i on of a smaller amount of fat than direct c ooling . 

( c) Recrystallization can o ccur by tempering the solid milk fat ,  th e 

rat e  of re crystallizati on being s trongly d ependent upon t empera t ure . 

( d ) I f  the fat i s  rapidly cooled t o  below the solidu s line , the effect 

of the solidifi cation t empera ture will be removed . Behaviour such as 

this would b e  expected t o  b e  typi cal of systems capable o f  forming 

mixed crystals or solid solu tions . Evidence to support such a theory 

has b een obta ined by several workers . De WJ.8n and Wood ( 19 59 )  not ed an 

increase in s olid fat content upon rapid ccoling. Using x-ray 

d i ffracti on ,  Knoop and Samhammer ( 1 962) inte1�reted the pat terns 

obtained a s  indi cating the presence of two mixed crystal fra ctions , one 

consisting of satura t ed TGs and the o ther o f  monounsaturat ed TGs . 

Sherbon and C oulter ( 1 966) , using b oth x-ray diffracti on and adiabati c 



calorimetry, ch�raoteri z ed the melting patt erns of mixtur e s  o f  

tristea rin and tributyrin and o f  mixtures o f  �gn and l ow me�ting 

fra cti ons of milk fat . Rapidly cooled mixtures of milk fat fra cti o� 

anq mixtures of tributyrin and tristearin were all in th� e form and 

slowly cooled mixtures o f  trist earin and tributyrin wer e also in the 

a form ,  but slowly cooled fra ctions o f  milk fat were j:n the B "form. 

Tristeari n  always cooled to the a form , Adding low melting TG 

fractions t o  high melting TG fractions increa sed the int erplanar 

spacing of the crystal la tti ce. Both the chemical and thermal data 

seemed t o  indi cat e  the pr e sence o f  two solu ti ons, the s olid phase 

c onsisting of a solid solution of low melting fat in high melting fat 

and the liquid pha se consi sting of a s olution of high melting fat in 

low melt ing fat .  Th e  solid solutions formed in the fat mixture �ere 

found t o  only slightly alt er the liquid fat content , b u t  t o  dra stically 

increa se the heat of fusi on .  

Other factors influencing the thermal properties o f  milk fat 

would be the FA compositi on, and the TG composition and stru cture of 

the milk fat . Y oncoskie et al ( 1969 )  showed tha t hydrogenati on o f  

milk fat alt ered the proporti ons of lower mel ting glycerid e s .  I f  

hydrogenation times were increased , further d e creases occurred i n  the 

low melting glycerides . The to tally hydrogenated milk fat melted 

over the range 0 to 60°C compared to -30 to 40°C for the original milk 

fat .  Sea sonal variations in the FA comp osi ti on of New Zealand milk 

fats have b een shown to correlat e with varia tions in the thermal 

properties of the milk fat s .  ( Gray , 1 973 ; Norris et a l ,  1 973) . 

The sea sonal variation in liquid fat contents was found to correlate , 

at most t emperatures with sea sonal variat i ons in the sum o f  the Short 

chain FAs and either the t otal or the cis unsaturated FAs .  Taylor 

( 1 973 )  conclud ed from studies of both the positi onal specifi citi es o f  
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FAs and the l evel s of saturated and unsaturat ed TGs in milk fat s  .from 

different sta ges of the dairying sea s on that the variati ons in FA 

compositi ons over the dairying s eason affect only the rela tive 

proporti ons o f  constitu ent TG species not the nature of thes e  TG 

speci e s .  

Int erest erifi cation o f  the TGs o f  milk fat caused an increase in 

the hardness of the fat ,  an increa se in high melting glyceri d e s ,  an 

increase in the solid fat content and an increa se in the s o fteni�g 

point ( d e  Man, 1 961 ) .  The randomi zed fa t had , with slow cooling ,  an 

unu sually large pla stic range . 

Influ ence of elevated levels of polyunsaturated fatty a cid s �n 

the physical propertie s of milk fat 

Alt erati ons to the spreadabili ty of b utt er may b e  ob tained by the 

thermal treatment of cream or the me chani cal treatment of butt er 

(Taylor et a l ,  1 97 1 ) but the se procedures are reversible upon stora ge .  

Altering the chemi cal composition o f  butt er , rlhich would b e  expe cted to 

cause a permanent change in the physi cal propertie s of the butter may 

be a chi eved by fra cti onal crystalli za tion and recombinati on o f  

desirable fract ions o f  milk fat (Norris e t  a l ,  1 9 71 ) or b y  feeding 

pr otected supplement s of p olyu nsaturated oils to cows to produ ce milk 

fat high in linoleate and/or linolenat e  ( Cook et a l ,  1 97 2 ;  S cott and 

Cook, 1 975 ) .  

But ter manu fa ctured from milk fat containing 33 . 2%, 1 9 .07� and 1 4 . 9% 

1 8 : 2 had soft ening points that were l ower than for. normal butter, and 

the butter containing 33 . 2% 1 8 : 2 wa s spread able at 2 - 5°C (Bu chanan 

et al , 1 970 ) . 

For sati s fa ct ory spreadability a t  a speci fied t empe ra ture the �G 
solid fat should be between 25 and 45%. At 1 0°C , butter cont aining 
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1 9 . 5% 1 8 : 2  and p olyuns aturat ed margarine b oth contained ab out 30�� s olid 

fat indi cating satisfa ctory spreadab i li ty at this t empe rature (Wood 

et aJ. , 1 975 ) . Margarine s have an even rat e  o f  m el ting indi ca ting a 

good pla stic range , whe rea s butt er high in 1 8 : 2  had p eaked me lting 

curve s ,  ind i cat ing a na.r;row pla stic range (Wood et a l , 1 975) . The 

butter high i n  linolea t e  had a t end ency to "oil o ff" at 20°0 ind i ca ting 

that a t  thi s t empe rature there wa s pe rhap s  insu ffi ci ent sur fa ce area of 

fat crys tals t o  retain the higher proportions of liqu i d  fat pres ent . A 

b l end o f  milk fa t high in linoleate a nd normal milk fat yield ed l:: utter 

wi th a wid er pla sti c rang e . 

Milk fa t containing 30� 1 8 : 2  had a lowered inception of melting 

and t erminati on of melt ing wh en compared to normal milk fa t (Edmondson 
et al , 1 97 4 )  • The main melting peak vras shi ft ed from 1 9°0 t owards 

1 4°0 v'lith i ncrea sing uns a t ura t i on of the milk fat .  The liquid fat 

0 0 
cont ents at temperatures b etween -21 C and 30 C were increa sed wi th 

increa sing unsatura tion o f  the milk fa t .  

S e cti on 1 . 6 .  The u s e  o f  monozygou s hrin cows in s t udi e s  o f  milk 

composition 

One set of monozygous twin cows may repla ce , va thou t loss of 

stati s t i cal effi ci ency , two group s  of 5 or 6 rand omly s ele cted cows for 

mea su r ements of butt erfa t  yield or butter fat percentage (Pat ch ell , 1 9 56 ) . 

The saponi fi cation valu e s ,  i od ine valu e s  and s o ftening points o f  milk fa t 

from s everal set s o f  monozygou s twin cows showed throu gh out the 

la cta t i on peri o d ,  little variati on between the ind ividuals of each twin 

pai r ,  but si gni fi cant variation between d i fferent sets o f  twin pairs 

(McDovrall and Pa t chell , 1 958) . No similar mea surement s ,  for the FA 

compos i t i on of milk , have been publi shed u s i�� tvdn cows , but 

measurement s of FA comp o s i t i on availab l e ,  (Wil s on ,  G. F. , personal 
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communi cation) , indi cated , tha t similar t o  other mea surements of milk 

composition, the FA composition showed little variati on b e tween 

individuals of ea ch twin pair , either When fed normal rations or When 

fed protected sunflower/soyabean supplements . 

Section 1 . 7 .  The aim of the present work 

In the work described here , feeding a "prote cted" lipid 

supplement high in linoleic acid to a monozygou s twin cow ha s b een 

used t o  study the effect of the availability of large amounts of 

1 8 : 2  for milk fat synthe si s on the composition, structure and p�vsi cal 

p�o�erties of ruminant milk fat .  It had been pl�nned to carry ou t  a 

compari son of F4 esterifi cation in fre shly secret ed milk from a cow 

whi ch was fed "protected" supplement , and in :freshly s ecreted milk 

from i t s  twin on a normal diet. The low and variable level o f  

incorporation o f  FAs into TGs recorded here , preclud ed the successfUl 

conclusion of this experiment . 
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Chapter 2 

J,fETHODS 

Section 2 . 1 .  Reagents 

Protected sunflower seed supplement (Alta Lipids (N. Z. ) Ltd . ) .  

Phenyldichlorophosphate (Aldrich Chemical Co. , Milwaukee , U. S.A. ) .  

3% (w/w) JXR on Gas-Chrom Q, ( 1 00 - 1 20 mesh) (Applied Science 

Laboratories, California , U. S.A. ) .  

1 4% ( w/w) boron trifluoride in methanol (:BDH Chemicals Ltd . ,  Poole ,  

England ) .  

Diethylene glycol succinate polyester, (DEGS) (Analabs , Connecticut,  

u. s .A. ) .  

Chromosorb W, ( 60 - 80 mesh) (Varian - Aerograph, California , U. S.A. ) .  

Silica gel G (E. Merck, Darmstadt, Germany) . 

Silicic acid ( 1 00 mesh) (Mallinckrodt ,  St . Louis ,  U .S .A . ) .  

Ophiophagqs hannah snake venom ( Sigma Chemical Co.  , St . Louis , U. S .A. ) .  

b-14c] palmitic acid ; b -14c] myristic acid ; [1 -1 4c] stearic acid ; 

[1 -1 4c] linoleic acid ; r 4c] -hexadecane (Radiochemical Centre,  

Amersham, England ) .  

Tricaproylglycerol ; trilauroylglycerol ; trimyristoylglycerol ; 

tripalmitoylglycerol ; tristearoylglycerol 

( Sigrna Chemical Co . ,  St . Louis ,  U. S.A. ) .  

Bovine serum albumen ( fraction V) ( Sigma Chemical Co. , St . Louis,  u. s.A. ) .  

Pancreatic lipase , Steapsin ( Sigma Chemical Co . ,  St . Louis ,  U.S.A. ) .  

Nitrogen; hydrogen (Industrial Gases (N. Z. ) Ltd . ) .  

Standard triacylglycerols , diacylglycerols, monoacylglycerols 

( R. Norris ,  Dairy Research Institute, N. Z . ) .  

ATP ; CoA ;  glycerol-3-phosphate  ( Sigma Chemical Co . ,  St . Louis , U. S.A. ) .  

1 , 4-di-(2-( 5-phenyloxazoyl) ) -benzene (Koch-Light Laboratories , 
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Colnbrook, England) • 

Methyl heptadecanoate (Analabs ,  Connecticut , U. S .A. ) .  

All other Chemicals were supplied by either BDH (Poole, England ) 

or May and Baker Ltd .  (Dagenham, England ) .  

Section 2 . 2 .  Milk samples 

A pair of monozygous twin cows wa s  grazed on typi cal New Zealand 

ryegrass/clover pasture Which was supplemented with concentrate 

feeding at milking times as  follows : ( a) One cow was fed 1 . 5 kg 

dried grass  every milking, morning and night, throughout the 

experimental period . (b) During a preliminary experimental  period 

the other cow was fed 1 . 5 kg dried grass every milking, and a fter one 

week a supplement of formaldehyde-treated sunflower seed was fed in 

amounts increasing from 0 . 5  to 3 . 0  kg/day over a 4 day peri od .  The 

level o f  supplement was then held at 3 kg/day for a further eight days . 

Milk was collected fr om  both cows , on a selection of days during 

the feeding p@riod . 1lilk from the last day of the experimental period 

was used for studies  of TG composition. 

Milk fat was obtained from milk samples using three extractions 

with diethyl ether and was stored in hexane under nitrogen at  -1 0°C .  

Section 2 . 3 . Analytical methods 

2 . 3 . 1 . Thin-layer ChromatograB_hy 

2 . 3 . 1 . 1 . Preparation and development of thin-layer chromatogranhy 

'Qlates 

Silica gel G was slurried in either distilled water, 3% bo�ic 

acid solution or 1 o% silver nitrate solution in the approximate ratio 

1 : 2  w/v) . T . l . c .  plates ( 20 x 20 cm ) were spread , u sing a commercial 

spreader (Desaga Co. , U. S .A. ) ,  to a thickness of 0 . 25 mm or 0 . 5  mm, for 



analytical or preparative separations respectively. 

After spreading, plates were left to dry (AgN03/silica gel 

plates in the dark ) , then activated for 2 h at 1 20°C .  

The appropriate solvent , to  a depth of 0 . 5  cm, was added to  

chromatography tanks lined vrith filter paper 30 min before 
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chromatography, to allow saturation of taru<s with solvent vapours.  

Samples were applied in hexane, as  short bands or as  one 

continuous band, 2 cm from one edge of the plate.  Chromatograms 

were d eveloped by the ascending method , at room temperature,  to  a 

distance of 1 5  cm from the origin. 

2 . 3 . 1 . 2 .  Detection o f  lipids on thin-layer Chroma tography plates 

(a ) 
I I 

2,7-dichlorofluorescein 
, , 

A 0 . 05% (w/v) solution of 2 , 7-dichlorofluorescein in methanol was 

used a s  a general purpose lipid spray. Plates were sprayed then 

viewed under u . v. light . 

(b ) Rhodamine 6G 

A 0 .01% (w/v) aqueou s solution of Rhodamine 6G was used to detect 

d ia cylglycerols during the preliminary steps of stereospecific analysis . 

Plates were sprayed then viewed under u .v.  light . 

( c) Phosphate e ster spray 

A specific spray for phosphate esters (Vaskovsky and Kostetsky, 

1 968 ) was used to detect phospholipids . After spraying, the 

phospholipids showed up as  blue spots on a white background. 

2 . 3 . 2 .  Gas - liquid chromatography 

2 . 3 . 2 . 1 . Gas - liquid chromatography of fatty a cids 

(a ) Analysis of fatty acids  

Fatty acids were analysed as  their methyl esters using a PaCkard 



Gas Chromatograph fitted with a hydrogen flame ionisation detector and 

a model 845 digital temperature progralillll.er . The glass column ( 1 83 cm 

x 0. 3 cm i . d . ) was packed with 1 37b diethylene glycol succinate 

polyester (DEGS) on Chxomosorb W ( 60 - 80 mesh) . (rhe " ft.mnel coating 

method "  (McNair ani l3onelli , 1 968) was used for preparation of the 

colunm pa cking. Column conditioning was carried opt at 200°C for 

approximately 1 2  h with N2 flow of 1 0  ml/min. 

Samples were inj ected on to the column at an initial column 
0 temperature of 50 c ,  then the oven temperature was programmed to  

increase at a rate of  4°C/min to a final t emperature of  1 70°0, at which 

temperature the oven was held until the last of the sample had passed 

through the column. The mobile gas phase  was N2 , flowing at 40 ml/ 

min. The detector was operated at 240°C using H2 and air flows of 25 

and 200 ml/min respectively. The inject or wa s held at 200°0. 

(b) Preparation of fatty acid methyl esters 

Three procedures were used to prepare methyl esters of fatty acid s .  

( 1 ) 1 ml of 0 . 5  M - methanolic NaOH was added to 2 - 5 mg TG in a 25 ml 

round-bottom flask. The flask was attached to a water condenser and 

heated on a sand bath,  to gently reflux the contents ,  for 2 min. One 

ml 1 4% (w/v) b oron trifluoride in methanol wa s added through the 

condenser and the refluxing continued for a further 2 min. After which ,  

2 m l  hexane was add ed ,  followed by reflurlng for a further 3 0  s .  

After cooling the flask in iced-water, sufficient water was added to  

bring the hexane layer into the neck o f  the flask. The hexane layer 

was transferred to a glass-stoppered centrifUge tube using a Pasteur ' 

pipette, and evaporated to  dryness. After dissolving in an appropriate 

amount of hexane, 2 - 5 )ll of the sample was gas-chromatographed. 

(Adapted �om the method of Van Wij ngaarden, 1 967) . 

( 2 )  25jll of transesterifying reagent ( 1 . 5 ml 0 . 5  M - sodium methoxide 
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in methanol , 6 ml hexane and 2 . 5  ml diethyl ether) wa s added t o  a 1 - 4 

mg sample o f  lipid in a 0 . 3  ml reaction vial (Kontes Gla s s  C o , , U. S.A. ) 

and immediately closed with a vapour-tight cap . The vial wa s rotated 

gently for 2 min to mix the contents ,  the cap wa s ramoved , 25 )Ul hexane 

wa s  added, the vial imm ediately recapped , and rotatad gently for a 

fUrther 2 min ( Shehata et a l ,  1 970) . 1 - 8 � 1  of the so lvent mixture 

was used for analysis by g . l . c .  

The transe sterifying reagent wa s prepared fresh every 2 or 3 days 

from a stock solution o f  0 . 5  M sodium methoxide in methanol ( prepared 

by d i s solving s odium in methanol) , which wa s stored at 5°C in tubes 

fitted with teflon-lined screw caps . 

( 3) A 1 - 4 mg sample o f  lipid was weighed into a Kont e s  rea ction via l ,  

dis solved i n  60 �1 li ght petroleum (b ,p .  40 - 60°C) and 4 �1 2 M -

s odium methoxid e  add ed . The vial wa s capped s ecurely a nd gently 

rotated for 5 min t o  fa ci litate mixing . After §tandine for a fUrther 

5 min , 1 - 8)Ul of the light petroleum layer wa s inj e cted into the g , l , c .  

( Adapted from Chri st opherson a nd  Gla s s ,  1 969 )  

Procedure 1 'I'Ta s used for the me thylation of free fatty a cid s ,  

procedure 2 for the metn�lation of TGs , DGs a nd  �n� and procedure 3 ,  

which uses a higher concentration o f  sodium methoxide , for the 

methylati on of phospholipid s b ecau se procedure 2 appeared in s ome 

instances to not give complet e methylation of these compound s .  

( c) Qgantitative mea surement of fatty a cid s by g. l,c .  

Methyl esters o f  fatty a cid s were id entified b y  compari son with 

s tandard methyl e st ers chromatographed under identical conditi ons . 

Proporti ons of the individual fatty a cid s were obtained from a 

measurement of peak areas using the product of peak height and width 

at half peak height , Th e  peak areas were corrected for d etector 

response u sing weight r e sponse fact ors (:F\v) d etermined by the 
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inj ection of a mixture of pure FA methyl ethers into the gas 

chromatograph. The weight response factors were then calculated, 

from the ratio Fw = weight , for each FA methyl ester, from each of five area 
injections , and a mean Fw value for each fatty acid methyl es ter 

obtained.  For the calculation of Fvr values methyl palmitate was 

assigned a Fw value of 1 . 00 . 

Table 4. Weirbt response factors ( Fvr) for the methyl esters of 

fatty acids (metpyl palmitate assiened a value of 1 . 00) 

Fatty acid methyl esters Fw value 

Experimental Theoreticalb 

methyl butyrate 

methyl hexanoate 

methyl octanoate 

methyl decanoate 

methyl la urate 

methyl nzy-ristate 

methyl palmitate 

methyl stearate 

methyl oleate 

methyl linoleate 

( 1 )a Determined f'rom five 

a Range 

1 . 34 - 1 . 45 

1 . 1 2 - 1 . 1 7  

1 .06 - 1 . 07 

0 . 97 - 1 . 00 

0 . 99 - 1 . 02 

0 . 99 - 1 . 02 

1 . 00 - 1 . 00 

0 . 99 - 1 . 02 

0 . 97 - 1 . 03  

0 . 97  - 1 . 0 5  

inj ections 

Mean 

1 . 41 1 . 50 

1 . 1 5  1 . 28 

1 . 07 1 . 1 7  

0 . 99 1 . 09 

1 . 01 1 .05 

1 . 00 1 .02 

1 . 00 1 . 00 

1 . 01 0 . •  98 

1 . 00 0 . 97 

1 . 01 0 . 96 

( 2 )b Calculation considering active carbons only as  reported by 

Ackman and Sipos ( 1 964 ) 

The weight response factors determined in Table 4 were in 

reasonable agreement with the theoretical Fvr values calculated 

according to Ackman and Sipos ( 1 964 ) .  Molar proportions of FA 
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methyl esters in milk fat samples were determined using these Fvv 

values .  The values relative to  palmitate were used in the following 

calculation 
· 1 c' [h .  b . Fw .  ] mo es  �. = l l l l M. l 

where h = peak height . 

1 00 x -1 

b pea:{ width at half  peak height . 

M = molecular ·weight of FA methyl ester .  

Fw = experimentally determined weight 

response factor .  

2 . 3 . 2 . 2 .  Gas - liquid chromatography of triacylglycerols 

TGs were analysed by g. l . c .  using a Varian Aerograph, Series 1 520 

chromatograph fitted with a flame ionization detector and a linear 

temperature programmer . A glass column ( 0 . 58 m x 2 . 5  mm i . d . ), fitted 

with glass to metal Kovar seals and packed with 3fo (w/w) JXR on 1 00 -

1 20 me sh Gas Chrom Q (Applied Science Laboratories)  to  permit on 

column inj ection (Kuks;i,s and Breclcenridge , 1 966), was used for 

separation of TGs . Prior to  use,  the column was conditioned overnight 

For normal operation the inj ector 

and detector temperatures were maintained at 325 and 350°C 

respectively. Temperature programming was commenced at 220°C and 

increased to  350°C at 4°C/min. N2 , air and H2 flows were 1 50 ,  300 and 

1 5  ml per min respectively . The column effluent was split in th,e 

ratio 1 : 5  between detector and collector .  The column was calibrated 

by inj ecting mixtures of tricaproylglycerol, trilauroylglycerol , 

trimyristoylglycerol, tripalmitoylglycerol and tristearoylglycerol . 
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The cal culated weight resp onse fact ors (Fw) were : tri caproylglycerol 

( 0 . 99 ) , trilauroylglycerol ( 0 . 98) , trimyristoylglycerol ( 1 . 00 ) , 

tripalrnitoylglycerol ( 1 . 02) and tristearoylglycerol ( 1 .04) , with 

trimyri stoylglycerol b eing a ssigned a value of 1 . 00 . 

The relative areas of the peaks ob tained for individual TGs were 

measured u sing a Varian Aerograph model 485 electronic integrat or .  

The integrator wa s checked for a ccura cy a gainst manual methods o f  

measurement and was found to vary by l e s s  than 1 - 2% for maj or 

components .  

Section 2 . 4 .  Fra cti ona ti on of the tri a cylglycerols of milk fat 

Sili cic acid column chromatography of triacylglycerols 

:Milk samples were fra ctionated into three fra cti ons of di fferent 

molecular weight , using sili cic acid column chromatography , by a 

modifi ca tion o f  the method of Taylor and Hawke ( 1 975a ) .  

( a) Chromatographi c procedur es 

Fine parti cle s were removed from the sili ci c a cid ( 1 00 mesh, 

b�llinckr odt ) by five separat e washings with five volumes of di stilled 

water , allowing the slurry to settle for 30 min and then decanting the 

supernatant between wa shings .  The silicic acid vra s dried at 1 00°C 

and b e fore use wa s a ctivated at 1 20°C overnight . 

For packing o f  the column, 45 g sil i cic a cid wa s slurried in 

hexane , air bubbles were removed by pla cing the slurry und er the yacuum 

of a wat er pump , and then the slurry wa s poured slowly into a glass 

column (40 cm x 1 . 8 cm i . d . ) t o  produ ce a sili cic a cid column, a fter 

washing hexane through the column, approximately 35 cm high .  

The column was l oaded by carefully layering 600 - 900 mg milk fat 

di ssolved in 5 ml hexane , on to the surfa ce of the silici c  a ci d . 

Lipids were eluted from the column u sing a solvent system o f  



34 . 

hexane i n  vmich the content of d i ethyl ether was linearly increa s ed 

from 0 t o  9'/b over 1 500 ml . The eluted TGs were colle cted in 1 20 

fra cti ons ea ch of 1 2  ml . Flow rat es of 1 20 - 1 50 ml/h were 

maintained by pos iti oning the solvent reservoirs 1 met re ab ove the 

column. The tip of the column vra s  washed period i cally to prevent 

a ccumula tion of TGs throu gh solvent evaporation. 

( b )  Ana lysi s  of fra ctions 

Sele cted eluant fra ctions were concentrated and spotted on thin 

layers of silica gel G ( 0 . 25 mm thi ck )  vrhi ch were d evel oped in hexane-

diethyl e th er ( 4: 1 ,  v/v) . Samples were d etected by spraying with 
I I 2 ,7 d i chloroflu ore scein in methanol ( 0 .  05;-:i, w/v) . The Rf valu e s  o f  

the se sele cted fra cti ons , a ft er re ference to the �f' s of stand ard TGs 

and the Rf o f  the original milk fa t ,  were u sed to d et ermine the 

divi si on o f  the eluant fra ct i ons int o three fra cti ons o f  l ow, medium 

and hi gh mol . wt . .  In add it ion, the g . l .  c·. of eluant fra ctions , to 

analyse the consti tuent TGs according to their mol . vrt . ,  was 

frequ ent ly u s ed a s  an aid in bu lking fra cti ons . 

2 . 4 . 2 .  Argentation thin-layer chromatography of tria cylglycerols 

TG fra cti ons of high , medium and lovr mol . vrt .  wer e  resolved , on 

the ba sis of unsaturatio� u sing t . l . c . on sili ca gel G ( 0 . 5  mm thi ck )  

impregna t ed with 207� ( w/w) AgN03 • 5 - 1 0  mg of samp l e ,  di s s olved in 

c.."l1loroform, wa s applied a s  a b and to the AgN03-impregna ted sili ca gel 

G pla t e  ( 20 x 20 cm) . The d evel oping solvent wa s chloroform-methanol 

( 99 . 4  : 0 . 6 , v/v) , or ( 99 . 0  1 . 0 ,  v/v) for the separat i on of the more 

unsaturat ed TG bands .  
t t 

Eand s were identi fi ed ,  a fter spraying with 

2 , 7  -di chloroflu ore scein, by reference t o  standard TGs 

( tripalmitoyl-gly cerol,  �- 1 -palmitoyl-2 - oleoyl-3 -stearoyl-�-glycerol 

and trioleoyl-glycerol ) u sed as markers . After removing the 
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fluorescent bands from the plate into centrifuge tubes,  the lipid was 

elut ed from the adsorbent by the additi on of about 0 . 5  ml 1 �� NaCl in 

methanol-water (9 : 1 ,  v/v) until the r ed colour of the silver -

diChlorofluorescein complex disappeared , then 5 ml diethyl ether -

methanol ( 9 : 1 ,  v/v) was added , followed by slurrying on a Vortex mixer . 

After brief centrifUgation and decantation of the solvent , the �esidue 

was extracted twice more with 4 ml porti ons of diethyl ethe r - methanol 

( 9 :  1 ,  v/v ) . (Hill et al ,  1 968) . Solvent was removed und er a stream 

of N2 and the residue redissolved in hexane and washed with small 

volumes of water to remove traces of dichlorofluorescein and AgN03 

priQ� to g. l , g . analysi$ � 

The relative amounts of the TG bands were determine d  by addi� 

known amounts of methyl heptadecanoat e  to all samples before 

transe sterifi cati on . The number of moles of FA present in each TG 

band wa s calculated using the following formula 

2 . 4 . 3 . 

moles of FAs moles of �h b Fw 
in TG band = internal standard x� s 

M
s s 
s 

h = peak height 

h. b .  Fw. � � � 
M .  � 

b = peak width at half peak height 

Fw = experimentally determined weight response 

factor 

M = mol . wt. of FA methyl ester 

s = Fatty acid methyl ester 

i = internal standard 

Argentation thin-layer chromatography of the tria cylglycerols 

a s  fatty acid methyl esters 

The trans 1 8 : 1 contents of the two milk fats were determined by 



argentati on t , l , c . of th e FA methyl e sters prepa red from the TGs of the 

control and 1 8 : 2-rich milk fats .  Trana 1 8: 1  wa s separated from othQt 

FAs on t . l . c , plat e s  of silica gel G impre gna ted with 2o% ( w/w ) AgN03 . 

The developing solvent wa s chl oroform-methanol ( 99 . 4  : 0 . 6 ,  v/v) . The 

FA methyl e sters were identified and removed from the adsorbent layer 

a s  for the TGs ( Se ction 2 . 4 . 2 . ) .  The rela tive proport ions of ci s  and 

trans 1 8: 1  were determined by g . l . c . of the isola ted FA methyl e sters 

with appropriate known amounts of methyl h eptadecanoa te a s  an internal 

g , l , c ,  standard , 

Secti on 2 . 5 .  Stereosp�cific analysis �f triagylglycerols 

Stere ospe cific analysi s of the TG fra cti ons of milk fat wa s 

carried out using a pr ocedure similar to that of Taylor and Hawke 

( 1 9 75b ) a s  modi fied from Brockerhoff ( 1 9 6 5 ) , Chri stie and Moore ( 1 969 ) 

ar.rl Chris tie ( 1 973 ) I ,  Accord ing to this procedure , the FA comp osition 

of pos ition 1 on the TG is obtained from the 1 -acyl -�- glycerol-3-

phosphoryl phenol ( 1 �PL ) ,  position 2 from the 2 -a c:rl-§B_- gly cerol ( 2 -MG) 

obtained by pancreatic lipa se r..ydrolysi s  and posit ion 3 from the 

following ca l culations 

position 3 2 x ( 2 , 3-PLs ) - ( 2 -MGs )  

position 3 3 x ( TGs)  - ( 1 -PLs ) - ( 2-l,1Gs ) 

Compari s on of the re sults for position 3 obtained u s ing thes e  

calculat ions all ows a che ck on the accura cy o f  the method , 

A che ck  on whether the 1 , 2( 2 , 3 ) -DGs used in sub sequent ana lyses 

are representa tive of the FAs in the origina l TG is possible u s ir� the 

following calculation 

1 ,  2 ( 2 , 3 )-DGs 3 x ( TGs) + ( 2 -MGs)  

4 

The FA composition of the 1 , 3-DGs formed during deacylation of the 



original TGs vri th Grignard reagent can be checked against the FA 

composition of 1 , 3-DGs calculated using the folloiting formula 

1 , 3-DGs = 3 x ( TGs) - ( 2-liiGs) 

2 
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An outline of the procedure used for stereospecific  analysis of 

the TGs is given in Figure 1 .  

Preparation of diacylglycerols 

( a )  High molecular weight triacylglycerols 

About 40 mg TG dissolved in 2 ml dry diethyl ether was reacted , 

with shaking,  vri th freshly prepared 1M-ethylmagnesium bromide in 0 . 5  ml 

dry diethyJ "'-er • The deacylation of TGs was stopped a fter 50 s by 

the adr . •  of 0 .05 ml glacial acetic acid followed by 2 ml water. 

The reac cion mixture wa s extracted three times with 20 ml portions of 

diethyl ether. The diethyl ether extract was washed vrith 5 ml aqueous 

2% potassium bicarbonate, then with 5 ml water. The solvent was 

evaporated to dryness at room temperature under N2 , then the samples 

were d issolved in chloroform and applied to  t . l . c .  plates of silica gel G 

impregnated \ti th 37-!; ( w/w) boric acid and d eveloped in hexane-diethyl 

ether ( 1 : 1 ,  v/v) . Lipid band s were identified under u .v.  light1 after 

spraying with aqueous Rhodamine 6G ( 0 . 01 7�, w/v) , with reference to the 

appropriate  DG standards • . The 1 , 2( 2 , 3 )-DGs and 1 , 3-DGs were scraped 

into small chromatographic columns and eluted ¥dth 1 00 ml diethyl ether. 
·,, 

The FA comp'osition of the 1 ,  3-DGs and 20'}� of the 1 ,  2( 2 ,  3 )  -DGs were 

determined by g . l . c .  The remaining 1 , 2( 2 , 3) -DGs were used for 

stereospecific  analysi s .  

The freshly prepared 1 M - ethyl magnesium bromide was prepared by 

placing 1 80 mg Mg turnings ,  5 ml dry diethyl ether and a small iodine 

crystal in a 25 ml flask fitted with a condenser and drying tube,  adding 
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0 . 4  ml bromoethane and quickly replacing the condenser and drying tube .  

After approximately 30 s ,  the red i odine colour disappeared and a 

spontaneous reaction occurred , to yield 1 M - ethyl magnesium bromide . 

(b)  Low and medium molecular weight triacylglycerols 

About 40 mg TG dissolved in 0 . 1 ml hexane was incubated for 70 s 

at 37°C ,  under vigorou s shaking, w:i. th 1 5  mg pancreatic li:pase 

( previously extracted with d iethyl ether ) dispersed in 1 . 0 ml 0 . 05 M-

Tris buffer ( pH s .o ) , 0 . 2 ml 0 . 2'?  ( w/v) sodium chelate  and 0 . 1  ml A 22'fo 

( w/v) CaC12 • The reaction was stopJJed by the addition of 1 . 5 ml 

ethanol . The pH of the soluti on was adjusted to 4 . 0  with 1 1\i-HCl and 

the mixture extracted with three 20 ml porti ons of diethyl ether. 

The total ether extract was wa shed with 2 ml portions of water until the 

washings were neutral. The ether was evaporated at room temperature 

under N2 and the lipid residu e disso. oroform was applied to  a 

thin layer of silica gel G impregnated with 3/o ( vr/w) boric acid and 

devel?ped in hexane-di ethyl ether ( 1 : 1 ,  v/v) . The 1 , 2( 2 , 3 )-DGs 

isolated from the plates were extracted vd �h diethyl ether as  described 

for the high mol. w'Y � fra cti on.  ( Section 2 . 5 . 1 . a . ) .  

2 . 5 . 2 .  Preparation of 2-acyl-sn-glycerols 

2-MGs were prepared from the TGs of the fracti ons of high, medium 

and low mol . \rl . by hydrolysis with pancreatic lipase a s  in Section 

2 . 5 . 1 . b .  After extraction, and purification on t . l .  c .  the 2-MGs were 

analysed by g .l . c .  as  their constituent FA methyl ester s ,  as  for the 

1 , 2( 2 , 3 ) -DGs .  ( Section 2 . 5 . 1 . a . ) .  

Preparation of phosphatidyl phenols 

DGs ( 5-10  mg) dissolved in 1 ·ml ethanol-free chloroform were added 

slowly with cooling to  a solution containing 1 ml freshly distilled 
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py:ricJ.ine , 1 ml chloroform and 0 . 2  ml phen;y:ldi chlorophosphate. After 

90 min at room temperature with o ccasional swirling, 2 ml pyridine and 

1 ml water were added dropwi se with cooling ( in ice ) . The 

phosphatidyl phenols were then extracted with 30 ml chloro form , 30 ml 

methanol,  25 ml water and 0 . 5  ml triethylamine.  After thorough mix:f.ng 

the chloroform layer was re covered and the methanol - wat er layer 

re-extra cted with 30 ml chl oro form . The �� oroform extra cts were 

combined and evaporated below 35°C on a rotary evaporat or1 or under N2 • 

The phosphat idyl phenols were purified by t . l . c. on silica gel G plates 

developed in chloro form-methancl-1 ��-amm onia ( 80 : 20 : 2 , by vol . ) .  The 

1 , 2  and 2 , 3-PLs identified by spraying the edges of the plate with a 

phosphate ester spray (Va skovsky and Kostet sky, 1 9 68 )  were recovered by 

elution from the a d sorbent with 

methanol-water ( 60 : 30 : 3, by vr 

1 5  ml portions of chloroform

followed by two 1 5  ml portions of 

chloroform-me thanol-water ( 3v .  J : 3, by vol . )  and the solvent 

evaporated a s  b efore . 

gydrolysis of phospha tidyl phenol s by phospholipa se A 

The tri e thylammonium salts of the pho sphatidyl phenols were 

d i s solved in 3 ml d iethyl ether and 0 . 5  ml 0 . 5M-Tri s bu ffer at pH 7. 5 

containing 2 x 1 0-3 M CaC12 , and 1 mg snake venom ( Ophiophagus hannah) 

added . 

After gently shaking overnight , 1 0  ml isopropanol wa s add ed and 

most of the solvent removed under vacuum b el ow 35°C, b e fore taking t o  

drynes s under N2 with the aid o f  small volume s of abs olute ethamol . 

The residue, dissolved in 0 . 5  ml chloro form-methanol ( 2 : 1 ,  v/v) and 

0 . 02 ml a ceti c  acid , wa s applied t o  a 3% (w/w) boric a cid - sili ca gel 

G plate whi ch was developed in hexane - diethyl ether ( 1 : 1 ,  v/v) . The 

FAs liberated by the phospholipase treatment , identi fied by spraying 
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the top hal f  of the pla te with 2 , 7 -d i chloro flu ore sce i n ,  were i sola ted 

from the pla tes and ex tra cted with two 20 ml portions of 1 01 ( v/v) 

methanol in diethyl ether . The phos:r.,ha t idyl phenol s were recovered 

from the origin by elu t i on with two 1 5 ml portions of chl oroform -

methanol - wa ter ( 60 : 30 : 3 ,  by vol . ) a nd two 1 5  ml portions of chloro form -

metha nol - wa ter ( 30 : 60 : 3 ,  by vol . )  a s  be fore , A fter evapora tion of 

the solvent a nd d issolving in chl oroform - methanol ( 2 : 1 . v/v) , the 

phospha tidyl phenols were rea1wl i ed to 8 sil i cf:o gel G pla t e .  The plate 

Vl8 S developed in chloro forrn - methanol - 1 4M-ammonia ( 80 : 20 : 2 .  by vol . ) 

and the phospha t idyl phenol s  dete cted by snraying both ed ge s of the 

plate with th e phosphat e ester spray. The unchanced phospha tidyl 

phenol a nd J.yso:rhospha tidyl phenol had R f  values o f  ab ou t 0 .  5 and 0 .  25 

re spe ctively under the se condi t i ons . Th e  2 ,  3 -PLs and the 1 -PI:s were 

recovered fror.1 th e plate as b e fore and c m8 lysed , a fter 

transe sterifica ti on, by g . l , c  • The F�'ls isolated a fter phospholipa se A 

hydrolysi s  werr .rerted to methyl e sters by re fluxing with 1 4% ( w/v) 

b oron tri flt• c in methanol and 2n2lysed by g. l . c . The FA 

composit ion obtained v:a s fou nd not to be repre sentative o f  the FAs at 

the 2 posit ion a s  determi ned by pancreatic lipa se hydrolysis , b e cau se 

of the l oss of short chain FAs during extra cti on and dur ing conversi on 

to methyl e sters . 

S e ction 2 . 6 .  Therma l ana1ysis of milk fat 

A differential scam1ing ca lorimeter (Perkin - Elmer D . S . C .  model 

1B)  wa s u sed to ca rry out the therma l ana1yses of the total milk fa ts 

and their constituent fra cti ons . Cal ib ration of the D . s . c .  for power 

a nd  temp erature rea d out were ca rried out a ccord ing to the method of 

Norris et a1 ( 1 973 ) . 
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2 , 6 . 1 . Anal�sis of tria cxlslycerol samEles 

Ab out 20 � 40 mg TG dissolved in hexane was trans ferrag to a 0 ! 3  ml 

reacti on vial .  The ��mple was added i n  0 . 1  ml aliquots , a pn  the s ol.vent 

evaporated under nitrogen a ft er ea ch addition .  Traces o f  solvent still 

remaining were removed by pla cing the sample in a va cuum desicc ator 

overnight . Samples were stored until required for thermal analysis at 

-20°0 und er nitrogen. 

A glass capillary wa s  used to transfer 5 - 8 mg o f  the melted TG 

to a preweighed sample pan. The sample pan was then seale d and loaded 

into the n. s . o  • •  
0 The sample was co oled t o  -1 00 0 ann a ft er 

equilibration at this t emperature a heati� thermogram wa s recorded up 

to  50 - 60 °0 at  a rat e  of 1 6°0/min. 

Vfuen samples showed an exothermi c transition on the heating 

thermogram , vmi ch  could re sult from a polymorphic transition of the 

sample from a less to a more stable crys talline form, a t empering 

procedure was adopted so as t o  obtain the heating thermogram for the 

more s table polymorphi c form. This t empering procedure consis t ed of 

heating the sample from -1 90 °0 at 1 6 °0/min to the temperature of the 

.• athermi c transition ,  holding at this t emperature for 5 min, followed 

by shock cooling to - 1 00°0 ,  equilibrating at this temperature for 5 min 

and then recording the heating thermogram as b efore . 

2 . 6 . 2 .  Analysis of data 

The raw data from the D . S . O. was corrected for thermal lag,  

temperature and power calibration usi�g a special program developed for 

use on a Hewlett - Pa ckard 9830 calculat or fitted wi th paper tape 

reader, thermal line printer and graphi c plotter (Munro D. S. and Tuttiet t 
P. T . , D . R. I . ,  New Zealand ) ,  and used t o  produ ce a corrected melting 

curve and it s integral . 
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Secti on 2 . 7 .  Tria c;y:lglycerol bi osynthe sis i n  freshly s e creted milk 

2 . 7 . 1 . Materials 

( a ) Preparati on o f  milk samples 

Milk was obtained from cows or goats as follows : 

( 1 )  cows were milked at 6 . 30 a . m . , u sing an intramu s cula r  inj e ction of 

OJcy"tocin ( 20 U. S . P. unit s )  (Eut ocin; Eurns-Ei otec,  Oakland , U. S.A. ) 

t o  aid t o tal milk letdown ; milked again a t  8 . 00 a . m .  with oxyt o cin 

inj e ctions , and the sample colle cted at 9 . 30 a . m. by handmilking or 

machine milking , again with the use of oxyt ocin. 

( 2 ) goat s were handmilked t o  completion a t  7 . 30 a .m .  and 8 . 30 a . m . , 

then the mi lk sample wa s taken from a 9 . 30 a . m .  milking . 

The freshly secr@'ted milk wa s immediat ely pla ced on i ce for 

transport to the lab oratory . 

In most exp eriments ,  the milk was centrifUged at 0°0 for 1 0  min 

at 700 xg. This centri fUga tion allowed most of the cream to fo� in a 

layer on the surfa ce ,  and the skim milk wa s readily removed from 

b eneath the layer using a pipette . 

( b )  Preparati on of substrate 

Two d i fferent sub strate preparations were used in the experiments .  

All s ubstrates were di luted with an appropriat e  amount o f  the 

particular FA before preparation of the sub strate solu ti on .  The two 

methods for prepara tion of the subst;ate were : ( a )  the p 4c] 

labelled FA ( 5  pmole s )  wa s dissolved i n  2 . 5 ml of ethanol . ( b )  The 

[1 4c] - lab elled FA ( 5 )1moles) wa s  s olubilized vdth warming i f  necessary 

in 0 . 8  ml 0 . 1 M-phosphate bu ffer ( pH 7 . 4 ) mad e  slightly alkaline by the 

addition of 1M-KOH, and then the pH was carefUlly adj u s t ed t o  neutrality 

by the dropwise additi on of 0 . 5  M-HCl . The s olution wa s  add ed t o  ,1 ml 

of bovine serum albumen ( 1 0  pmoles) ( d efatted by tb e method of Goodman, 

1 9 5 7 )  in 0 . 1  M- phosphat e  b u ffer ( pH 7 . 4 ) with vigorous shaking on a 



vortex mixer,  and the volume adjusted to 2 ml with the addition of ,0 . 1 M� 

phosphate buffer ( pH 7 . 4 ) .  

( c ) Cofa ctors 

The cofactors used in the vari ou s experiments were ATP ( 1 )Umole/ 

1 0  ml) , CoA ( 0 . 3)U mole/1 0 ml ) ,  glycerol ( 20 )l mole/1 0 ml ) ,  glycerol-3-

phosphate ( 1 0JUmole/1 0  ml ) ,  d ithiothreitol ( 0 . 5 p mole/1 0 ml ) ,  EDTA 

( 5)l mole/1 0 ml) ,  NaF ( 5;1IDole/1 0 ml )  and MgC12 ( O . S pmole/1 0 ml) . They 

were dis solved in 0 . 1  M - phosphate buffer ( pH 7 . 4) before additi on to 

the milk .  

2 . 7 . 2 . Methogs 

( a )  Incubation 

:Between 50 arxl 1 00..Jl l of the s ub strate solution and 0 . 1  ml of the 

appropriat e  cofactors were added to 1 0  - 1 5  ml of skim milk in a 50 ml 

Erlenmeyer flask. The flasks were incubated with gentle agitation at 

37 °0 in a water bath for peri od s o f  up to 1 20 min. When time-course 

experiments were condu cted , 1 . 0 ml sample s were removed , by pipette , 

from the fla sks at the appropriate times .  

(b ) Lipid extra ction 

Each aliqu ot of the incubati on mixture was immediat ely extracted 

with chloroform-methanol u sing a modifi ed l3ligh-Dyer procedure . To 

each 1 ml of milk in a 40 ml glass-stoppered tube wa s add ed 3 ml 

chloroform-methanol ( 1 : 2 ,  v /v) .  After shaking and allowing t o  stand 

for 5 min. , 1 m l  chloro form and 1 ml water were added for each 1 m1 of 

milk. The lower ( chloroform) layer wa s then removed and the sample 

re-extracted with 1 ml chloroform t o  ea ch original 1 m1 of milk, plus 

sufficient 6M-HC1 to lower the pH to 4 .  Th e  tube was shaken and the 

chloroform layer removed . 

After evap oration of the chloroform , the sample was dissolved in 
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chloroform-methanol ( 2 : 1 ,  v/v) and aliquots taken for scintillation 

counting and separation of lipid classes . 

( c) Separation of lipid classes 

Samples ,  after the addition of unlabelled FAs and DGs to act as  

carriers , were dissolved in 0 .2  ml chloroform-methanol ( 2 : 1 v/v) and 

spotted on to 20 x 20 cm t . l . c . plates , coated with a 0 . 5  mm thickness 

of silica gel G (Merck) , along with the appropriate standards.  The 

plates were developed in hexane - diethyl ether - formic acid ( 70 : 30 : 0 . 5 ,  

by vol. ) and the lipids  detected under u .v. light after spraying with 
t I 

2 t 7  -dichlorofluorescein. A ft er identification, the appropriate 

bands (TGs , FAs and DGs) , were scraped from the plate ,  directly into 

scintillation vials .  Phospholipids were extracted , from the silica 

gel G, with chloroform - methanol - �mter ( 60 : 30 : 3 ,  by vol . ) ,  before 

counting a suitable aliquot . 

( d )  Measurement of radioa ctivity 

Saq)r;Les were counted in a Packard Tricarb Model 2425 liquid 

scintillation counter using 1 0  ml of toluene containing 0 . 6% PPO 

( 2 ,  5-diphenyloxazole) and 0 . 02�'� POPOP ( 1 , 4-di-( 2- (5-phenyloxazoyl) ) ) -

benzene. Counting efficiencies were determined by means of an 

automatic external standard and checked by the use of �4c] hexadecane 

as an internal standard . 

Section 2 . 8.  Posi tional analysis of radioactive tria cylglycerol s 

The TGs were reacted with pancreatic lipase as  in Section 2 . 5 . 1 . (b ) . 

Special care was taken in the extraction of products to minimize losses .  

Water washings were partitioned against hexane to recover any lipid lost 

from the ether phase.  Aliquots of all products were counted by 

scintillation counting. Amounts of TGs and MGs present were determined 

by g . l . co of the FA methyl esters ( Section 2 o 3 o 2 . 1 . ) ,  after the addition 

.J 



of methyl heptadecanoate as an internal standard .  

The following calculation allowed determination o f  the 

proportion of the FA in position 2 of the TGs . 

Percentage of FA in position 2 = Opm MG 
moles MG 

Cpm TG 
moles TG 

Cpm MG = counts per min in MG fra ction 

Cpm TG = counts per min in TG fra ction 

moles MG = no . of mole s of FA in MG fraction 

moles TG = no . of moles of FA in TG fra ction 

X . 1 00 
1 

46 . 



Chapter 3 

RESULTS 

Section 3 . 1 . · composition of  milk samples 
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In ord er to  ascertain the effect of the intake of elevated levels 

of 1 8 : 2  on the composition and the thermal properties of milk fa·� , the 

FA and TG compositions , the positional distribution of FAs in the TGs , 

the levels of the TG classes of differing levels of unsaturatio�, and 

the thermal propertie s  as determined by differential scanning 

calorimetry were used to compare a milk fat high in 1 8 :  2 with a normal. 
milk fat .  

!.lilk fat was collect ed from the pair o f  monoeygous twin cows on 

selected days throughout the trial period . After the level of -� 8 ; 2 in 

the milk fat of the cow fed the protected supplement of sunflowe;;:: seed 

bad reached 1 5  - 1 7  mole % and had remained at this level for foUl.' days 

(Figure 2a) , the milk fat s  collected from the two cows on the fourth 

day (day 1 9 )i were selected for further comparison of the two milk fats .  

3 . 1 . 1 . Fatty acid composition 

( a )  Proportio�s of fatty acid s 

Milk fat from the two cows showed similar proportions of FA:s at 

the start of the trial period (Figures 2a and 2b) ( Appendix 1 ) .  Over 

the trial period the FA composition of milk fat from the control cow 

varied within a narrow range ( Figures 2a and 2b ) ( Appendix 1 )  e . g. 4 : 0  

varied from 1 0 . 5  to  1 2 . 57b, 1 6 : 0  from 20 . 3  to 23. 57b anl 1 8 : 1  from 1 7 .9  

to 22 . 5%. The proportions of 1 8 :  1 in the milk fat from the control 

cow appeared to de crease over the trial period but other FAs tended to  

exhibit only day to day variations . 

Over the period of supplement feeding the milk fat of the 



experimental cow exhibi t�d day to day variations jJl the levels of most 

FAs,  but the distinguishable trends were the increas�ng p�oport�ons o£ 

1 8 : 2 ,  which were accompanied by decr�asing proport�ons of 14 : 0  and 1 6 ; 0  

and possible slight decreases in the proportions o f  4 : 0 ,  1 0 : 0  and 1 2 : 0  

(Figures 2a a�q 2b ) (Appendix 1 ) . 

Table 5. Fatty acid composition of the milk fat ,of the control a� 

e?g)erimental cows on the - la.st day of the trial period 

Fatty acid composition (mole %) 

.l:A.. Milk from :Milk f:rom 
Control cow Experimental cow 

4: 0 1 1 .9 1 0 . 4  

6 : 0  5 . 3  5 .4 

8 : 0  2 . 3 2 . 1  

1 0 : 0  4 . 1  3 . 2  

1 0 : 1 0 . 3  0 . 2  

1 2 : 0  3 . 5  2 . 6 

14 : 0 1 1 .9 7 .7 

14: 1 1 .0 0 . 5  

1 5 : 0 1 .0 0 . 7  

1 6 : 0  22 . 1  1 4 . 1  

1 6 : 1  2 .0  1 . 1  

1 7 : 0  0 .9  0 . 5  

1 8 : 0  1 1 . 9 14 . 1 

1 8 : 1 1 8 . 6  20 . 6  

1 8 : 2  1 . 8 1 5 . 5 

1 8: 3 0 .8  0 .7  

20 : ?  0. 5 0 .7  



20 

1 5  

::R ' 
Q) 1 0  0 E 

5 

0 

30 

eft. 20 
Q) 0 E 1 0  

0 

20 

1 5  

eft. 
� 1 0  0 E 

5 

0 

20 

1 5  
� 
Q) 1 0  0 E 

5 

0 

E;gure 2a , 

Supplement S upplement 

0·5-3·0 kg/day 3 · 0  kg/day 

key • control m i l k  fat 1 8: 2  

0 experimental mi l k  fat 

1 8: 1  

� • IF -e= ::e <lF-4- i � 

1 8 : 0  

� r -= �  � � 

1 6 : 0  

5 6 7 8 9 10 1 1  12 1 3  1 4  1 5  16 1 7  18 1 9  

tria l period days 
Proportions of fatty acid s  in the tria cylglycerol s  of milk fat from 
the control and experimental cows over the trial period . 



"#. 
Q) 
0 E 

Q) 
0 E 

1 5  

1 0  

5 

30 

20 

1 0  

Supplement Supplement 

0 . 5-3.0 kg/day 3.0 kg/day 
1 4 : 0  

key • control mi lk  fat 

0 experimental m i l k  fat 

1 2: 0  + 1 0 : 0  + 8 : 0  + 6 : 0  

0 �---�----�--�------------�--�--�--�--------�------; 

* 
Q) 0 E 

1 5  

1 0  

5 

0 

Figure 2b . 

5 6 7 8 

4:0 

9 10 1 1  1 2  1 3  1 4  1 5  16 1 7  1 8  1 9  

trial period (days) 
Pro:portions of fatty aCid s in the triacylglycerols of milk fat from 
the control an:l experimental cows over the trial period . 



49 . 

Comparison o£ the proportions of FAs in the milk f'at of the 

control a� experimental cows on the la st day of the trial (�able 5)  
(Fisures 2a am 2b) ,  revealed that milk fat .from the expel.'itnental c ow  

contained higher proportions of 18 :2  ( 1 5 . 5% compared to 1 .8.%) , 1 8 : 0  

( 14 . 1% comp�red to  1 1 .9%) and 18 : 1 ( 20 . 6% c ompared t o  1 8 . 6%) than milk 

fat from the control cow. The milk fat from the experimental cow also 

contained lower proportions of 14: 0 (7 .7% compared to 1 1 .9%) , 1 6 : 0  

( 14 . 1% compared t o  22. 1%) and 4 :0  ( 10 .4% compared t o  1 1 .9%) . 

Proportions of minor FAs were similar except £or noticeably lower 

l�els of 10 : 0  ( 3 . 2% compared to 4 . 1%) and 1 2 : 0  ( 2,6% compared to 3 .5%) 
in t)W milk fat o.f the fOXI'e:t':t.mental cow (Figu;r:es 3 and 4) , 

As a consequence o! the hi8h level or 1 8 : 2  in thi�;� mil� .f9t of the 

expe;d:mental cow, the mil� £at from the last day of the trial is 

henceforth referred t o  a� the 1 8 : 2-ri ch milk fat .  

(b ) Affiounts of' fatt;,r acids secreted, 

The average daily yield of' FAs over the pre-experimental and the 

experimental periods ( Table 6)  was calculated using the respective FA 

compositions ani f'at yield s .  In the pre-.experimental period the 

amounts of' the FAs ,  4: 0 to 1 � : 0 , secreted by the two cows were similar, 

but the control cow �oduced smaller amounts o£ 18 : 0 and 1 8: 1  than the 

experimental cow. The yields o f'  4: 0 t o  1 6 : 0  in this period were 

297 . 0 g/day f'or the control cow and 293 . 8  g/day for the experima�tal 

cow. On the other hand the yield of 1 8  carb on FAs was 278 . 4  g/day and 

297. 5 g/day f'or the control and the experimental cow respectively. 

The difference in the overall £at yield (Append ix 2 )  of the two 

cows appeared to arise mainly from the higher yield of' 18  carbon FAs in 

the milk of the experimental cow. 

Over the last four days of' the trial the average yields of 

imividual FAs in the milk of' the control cow were very similar t o  the 
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figure 3. Gas-liquid chromatograms of the fatty a cid methyl esters of the control and 1 8 : 2-rich milk fat s .  



30 

25 

20 l key 0 control m i lk  fat 

* • 1 8: 2-rich m i l k  fat 

Q) 1 5  0 E 

1 0  

5 

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

fatty acids 

Figure 4. Fatty a cid compositions of the control and 1 8 : 2-rich milk fats . 



5 0 .  

Table 6 .  Yields of ma,j or fa tty a cids in milk of cows fed the 

control a nJ.  exner imenta l diets . 
a 

Yield ( g) 

.FA. Pre- exper ir.1enta l per i od  Experimental per i od 

Control :!Jx:p t .  Contr ol Expt . 

4 : 0  2 5 . 7 27 . 1  2 5 . 4  28 . 3  

6 : 0  1 3 . 4  1 5 . 7  1 4 . 9  1 4 . 2  

8 : 0  6 . 3  8 , 8 8 . 3  9 . 7 

1 0 : 0  1 7 . 1  1 8 . 3 1 7 . 1  1 6 . 5  

1 2 : 0  20 . 2  2 2 . 6  1 7 . 1  1 5 . 9  

1 4 : 0  5 9 . 4  5 7 . 0 6 0 . 8 4 8 . 9 

1 6 : 0  1 49 . 9  1 44 . 3  1 3 3 . 9 9 7 . 9 

1 8 : 0  94 . 8  1 07 . 1 87 . 4  1 1 6 . 5  

1 8 : 1  1 59 . 7  1 73 . 3  1 39 . 9  1 73 . 7  

1 8 : 2  1 3 . 5  9 . 5  1 1  • 1 1 28 . 9 

1 8 : 3 1 0 . 4 7 . 6  5 . 5  5 . 5 

Others 36 . 5 3 8 . 8 3 1 . 7  3 3 . 3 

Fat yieldb 61 1 . 9  6 30 . 1  5 5 3 . 1  6 89 . 3  

a C omp os ition o f  pol-;ru nsa tur2. t ed supplement in the ex:perimental 
/ 

d ie t  = !.l 4�" r 1 • · ·,. J l irid 

FA 1 4 : 0  1 6: 0  1 8 : 0  1 8 : 1  1 8 : 2  

m ole < ; ·- 0 , 1  8 , 1  4 . 9  1 8 . 8 68 , 1  

b 
Avera ge yiel d s  ove r the pre-e�erimental a n3. ex perimental periods ,  

- remaining data given in Append ix 2 .  
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yields over the p:r:e-experimental period ( Table 6) . 

C�parison of th� milk from the co�trol cow � tne �eriment�l 
cow over the lf''st four days of the trial. inlicateQ. that t�fil amounts 

produced , of FAs in the �ange 4:0  to 1 0 : 0  were almost una1t�red by 

feeding the polyunsaturated supplement. In contrast there were lower 

yields of 1 2 : 0  ( 1 5 . 9 g compared to 1 7. 1 g) , 14: 0 ( 48 . 9  g compared to 

60.8 g) and 1 6 : 0  ( 97 . 9  g compared to 1 33 . 9  g) and greater yields of 

1 8 : 2  ( 1 28.9 g compared to 1 1 . 1 -g) in the �lk fat from the experimental 

cow ( 1 8 : 2�ri ch milk fat)  than in the milk fat from the control cow • 

.Al.thou$}1 the amounts o! 1 8 : 0  and 1 8 : 1  secreted in the milk of the 

exp�im�nt�l ggw w�re �e�ter than in the milk o� the cont;.ol cow, the 
yield of the$e two FAs in the milk of 'both cows was similar to �t :tA 
the �espective milk samples in the pre-experimental period� 

( c) Trans 1 8 :_ 1 content 

The control and 1 8 : 2-rich milk fats contained different proportions 

of t;ans 1 8: 1 as determined.: by argentation t .l. c. ( Section 2 .4 . 3. ) .  In 

the control milk fat trans 18 : 1 comprised 22 . 3% of the total 1 8 : 1 

compared with trans 1 8 : 1  comprising 1 8 . �  of the total 1 8 : 1  tn the 

1 8 :  2-rich milk fat . This was equivalent to 4 .2% and 3 .9% of the FAs of 

the control and 1 8 : 2-rich milk fats respectively. On the other hand, 

the yield of � 1 8 : 1 in the two milk samples was similar with a yield 

of about 30 g/day in both milk samples . 

3 . 1 .2 .  TriagylglYcerol composition 

The TG compositions of the two milk fats, as determined by 

separation of the TGs by g .l. c. on the basis of acyl carbon number, were 

almost identical in the pre-experimental period (Table 7) . At the end 

of the experimental period the milk fat from the control cow contained 

similar proportions of all TGs to those in the pre-experimental period, 



Table 7. Triacylglycerol cQ.mposition Qf milk i'a-t33_�cm_tlte.__]2a�r _o;f.' mono�gou.s twin _cows fed on the control and 

Day 

Cow 
TG

e 

26 
28 
30 
32 
34 
36 

38 

40 

42 

44 
46 

48 

50 

52 

54 
a 

b 
0 

e�erimental diet s .  

Triacylglycerol composition (mole %) 
Pre-experimental period 

5 6 7 Average (.; 

1 a 2b 
1

a 2b 
1

a 2b 
1

a 2b 

- - - - - - - -
0 . 2  0 . 6  0 . 2  0 . 5 0 . 2  0 . 7 0 . 2  o.6  

1 .0 1 . 3 0 . 7 1 . 2 o . 8  1 . 2 0 .8  1 . 2 
2 . 3  2 . 7 1 . 6 2 . 5 2 . 0  2 . 6  2 . 0  2 . 6  

4.9 5 .8 4.4  5 . 3  4. 8 5 . 6 4 . 7  5 .6 

1 0 . 3  1 1 . 3 1 0. 0  1 0 . 7 1 0 . 9  1 1 . 0 1 0 .4  1 1 .0 

1 5 .6 1 4 . 8 1 4. 5  1 4. 5 1 5 . 8 1 4 . 7 1 5 . 3  1 4.7  
1 4 .2 1 3 .0  1 2 .9  1 2 . 7 14.3  1 3 . 1  1 3 .8  1 2 . 9 I 

7 . 9  1.1  7 . 9  7 .8 8. 1  8 .o 1 8 .o 7 . 8
1 

5 . 6 6 . 0 6 . 0 6 . 1  5 . 9  6 . 1  I 5. 8 6 . 1 1 I 
5 . 5  5 .7 5 . 9 5 . 9  5 . 7 5 . 9 I 5 . 7  5 . 8 1 

6 .4  6 .4 6 . 8  6 . 8  6 . 3  I 6 .5 6 5 1 6 . 3  
I • I 

9 . 6 9 . 0  1 0 . 2  9 . 5  9 . 1  8 .9  1 9 . 6 9 . 1 1 
1 0 . 3  9 .4  1 1 . 2  1 0 . 0  9 .9 I 9 . 6 1 9 . 4 

1
1 0 . 5 

I 
6 . 2  6 . 2  7 .6 6 .4 6 . 2 6 . 5 I 6 .7 6 .41 

Milk fat from control cow 

Milk fat .f'rom experimental cow 

Experimental period 

1 0  1 2  ·J gd -- 1 4  1 5  1 6 18  I 
1 a 2b 1 8 2b 1a 2b 1a 2b 1a b a 2b I a 2b I 2 1 ,-'I 1 I 

I I 
I I - - - - - - - - - - - - j - 0. 1 t  ' 

1 .0 j o. 7 0 . 6 1 0 . 3  1 . 4 0 .4 0 .4 o . 2  o • .a 0.3 0 . 7 1 .9  0 . 7 0. 4  
I I 

0 . 9  1 . 3 1 . 2 1 . 2 1 .2 1 . 2 0 . 8  1 .0 1 .6 1 . 0 1 .2 1 .0 I 1 .4 1 . 1 1  
I 2 . 2  2 . 5 2 . 5 2 . 3  3 .0 2 . 4 2 . 2  2 . 1  2 . 4  1 . 8 2. 6  1 .8 J 3 . 0  2 . 1 1 

4.9 5 . 2  4. 5 6 .6 5. 6 6 .0 
I 

3.6 1 5 . 7  4 . 3  4.0 4.7 3 . 1  3 . 1  i 6 .7 . I  
1 1 . 4 9 . 9  1 1 . 7 9 . 1  1 2. 0 8.6  1 1 . 5 8. 2  1 0 .6 6 .7  1 2 . 2  6 .9 � 2 . 3  7. 5 1 

I I 1 4. 5  1 4 . 1  1 4 . 8 1 3 . 1  1 5 . 2 1 2. 5  1 5 . 2  1 2 . 3  1 4. 3 1 1 . 5 15 . 1  11 . 2  � 4 . 5 1 1 . 7, 
1 3 .0 1 4. 8 1 2 .9 1 4.6 1 2 . 9  1 4.9  1 3 .2 1 5 . 5 1 2 . 9  1 7 . 1  1 2 .9 1 7 . 1  :1 2 . 0  1 6 . 9 : 

8 . 9 8. 5 8. 2 

7. 1  6 .0 6 . 6 
6 . 7 5 . 6 6 .5 
6 . 8 5 . 7  7 . 2 
8. 5 8. o 9 . 3  
8 .9 8 . 8  8 . 5 
5 . 1  8. 5 5 .0 

9 . 2  8 .7 8. 7 8 . 5 8 . 7  
6 . 7 7 . 2  6.0 6. 7 5 . 6  
6 . 4  6. 8 6.0  6 . 3 5 . 5  
6 .5 7.4 6.o 7 .0 5 . 4  
8 . 6  8 . 6  8. 5 8.9  8. 3 
9 .0 1.0 '9 .1 8.5 10 . 3  
8. 5 3.2 1 0. 3  5 . 3  1 2 . 5 

7 .6 8 .4 

5 .9  4. 8 

5 . 9  4 .8 
6 .9  .4 .6 
9 . 7  8 .• 1 

9 . 3 11.'2 
6 . 3  1 6 . 1  

8. 2  a .2 t 7 .9 
6 .4  4.8 I 6 . 5 
5.3 4.8 I 6 .2 

I 
7 . 2  4 .  7 i 6 .9 
9 .0 I 8.0 1 8.6 
a.o 10 .. 6 ·i '1. 1 

9 . 01 
I 

5 . 51 
5 6' 

• I 
5 . 1 1 

I 
7 . 81 
9 . 5• I 

5 .'5 1 6 .8 i 5 .6 1 3.9: 
d 

Milk fat selected :for comparison of the control and 
experimental milk fats 

e 
Average TG compo�:!.tion in the pre-experiroental period 

Only TGs o:f even acyl carbon no . considered 

\.J1 1\) . 
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except for higher proportions o f  c34 ( 6 . 7% compar�d to 4 . 7%) and c36 

( 1 2 . 3% compared to 1 0,4%) and lower proportions of c52 ( 7 . 7% compared 

to 1 0 . 5%) ( Table 7) . It was evident that throughout the trial period 

the TG composition of the control milk fat Showed only slight variation. 

As the proportions of 1 8 : 2 in the milk fa� of the experimental cow 

increased as a result of supplement feeding, the maj or effects on the 

TG composition were to increase the levels of c54 ( 6 . 4% to 1 6.8%) and 

c40 ( 1 2 .9% to 1 7 . 1��) and to  decrease the levels of c34 ( 5 . 6% to  3 . 1%) ,  

c36 ( 1 1 .o% to 6 . 9%) , c38 ( 1 4.7�� to 1 1 . 27�) and c50 ( 9 . 1% to  a .OCfo) . The 

levels of c44' c46 and c48 also tended to decrease with increasing 1 8 : 2  

content of the milk fat (Table 7 ) .  

Substantial differences were evident between the TG compositions of 

the milk fats collected from the control and experimental cows on the 

last day of the trial ( day 1 9 ) .  The milk fat from the experimental 

cow ( 1 8 : 2-rich milk fat )  contained higher proportions of c40 ( 1 6 .9�b 

canpared to 1 2 .0%) , c52 ( 9 .5% compared to 7 . 71�) am c54 ( 1 3 .9?� compared 

to 5 . 6%) , and lower proportions of c34 ( 3.6� compared to 6 . 7%) , c36 ( 7 .5% 

compared to 1 2 . �b) and c38 ( 1 1 . 7� compared to 14 . 5%) than the milk fat 

from the control cow. The proportions of c50 in the two milk fats  were 

/ similar, comprising 8 ,6  and 7 . a% of the control and 1 8 : 2-rich milk fats 

respectively. Levels of c44, c46 and c48, which were only minor 

constituents ,  were slightly lower in the 1 8 : 2-rich milk fat than in the 

control milk fat e .g. c44 comprised 6 . 5% of the control milk fat and 

5 . 5% of the 1 8 : 2-rich milk fat (Table 7) (Figures 5 am 6 ) .  

Section 3 . 2 .  Fractionation of milk fat samples 

3. 2 . 1 . Proportions of the fractions of high, medium and low molecular 

weight of the control and 1 8 : 2-rich milk fats 

The proportions of the high, medium and low mol . wt .  fractions 
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Figure 5 .  Gas-liquid chromatograms of the triaqylglycerols of the 
control and 1 8 : 2-ri ch milk fat s ,  
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obtained by silicic acid chromatography were determined by weighing, 

arid the molar proportions calculated using the respective FA 

composi tion.s of each fraction. The weights ,  th,e weight proportioM , 

and the molar proportions obtained are shown in Table a .  

The final data for the 1 a : 2-rich milk fat was compiled from 

duplicate column runs (Table a) . TG  compositions ( Table 9 )  of  the TG 

fractions from the two column runs \Vere almost identical and it was 

considered valid to bulk the two samples to provide sufficient sample 

for subsequent experimentation. 

As shown in Table a, the fractions of medium mol.  wt .  were of 

comparable s�ze , but the high mol . wt. fraction was of greater 

proportion in the 1 8 : 2-rich milk fat ,  at the expense of the low mol., 

wt .  fraction. 

Fatty acid composition of the fractions of high, medium ,ang 
low molecular weight of the control and 1a : 2-rich milk fats 

The FA compositions of the TG fractions of high, medium and low 

mol. wt. are given in Table 1 0 .  The most obvious difference between 

the two milk fats  was the higher levels of 1 8 : 2  in each fraction of the 

1 a : 2-rich milk fat in comparison to the same fraction of the control 

milk fat .  There were corresponding lower levels of 1 6 : 0 ,  and to  a 

lesser extent 14 : 0 ,  in each fraction of the 1 a : 2-rich milk fat . 

In the high mol. wt .  fraction, the 1 a : 2-ricll milk fat contained 

higher levels of 1 a : 2  ( 1 6 . 1% compared to  1 . 7%) and lower levels of 1 6 : 0  

( 1 6 . 1% compared to  27 . 3%) and 1 4 : 0  (a . ?% compared to 1 3 . 3%) than the 

control milk fat , but the proportions of other FAs were quite similar 

except for a slight increase in the level of 1 a : o  ( 1 a . 5�� compared to 

1 6 .4%) in the 1 a : 2-rich milk fat .  The major FAs of both high mol. wt .  

fractions were 1 6 : 0, 1 a : o  and 1 a : 1 with the addition o f  1 8 : 2  in the 



Table a .  Proportions of the fractions of high, medium and low molecular weight of the control anc1 1 8: 2-rich 
milk fats 

TG fraction of high 
mol. wt . 

TG fraction of 
medium mol. wt .  

TG fraction of low 
mol. wt . 

TGs recovered (mg) . 
Milk fat placed on 
column (mg) . 
Percentage recovery 
from column 

e Fir st column run 

f Second column run 

Control milk fat 

weight (mg) wt . % mole % 

381 

175 

370 

926 

960 

96 . 5% 

41 . 1 ..l9.a.1 

1 8 .9 .12a1 

40.0 .� 

\A 

18: 2-rich milk fat 

weight (mg) 

( a) 9  (b) f Total 

350 

1 30 

235 

71 5 

745 

280 

105 

1 90 

575 

600 

:630 

235 

425 

1290 

1 345 

96 .0% 95 .8% 95.9% 

wt. % 
( a) (b) Average 

49 .0  48 . 7  48 .8 

1 8 . 2  1 8. 3 18. 3 

32. 7  33 . 0  32 . 9 

mole % 

.tkQ 

.12..4. 

.l'l.a2 

VI VI 
• 



T§ble 2. Tri�C'l:l�lcerol comnosition of the fractions of high2 medium and low moleQular weight of the j8: 2-rich 
:milk _£at obtained from two silic!,o acig column runs 

Triacylglycerol composit ion (mole %) 
TGa High mol. wt .  fraction Medium mol. wt .  fraction Low mol. wt .  fraction 

( CarbTn no. ) 
RUN 1 RUN 2 RUN 1 RUN 2 RUN 1 RUN 2 

24 - - - - 0 . 2  
26 - - - - 0 .9 0. 5 
28 - - - - 2 . 8  1 .9 
30 - - - - 4.8 3.7 
32 - - 0 .5  - 7 .·6 6 .9 
34 - - 2 .8  1 . 2 1 0.8 10.5  

. 36 - - 9 . 6 7 .9 17 .o 1] .. 8 

38 0 . 7 0 . 2  21 . 5  20 .7 21 .0  22.0 

40 2 . 1  1 .6 29 .0  28 . 1  30 .5  31 . 3  
42 4 . 8 4.2  1 8 . 5  1 8 . 3  4 .0  4.9 
44 5 . 9  5 .8 6. 3  8.o 0 . 4 0.4 
46 8 . 1  8.o 4. 1  5 .5 
48 9 .6 9 .9 1 .6 2 . 1  
50 1 7 . 2  1 7 . 3  1 .8 2 . 3 
52 22.1  22 . 6  1 . 5  1 . 9  
54 29 . 5  30 . 3  2 . 8  4. 1  

\.Jl 
a � TGs of even a cyl carbon no . considered 

0'1 
• 
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T§ble 10 .  F!i!itty aoig oom12osi tion of the triastJ:lP:ly;cerol f'ract�ons of high1 medium and low molec!;!lar weight of the 
control and 18: 2-rich milk :fats 

Fatty acid com:Eosition (mole �� 
FA High mol. wt .  .fraction Medium mol. wt. fraction Low mol.  wt • .f'raction Milk fat 

Control 1 8 : 2-rich Control 1 8 : 2-rich Control 1 8: 2-rich Control 1 8 : 2-ri ch 

Orig. Recalc. Orig. Recalc. 

4: 0  - - 5 . 3  8 . 2  25 .0 24. 3 1 1 .9 1 2 . 1  1 0.4 1 0 . 7  
6 : 0  0 .4 1 . 1 10.4 1 2 . 3  6 . 2  5 . 9  5 . 3  4.9 5 .4 5 . 1  

8 : 0  1 . 1  1 . 5 4.3  3 .8  2 . 3  2 . 3 2 . 3  2 . 3 2 . 1  2 . 2  
1 0 : 0  3 . 8  3 . 5  5 . 9  4. 5  3 . 6 3 . 7  4 . 1  4 . 1  3 . 2  3.8 
10 : 1 - - 0 . 5  0 . 3 0 .5 0. 3 0. 3 0 . 3 0.2  0 . 2  
1 2 : 0  4 .0 3 .2  4 . 5  2 . 6  3 . 8 3.4 3 . 5  4.0 2 . 6  3 . 2  

1 4: 0  1 3 . 3  8 .8 1 1 . 8 7 . 3 1 1 . 5 9 . 1  1 1 . 9 1 2 . 2  1·1  8.6  

1 4: 1  0 . 7  o . 6  1 . 4 0.4  0 .9 0 .6  1 .0 0 .9 0 . 5  0 . 6  

1 5 : 0  1 . 3 0 .7 1 .0 o .6  0 . 9  0 � 6  ·1 .0 1 . 1 0.1  0 . 6  

1 6 : 0  27 . 3  1 6 . 2 23.6 1 4 . 0 20 . 2  1 3 . 1 22 . 1  23.4 1 4. 1 1 4 . 6  
1 6 : 1 1 . 9 1 . 4 2 . 1  0 . 9 1 .4 1 . 0 2 . 0 1 . 7 1 . 1 1 . 2 

1 7 : 0  0 .9 0 .7  o .8  o .6  0. 4 0 . 2  0 .9  0 .7 0. 5 0 . 5  

1 8: 0  1 6 .4 18 . 6 1 1 . 1 1 5 . 3  7 .6  8 .o  1 1 . 9 1 1 . 5  1 4. 1  1 4 .0  

1 8 : 1  26 . 5 26 . 5 1 5 . 3  1 5 . 9 1 2 . 6  1 3 . 2  1 8 .6 1 8. 2  20 . 6  1 9 . 4  
1 8 : 2  1 . 7 16 . 1  1 .0 1 1 .6 1 . 2 1 3 . 5  1 . 8 1 . 3 1 5 . 5 1 4. 2  
1 8: 3 0 . 7  1 . 1 o . 8  0. 7 1 . 2 o .8  0 . 8  0 .9 0 .7 0 .9 
20 : ?  0 . 2  1 .0 o .8 0 . 5  0 .4 

VI - - - 0.7 0 . 2  -.1 . 
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1 8: 2-ridh milk fat.  

The medium mol. wt .  fractions of botn milk fats contained a 

similar range of FA� ( 4 : 0  to 1 8 ; 3 ) ,  but in the 18 : 2-ridh milk fat ,  

the medium mol, wt .  fraction contained hi@'ler levels of 4 :  0 ( 8 .  2% 

compared to 5 . 3%) , 1 8 : 0 ( 1 5 . 3% compared to 1 1 . 1%) and 1 8 : 2 ( 1 1 .6% 

compared to 1 .o%) , and lower levels of 1 2 : 0  ( 2 .6% compared to 4 . 5%) , 

1 4 : 0  ( 7 . 3% compared to  1 1 . 8%) and 1 6 : 0  ( 14 . o% compared to 23.�%) than 

the medium mol. wt .  fraction of the control milk fat .  The levels of 

other FAs , including 1 8 : 1 ,  were quite similar. In both fractions, 

FAs in the range 4: 0 to 1 2 : 0 , comprised about 3o% of the total FAs.  

The low mol . wt • .fraction of the 1 8: 2-rich milk fat ,  contained 

higher levels of 18 :  2 ( 1 3 . 5% compared to 1 • 27b) and lower levels of 

1 6 : 0  ( 1 3. 1% compared to 20 . 2%) than this fraction in the control milk 

fat .  All other FAs were of similar proportions , 4 : 0  and 6 : 0  

comprised about 3afo of the low mol. wt .  fractions from both sources.  

The highest level of 1 8 : 2  in the 18 :  2-rich milk fat was in the 

high mol . wt .  fraction ( 1 6 . 1%) , followed l?y the low mol . wt .  fraction 

( 1 3. 5%) . 

3 . 2 .  3 .  Triac;,::lgl.ycerol composition of the fractions of high, medium 

and low molecular weight of the control and 1 8 : 2-riCh milk fats 

The dominant feature of the high mol. wt .  fractions was the 

greater proportion of TGs containing 54 acyl carbons in the 18 : 2-rich 

milk fat compared with the control milk fat ( 29 .4% compared to 1 0 . 7%) 

(Table 1 1 ) .  This was accompanied by lower proportions of c48 (9 .6% 

compared to 1 7. 1%) and c50 ( 1 7 .o% compared to 25 .9%) . In the 1 8 : 2-

ridh milk fat fraction, TGs with 50 - 54 aeyl carbons were the only 
maj or species ,  comprising 68 . 7% of the total TGs, but in the control 

milk fat fraction c48 ( 1 7 .1%)  was also a maj or TG, with c50 - c54 
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comprising only 58 .7% or the total (Figure 7) . 

The TG cofll];lcai tio:n.a of the medium yqol . wt .  �action of the two 

milk fats were quite simi�ar, the only noticeable differ�ce being � 

slightly greater proportion of c
40 ( 28 . �  compared to 24 .8%) � the 

1 8 : 2-rich milk fat compared to the control milk fat .  The proportions 

of the other major TGs, in the 1 8 : 2-rich and control milk fats 

respectively, were 20.8% and 21 . 6% c38 and 19 .7% and 1 9 . 5% c42 • 

In the low mol. wt .  fracti on, the TG composition of the 1 8 : 2-riOh 

milk fat was markedly different to that of the control milk; fat .  !!'he 
increased availability of 1 8 :  2 resulted in higher levels of C 40 ( 30 . 5% 
co�red to 1 3 . 3%) and lower proporti ons of c36 ( 1 8 . 3% compared to 

28.0%) in the 1 8 :  2-rich milk fat .  The proportions of c34 were also 

lower in the 1 8 : 2-rich milk fat ( 1 0 . 9% compared to 1 8 . 8%) . The only 

major TG component to be unaffected by the greater incorporation of 

1 8 ; �  was c38 which had proportions of 22 . 9% and 24.9% in th� 1 8 : 2-rich 

and control milk fat fracti ons respe ctively. 

Section � . 3 .  Proportions of the tria�lglycerol classes of differ� 

levels of unsaturation i:q the high, m§Sium and l;ow 

mole cular weight fractions of the control and 18: 2-rich 

m:f:lk fats 

The proportions , in the two fats and their respective fractions , 

of the TG classes prepared by argentation t . l . c .  are presented in Table 

1 2. 

The high mol . wt .  fraction of the 1 8 :  2-ri ch milk fat and the 

control milk fat contained 20.0,% and 29 . 5% saturated TGs respectively. 

Similarly, the proportions of trans - monoene TGs in the s e  two . milk fat 

fractions were 3 . 6% and 9 .9%, with the proporti ons of cis - monoene TGs 

being 21 . 1% and 34. 1% respectively. Greater proportions of diene TGs 
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Table 11. Tri�C;Llglzcerol CO!!mOSi tion of the tri§c;y::lg�y;cerol fractions of high. megigm am low molecular weight 
of the control a:gg j8: 2-rioh milk f§tS 

Triacll�lycerol comEosition (mole %) 

TGa High mol. wt .  fraction Medium mol. wt .  fraction Low mol. wt. fraction Milk fat 

( Carbon Control 18 :  2-rioh Control 1 8 : 2-rich Control 1 8 : 2-rich Control 18: 2-rioh 

no . )  Orig .  Recalc. Orig. Recalc. 
26 - - - - o.z 0 .2  - 0 . 1  0. 1  0 . 1  

28 - - - - 1 . 3 1 .9 0.7 0 . 6  0 . 6  0 .7 
30 - - - - 3.4  3.9 1 .4 1 .5 1 .1 1 .5 
32 - - 0 . 1  0 . 1  8 . 1  7 .2 3.0 3 . 6  2 . 1  2 .7 
34 - - 1 . 1 1 . 6 1 8 .8  10 .9 6 .7  a . 5 3 .6  4.4 

36 - - 7 . 7  8 . 3  28.0 1 8 . 3  1 2 . 3  1 3 .9  7 .5 8 . 5  

38 - 0 .9 21 . 6  20 .8  24.9 22.9 14 .5  15  • .) 1 1 .7 1 3.0  

40 0 .8  1 . 9 24.8 28 . 8  1 3 . 3  30. 5  1 2. 0  1 1 . 1  1 6 .9 1 7.9  
42 3 . 8  4 . 5  1 9 . 5 1 9 . 7  1 .8 4 . 1  7 .9 6 .0 9 .0 7 . 3  

44 7 . 8  6 . 2  10 .4 7. 4 0 . 2  0 . 1  6 . 5 5 .0 5 . 5 4. 1 

46 1 1 . 8  8 . 3 6 . 1  4-9 - - 6 . 2  5 . 5 5 .6 4 .5  
48 1 7 . 1  9 . 6 3 . 5  1 . 8 - - 6 .9 6 .9 5 . 1  4. 5 
50 25 .9 1 7 .0 2 .9 1 .9 - - 8.6 9 .9 7.8 7-7 
52 22. 1 22 . 3  1 . 8 1 .6 - - 7 .7  8 . 3  9 . 5  9.9 
54 10 .7  29 .4 0 .6  3 . 1  - - 5 .6 4 .0  1 3.9 1 3.2  

a 
Only TGs of even carbon number considered 

0'1 0 
• 
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(27 .5% compaxed to 1 7 . 5%) and triene TGs ( 1 5 . 6%. compared to 8 .9%) 
occqrred in t):J.e 1 8 : 2-ricl'l milk fat than �.n the. control milk fat .  

Tetraene TGs were of quantitative importance in the 1 8 : 2-rich milk fat 

contributing 1 2 . 1% of the total TGs. 

In the medium mol. wt .  fraction the proportions of saturated TGs 

were lower in the 18 : 2�rich milk fat than in the control milk fat 

( 28.0% compared to 46 .9%) with the proportion of diene TGs being higher 

( 22 . 5% compared to 1 3 . 2%) but the proportions of traFS - monoene ( 7 .9% 

compared to 7.8%) ,  cis - monoene ( 24. 1% compared to 23. 9%) and triene TGs 

(9 .o% compared to 8 . 1%) were similar. A tetrae� TG class ,  comprising 

8. 5% of the m�dium mo;l, wt .  TGs, was present in the 1 8 : 2-:dch mi:�k f�t .  

In the low mol . wt .  fraction, the proportions of saturated (31 . 2!{o 
' . 

compared to  4 7 .  2%) , trans - monoene ( 5 .  o% compared to 9 .  3%) anl � -

monoene TGs ( 20 . 1% compared to 28 .o%) were lower in the 1 8: 2-rich milk 

fat ,  while proportions of diene TGs were higher ( 27.7% compared to 9 .  ?$) . 

In the more unsaturated TG classes, the level of triene TGs was only 

slightly higher ( 9 . 1% compared to 6 . 3%) but a significant tetraene class, 

comprising 6.9% of the low mol . wt. TGs again became apparent in the 

18 : 2-rich milk fat .  

The same trends a s  observed ;in the individual fractions werci 

observed in the composition of the total milk fats as calculated from 

the proportions in the composite fractions . The 1 8 : 2-rich milk fat 

contained smaller proportions of saturated (25 .8% compared to  40�7%) , 

trans - monoene ( 5 .o% compared to 9 . 2%) and cis - monoene TGs ( 2·1 . 1'/o  

compared t o  29.4%) than in the control milk fat .  The proportions of 

diene ( 26 .6% compared to 1 3 .o%) and triene TGs ( 1 1 .9% compared to 7 . 6%) 

were greater in the 1 8 : 2-rich milk fat .  This latter milk fat also 

contained 9 . 5% tetraene TGs . 
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Table 12 . Proportions of the triacylgl.ycerol classes of differiM 

lwels of unsaturation in the high. megigm. anl J..ow 

molecular weight fractions of the control and 1 8 :  2-rich 

c milk fats 

Triacylglycerols 

TG fraction of high 
mol, wt .  
Saturated TGs 
Traps - monoene TGs 
Cis - monoene TG s  
lliene TGs 
Triene TGs 
Tetraene TGs 

TG fraction of medium 
mol, wt .  
Saturated TGs 
Traps - monoene TGs 
Cis - monoene TGs 
Diene TGs 
Triene TGs 
Tetraene TGs 

TG fraction of low mol, wt. 
Satu:rated TGs 
Trans - monoene TGs 
� - monoene TGs 
Diene TGs 
Triene TGs 
Tetraene TGs 

Milk fat 
Saturated TGs 
� - monoene TGs 
Cis - monoene TGs 
lliene TGs 
Triene 'l'Gs 
Tetraene TGs 

Control milk fat 

100,0 
29 . 5 
9 .9 

34. 1 
17 . 5 
8 .9 

1 00,0 
46 .9 
7 .8 

23.9 
1 3 . 2  
8 , 1  

1 00,0 
47. 2  
9 . 3  

28 .0 
9 . 2  
6 . 3 

� 
1 0 ,6 
3 . 6  

1 2. 3 
6 , 3  
3 . 2 

12J 
9 . 2  
1 . 5 
4.7 
2 . 6  
1 . 6 

M4 
20.9 
4. 1 

1 2 .4 
4. 1 
2 . 8  

1 00,0 
40 .7 
9 . 2  

29 .4  
1 3.0 
7. 6 

a 
Percentage of triacylglycerol fra ction 

b 
Percentage of milk fat 

c 
Results means of two determinations 

m.ole % 
18 : 2-riCh milk fat 

100,0 
20 ,0 
3 .6 

21 , 1  
27 . 5 
1 5 .6 
1 2 . 1  

100.0 
28 ,0  
7 .9 

24 . 1  
22 . 5 
9 .0 
8 .5 

100.0  
31 . 2  
5 .0 

20 . 1  
27 . 7  
9 . 1  
6 . 9 

4�:� 
1 .5 
9 . 1 

1 1 .8 
6 . 7  
5 . 2  

� 
5 . 5  
1 . 5 
4.7 
4 .4  
1 .8 
1 .7 

..lli.2 
1 1 .7 
1 .9 
7 . 5 

1 0 .4 
3 .4  
2 .6  

1 00.0  
25 .8  
5 .0 

21 . 3  
26 .6  
1 1 . 9 
9 . 5 
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Section 3 .4 .  Cornposi tion of  the TG classes of dif'fering levels of 

unsaturation in the high, medium and low molecula:r; 

3 .4 . 1 . 

weight fractions of the control and 18:  2-rich milk fats 

Composition of the TG classes of the fraction of high molecular 

weight in the control and 1 8 : 2-rich milk f'ats 

( a )  Fatty acid composition 

Compared to the control milk fat ,  the proportions of 1 6 : 0  in the 

saturated TGs of the high mol . wt. fraction of the 1 8 : 2-rich milk fat 

were lower ( 29 . o% compared to 39 . 1%) but th� proportions of 1 8 : 0 were 

higher ( 30 . 5% compared to 26 . 8%) (Table 1 3) .  The proportions of the 

other maj or FA, i . e .  1 4 : 0 ,  were similar in the two milk fats comprising 

1 6 . o%  and 1 7 . 8% of the saturated TGs of the 1 8 : 2-rich and control milk 

fats  respectively . 

The FA compositions of the trans - monoene and cis - monoene TGs 

were quite similar in the two milk fats .  The trans - monoene TGs of 

the 1 8 : 2-rich milk fat contained greater proportions of 1 8 : 0  ( 2 5 . 3% 

compared to  1 9 . 2%) and lower proportions of 1 4 : 0  ( 1 0 . 3% compared to 

1 3 . 2%) and 1 6 : 0  ( 22 . 5% compared to 26 . 7%) ,  than in the equivalent 

fraction of the control milk fat .  There were higher proportions of 

/ 1 8 : 0  ( 1 9 . 8% compared to 1 6 . 7%) and lower proportions of 1 4 : 0  ( 9 .4% 

compared to 1 2 . 0%) and 1 6 : 0  ( 20 . 7% compared to 28 .4%) in the cis 

monoene TGs of the 1 8 : 2-rich milk fat as compared to the control milk 

fat .  The other FA of  importance in these two TG classes was 1 8 : 1 ,  

comprising 25.8% and 33 .o% of the � - monoene and � - monc�ene 

TGs respectively, in the high mol . wt .  fraction of the 1 8 : 2-ridh milk 

fat ,  and 28 .o% and 30 . 8% of  the trans - monoene and cis - monoene TGs 

respectively in the high mol . wt .  fraction of the control milk fat . 

The major difference between the diene TGs of  the two milk fat 

fractions was the higher level of 1 8 : 2  ( 1 8 . 2% compared to 1 .  7%) and 



Table 13. Fatty scid com:Qosi tion of the triac;y:lgl;y:cerol Ql9sses of gifferi� levels of unsaturation in the hi2h_ 
molecular we�ggt fraction of the control ang 18: 2-rich milk £ats 

FA Saturated TGs Monoene TGs a 

4 : 0  

. 6 : 0  
8 : 0 

1 0 : 0  
1 0 : 1 
1 2 : 0  
14 : 0 

14: 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  
a 
b 

e f Cont . 1 8 : 2  

0 . 2  4 . 1  
1 . 3 4 .0 
6 . 0  7 .9 

6 . 9  7 . 2  
1 7 . 8  1 6 . 0  

- -

1 . 8 1 . 3 

39 . 1  29 .o  
- -

- -

26 . 8  30 .5 
- -
- -

- -

e f Cont . 1 8 : 2  

- 1 . 9 
1 .0 2 . 3  
2 � 9  3 . 8  

3 . 8  3 . 3  
1 3 . 2  1 0 . 3  

1 . 1 -

1 . 6 1 .4 
26 . 7  22 . 5  

2 . 6  3 . 3  
- -

1 9 . 2  25 . 3  
28 . 0  25 . 8  

- -

- -

Trans - monoene TGs 

.ill:!! - monoene TGs 

Fatt,;t acid comEosi tion (mole %) 
Monoene TGs b Diene TGs Triene TGs 

e f Cont . 1 8 : 2  e f Cont . 1 8 : 2  Cont . e 1 8 : 2f 

- 1 .9 - 0 .8 - 0 .6 
0 .4 2 .7 - 1 . 7 - 0 .9 
2 . 6  5 .0 2 . 2  3 .6  o .6 2 . 8  

3 . 6  4 . 2  2 . 6  3 . 0  1 . 1 2 . 2  
1 2 . 0  9 . 4  7 . 9  7 . 0 4 . 5  5 . 1  

1 . 8 1 . 3 1 .7 0 . 8  1 . 7 0 . 6  

1 . 6 0 . 8  0 .9 0 . 7  0 . 6  o . 6  

28 .4 20 . 7  1 7 . 9 1 5 . 8 1 1 . 4  1 1 .0 
2 . 2  1 . 1  3 . 5  1 . 6 2 . 2  1 .7 

- - - - - -

1 6 . 7  1 9 .8  1 0 . 5  1 7 . 3  9 . 1  1 1 . 3  

30 .8 33.0 5 1 . 1  29 .4 46 .0  32 .9 
- - 1 . 7 1 8 . 2  1 5 . 9  29 . 2  
- - - - 6 .8 ' 1 . 2 

c High mol. wt .  fraction 

Tetraene TGs 
e f Cont . 1 8 : 2  

- -

- -

- 0 . 7  

- 0 .9 
- 3 . 1  
- 0 . 5  
- 0 .4 
- 7 .6  
- 1 . 1 
- -

- 7 . 6  
- 25 . 9  
- 48. 6  
- 3 . 6  

Fractionc 

Control 1 8:2•rich 

Orig. Recalc. Orig. R.ecalc. 

0 . 4  0 .• 1 1 . 1 1 .6 
1 . 1  o . 6 1 . 5 2 . 1  
3 . 8 3 .4  3 .7  4 .3  

4 . 0  4 . 2  3 . 2  3 .7 
1 3 . 3  1 2 . 4  8 . 7  8 .7 
0 . 7  1 .  2 o . 6 o . 6  
1 . 3 1 .4 0 . 7 0 . 8  

27 . 3  28 . 0  1 6 . 1  1 8 .0 
1 .9 1 . '8 1 .4 1 . 2 
0 .9 - 0 .7 

1 6 .4 1 8 . 1  1 8 . 5  1 8 . 6 
26 . 5  26 .3 26 .5  24. 2  

1 .7 1 .7 1 6 . 1  1 5 . 5  
0 .7 o .6 1 . 1  0.6 

e Control milk fat 
d Results means of two determinations . f 1 8 : 2-rich milk fat 

0'\ � 
. 



lower level of 1 8 : 1 ( 29 .4'}0 compared to 51 . 1��) in the 1 8 : 2-rich milk 

fat than in the control milk fat .  The proportions o f  1 6 : 0  were lower 

( 1 5 . 8% compared to 1 7 . 9%) and the proportions of 18 : 0 were higher 

( 1 7 . 3% compared to 1 0 . 5%) in the 1 8 : 2-rich milk fat .  Levels o f  1 4 : 0  

were similar vdth 7 .0% and 7 . 9% in the 1 8 : 2-rich and the control milk 

fats respectively. 

In the triene TGs ,  there were higher proportions o f  1 8 : 2  ( 29 . 2% 

compared to 1 5 . 9%) and lower proportions of 1 8 : 1 ( 32 .9% compared to 

46 .0%) in the 18 : 2-rich milk fat than in the control milk fat.  The 

ratio of 1 8 : 1 to 1 8 : 2 wa s close to 1 : 1  in the 1 8 : 2-ri ch milk fat but 

in the c ontrol milk fat this ratio was almost 3 : 1 ,  signifYing a 

definite change in the character of these TGs . 

The maj or proportion of  the FAs in the tetraene TGs of the 1 8 : 2-rich 

milk fat consisted of 1 8 : 1  ( 2 5 . 9%) and 1 8 : 2 (48 . 6%) . 

(b) Triacylglycerol composition 

The saturated TGs of the high mol . wt .  fraction from the two milk 

fats were of similar composition ,  except for a trend towards higher 

levels of c42 (20 . 1'%  compared t o  1 4 . o%) and lower levels of c46 ( 1 5 . 5�� 

compared to  21 .a.1o) and c48 ( 1 3 . 5% compared to  1 9 . 5%) in the 1 8 : 2-rich 

milk fat (Table 14) . The proportions of the other maj or TGs were 1 8 . 7% 

and 1 9 . 8% c44 and 1 3 .0% and 1 4 .9% c50 in the 1 8 : 2-rich and the control 

milk fats  respectively. 

The relative differences b etween the respective trans - monoene 

and cis - monoene TGs of the two milk fats  were similar in both monoene 

classe s .  I n  the trans - monoene TGs , the 1 8 : 2-rich milk fat had 

greater proportions of c54 ( 1 3 . 3% compared to 5 o 3%) and lesser 

proportions of c50 ( 22 . 1 %  compared to 35 . 2%) and c48 (1 2 . 1 %  compared to 

21 . 6%) . The other maj or TG �a s  c52 , comprising 24 . 3% and 25 .o% of the 

trans - monoene TGs in the 1 8 : 2-rich and the contr:t. milk fats 



Table 14. Triacylg�ycerol composition of the triagylglycerol classes of differing levels of unsaturation in the 
hiM molecular weight .fraction _of'_th� __Qon._t_�q_].. and 18: 2-rich milk fats 

� Saturated TGs Monoene TGs a 

(�ar- Cont . e 1 8 : 2f 
on 

e f Cont . 1 8 : 2  
No . )  

36 - - - 1 . 3 
38 - 1 . 3 - 4 . 3  
40 2 . 6  9 .8 - 5 . 7  
42 14 .0 20 . 1  0 . 1  4 . 5  
44 1 9 . 8  1 8 . 7 3 .6  4 . 8  

46 21 .0  1 5 . 5  9 .2 7 . 6  
48 19 . 5  1 3 . 5  21 . 6  1 2 . 1  
50 1 4 .9 1 3 .0  35 . 2  22 . 1  
52 6 . 8  7 .4 25 . 0  24 . 3  
54 1 .4 0 , 6  5 . 3  1 3 . 3  

a Trans - monoene TGs 

b Cis - monoene TGs 

c High mol . wt .  fraction 

Triaoylglycerol composition (mole %) 
Monoene TGsb Diene TGs Triene TGs Tetraene TGs Fractionc 

e f e f e f e f Cont . 1 8 : 2  Cont . 1 8 : 2  Cont. 18 : 2 Cont . 1 8 : 2  Control 1 8 : 2-rich 
Orig, Recalc.  Orig. Recalc. 

- - - - - - - -

0 . 1  - - - - - - 0 . 9 0 . 5 
0 . 7  - 0 . 1  - - - - 0 .8  0 . 8  1 .9 2 .4 

0 . 3  4 . 3  0 . 2  1 . 6 0 . 1  - - - 3 .8 4 . 3  4 . 5  5 . 5  
4 . 3  8 . 3  2 . 3  4 .9  0 .2 1 .0 - - 7 . 8 8 . 1  6 . 2  7 . 2  

10 . 7  1 2 . 1  4 . 7  8.9 1 .5 3 .7  - 1 .0 · 1 1 . 8 1 1 .7 8 . 3  9 . 1 
22 . 3  1 6 .4 6 .9 1 1 .4 5 . 2  4 .9 - 2 .0  1 7 . 1  1 7 . 1  9 . 6  1 0 .7 
33 . 1  24 .6  22 . • 4 20 . 5  1 6 . 5  1 5.1  - 7 .0  25 .9  24.5 1 7 .0 1 7 .4 
23 . 2  22 .6  41 . 7  26-. 5 28 .6  29 .4 - 1 6 .9 22 . 1  22 . 2  22 . 3  21 . 2  
6 . 0  1 1 .0 21 . 8  25 . 9  48 .0  45.9 - 73 .0 10 . 7  1 1  . 1  29 .4  26.0  

e Control milk fat 
f 1 8 : 2-riCh milk fat 

� � 
• 



respectively. In the .£i§. - monoene TGs , the major TGs were c48 

( 1 6 .4%) , c
50 

( 24. 6�G) and c
52 

( 22 .6%) in the 1 8 : 2-rich milk fat and 

c48 
( 22. 3%) , c

50 
( 33 . 1%) and c

52 
( 23 . 2%) in the control milk fat .  

The proportions o f  c
50 

( 20 . 5% compared to 22 . 4%) and o54 ( 25 . 9% 

compared to 21 . 8%) were rea sonably simila� in the diene TGs of the 

18 : 2-rich and the control milk fats ,  but the 1 8 : 2-rich milk fat had a 

much lower proportion of o
52 

( 26 . 5% compared to 41 .7%) with 

correspondingly higher proporti ons of  the c44 to c48 TGs ( 25 .� 
compared to 1 3 .9%) . 

The TG compositions of the two classes of triene TGs were almost 

identical with the proportions of c
50

' 0
52 and c

54 
being 1 5 . 1%, 29 .4% 

and 45 .9% respectively in the 1 8 : 2-rich milk fat and 1 6 . 5%, 28 ,6% BAd 

48 .o% respe ctively in the control milk fat .  The c
52 and c

54 TGs 

together comprised about 75% of the triene TGs in both mi lk fats.  

The maj or TGs in the tetraene TGs of the 1 8 : 2-rich milk fat were 

c
54 

(73 .o%) with lesser proportions of c
52 

( 1 6 .9%) . 

Composition of the TG clas ses of the fraction of medigm 

mglecular weight in the contrgl and 18 :2-riQh mil� fats 

( a) Fatty a cid composition 

The saturated , trans - monoene and £i2 - monoene TGs in the 

medium mol . wt .  fractions of the two milk fats had similar FA 

compositions although these TGs in the 1 8 : 2-ri ch milk fat tended to 

have greater proportions of 1 8 : 0  and les ser proportions of 1 4: 0  and 

1 6 : 0  than the control milk fat ( Table 1 5 ) . 

In the saturated TGs the proportions of 1 4: 0 , 1 6 : 0  and 1 8 : 0  in the 

1 8: 2-rich and control milk fats  respectively were 1 1 .9% and 1 4 . 3% 14: 0 ,  

25 .7% and 30 • .3% 1 6 : 0 , and , 21 . 8% and 1 4 . 9% 18 : 0. The FAs i n  the range 

4: 0 to 8 : 01 comprised 28.8% and 26 .o% of the 18 : 2-rich and control milk 



Table 15. Fatt;y; acig com:12osition of the triag;£lgl;y;cerol classes of differing levels of unsa_turation_in the 
medium molecglar weight fraction of the control and 18 : 2-riCh milk fats _d 

.1A_ Saturated TGs Monoene TGs 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 
20: ?  
a 
b 

e f Cont . 1 8 : 2  e f Cont .  1 8 : 2  

7 . 5 1 1 . 2  1 .6 9 . 7  
1 2 . 3 1 2 . 8 8 .4  1 0 .0 
6 . 2  4 .8 4 .7  4 . 1  
8 . 2 5 . 7  6 . 3  5 .0 

- - - -

5 .0  4 . 7  4 . 3 3 . 5  
14 . 3 1 1 .9 1 0 . 3  6 . 3  

- - 1 . 0 0 .4 
1 .4 1 .4 1 . 3 0 .4 

30 . 3 25 .7  21 .4 1 6 . 6  
- - 3 . 1  1 . 5 
- - - -

14 .9  21 . 8  1 1 . 1 1 4 . 5  
- - 26 . 5 28.0 
- - - -

- - - -
- - - -

Trans - monoene TGs 
Cis - monoene TGs 

Fatty acid comEosi tion �mole �0} 
b Monoene TGs 

e f Cont . 1 8 : 2 

2 . 3  8 . 0 
9 . 3  1 2 . 7  
5 .7 4·4 
6 .7  4 .8 
0 , 2  0 .4  
4 . 1  3 .0  
9 .7 6 .0 
2 .6 0 , 8  
1 .0 0 .6  

1 6 . 5 1 3 .8  
2 . 6  1 . 6 

- -

8 .5 1 1 .4 
30 .7 32 .4  

- -
- -
- -

Diene TGs 
e f Cont . 1 8 : 2 

0 . 2  3 .0 
6 . 8  9 . 5 
4 .0 4 . 5  
5 .5  6 . 5  
3 . 3  0 . 7  
3 .7  3 .4 
7 . 1  5 . 2  
2 . 8  0 . 8  
0 . 7  0 .9 

14 .4 10 .7  
3.7  0 , 6  

- -
5 .4 1 2 . 1  

35 . 1  1 4 . 3  
6 . 2  27 .9 
1 .0 -
- -

Triene TGs 
e f Cont . 1 8 : 2 

- ·-

2 .4  1 2.8  
2 .4 7-.5 
4.9  6 .6 
0 .9 0 . 5 
3 .9 2 .5 
8. 7 3 .0  
2 . 1  -
1 ,.0 0 .7 

1 8 . 1  3 .6 
3 .0 1 . 3 

- -

7 .9  1 . 9 
21 . 1  27 . 3  
8 ,9 31 .'0 

14 . 7  1 . 2 
- -

c Medium mol . wt .  fraction 

Tetraene TGs 
e f Cont . 18 : 2  

- -
- 3 .0 
- 3 .0 
- 5 . 2 
- 1 . 1 
- 2.8  
- 4.8  
- 1 .0 
- 0�6  
- 7 . 5 
- 0 .8  
- -

- 4. 6 
- 1 1 . 2  
- 46 .8 
- 7 .5 
- -

e 
d Results means of two determinations f 

Fractionc 

Control 1 8 : 2-rich 
Orig, Recalc,  Orig, Recalc. 

5 . 3 4 . 2  8 , 2  6 . 5  
1 0 .4  9 . 7  1 2 . 3 1 1 .0 
4 . 3  5 .4 3 .8 4 .7 
5 .9 7 . 1  4 . 5  5 . 6 
0 . 5 0 , 6  0 . 3  0 ,4 
4 . 5  4 . 5  2 , 6  3 . 5  

1 1 . 8  1 1 . 5 7 . 3 7 . 1  
1 .4 1 . 2 0 .4 0 . 5 
1 .0 1 . 2 o .6  0 .9 

23 .6  23 . 2  14 .0 1 5 . 2  
2 . 1  1 . 6 0 ,9 0 , 8  
0 .8  - o .6 

1 1  . 1  1 1 . 2 1 5 . 3  1 3 . 3  
1 5 . 3  1 5 . 7  1 5 . 9  1 6 . 6 
1 . 0  1 . 5 1 1 , 6 1 3 . 1  
0 .8 1 . 3 0 . 7  0 , 8  
·0 . 2  - 1 .0 -

Control milk fat 
1 8 : 2-riCh milk fat 

� CtJ . 



fats respectively. 

The trans - monoene TGs of the 1 8 :  2-rich milk fat contained 

higher proportions of 1 8: 0  ( 1 4 .5% compared to 1 1 . 1%) ,  and lower 

proportions of 1 4 : 0  ( 6 . 3% compared to 1 0 . 3%) and 1 6 : 0  ( 1 6 .6% compared 

to 21 . 4%) . The FA composition of the � - monoene TGs was similar 

to that of the trans - monoene TGs , with higher proporti ons o;f 1 8 : 0  

( 1 1 . 4% compared to 8 . 5%) and lower proportions of 14 :0  ( 6 .0% compared 

to 9 . 7%) and 1 6 : 0  ( 1 3 .8% compared to 1 6 . 5%) in the 1 8 : 2-rich milk fat 

compared to the control milk fat. 4 : 0  to 8 : 0  together comprised 23.8% 

of the 1 8 : 2-riCh milk fat and 14 .7% of the control milk fat in the 

trans - monoene TGs and 25 . 1% of the 1 8 : 2-rich milk fat and. 1 7 . 3% of 

the control milk fat in the cis - monoene TGs . 

The FA compositions of the diene TGs of medium mol. vn . showed 

considerable differences wi. th the 18 : 2�rich milk fat having higher 

proportions of 1 8 : 2  ( 27 . 9% compared to 6 . 2%) and correspondingly lower 

proportions of 1 8 :  1 ( 1 4 .  3�0 compared to 35 . 1 7�) than the control milk fat .  

The other maj or FA was 1 6 : 0  comprising 1 0 . 7% and 14 .4% o f  the 1 8 : 2-rich 

and control milk fats respectively. 

The triene TGs were also of very different FA compositions with 

the 1 8 : 2-rich milk fat being comprised mostly of 18 : 1  (27 . 3%) and 1 8 : 2  

( 31 .o%) , while the controi milk fat was comprised o f  1 6 : 0  ( 1 8 . 1%) , 1 8 : 1 

(21 . 1%) and 18 : 3  ( 1 4.7%) . 6 : 0  was present , comprising 1 2 .8% of the 

1 8 : 2-rich milk fat and only 2 .4% of the control milk fat .  

I n  the tetraene TGs , o f  the 1 8 :  2-rich milk fat ,  the predominant FA 

was 1 8 :  2 ( 46. FJ/o) , along with a smaller amount of 1 8 :  1 ( 1 1  • 2�·�) • 

(b) Triaqylglycerol composition 

The TG compositions of the saturated TGs of medium mol. wt. from 

the two milk fats were quite similar except for slightly higher 

proportions in the 1 8 : 2-rieh milk fat of c38 ( 36 . 7% compared to 33 . 5%) 



70 . 

and c
36 ( 26 . 1% compared to 1 7 . 07�) , and lower proportions of c

40 ( 20 . 9% 

compared to 24, g;G) than in the control milk fat (Table 1 6 ) . These 

three TG species i . e� c36 , c
38 and c

40 were the only maj or TGs in the 

saturated TGs of the medium mol.  wt .  fractions . 

Both the trans and £i§ - monoene TGs of the 1 8 : 2-riCh milk fat had 

higher proportions of c38 and c
40 TGs than the corresponding TG classes 

of the control milk fat . The respective proportions of the maj or TGs 

in the trans - monoene TGs of the 1 8 : 2-rich and control milk fats were 

23.  o% and 1 9 .  3% c38 , 41 • 8�:� and 31 • 7% C 
40 and 20 . 1% and 20 . 3% C 

42 • In 

the cis - monoene TGs , the maj or TGs were c38 ( 23 .6%) , c40 (44.7%) and 

c42 ( 20 . 2%) in the 1 8 : 2-rich milk fat ,  and c38 ( 1 5 .o%) ,  c
40 ( 32 . 1%) ,  

c
42 ( 23 .4%) and c44 ( 1 3 . 5%) in the control milk fat .  

The diene TGs of the medium mol , wt .  fraction o f  the 1 8 : 2-riCh 

milk fat had a narrow range of TG species ,  with C 40 ( 34 . 57&) and C 
42 

( 36 . 4%) comprising 70 .9% of the total , whereas in the medium mol , wt .  

fraction of the control milk fat c
40 ( 1 1 . 55�) and c42 ( 21 . 1 ��) made up 

only 32 . 6% of the total . The other maj or diene TGs in the control 

milk fat fraction were c44 
( 1 8 . 2%) and C 46 ( 1 6 .  7%) . 

The same trend existed in the triene TGs , In the 1 8 :  2-riCh milk 

/ fat C 
42 ( 40 .  2%) , C 

44 
( 1 9 .  4%) and C 

46 ( 1 7 .  5%) together comprised 77 . 1 �� 

of the total, but in the control milk fat c
42 ( 6 . 5%) , c

44 
( 7 . 8%) and 

c
46 ( 1 2 . 7%) made up only 27 . o%  of the total . The maj or TGs in the 

control milk fat comprised c
46 ( 1 2 . 7��) , c48 ( 1 2 . 9%) , c50 ( 1 8 . 3%) , c52 

( 1 6 . 7%) and c54 
( 1 2 . 1%) . 

The tetraene TGs of  the 1 8 : 2-riCh milk fat were comprised of a 

wider range of TG species than the corresponding triene TGs . The 

maj or TGs were c
46 ( 1 2 .9%) , c50 ( 1 1 . 1%) ,  c52 ( 1 3 . 3%) and c54 

( 39 �o%) . 
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Table 1 6 .  TrJaqylsl�cerol comEosition of the triac�lgl�cerol classes of differigg levels of unsaturation in the 
medium molecul9r weight fraction �f the control and 1 8 : 2-rich milk fats 

TG Saturated TGs Monoene TGs a 

(�ar- Cont . e 1 8 : 2f e f Cont . 1 8 : 2  on 
No . ) 

30 

32 0 . 1  2 . 0  - -

34 3 . 1  8 . 1  0 . 3  0 . 9  

36 1 7  .o 26 . 1  8 . 3  5 .0 

38 33 . 5  36 . 7 1 9 . 3  23 .0 

40 24 .8  20 .9 31 .7 41 .8  

42 1 2 . 3 5 .0 20 . 3  20 . 1  

44 5 .4 0 .9 9 .4 6 . 1  

46 2 . 3 0 . 3 5 . 1  2 .9 
48 1 . 1 - 3 .4 0 . 2 
50 0 .4 - 2 .0 0 . 1  
52 - - 0 . 3  -
54 - - - -
56 - - - -

a Trans - monoene TGs 
b � - monoene TGs 
c Medium mol . wt .  fraction 

Triacylglycerol composition (mole %) 

Monoene TGs b 
e f Cont . 1 8 : 2  

- -

- 0 . 2  
1 . 2 3. 6 

1 5  .o 23. 6 

32 . 1  44 .7 
23 .4  20 .2  

1 3 . 5  4 .6  

7 .4 1 . 9 

4 .7 0 . 6 
2 . 5 0 . 5  
0 . 3  0 . 1  
- -

- -

Diene TGs 
e f Cont . 1 8 : 2  

- -
0 . 2  -
0 . 8  0 . 2  

3 .4 5 . 1  

1 1 . 5 34. 5  

21 . 1  . 36 . 4 
1 8 . 2  1 2 . 0  
1 6 .7 6 . 3  

1 1  . 1  2 . 5 
1 0 . 1  1 . 9 

5 . 5  0 . 9  

1 . 5 0 . 3  
- .. 

Triene TGs 
e f Cont . 1 8 : 2  

- -
o . s  -
2 . 3  -

3 . 5  -
4 . 3  2 .9 
6 . 5  40 . 2  

7 . 8  1 9 .4  
1 2 .7 1 7 .5 
1 2 . 9 5 . 5 
1 8 . 3 6 .0 
1 6 . 7  4 . 3  
1 2 . 1  4 . 2  

2 .0  -

Tetraene TGs 
e f Cont . 1 8 : 2  

- -
- -
- -
- -
- 1 . 2 
- 5 .8  
- 7 . 6  
- 1 2 .9 
- 6 . 8  
- 1 1 . 1 
- 1 3 . 3  
- 39 . 0  
- 2 . 2  

e Control milk fa t 
f 1 8 : 2-rich milk fat 

Fraction° 

Control 1 8 : 2-rich 

Orig. Recalc .  Orig. Recalc .  

0 . 1  - 0 . 1  0 .6 
1 . 1  1 . 6 1 . 6 2 .4 
7 . 7 9 . 2  8 . 3  8 . 6 

21 . 6  21 . 5  20 . 8  1 8 . 9  
24 . 8  23 . 6  28 . 8  28 .0  
1 9 . 5  1 6 . 3 1 9 . 7  20 . 2  
1 0 .4 9 . 5 7 .4 6 .9 
6 . 1  6 . 5  4 .9 4 . 9  
3 . 5  4 .4  1 . 8 1 . 8 
2 .9 3 . 8  1 . 9 2 . 1  
1 . 8 2 . 2  "1 . 6 1 . 8 
o .6  1 . 2 3 . 1  3 .8 

- - - 0 . 2  

-.J ...... 
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Composition of the TG classes of the fraction of 

low mole cular weight in the control and 1 8 : 2-riCh milk fats 

(a)  Fatty acid composition 

The FA composition of the saturated , trans - monoene and .s!:.§ -

monoene TGs in the two milk fats were similar , with a tendenqy for the 

TGs of the 1 8 : 2-rich milk fat to have higher levels of 1 8 : 0  and lower 

levels of 1 6 : 0  (Table 1 7 ) .  

The respective proportions of 1 6 : 0  in the saturated TGs of the 

1 8 : 2-rieh and control milk fats wexe 23 . 5% and 28. 2% and those of 1 8 : 0  

were 1 4 . 0�� and 1 0 . 3%, while the other maj or FAs present wexe 4 : 0  ( 21 .6% 

of the 1 8 : 2-rich milk fat and 23 . 8% of the control milk fat )  and 1 4 : 0  

( 1 8 . 3% o f  the 1 8 :  2-rich milk fat and 1 7 .4% of the control milk fat) . 

The respective proportions of the maj or FAs of the tr§A§ - monoene 

TGs in the 1 8 :  2-rich and control milk fats ,  were 21 . 9�b and 22 .4% 4 : 0 ,  

1 5 .0% and 1 6 . 57'� 1 6 : 0 ,  and , 25 . 3% arrl 27 . 1 %  1 8 : 1 .  I n  the cis - monoene 

TGs the maj or FAs in the 1 8 : 2-rieh milk fat were 4: 0 ( 26 . 7%) , 1 6 : 0  

( 1 2 .4%) and 1 8 : 1 ( 30 . 1%) and the maj or FAs in the control milk fat were 

4 : 0  ( 23 . 7%) , 1 6 : 0  ( 1 5 .6��) and 1 8 : 1  ( 29 .4%) . 

The diene TGs of the low mol .  wt .  fraction of the 1 8 : 2-rich milk 

fat contained 27 .9'"fb 18 : 2  and 9 . 3% 1 8 : 1 ,  in contrast to the low mol . wt .  

fraction o f  the control milk fat where the diene TGs contained 33 .7% 

1 8 : 1  and 7 . 3% 1 8 : 2 .  There were similar proportions of 4 : 0  in the 

diene TGs of the 1 8 :  2-rieh and control milk fats i . e .  22 . 71'a and 22 .4% 

respectively. 

The FA composition of the triene TGs was also different , with the 

1 8 : 2-rieh milk fat containing 24. 1 »  4 : 0 , 22.7% 1 8 : 1  and 32 . 4% 1 8 : 2  

compared to 1 6 .0% 4 : 0 ,  1 7 . 9% 1 8 : 1  and 1 2 . 7% 1 8 : 3  in the control milk fat . 

The FAs of the tetraene TGs of  the low mol. wt .  fraction of the 

1 8 : 2-rieh milk fat consisted mainly of 4 : 0  { 1 9 . 2%) and 1 8 : 2 ( 41 . 5%) i . e .  



Table 17. Fat� 9ci.d C�.!!!Ilosi ti.on
. 
of the triagy:l.d.y;cerol class�s of differ� levels of unsatur9tion in the low 

molecEa!§r we�ght fract�on of the control and 1 8 :  2-r�dl milk f§tS · 

Fatty acid comEosition (mole �) 
FA Saturated TGs Monoene TGs a b Monoene TGs Diene TGs Triene TGs Tetraene TGs Fractionc 

4 : 0  
6 : 0  
8 : 0  

1 0 : 0  

1 0 : 1 
1 2 : 0  

14 : 0 

1 4 : 1  

1 5 : 0  
1 6 : 0  
1 6 : 1 
1 7 : 0  

1 8 : 0  

1 8 : 1 

18 : 2 

1 8 : 3 

20 : ?  

a 

b 

e f Cont . 1 8 : 2 

23 .8  21 . 6  
6 . 1  . 6 � 2  
2 . 4  3 . 2 

4. 2  5 . 8  
-· -

6 .0 6 .4 

1 7 .4 1 8 . 3  
-· -

1 · 5 1 . 1  
28 . 2  23 . 5  

-· -

- -

1 0 . )  1 4.0 
- -

- -

- -

- -

e f Cont . 1 8 : 2 

22 . 4  21 .9 

5 .2 5 .0 

1 . 5 2 . 5  
2 . 3 3 . 6  

- -

3 . 1  3 .7  
1 1 .4 9 . 9 

- 0 . 1  

0 .7  0 . 7  
1 6 . 5 1 5 . 0 

3 .7 2 . 6  
- -

6 . 2  9 . 7  
27. 1  25 . 3  

- -

- -

- -

Trans - monoene TGs 
Cis - monoene TGs 

e f Cont . 1 8 : 2  

23 .7  26 . 7 

5 .4 4 . 8 

1 . 5 1 .7 
2 . 2  2 . 8  

0 .4  0 . 2  
2 . 8  3 . 6 

8 . 8  8 . 1  

1 .6 0 . 7 
0 . 8 0 .7 

1 5 .6 1 2 . 4  

3 .0 2 .0 
- -

4 . 7  6 . 2  
29 . 4  30 . 1  

- -

- -

- -

c 
d 

e f Cont . 1 8 : 2 

22 .4  22.7  

5 . 2 5 .5 
2 . 1  1 . 5 
2 .2 1 . 8 

2 . 3 0 . 2  
2 . 3  2 . 2  

4 . 5  5 .6 

1 .4 0 .4  
0 . 7  o . 6  
8 . 4  1 1 .6  
4 . 1  1 .0 

- -

3 . 3  9 .7 

33 . 7  9 . 3  
7 . 3  -27 .9 

- -

- -

e f Cont. 1 8: 2  

1 6 . 0  24.1 
8 . 2  4 .8 

2 . 3 1 . 3 
2 .4  1 . 3 
0 .9 0. 3 
2 . 8  1 . 3 

5 . 4  2.4 

1 . 3 0. 3  
0 . 8  0 . 3 

1 1 .4 4 . 1  

3 . 3  1 . 5 
- -

5 .4 2 .2  
1 7 . 9  22.7 
8 . 5  32.4 

1 2 . 7  0.9 

0 . 8  -

Low mol. wt .  fraction 

e f Cont. 18 : 2 

- 19 . 2  
- 6 . 8  
- 1 . 5 
- 1 .4 
- 0 . 5  
- 1 . 1 
- 2 .6  
- 0 . 3  
- 0.4 
- 5 . 5  
- 1 . 3 
- -
- 3 .0 
- 7 . 1  

· - 41 .5 
- 7 .7 
- -

e 
Results means of two determinations f 

Control 18 : 2-rich 

Orig. Recalc. Orig. Recalc. 

25 .0 2 3 . 0  24. 3 23 .0  
6 . 2  5 . 9  5 .9 5 . 6  
2 . 3  2 .0 2 . 3  2 . 1  
3 .6  3 . 2  3 .7 3 . 3  
0 . 5  0 .4  0. 3 0 . 2  
3 .8  4 .3 3 .4 3. 7  

1 1 . 5  1 2 . 3 9 . 1 9 .8 
0 . 9 0 .7 0 . 6  0 . 3  
0 .9 1 . 1 0 . 6  0.7 

20 . 2  20 .7 1 3 . 1  1 4 .5 
1 .4 1 .8 1 .0 1 .0 
0 . 4  - 0 . 2  
7 .6 7 .4 8.0  9 .2 

1 2 . 6  1 5 . 0  1 3 . 2  1 2. 4  
1 .2 1 .2 1 3 .5 1 3. 5 
1 . 2 0 . 8  0 .8  0.5 
0 . 8  0 .• 1 - -

Control milk fat 

18: 2-rich milk fat 

-.;J w . 
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60 .7% of the total. Low levels of 1 8 : 1  and 18 : 3  were also present . 

(b) Triagylglycerol composition 

The TG compositions of  the saturated , trans - monoene and � -

monoene TGs of the two low mol . wt . fractions , like the FA comp ositions , 

were similar except for sl :.ghtly lower levels of c36 in the saturated 

TGs of the 1 8 : 2-ri ch milk fat ,  and lower levels of c38 and higher levels 

of c40 in the trans - monoene and cis - monoene TGs of the 1 8 : 2-rich 

milk fat (Table 1 8) .  

The proportions of the maj or TG species in the saturated TGs were 

1 6 . 7% and 1 3 . 9;� c32 , 27 .45� and 30 . 2% c34 , and 28. 85·j and 35 . 2�� c36 , in 

the 1 8 : 2-rich and control milk fats respe ctively. 

In the trans - monoene TGs , the 1 8 : 2-rich milk fat contained 28 .8;� 

c36 ' 40 .0):j c38 and 1 9 . 8�� c40 ' and the control milk fat ,  27 . 55� c36 ' 

47 . O�b c38 and 1 1  . 1% C 40 • The proportions of TGs in the cis - monoene 

TGs of the 1 8 :  2-rich and the control milk fats respectively were 27 . 1�1b 

and 29 .4% c36 , 37 .  7i� and 45 . 6;� c38 and 1 8  . 05� and 1 2  .()5'; C 40 • 

The diene TGs in the low mol . v� . fraction of the 1 8 : 2-rich milk 

fat consisted mostly of c38 ( 35 . ��) and c40 (45 . 5�) , while the diene 

TGs of the lovr mol . vrt . fraction of the control milk fat contained c38 
( 1 5 .4%) and c40 ( 50 . 1 �s) . 

In the triene TGs of the 1 8 : 2-rich '[1']_ilk fat , "  76 . 2% of  the TGs 

contained 40 acyl carbons and together with c42 ( 1 5 .4io) comprised 9 1 . 6']� 

of  the total . In the control milk fat ,  the same TGs comprised only 

54 .o% of the total ( 47 . 2% c40 and 6 . �  c42) ,  with c38 ( 25 . 5%) being the 

other maj or TG present . 

The most abundant TG species in the te�raene TGs of the 1 8 : 2-rich 

milk fat were C 40 ( 64.9n along >ri th c 42 ( 20 . S?S) . 



Table 18. Triaeylglycerol coumos_i tion of the triacylglycerol clas ses oUiff'e_ring levels or unsaturation in the 
loW molecUlar WeiPht f'l.'actiOJl _O_f the_control aDd 18 : 2-rich Illilk fats 

a ..lU, Saturated TGs Monoene TGs 
( Car- e f e f 
b Cont. 1 8 : 2  Cont . 1 8 : 2  on 
No. )  

a 
b 

26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 

. c 

1 .8 
5 . 7  

1 3 . 9  
30 . 2  
35 . 2  
1 2 . 4  
0 . 7  

0 . 5  
4 . 3  
9 . 7  

1 6 . 7  
27 .4 
28 . 8  
1 1 . 8 
0 . 8  

-
0.4 

1 4 . 0  
27 . 5  
47 .0 
1 1 . 1  

� - monoene TGs 
� - monoene- TGs 
Low mol. wt • .f'raction 

-
2 . 2  
9 . 2  

28 .8 
40 .0  
1 9 .8 

Triagy].g:Qrc��ol _QQ�IIPosJ-�<>I1. (mo'le %) 
Monoene TGsb Diene TGs Triene TGs Tetraene TGs 

e f e f e r e f Cont . 1 8 : 2  Cont . 1 8: 2  Cont . 1 8 : 2  Cont. 1 8 : 2 

0 . 4  0 .7  
3 . 2  5 .4 8 . 2  0 .8 
9 . 2  1 1 . 2 1 2 .0 3 . 2  

29 .4 27 . 1  1 0 . 5  1 1 .6 
45 . 6  37 . 7  1 5 .4 35 . 2  
1 2 .0  1 8 . 0  50 . 1  45 . 5  
0 . 2  - 3 . 7  3 .7  

0 . 1  

3 . 3  
3 . 4  

1 2 . 5  
25 . 5  
47 . 2  

6 .8 
1 .4 

e 
r 

0 . 8  
1 . 2 0 .8  
2 . 1  2 .4 
4 . 1  5 . 7  

76 .2  64 .9  
1 5 .4 20 .. 8 

1 .0 3 . 1  
1 . 5  

Control milk fat 
1 8 : 2-rich-·milk fat 

Fraction° 
Control 1 8 : 2-rich 

Orig. Recalc. Orig. Recalc. 
0 . 2  - 0 . 2  0 . 2  
1 . 3 0 .9  1 .9 1 . 3 
3 .4 2 . 9  3 . 9  3 .2  
8 . 1  8 . 7 7 . 2  6 . 7 

1 8 . 8  1 9 .8 10 .9  1 2. 3 
28. 0  29 . 2  1 8 . 3  1 9 .4 
24.9  25 . 2  22 .9 23 .8  
1 3 . 3  1 2 . 3  30 . 5  28 .9 

1 . 8 0 .9  4 . 1  3 .9 
0 . 2  0 . 1  0 . 1  0 . 3  
- - - 0 . 1  

-...1 V1 
• 
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Composition o f  the TG cla sses of the total milk fat 

The total composition of each cla ss of TG was reconst�)cted from 

the composition of ea ch class  in the fractions of high , med ium and 

low mol . wt . ,  to provide additional information about the 

composition of the di fferent TG classes and additional evidence for 

the validity of separating two milk fats of such widely differing 

composition, 

( a ) Fatty a cid compos it ion 

( 1 ) Control milk fat 

The maj or FAs in the sa tura ted TGs of the control milk fat were 

4 : 0  ( 1 3 . 9%) , 1 4 : 0  ( 1 6 . 85�) , 1 6 : 0  ( 31 . 57�) anc1 1 8 : 0  ( 1 5 ,'7'fo) ( Tal;lle 1 9) . 

In the trans - monoene and cis - monoene TGs , the respective 

proportions of the maj or FAs were 1 0 . � ancl. 1 0 . 4�0 4 : 0 ,  1 1 . % and 1 0 . 3% 
1 4 : 0 , 21 . 3):� anJ. 21 . 1% 1 6 : 0 , 1 2 . 1% and 1 0 . 3% 1 8 : 0  and , 27 . 4% and 30 . 2% 
1 8 : 1 . The most abunda nt FAs in the diene TGs were 1 6 : 0  ( 1 4 . 2%) and 

1 8 : 1  ( 42 . 3%) , and in the triene TGs, 1 6 : 0  ( 1 2 . 8/.·) , 1 8 : 1  ( 30 . 4%) , 1 8 : 2  

( 1 1 . 7%) a nd 1 8 : 3  ( 1 0 . 6�0) . 
( 2 ) 1 8 : 2 -ri ch milk fat 

The proport ions of the most abunda nt FAs in the sa t�rated TGs of 

the total 1 8 : 2-rich milk fat were 1 2 . 2% 4 : 0 ,  1 6 . 2% 1 4 : 0 ,  25 . 8% 1 6 : 0 , 

and 21 . 2% 1 8 : 0 ( Table 1 9 ) . Respective proportions of the maj or FAs in 

the trans - monoene and cis - monoene TGs were : 1 1 . 2% and 1 1 . 2% 4 : 0 ,  

1 7 . 9% and 1 6 . 3% 1 6 : 0 , 1 6 . 1 % and 1 3 . 2% 1 8 : 0  and , 26 . 3% and 31 . 9% 1 8 : 1 , 

Maj or FAs in the diene TGs were 1 6 : 0  ( 1 3 . 3/b) , 1 8 : 0  ( 1 3 . 5%) , 1 8 : 1 ( 1 9 . o%) 
and 1 8 : 2  ( 23 . 6%) , in the triene TGs,  1 8 : 1  ( 29 . 1 %) and 1 8 : 2  ( 30 . 4%) and 

in the tetraene TGs ,  1 8 : 1  ( 1 8 . 1%) and 1 8 : 2  ( 46 . 3%) . 4 : 0  to 8 : 0 

together compris ed 1 5 . 6 , 1 2 . 5  and 8 . 6% of the diene, triene · and 

tetraene TGs respect ively . 



Table 19. Fatty a cig com�osi tion of the tri9�lglicerol classes of differing levels of unsaturation in the 
control and j8 : 2-rich milk fat s  c 

.EA_ Saturated TGs 

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 
20 : '?  

e f 
Cont . 1 8 : 2 . 

"' 
1 3 . 9  1 2 . 2  
6 ,0 6 . 9  
3 .0 3 .8 
5 . 6 6 . 5 
- -

6 .0  6 . 3  
1 6 . 8  1 6 . 2 

- -
1 . 6 1 . 2 

31 . 5 25 . 8  
- -
- -

1 5 . 7  21 . 2  
- -
- -
- -
- -

Monoene TGs 
a 

· e f 
Cont . 1 8 : 2 

1 0 . 2  1 1 . 2 
3 . 7  5 . 5  
1 . 8 2 .9 
3 . 2 4 . 1  
- -

3 .6 3 . 5  
1 1 . 9 9 .0 
o .6 0 . 2  
1 . 2 0 , 8  

21 . 3 1 7 . 9  
3 . 2  2 . 5  
- -

1 2 . 1  1 6 . 1  
27 .4  26 . 3  

- -
- -
- -

a Trans - monoene TGs 
b � - monoene TGs 

Fatty acid composition (mole %� 
b 

Monoene TGs 
e f 

Cont . 1 8 : 2  

1 0 .4 1 1 . 2 
3 .8 5 . 3  
1 . 7 2 . 7  
3 . 1  4 . 2  
0 . 2  0 . 2  
3 . 3  3 .7 

1 0 . 3  8 . 2  
1 . 8 1 . 0 
1 . 2 o. 7 

21 . 1  1 6 . 3  
2 . 6  1 . 5 
- -

1 0 . 3  1 3 . 2 
30 . 2  31 .9  

- -
- -
- -

Diene TGs 
e f 

Cont . 18 : 2  

7 . 2  9 . 4  
3 .0 4 . 1  
1 . 5 2 . 1  
2 . 9  3 . 4  
1 .4 ·0 . 2 
2 .7  2 . 8  
6 .7  6 , 2  
1 . 8 0 . 6 
0 . 8  0 .7  

1 4 . 2  1 3 . 3  
3 . 7  1 . 2 
- -

7 . 2  1 3 . 5  
42 . 3  .1 9 .0 
4 .4 23.6 
0 . 2  -
- -

Triene TGs 
e f 

Cont , 1 8: 2  

5 .9 .6 .9 
3 . 5  3 . 6 
1 . 3 2.0 
2 . 2  3 .0  
0 . 5  0 . 2  
2 . 3  2 .0  
5 .7 4.0 
1 . 6 0 .4 

·�0,. 8  0.5 
1 2.8  7 .9  
2 .8 1 .6 

- -
7 -5 7 . 3  

30 .4 29 . 1  
1 1 .7 30 .. 4 
1 0 .6 1.1 
0 . 2  -

Tetraene TGs 
e f 

Cont . 1 8 : 2  

- 5 . 3  
- 2 .4 
- 0 .9  
- 1 .7 
- 0. 3  
- 1 .3 
- 3 . 3  
- 0 . 5 
- 0.4 
- 7 .0 
- 1 . 1  
- -
- 5 .8  
- 1 8 . 1  
- 46 .3  
- 5.4 
- -

c 
Calculated i'xom the FA Compositions of the TG 
classes of the respective TG fra ctions 

Milk fat 

Control 1 8 : 2-rich 

Orig. Recalc . Orig. Recalc .  

1 1 .9  1 1 .0 1 0 .4 9 . 9 
5 . 3  4 . 5  5 .4 4.9  
2 . 3  2 . 2  2 .. 1 2 . 6  
4 . 1  4 .0  3 .2  4 . 2  
0 . 3  0 . 3 0 . 2  0 . 1  
3 . 5  4 . 3  2 . 6 3 .7  

1 1 .9 1 2 . 3  7 . 7  8 . 8  
1 .0 0 . 9  0 . 5 0. 5 
1 .0 1 . 3 0 .7 0 . 8  

22 . 1  23 . 8  1 4 . 1  1 6 . 2  
2 .0  1 .8 ·1 . 1 1 . 1  
0 .9  - 0 .5 

1 1 .9 1 2 .0 1 4 . 1  1 4 . 1  
18 . 6  1 9 . 3  20.6 1 8 . 3  
1 . 8 1 . 5 15 .5  1 4 . 3  
0 . 8  0.8  0.7 0 ,6  
0 . 5 - 0 . 7  -
e 

Control milk fat 
f 1 8 : 2-ridh milk fat 

-..:] -..:] 
• 
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( 3) Comparison of the fatty acid compositi ons of the triagzlglyc� 

classes of differing levels of unsaturation in the control and 

18 : 2-riCh milk fats 

In the saturated , and monoene TGs , the FA compositions of the two 

milk fats were q_ui te similar, except for the tendency of the 1 8 :  2-riCh 

mi lk  fat to have slightly higher levels of  18 : 0  and lower levels of 

1 6 : 0 .  

In the two diene TG classes,  the proportions of FAs from 4: 0 to 

1 6 : 0  were almost identical , the difference between the two milk ::ats 

being in the higher proportions of 1 8 : 0  ( 1 3 . 5% compared to 7 . 2�) and 

1 8 : 2  ( 23 . 6% compared to  4 . 4%) and the lower proportions of 1 8 : 1 ( 1 9 .o% 

compared to 42 . 37�) in the 1 8 : 2-riCh milk fat (Table 1 9 ) . 

The maj or differences in the triene TGs were : the lower 

proportions of 1 8 : 3 ( 1 . 1 '% compared to 1 0 . 6%) and 1 6 : 0  ( ? . 9% .compared 

to 1 2 . 8%) and higher proportions of 1 8 : 2 ( 30 .4% compared to 1 1 . 7%) in 

the 1 8 : 2-rich milk fat than in the control milk fat .  

Proceeding from the saturated to the triene or tetraene TGs , in 

both milk fats ,  the TGs tended to have lower levels of the shorter 

Chain FAs ( such as  4 : 0 ) , with increasing levels of the 1 8  carbon 

unsaturated FAs . In other words,  vr.i. th increasing unsaturation, the 

average mol. wt. of the FAs in ea Ch TG clas s  increased . As shown in 

Table 19 the proportions of most FAs especially the saturated FAs , 

were similar in the equivalent TG classes of the two milk fats , but the 

diene and triene TGs of the 1 8 : 2-rich milk fat contained considerably 

higher proportions of 1 8 : 2 ,  which was compensated by a decrease .in the 

proportion of 1 8 : 1  in the diene TGs and by a decrease in the 

proportion of 1 8 : 3  in the triene TGs . 

In summary, the relative differences between the FA compositions 

of  the respective TG · classes of the two total milk fats were similar to 
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the relative differences between the FA compositions of the respective 

TG classes from the respective TG fractions of high ,  medium and low mol . 

wt • •  

(b ) Triacylglycerol composition 

( 1 )  Control milk fat 

The saturated TGs of the control milk fat contained 1 6 . 1�� c34, 

21 . 8% c36 and 1 3 .9% c38 ( Table 20 ) .  The proportions of the maj or TGs 

in the trans - monoene TGs were 1 3 . 67b c36 , 24. 1� c38 , 1 0 . 1% c40 and 

1 4 . 1% c50 ; and the ci� - monoene TGs contained 1 2 . 6% c36 , 21 . 6% c38 , 

1 0 . 2% c40 , 1 0 . 1%  c48 and 1 4. 2% c50 • The diene TGs contained 1 8 . 3% c40 

1 2 . 8% c50 , 21 . 1%  c52 and 1 0 . 8% c54 , and the triene TGs , 1 0 . 1 %  c38 , 1 8 . 3% 

c40 , 1 0 . 8% c50 , 1 5 . 6% c52 and 22 .8% c54 • 

( 2 )  18 :  2-rich milk fat 

In the 18 : 2-rich milk fat ,  the most abundant saturated TGs W$re 

c34 ( 1 4 . 2%) , c36 ( 1 8 . 6%) and c38 ( 1 3 . 6%) (Table 20) .  The respective 

proportions of the maj or TGs in the trans - monoene and cis - monoene 

TG classes were 1 2 . 9% and 1 0 . 3% c36 , 23 . 5% and 1 8 . 5% c38 , and 21 .81o and 

1 6 . 5% c40 • The major diene TGs were c38 ( 1 4 .7%) , c40 ( 23 . 5%) , c52 

( 1 1 . 9%) and c54 ( 1 1 . 5%) , and the maj or triene TGs were c40 ( 22 . 2%) , c42 

( 1 0 . 5%) , c52 ( 1 7 . �fo) and c54 ( 26 . 5%) .  In the tetra ene TGs , the only 

major TG species present , were c40 ( 1 8 . 0%) , c52  ( 1 1 . 6%) and c54 ( 46 . 9%) , 

together comprising 76 .  57"b of the total tetraene TGs . 

( 3) Comparison of the triacylglycerol composition of the triacyl�lycerol 

classes of differing levels of unsaturation in the control and 

1 8 : 2-rich milk fats 

The TG compositions of the saturated TGs of the two milk fa"f!s were 

similar, except for slightly lower proportions of c34 and c36 in 

the 1 8 : 2-rich milk fat (Table 20 ) .  In the trans and cis - monoene TGs , 

the 1 8 : 2-rich milk fat tended to have higher proportions of the low mol . 

r 
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Table 20. Triagylglycerol composition of the triacylglycerol classes of differing level s of unsaturat�Qn �n __ the 
control and 1 8 : 2-rich milk fats c 

TG Saturated TGs Monoene TGs 
a 

( Car-
bon 
no . ) 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 
.u ....... 

a 
b 

e f 
Cont . 1 8 : 2 

e f 
Cont . 1 8 : 2 

- 0 . 2  - -

0 . 9 2 . 0 - -

2 .9 4 .4 - -

7 . 1  8 . 0  0 . 2  o . 8  

1 6 . 1  1 4 . 2  6 . 3  3 . 7  

21 . 8  1 8 . 6 1 3 . 6 1 2 . 9 

1 3 . 9  1 3 . 6 24 . 1  23 . 5  

6 .6 8 . 1  1 0 . 1  21 . 8  

6 . 5 7 . 8 3 . 4  7 . 5 

6 .4 6 .4 2 . 9 3 . 4  

6 . 0 5 . 2  4 .4 3 . 3  

5 . 4  4 . 5  9 .0  3 . 9  

4 .0 4 . 3 1 4 . 1  7 . 1  

1 . 8 2 . 5 9 . 8  7 . 8 

0 . 4  0 . 2  2 . 0  4 . 3 

- - - -

Trans - monoer.e TGs c 

Cis - monoene TGs 

Triacylglycerol composition (mole %) 
b Monoene TGs 

e f 
Cont .  1 8 : 2 

- -

- -

0 . 2  0 . 2  

1 .4 1 . 9 

3 . 9  4 . 0 

1 2 . 6 1 0 . 3  

21 . 6 1 8 . 5 

1 0 . 2  1 6 . 5 

4 .0 6 . 3  

4 . 0  4 . 6 

5 . 7 5 . 6 

1 0 . 1  7 . 1  

1 4 . 2  1 0 . 6  

9 . 8 9 . 7 

2 . 5 4 . 7 
- -

Diene TGs 
e f 

Cont . 1 8 : 2  

- -

- -

- -

2 . 6  0 . 3  

3 . 9  1 . 3 

3 . 5  4 . 6 

5 . 6 1 4 . 7  

1 8 . 3  23 . 5  

5 . 5  8 . 2 

4 . 7  4 . 2  

5 . 6 5 . 0 

5 . 5  5 . 5 

1 2 . 8 9 . 4  

21 . 1  1 1 . 9 

1 0 . 8  1 1 . 5  
- -

Triene TGs 
e f 

Cont . 1 8 : 2  

- -

- -

- -

1 . 2 -

1 .4 0 . 3  

5 . 1  o .6 

1 0 . 1  1 . 2 

1 8 . 3  22. 2  

3 . 9 1 0 . 5 

2 . 2  3 . 8  

3 . 3  4. 7 

4 . 9  3 . 6  

1 0 . 0  9 .4 

1 5 . 6 1 7 . 2  

22 . 8  26 . 5 

0 . 4  -

Tetraene TGs 
e f 

Cont . 1 8 : 2 

- -

- -

- -

- 0 . 2  

- 0 . 2  

- 0 . 7 

- 1 . 6 

- 1 8 . 0  

- 6 . 7 
- 2 . 2  

- 3 . 3  
- 2 . 3 
- 5 . 8 

- 1 1 . 6 

- 46 . 9 

- 0 .4 

Calculated from the TG compositions of the TG 
e 

classes of the respective TG fractions 
f 

Milk fat 

Control 1 8 : 2-rich 

Orig. Recalc. Orig . Recalc . 

- - 0 . 1  0 . 1  

0 . 7 0 .4 0 . 6  0 . 5 

1 . 4 1 . 2 1 . 1  1 . 2 

3 . 0 3 . 8 2 . 1  2 . 6  

6 . 7 8 . 9 3 . 6 5 . 1  

1 2 . 3 1 4 . 7 7 . 5 9 . 0 

1 4 . 5  1 5 . 7  1 1 . 7 1 2 . 8  

1 2 . 0 1 0 . 4 1 6 . 9 1 7 . 3  

7 . 9  5 . 2  9 . 0  7 . 8 

6 . 5 4 . 8 5 . 5 4 . 6  

6 . 2  5 . 5 5 . 6 4 . 9  

6 . 9 7 . 1  5 . 1  5 .0 

8 . 6  9 . 6 7 . 8 7 . 9  

7 . 7 8 . 5 9 . 5  9 . 4  

5 . 6 4 . 2  1 3 . 9 1 1 . 9 

Control milk fat 

1 8 : 2-rich milk fat 

CO 0 
• 
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v� . TG, c
40 , and lower proportions of the high mol. wt . TG, c

50 , than 

the corresponding TG classes  in the control milk fat . There were 

appreciable di fferences between the TG compositions of the diene TGs of 

the control and 1 8 : 2-ri ch milk fats , vvi th the 1 8 : 2-rich milk containing 

higher propo-rtions of c38 ( 1 4. 7% compared to 5 . 6�) and c40 ( 23 . 5�b 

compared to 1 8 . 37b) and lower proportions of c50 ( 9 . 4% compared to 1 2 . 8%) 

and c
52 ( 1 1 .  95� compared to 21  . 1 %) .  

The triene TGs of the 1 8 :  2-rich milk fat contained lower 

proportions of c
38 ( 1 . 2';0 compared to 1 0 . 1�) and higher proportions of 

c40 ( 22 . 2% compared to 1 8 . 3%) and c42 ( 1 0 . 5}� compared to 3 . 9%) than in 

the triene TGs of the control milk fat .  The proportions of c50 , c52  

and c
54 were similar . 

The monoene , diene and triene TG clas ses of the 1 8 : 2-rich milk fat 

generally contained higher proportions of the TGs of lower mol . wt .  

( c40 and c42 ) ,  and , in the case of  the monoene and diene TG classes,  

lower proportions of the TGs of higher mol . wt .  ( c
50 and c52 )1 

suggesting an increase in l ow mol . wt o  TGs . Hov;ever when the 

relative contribution o f  these TG classes to  the total milk fats vras 

taken into account , it became evident that because of the increase in  

size of the diene and triene TG classes and the emergence of a 

tetraene TG class  the level of 050 and c
52 

TGs in the t otal milk fats 

was the same , and the level of 054 
TGs in the 1 8 : 2-rich milk fat wa s  

actually higher than the control milk fat .  It would appear that the 

contribution of the c
50 and c

52 TGs of the monoene and diene TGs to the 

total milk fat was relatively unaltered by feeding high levels of 1 8 : 2 ,  

but the contribution o f  c40 TGs in the monoene , diene and triene TGs to 

the total milk fat was much increased . The increased proportions of 

c
54 in the 1 8 : 2-ridh milk fat mainly arose from the presence of the 

tetraene TGs "Which were comprised of 4 77� c
54 and contributed almost 40'% 
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of the c54 in the 1 8 : 2-ri ch milk fat .  

In conclusion, the separation of ·!;wo milk fats of differing 

composition u sing the methods described , allowed a valid comparison 

of the levels and compositi ons of the TG classes of differing levels of 

unsaturation. Evidence for this comes from the ob servation that the 

same trends that appeared in the respective TG fractions were also 

evident in the total milk fats .  The range of TG species was similar 

in the equivalent TG classes from the two milk fats , and also,  except 

for the pres ence of very low mol . vrt . TGs in the saturated TGs of both 

milk fats ,  the range of TGs ( c34 to c54) was simil�r in all TG classes . 

3 . 4 . 5 . Purity of the triacylglycerols of differing levels of 

unsaturation in the control and 18 : 2-rich milk fats  

The average number of  double bonds per TG molecule in  the TG 

classes of differing levels of unsaturation in the control and 1 8 : 2-

rich milk fats and their respective fracti ons is shown in Table 21 . In 

the control and 1 8 : 2-rich milk fats the saturated and � - monoene TGs 

are , within experimental error, pure TG classes . In contrast the trans -

monoene TGs of all TG fractions tended to have a value slightly lower 

than 1 . 00 indicating possible contaminati on by saturated TGs .  The 

diene and triene TGs of control milk fat fractions had , in most 

instances , values slightly les s  than 2 . 00 and 3 .00 respectively 

indicating some contamination of the diene TGs by cis - monoene TGs 

and some contamination of the triene TGs by di ene TGs . On the other 

hand, the diene TGs of the 1 8 : 2-rich milk fat fractions had values 

close to or above 2 . 00 indicating some contamination by triene TGs . 

The triene TGs of 18 : 2-rich milk fat fractions had values  slightly 

lower than expected . These values experienced for the diene and 

triene TGs of the 1 8 : 2-ri ch milk fat fractions would perhaps indicate 
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Table 21 . Degree of purity of the triacylglycerols of differing 

levels of unsaturation in the control and 18 : 2-riCh 

milk fats  

High mol. vrt • i'raction 
Saturated TGs 
Trans - monoene TGs 
� - monoene TGs 
Diene TGs 
Triene TGs 
Tetraene TGs 

Medium mol. wt .  fraction 
Saturated TGs 
Trans - monoene TGs 
Cis - monoene TGs 
Diene TGs 
Triene TGs 
Tetraene TGs 

�ow mol. wt. fraction 
Saturated TGs 
Trans - monoene TGs 
� - monoene TGs 
Diene TGs 
Triene TGs 
Tetraene TGs 

Total milk fat 
Saturated TGs 
Trans - monoene TGs 
Cis - monoene TGs 
Diene TGs 
Triene TGs 
Tetraene TGs 

Average number of double 
bonds per TG molecule 

a Control 

o .oo 
0 .95 
1 . 05 
1 . 79 
3 . 07 -

o .oo 
0 . 92 
1 . 08 
1 . 81 
2 . 67 

o.oo 
0 .92  
1 .03  
1 . 68 
2 .41 

o . oo 
0 . 94 
1 . 05 
1 . 76 
2 .7 1  

o .oo 
0 . 87 
1 .06 
2 .05 
2 .92  
4 .07 

o.oo 
0 .90 
1 .06 
2 . 1 7 
2 .84 
3 . 91 

o.oo 
0 . 84 
0 .99 
2 .. 02 
2 . 78 
3 .47 

o.oo 
0 . 87 
1 . 04 
2 . 05 
2 .86 
3 .87 

a Calculated from the respective FA compositions 
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the la ck of a d i stinct sepa ra t i on o f  diene and triene TGs ,  The 

t etra ene TGs of high and med iu m  mol . wt . or. th e 1 8 : 2-r i ch milk fat had 

cl ose to four d ouble b ond s per TG molec ul e ,  but those of low mol . wt . 

were sl ightly b el m1 thi s  figure indi ca ti n� in thi s  ca s e  s ome 

contamina t ion by triene TGs .  

S e cti on 3 . 5 .  Ster eosneci f�c ana lys is of tria cylslycerol s 

3 .  5 . 1 . Stereospe c i fi c  ana lysi s  o f  synt� etic tria cylglycerols 

Ra c emic and stereos pec ific �;nthet i c  TGs ( sup�l ied by R. Norris ,  

D . R . I .  (N, Z . ) ) were sub j e cted t o  hydrolysis by pancrea t i c  l ipa se t o  

che ck the spe c i fi ci ty o f  th i s  em;rme . The resul ts a gre ed closely with 

tha t expe cted for th e corrtpos ition o: position 2 of the s e  TGs ( Tab le 22 ) .  

Table 22 , Positional c:ma lys i s o f  s;ynthe tic tria cyl...&l:Y.:c erol s  

TG C omposition 

FA Com.J?.OSi t ion 
(m ole 50 

FA 

TG 

4: 0  1 6 : 0  1 8 : 0  1 8 : 1 4 : 0  1 6 : 0 1 8 : 0  1 8 : 1  

.!:.§.£ - POP 

� - PPO 

.!:.§.Q - oast 

fQ.Q - OStP 

.§.!1 - StSt:B 33 . 7  

..§!! - StStO 

a 
S t = stearate 

67 . 1 

66 . 7  

66 . 4  

33 . 4  

32 . 9  

tr . 

34 . 0  33 . 0  

66 . 3 

0 . 5 66 . 3 

33 . 3  

33 . 6  

66 . 6  

33 . 0  

t:r . 

33 . 2  

b 
TGs abbrevia ted a s  from Li tchfield ( 1 972 ) 

c 
position 2 

96 . 8  

2 , 8  

96 . 6  

2 . 5  

1 .  0 

2 . 1  1 • 1 

0 , 8  96 . 4  

1 . 1 2 . 3  

1 . 2 96 . 3 

99 . 0  

0 , 6 9 9 . 4  

2 . 2  97 . 8  

tr • 

tr . 
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The 1 , 2 (2 , 3)-DGs produced f'rom the hydrolysis of ,ma - StSt:B by 

pancreatic lipase and fl:om the hydrolysis of §.a - StStO by a Grigrw.rd 

reagent , were subjected to stereospecific analysis as a check on the 

method being employed . The FA composition of the 1 ,2( 2 , 3)-L'Gs had a 

FA composition ( Table 23) very similar to that calculated fl:om the 

equation 

1 , 2 (2 , 3 )-DGs = 3 x ( TGs) + ( 2-MGs) 

4 

suggesting that representative DGs were being produced � 

Table __ 2J. Cgmposition of 1 ,2(2,3) -djacylglycerols produqed by the 

�drol�sis of s�thet�c t�1a cylglycerols 

Fatty acid c�osition 
(mole 7o 

FA 4 :0  1 6 : 0  1 8 : 0  

,§;B - StStO 

1 , 2 ( 2 , 3 )-DGs observed 0 . 5 13 .6 

calculated 0.9 74. 2  

Jm - StSt:B 

1 , 2( 2 , 3)-DGs observed 27 .0 0.8  72 . 1  

calculated 25 .3  0 . 2  74.6  

The FA ccmposi tion of positions 1 ,  2 and 3 of .§.!! - StStO and 

� - StStB (Table 24) was close to that expe cted , and provided 

confirmation of the specificity of the method , 

1 8 : 1 

25 .9  

24.9 

tr .  

tr. 
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Table 2..,4. Stereosr:eci fic anal:csi s of � - StStO and � - StSt::S 

Fatty a cid composition (mole %) 
4 : 0 

sn - StStO -

sn -

a 

b 

c 

d 

e 

TG 

TG (Recalc)g 
· t · 1 a pOSl l0!1 

2b 

2 c 

3d 

3e 

3 f 

StSt:B 

TG 33 . 7  

TG (Recalc)g 31 . 0  

· t  · 1 8  pOSl �on 5 . 9 

2b 

} 9 5 . 2  

3 e 87 . 2  
f' 9 1 . 2 ( �4 . 0)h y 

1 -PLs 

2-MGs 

FA relea sed by phospholipase  A 

3 x ( TGs ) - ( 1 -PLs) - ( 2-MGs )  

2 x ( 2 , 3-PLs ) - ( 2-HGs)  

1 6 : 0 1 8 : 0  1 8 : 1  

0 . 5  66 . 3  33 . 2  

2 . 3 66 . 9  30 . 8  

2 . 0  9 6 . 6  1 .  4 

2 . 2 9 7 . 8  t r .  

1 . 9 98 . 1 t r , 

- 2 . 7 4 . 5 98 . 2  

2 . 6  6 . 4 91 . 0  
o . o(�2 . 7)h 5 . 5 (�1 . 0 )h 94 . 6(�3 . 6 )h 

66 . 3  tr . 

1 .  6 6 6 . 4  0 . 9  

1 . 5 92 . 5 t r .  

0 . 6  99 . 4 tr . 

-2 . 1  7 . 0  t r .  

2 . 8  7 . 4 2 . 6  

0 . 4 (�2 . 5 )h 7 . 2 (�0 . 2 )h 1 . 3 ( �1 . 3)h 

f Average of two c�lculati ons 

for position 3 .  
g 2 x ( 2 ,  3-PLs ) + ( 1 -PLs) /3 

h Difference between position 

3 by the two methods of 

calculation, 



3 . 5 . 2 .  Stereospecific analysis of the triac;vlglycerol f:ractions of 

high, medium and low molecular weight of the control and 

1 8 : 2-rich milk fats 

The results of the stereospecific analyses of the milk fat 

f:ractions of the two milk fats are given in Tables 26-31 and Figures 8-9 . 

For the stereospecific  analysis of TGs to be quantitative, the FAa 

of the 1 , 2( 2 , 3 )-DGs formed as intermediates must b� representative of 

the FAs in the original TG. · The FA composition of the 1 , 2( 2 , 3)-DGs 

prepared from the f:ractions of high mol. wt. by chemical hydrolysis 

with a Grignard reagent gave results consistent with those determined 

for the 1 , 2 (2 , 3)-DGs by calculation f:rom the TG and 2-MG compositions 

(Table 25 ) .  The FA compositions of the 1 , 2( 2 , 3 )-DGs obtained from the 

TGs of the low and medium mol . wt .  f:ractions by hydrolysis with 

pancreatic lipase were not as close to the calculated compositions but 

were still acceptable . Deviations of up to 2% were present between 

the proportions of maj or components (>10% of the total) with the 

exception of 4 :0  in the low mol. wt .  fractions and 6 : 0  in the medium 

mol. wt .  fractions . Values for 4: 0 obtained by experiment were 20 -

21% higher in the fractions of low mol. wt .  and values for 6 : 0  were 1 7  -

24% higher in the fractions of mediu.m mol. wt . ,  than those dete:t'!Uined 

by calculation. 

Only those 1 , 2 ( 2 ,  3 )-DGs that were within the limits ;�et out above 

for the various TG fractions were u.sed in the subsequent steps of a 

stereospeci fi c  analysis . 

When duplicate analyses were carried out the FA composition of 

2-1R;s, 1-PLs and 2 , 3-PLs agreed within 3% (absolute) for the maj or FAs 

(>10,h of total) . 

The accuracy of a stereospecific ar.alysis can be determinecl from 

the comparison of the FA composition of position 3 obtained by two 



Table 25. F§t� ���g CO!Jmoait�on of the g�a�lg!-y;ge�ol !ntel:'S�ii}t�a � tije stereos;ee�!'j.g anal:t:�is_of _t_he 

FA 

4: 0  

6 : 0  

6: 0 

1 0: 0  
10 : 1 
1 2 : 0 
14: 0 

14: 1 

1 5 : 0 
1 6 : 0  

1 6 : 1 

1 7 : 0 
1 6 : 0  
1 6 : 1 

1 8 : 2  

16 : 3 
20: ?  
a 

tri�c:t:l�:t:ce�ol fract�oB§ of tse control a� 16 : 2-riCh milk f§t� 

Fatty acid composition (mole %) 

High mol. wt .. f'raction 
1 , 2 ( 2 , 3 )-DGs 1 , 3-DGs 

Control 16 : 2-riCh Control 1 6 : 2-riCh 
a . b a b a o a c Exp. Calc. Exp. Calc .  Exp. Calc.  Exp. Calc. 

- - - - - - 0 . 1  -

0.2  0 . 3  0 .9 o .8  0 . 3 o. 6  0 .4 1 . 7 

1 .4 1 .0 1 . 6 1 . 5 o .6  1 . 3 1 . 1 1 . 5 
4 .3  3 .6 3.8 3 .6 3 . 3  4.2  2 .8  2 .9 

- - 0 $ 1  - o.6  - 0. 1  -

4. 3 4.4 3 .6  4.0 3 .0 3 .0 2.6  1 .7 

1 6 . 1  1 6 . 1  10 .4  1 0 . 7  9 . 2  7 . 8  6 . 1  5 .0 
1 . 3 1 .0 1 . 1 0 .5  2 . 3  0 .6 0 . 3  0 .5  
1 . 6 1 . 3 1 .0 0 . 7 1 . 1 1 .0 o.8  0 .7  

26 .0 29 .7 1 7. 7 1 6 .0 22.0 22 . 5  1 4. 6  1 2 .7 

2.0  2 . 0  1 .7 1 . 5 1 .6 1 . 7 1 . 6 1 . 3 

1 . 3 o .8  o .8 0.6  2.7  1 . 1 2 .5  0 .9 

14 .2  14 . 1  1 6.0  1 6 .4 1 9 .8 21 .0 22. 1  23 .0 
23. 3 23 . 5  23 .8 24.5 31 . 2  32 . 5  29 .0 30.6 

1 . 3 1 .6 1 6 .0 1 6 . 1  1 . 6 2.0 1 5 . 7  1 6 . 2  

0.7 0.7 1 .4 1 .0 o .6  o.8 0 . 2  1 . 3 
- - - - - - - -

Medium mol. wt .  fraction 
1 , 2(2, 3 )-lXis 

Control 18 : 2-rich 
a b a b Exp. Calc .  Exp. Calc. 

4 .6  4.0 7.0 6 . 1  
1 0.0  8.3 1 1 .9 9 . 6  
3 .2  4 .0  3 . 3  4 .0  
5 . 1  6.0  4.7 5 .0  
0. 4 0.4 0.2  0 . 3 
4.9 5 . 2 3. 6 3 . 3  

1 3 .5  14 . 5  8.8 9 .0 

o .8  1 . 3  o.8 0 . 5  
1 . 1 1 . 1 0.7 0 .7 

26 . 2  25 . 7  1 5 . 3  1 5 . 6  
2 . 7 2.0  1 .5 1 .0 

o . 6  0 .7 0. 5  0 . 6  
1 0 . 6  1 0 . 1  1 3.6 14 .4  
1 4 . 3  14.7  1 6 . 5  1 6 . 3  

1 .0 1 . 1 1 0. 5  1 2 .0 

0 . 7  o.a 0 .5  0. 7  
0. 2 0 . 2  0. 5 o . 6  

obtained experimentally 3 x (TGs) + ( 2-MGs)  /4 c 

Low mol. ,vt . fraction 

1 , 2 (2 , 3)-lXis 

Control 18: 2-ricll 
a b a b Exp. Calc. Exp� Calc.  

22. 5  18 .8  22 .0 1 8 . 2  
5 . 9  5 . 5  4.6 5.8 
2 .4 3 . 1  2 . 3  3 . 3  

4 .5 4.9 3.9 5 . 1  
0 .7 o .6  0.2  0.4 

5 .2 5 . 1  4 .2  4 .4  

1 6 . 1  1 4.2 9 . 5  1 0 . 5  

1 .0 1 .0 0.4 0 . 7  
1 .0 1 . 2 0 .7 0 .7  

21 .0 21 . 5  1 3.6  1 3. 3  

1 . 3  1 . 5 1 . 5 1 . 1 
0 . 1  0 .4 0 .5 0 . 2  

5 .9 6 .9 8. 3  7 . 5  

1 0 . 3  1 2 .4 1 3 .4 1 3 . 3  

1 .0 1 . 2 14. 4 14 . 8 
0.7 1 . 1 o .6  0 .9  
0. 3 0 .7  

3 x (TGs) - ( 2-MGs) /2 

CD CO . 



method s of calculation ( Section 2 .5)  (Tables 26 to 31 ; Appendices 3 

to 8) . Differences between the two results were greatest in the low 

and medil:lm mol . wt .  fractions where errors of up to 6% ( absolute) were 

evident for maj or components (>10% of total) , and lowest in the high 

mol. wt .  fra ctions where the na:timum. di fference between the percentages 

for any maj or FA was 4 .6%. The average di fference between the 

percentages of maj or FAs (>1 o% of total) was 2 .5 - 2 . 6%. Negative 

values ( up to 2'fo absolute) were obtained in posi ticn 3 of the lov• mol.  

wt .  fracti ons o f  the two milk fats  where 4: 0 and 6 : 0  provided over 80% 

of the FAs present . 

A further che ck on the accura cy  of results is possible by 

recalcula tine the FA compositi on of the TGs using the calculatiqn 

TGs = ( 2  x ( 2 , 3-PLs) + ( 1 -PLs) )/3 

The re sults for all analyses agreed within 2� (absolute) (Appendices 3 

to 8 ) .  

.§.i!ll:.�s;>§J2eci fi c anal;y:;sis of the trl_J:\cylgl;y:;cerols in .:t!:!E2. 

fraction of high moleQq.l_q� �;mt o.f the_ control..,..and 18: 2-

ricb. milLfats 

In the h..i.gh mol. wt .  fra ction of the control milk fat ,  positi on 1 

conta:tned , as the predominant fatty acid s,  29 . 1% 1 6 : 0 ,  1 8 .9% 1 8 : 0  and 

27 . 2!/o 1 8 : 1, whereas position 1 o f  the 18 : 2-rich milk fat contained 21 .8% 

1 6 : 0 ,  22 .o% 1 8: 0 , 25 . 7% 18 : 1  and 1 1 . 7% 1 8 : 2  (Table 26) . Thus the 

maj or differences between the two milk fats in position 1 ,  were the 

lower proportion of 1 6 :  0 and the higher proportion of 1 8 :  2 in p9si tion 

1 of the 1 8 : 2-rich milk fat ,  than in position 1 of the control milk fat .  

Levels of  18 :0  were slightly higher but the other FAs were virtually 

the same ( Figures 8 and 9) .  

Position 2 of the high mol. wt .  fraction of the control milk fat 



T_a_Qle 26 . StereOSJJecifi c a.,nal�sia of tne tri�c;y:le;lycer.ols in the fracti on of high mole�ular weight of the control 
a.!JS. l8 : g-ricb milk fa ts b 

Fatty acid composition (mole ;0) 
.FA. 1

a 2a 3ac Fraction 

Control 1 8 :  2-ri c:h Cont1.·ol 1 e: 2-rich Control 1 8 : 2-ric:h Control 1 8 : 2-ri ch 

4 : 0  - - - - - ( - ) - ( - ) 

6 : 0  - - - - 1 .  7 (� o. 5 )  e 3 . 0  (! 0 . 3) 0 . 4  1 . 1  

8 : 0  1 . 7 0 . 3  0 . 6  1 . 6 1 . 8 ("!: 0 . 8) 2 . 1  (!  0 . 5 )  1 . 1  1 . 5 

1 0 : 0  3 . 6  1 . 3 3 . 0  4 . 7  6 . 2  (� 1 . 4)  3 . 1  (! 1 . 4 )  3 . 8  } . 5  

1 0 : 1 - 0 . 1  - - - ( - ) (+ \ o.o  - 0 . 2 )  
1 2 : 0  4 . 0  2 . 5  5 . 9  6 . 2  3 . 4  (�  1 . 3 )  1 . 3 (! 0 . 4) 4 . 0  3 . 2  

1 4 : 0  8 . 2  8 . o 24 . 4  1 6 . 4  6 . 8  ( !  0 . 6 ) 2 . 4  (! 0 . 4 )  1 3 . 3  8 . o  

1 4 : 1 0 . 4  0 . 4  1 . 0 0 . 2  1 . 8 ( !  1 . 2 )  o .8  (! 0 . 4) 0 . 7  0 . 6 

1 5 : 0  1 . 9 1 . 3 1 . 9 0 . 6  0 . 9  (!  o . 8 )  1 . 1 (! 0 . 9 )  1 . 3 0 . 7  

1 6 : 0  29 . 1  2 1 . 8  36 . 9  23 . 3  1 5 . 7  (! 0 . 2) 5 . 3  (! 1 . 8 )  27 . 3  1 6 . 2  

1 6 : 1  1 . 7 2 . 4 2 . 3  1 . 7 1 . 3 (! 0 . 4 )  o . 8  (! 0 . 7 )  1 . 9 1 . 4 

1 7 : 0  o . 6  1 . 5 0 . 6  0 . 3  1 . 0 (! 0 . 5 )  0 . 8 ( !  0 . 5 )  0 . 9  0 . 7 

1 8 : 0  1 8 . 9  22 . 0  7 . 2  9 . 8  20 . 9  (! 2 . 3) 22 . 5  (! 1 . 5 )  1 6 . 4  1 8 . 6  

1 8 : 1 27 . 2  2 5 . 7  1 4 . 4  1 8 . 4  }6 . 1  ( !  1 . 9 )  34 . 5  (! 0 . 9) 26 . 5  26 . 5  

1 8 : 2  1 . 5 1 1 . 7 1 . 2 1 6  .. 0 1 . 6 (! 0 . 8) 1 9 . 6  (! 1 . 0)  1 . 7 1 6 . 1  

1 8 : 3  1 . 1 1 . 1  0 . 6  o . 8  0 .9 ( !  0 . 5 )  2 . 6  (! 1 . 2 )  0 . 7  1 . 1  

20 : ? - - - - - ( - ) - ( - ) 

a 
Positions relative to � - glycerol-3-phosphate 

d High mol . wt .  fra ction 
'-0 0 

b 
. 

Complete results given in Appendices 3 and 4 ( ) e Difference between position 3 by the two method s 
c 

Average for FA composition of position 3 from two of calculation 

method s of calculation 
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was occupied by 24.4% 1 4: 0 ,  36 .9'� 1 6 : 0, 1 4.4% 18: 1 compared to 16 .4� 

14 :0 ,  23 . 3%  16 :0 �  1 8 .4% 1 8 : 1  and 1 6 .0'% 18 : 2  in the high mol. wt .  

fraction of the 18 :  2-rich milk fat . Thus the proportions of 14 :0  and 

1 6 : 0  were lower in position 2 of the 18 : 2-rich milk fat than in 

position 2 of the control milk fat ,  and the proportions of 1 8: 0, 1 8 : 1  

and 1 8 : 2 were higher. 

The maj or FAs in position 3 of the control milk fat were 1 6 : 0  

( 1 5 .7%) ,  1 8 : 0  (20 .9%) and 18 : 1  (36 . 1%) ,  whereas in the 18 : 2-rich milk 

fat ,  the most abundant FAs were 1 8 : 0  (22 . 5%) , 18 : 1 ( 34 . 5%) and 18 : 2 

( 1 9 .6%) . The proportions of 1 6: 0 ,  in position 3 ,  were some�1at lower 

in the 18 : 2-rlch milk fat ( 5 . 3% compared to 1 5 . 7fo) with correspondingly 

higher proportions of 1 8 : 2  ( 19 .6% compared to 1 .6%) . 

When the proportional distribution of the FAs was calculated 

(Table 27) ,  62% arxl 61% of 1 4 : 0  was found to be in position 2 of the 

high mol. wt .  fraction of the control and 18 : 2-rich milk fats 

respectively. 16 : 0 was concentrated in position 2 ( 45% of the 16: 0) 

more than in position 1 ( 36% of the 1 6 : 0 )  of the control milk fat, but 

in the 18 : 2-rich milk fat, 1 6 : 0  was evenly distributed over positions 

1 and 2 with 90% of the total 1 6 :0  being in these two positions . 1 8 : 0  

was preferentially esterified in position 1 ( 40 - 41% of the 1 8 : 0) and 

position 3 ( 41 - 457b of the 18 : 0) in both nri.lk fats. The disttibution 

of 1 8: 1 was also very similar in the two milk fats with 35% and. 3� of 

the 18 : 1  in position 1 ,  1 9% and 23% of the 18 : 1  in position 2 and 47% 

and 44% of the 18 : 1 in position 3 of the control and 18 : 2-rich milk fats 

respectively. 18 : 2 was concentrated at positions 1 and 3 of the 

control milk fat,  and at positions 2 and 3 of the 1 8 : 2-rich milk fat 

with the distribution being quite similar to that of 1 8 : 1 .  In the 

1 8 : 2-rich milk fat,  25% of the 1 8 : 2 was in position 1 ,  34% in p.osition 

2 and 42% in position 3. 



Table 21. ProJ2ortional di!l!tribution of f�t]:L ��!ds in the triaoylglycerols of the f'l.oaction of hf.__gb_�ll\9leoular weiJdlt 
of th� �ontrol and 18 : 2-riQB milk fats 

Fatty acid distribution �) 
.lA. 1 a 2a 

38 

Control 1 8: 2-rich Control 1 8: 2-rich Control 1 8: 2-rich 
4: 0 
6 :0  - - - - 100 .0 100 .0  
8 :0  41 . 5 7 . 5  1 4.6  40.0 43.9 52 . 5  

10 :0  28 . 1  14 . 3  23.4 51 .6  48.4 34. 1  
10 : 1 - 1 00.0  
1 2 :0  30 . 1  25 .0 44.4 62.0 25 .5  1 3.0 
14 :0  20 .8  29 .9 61 .9 61 .2  11. 3  8.9  
14: 1 1 2 . 5  28.6 31 . 3  14. 3 56.2  57 . 1  
1 5 : 0  40.4  43. 3  40 .4  20.0 1 9 . 1  36 . 7  
1 6 : 0  35 .6  43 . 3  45 . 2  46.2 1 9 . 2  1 0 . 5  
16 : 1 32 . 1  49 .0 43. 4  34.7 24.5  1 6 . 3  
1 7: 0 27 . 3  57 . 7  27. 3 1 1 .5 45 .4  30 .8  
1 8 : 0  40. 2  40. 5  1 5 . 3  18.1  44 . 5  41 .4 
1 8: 1 35.0 32 .7  1 8. 5  23.4 46 . 5  43.9  
1 8 : 2  34. 9  24.7  27.9 33 .8 37 .2  41 . 5  
1 8 : 3  42 . 3  24.4 23 . 1  17  .• 8 )4.6 51 .8 
20: ?  

a '-0 Positions relative to 2n - glycerol-3-phosphate 1\) 
• 
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Stereospecifi c  analysis_of the triacylglycerols in the 

-��ction of medium molecular weigqt of the control and 
1,8: 2-rich milk fats 

The m.!;l.j or fatty acid s in position 1 of the medium mol. wt .  

fraction of the control milk fat were 1 6 : 0 ( 32 . 3%) , 1 8 : 0  ( 1 9 . 8%) ar� 

1 8 : 1 ( 25 . 7%) , whereas 1 6 : 0  ( 1 9 . 5%) , 1 8 : 0  ( 28 . 5%) , 1 8 : 1 ( 2 1 . 4%) and 

1 8 : 2  ( 1 3 . 4%) were in posi tion 1 of the 1 8 : 2-rich milk fat (Table 28) . 

There were mu ch  lower proportions of 1 6 : 0  in position 1 o f  t..11.e 1 8 : 2-rich 

milk fat than in the control milk fat ( 1 9 . 5% compared to 32 . 3,%) , ar� 

proportions of 1 8 : 2  were higher ( 1 3 . 4� compared to 2 . 1%) . 

Introduction of 1 8 : 2  into position 1 was also accompanied by increa sed 

proporti ons of 1 8 : 0  and d e creased proportions of 1 8 : 1 when compared to 

the control milk fat ( Table 28 ) ( Figures 8 and 9 ) , 

In position 2 of the control and 1 8 : 2-ri ch milk fat s  respe ctively ,  

the proportions of the maj or FAs were : 22 . 6% and 1 4 . 3% 1 4: 0 , 3 2 . 1% and 

20 . 4% 1 6: 0 , 1 2 . 7% a!l..d 1 7 . 5% 1 8 : 1 , with 1 3 . 1% 1 8 : 2  in the 1 8 : 2-rich milk 

fat .  There were lower proportions of 1 4 : 0  and 1 6 : 0 ,  and higher 

proportions of 1 8 : 0 , 1 8 : 1  anc1 1 8 : 2  in positi on 2 of the medium mol. wt .  

fraction of the 1 8 : 2-ri ch milk fat compared to the medinm mol. wt .  

fraction o f  the control milk fat .  

The maj or FAs in position 3 of b oth milk fats were 4: 0 and 6 : 0 ,  

with 1 7 . 5% and 24 . 4% 4: 0 i n  the control a nd  1 8 : 2-rich milk fat s  

respe ctively and 29.8% and 35 . 8% 6 : 0  i n  the two milk fat fractions 

respectively. 

All of the 4: 0 and almost all of the 6 : 0  were confined t o  

posi tion 3 of the medium mol. wt .  fraction of both milk fat s  (Table 29 ) . 

8 : 0  and 1 0 : 0  were preferentially esterifi ed in both positi ons 2 and 3 

of the two milk fats .  The distribution o f  1 4: 0  was almost identical 

in the two milk fat fracti ons ,  with a similar preference for position 



Table 2e. Stereoa32ecifiQ angl;lsis of the trigc;llgl;lcerols in the frgction of medium molecular weie;ht of the control 
ang 1 8 : 2-riCh milk fat s  6 

Fatty acid composition (mole %) 

FA 1 a 2a 3ac Fraction 

Control 1 8 : 2-rich Control 1 8: 2-ri ch Control 1 8 : 2-ri Ch Control 1 8 : 2-riCh 

4 : 0  - - - - 1 7 . 5  (! 1 . 5 ) e 24 . 4  (! 0 . 2 )  5 . 3  8 . 2  

6 : 0  - - 1 . 8 1 . 4 29 . 8  (! 0 . 4) 35 . 8  (! 0 . 3) 1 0 . 4  1 2 . 3  

8 : 0  0 . 7  0 .4 3 . 0  4 . 8 8 . 1  (! 1 . 1 )  4.9  (! 1 . 3)  4. 3 3 � 8 

1 0 : 0  0 . 9  1 . 9 6 . 1  6 . 7  8 . 0  ( !  2 . 7) 3 . 9  (! 1 . 0) 5 . 9  4 . 5  

1 0 : 1 - - 0 . 3 0 . 3 0 . 7  (! 0 . 5 )  0 . 3  (! 0 . 3) 0 . 5  0 . 3  

1 2 : 0  2 . 9  2 . 8  7 - 3 5 . 3 2 . 8  (! 0 . 5 )  o.6  (!  0 . 9 )  4 . 5  2 . 6  

1 4 : 0  9 . 8  7 . 6 22 . 6  1 4 . 3 2 . 4  (! 0 . 6 ) o.8  (! o .8 )  1 1 . 8  7 . 3  

1 4: 1  - - 1 . 2 0 . 7  1 .9 (!  1 . 1 )  0 . 3  (! 0 . 2) 1 . 4 0 . 4  

1 5 : 0  0 . 4  1 . 0 1 . 6 0 . 9  o.  7 (! 0 . 3) 0 . 2  (! 0 . 3) 1 . 0 0 . 6  

1 6 : 0  32 . 3  1 9 . 5 32 . 1  20 . 4  8 . 3  ( ! 1 . 9 )  5 . 4 (! 3 .) ) 23 . 6  1 4 . 0  

1 6 : 1 1 . 5 1 .6 1 . 6 1 . 3 2 . 8  (! 0 . 4) 0 . 2 (! 0 .4 ) 2 . 1  0 . 9  

1 7 : 0  0 . 3  0 . 9  0 . 5 0 . 5  1 . 0 (! 0 . 6 )  0 . 3  (! 0 . 1 ) o . 8  0 . 6  
1 8 : 0  1 9 . 8  28 . 5  7 . 2  1 1 . 6  8 . 0  ( !  1 . 7 )  7 . 0  ( !  1 . 2 )  1 1 . 1  1 5 . 3  

1 8 : 1  25 . 7  21 . 4  1 2 . 7  1 7 . 5  7 . 9  (! 0 . 4 ) 8 . 5  (! 0 . 4 )  1 5 . 3  1 5 . 9 

1 8 : 2  2 . 1  1 3. 4  1 . 3 1 3 . 1  0 . 3  (! 0 . 8 )  6 . 1  et 2 . 2 )  1 . 0 1 1 . 6 

1 8 : 3 1 .9 0 . 8  0 . 7  0 . 9  0 . 2  (� 0 . 5 )  0 . 2  (!  0 . 2 )  0 . 8  0 . 7  

20 : ?  1 . 6 0 . 2  - 0 . 3  -0 . 5  (!  0 . 5 )  1 . 2 (! 1 . 3)  0 . 2  1 . 0 

a Positions relative to � - glycerol-3-phosphate d Medium mol. wt .  fraction '-0 � 
b 

• 

Complete d2;':s given in Appeoo ices 5 and 6 ( ) e Difference between position 3 by the two method s 
c Average for FA composition of position 3 from two o f  calculation 

methods of calculation 



Tg.ble 22. Pro;nort!onal distrib9tion of fat]z aoigs in the tri§gzl..U:v�erols of the f'raction of medium mol_EHltl_].ar 
w24:�t of th� control §nd 18: 2-righ milk fats 

Fatty acid distribution �%) 

FA 1a 2a 
3a 

Control 1 8: 2-rich Control 18 : 2-rich Control 18: 2-rich 

4 :0  - - - - 100.0 100.0 

6 :0  - - 5 .7  3. 8  94 . 3  96 . 2  

8 :0  5 .9 4.0 25.4  47 . 5  68 .7 48. 5  

1 0 : 0  6 .0 1 5 . 2  40 .7  53. 6  53. 3  31 .2 

10 : 1 - - 30.0 50.0 70 .0 50.0  

1 2 : 0  22.3 32 . 2  56. 2  60.9 21 .5  6 .9  

14 :0 28. 2 33 . 5  64.9 63.0 6 .9  3 . 5  

1 4: 1  - - 38 .7  70.0  61 . 3  30.0  

1 5 :0 14. 8 47 . 6  59 . 3  42. 9  25.9 9 . 5  

1 6 : 0  44.4 43. 1 44. 2 45 . 0  1 1 .4 1 1 . 9  

1 6 : 1 25 .4  51 .6  27 . 1  41 .9 47 .5  6 .5  

1 7 : 0  1 6 .7  52 .9  27.8 29 .4 55 . 5  1 7 . 7  
1 8: 0  56.6 60 .5  20 .6 24.6 22 . 8  1 4.9  

1 8 : 1  55 . 5  45 .2 27.4  36 .9 1 7 . 1  1 7 . 9  
1 8: 2 . 56 . 8  41 . 1  35 . 1  40 . 2  8 . 1  18 .7  

18 : 3 67 . 9  42 . 1  25 .0 47 .4  7 . 1  . 1 0 . 5  

20: ? 100.0 1 1 .8 - 1 7.6 - 70 . 6  
'-0 V1 • a Positions relative to Je - glycerol-3-phosphate 
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2 where 63 - 65% of the 1 4:0  was positioned in both milk fats.  16 :0  

was  identically distributed in the two m,ilk fats with 43 - 44% in 

position 1 ,  44 - 45% in position 2 and only a small amo11nt in pQsi tion 

3 .  The distrib11tion of 18 :0  in the two milk fats was similar, with 57 -

61% of the 1 8 : 0  in position 1 and the remainder spread over positions 2 

and 3. On the other hand , 18 : 1  was differently distributed in the two 

milk fats with 56% and 27% in positions 1 and 2 respectively in 'the 

control milk fat and 45% and 37% in positions 1 ani 2 respeotiv.�ly in 

the 18 : 2-rich milk fat. 18: 2 ,  in the 18:  2-rich milk fat , was 

preferentially esterified in position 1 (41% of the 18 : 2) and position 

2 ( 4o% of the 1 8 : 2) , wi th a very similar distriblltion to that of  18 : 1 

in this milk fat fraction. 

Stereospecific analysis of the triacylglycerols in � 
;);action of low molecular weight of the coatrol am 
18: 2-rich milk fats 

The maj or FAs in position 1 of the low mol. wt .  fraction, were: 

in the control milk fat 1 6 : 0  ( 34.4%) , 1 8 : 0  ( 19 .8%) and 18 : 1  (23.5%) , 

and in the 18 : 2-rich milk fat,  16 :0  ( 23.3%) , 18 :0  ( 18 .9%) ,  18 : 1 ( 19 .6%) 

and 18 : 2 ( 1 5 .5%) (Table 30 ) .  The proportions of 16 :0  were muCh lower 

(23.3% compared to 34.4%) in position 1 of the 18 : 2-riCh milk fat than 

in the control milk fat , and the proportions of 1 8 : 2  were higher ( 15 .5% 

compared to 2. 1%) . A small decrease was present in the proportions of 

1 8: 1 in position 1 of the low mol. wt. fraction of the 1 8 :  2-rich milk 

fat relative to the proportions in position 1 of the low mol. � .  

fraction of the control milk fat ( Figures 8 and 9) . 

In position 2 ,  the maj or FAs in the low mol. wt .  fraction of the 

control milk fat were 1 4: 0  (22 . 3%) , 1 6 : 0  ( 25 .5%) and 18 : 1  ( 1 1 . 8%) .  In 

the 18 : 2-rid:l milk fat, the major FAs in position 2 were 1 4: 0  ( 1 4. 5%) , 



Table 3Q. Stereos�ecifio anal;rsis of the tri§Q:Lle;l;y:cerols in the fract;ton of' low molecular weit:mt of the control 
and 38: '-ri� milk fats 6 

Fatty acid composition (mole %2 
FA 1 a 2a 

Control 18 : 2-rich Control 18 :  2-rich 
4:0  - - 0 . 1  -
6 : 0  - - 3 .2  5 . 6  
8 :0  0 .4  1 . 5  5 .6 6 . 3 

10: 0 1 . 2 2 .6  8.9 9 . 2  
10 : 1 0 . 1  0 . 1  o . 8  0 . 6  
1 2 : 0  2 . 9  3.4 9 .0  7. 5 
14 :0  10 . 3  8 .7  22. 3 1 4.5 
1 4: 1  0 . 2  0 . 3  1 .4 0.8 
1 5 : 0  1 .7 2 . 1  2 . 2  1 .0 
1 6 :0  34.4 23.3  25 .5  1 3 .7 
16 : 1 1 . 6 2 . 1  1 .6 1 . 5 
1 7: 0  0 .7 o .6  0 . 3  '0. 3 
1 8: 0  1 9 . 8  18 .9  4. 8  5 .8 
1 8: 1  23. 5  1 9 .6 1 1 .8  1 3.7  
1 8 : 2  2 . 1  1 5 . 5 1 . 1 1 8 . 5 
1 8: 3  o.8  1 . 3  0.9 1 .0 
20 : ?  0 . 4  - 0.5  -
a Positions relative to !n - glycerol-3-phosphate 
b For complete data see Appendices 7 and 8 
0 Results are the average of FA composition for position 

3 from two methods of calculation 

ac 3 
Control 1 8: 2-rich 

74.4 (! 0. 7) e 72 .0 (! 1 .0)e 

1 5 . 2  ('! 0.2) 
o.o (! 0.9 ) 
o.o (! 0.7) 
0 . 3  (! 0.3)  
0.1  (! 0.7) 
2 .3  (! o .• 4) 
o.6 (! o • . 6) 

-o.8  (! 0.4) 
3 .6  (! 2. 9) 
1 . 2 ('± 0 .2) 
0 .2  (! 0 . 1 )  
0 . 1  ( !  1.9) 
o .8  (! 1 . 8) 
0.6 (! 0.2 )  
0.9  (! 0.6) 
0 .5  (! 1 .. 0) 

10 .6  (! 1 .6) 
-1 . 5  (! o.6)  
-1 . 1  ct o.5) 
o.o (! 0.2)  
0 . 1  ('! o .8) 
3. 7 (! 0.4) 
0 . 3  (! 0.4) 

-0.4 (! 1 .0) 
4.9 (! 2.6) 
0 . 3  (! 1 .0) 
0 . 1  (! 0.4) 
1 . 4 (! 2.2)  
5. 1  (! 1 . 2) 
4 .5  (! 2 .0)  
o.o (! 0.2) 

- ( - ) 
d Low mol. wt .  fraction 

Fractiond 

Control 18 : 2-rich 
25 .0  24. 3  
6 .2  5 .9 
2 . 3  2 . 3  
3.6 3 .7 
0 .5  0 .3  
3 .8  3 .4  

1 1 . 5  9 . 1  
0.9  0 . 6  
0.9  0.6  

20 .2  1 3. 1  
1 .4 1 .0 
0 .4 0.2  
7 .6 8.o 

1 2 .6 1 3. 2  
1 .2 1 3 . 5  
1 .2 o . 8  
o.8 

( ) e Difference between position 3 by the two methods 
of calculation 

\.0 --..t • 
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1 6 : 0 ( 1 3.7%) , 1 8 : 1  ( 1 3 . 7%) and 1 8 : 2 ( 18 . 5%) . There were lower 

proportions of 1 4 : 0  ( 1 4. 5% compared to 22 . 3%) and 1 6 : 0 ( 1 3 . 7% compared 

to 25.5%) in posi ti iJn 2 of the low mol. wt .  fraction of the 18 : 2-rich 

milk fat ,  with higher proportions of 1 8 :  2 ( 1 8 . 5% compared to 1 . 1 %) than 

in position 2 of the corresponding fraction in the control milk fat .  

The proportions o f  4: 0 i n  position 3 of the control and 1 8: 2-ri Ch 

milk fats respectively were 74. 4% and 72.00/o, along with 1 5 . 2%  6 : 0  in 

the control milk fat and 1 0 . 6% 6 : 0  in the 1 8 :  2-rich milk fat .  With 

4 : 0  and 6 : 0  together comprising 89 . 6% and 82 . 6% of the FAs in position 

3 of the low mol. wt .  fra ction of the control and 18 : 2-ri ch milk fats 

respectively , only �nor amounts of other FAs appeared in position 3. 

4 : 0  was confined almost exclusively to position 3 in the low mol. 

wt. fra ctions of the two milk fats ,  except for 0 . 1% 4: 0 in position 2 

of the control milk fat (Table 31 ) .  The maj ority of 6 : 0  also was 

esterified at position 3,  with 8� and 65% of  the 6 :0  being esterified 

in that position in the control and 1 8 : 2-rich milk fats  respe ctively. 

Fatty acid s,  in the range 8 : 0 to 1 4 : 0 ,  were preferentially esterified 

at position 2 e . g. 64% and 5� of 1 4: 0  wa s esterified in position 2 of 

the control and 1 8 :  2-ri ch milk fats respectively. 1 6 : 0  vra s 

concentrated in positi on 1 ( 54% of the 1 6 : 0) and position 2(4o% of the 

1 6 : 0) of the control milk fa t am similarly in 1 8 : 2-ri ch n.ilk fat with 

56% of the 1 6 : 0  in pos� t.ion 1 ,  and 33% of the 1 6 : 0  in position 2.  The 

distriblltion of 1 8 : 0  wa s similar in the two milk fats ,  w:i.. th about 75% 

of the 1 8 : 0  in })OSi tion 1 and abou.t 20% in position 2 .  1 8 : 1 was 

esterified preferentially in position 1 ,  with 65% and 51% of the 1 8 : 1  

in this position in the control and 1 8 : 2-riCh milk fats respectively. 

The lower level of 1 8 : 1 in position 1 of the 1 8: 2-ri ch milk fat was 

compensated by the 1 3% of the 18: 1 in positi on 3. While a small 

amount of 1 E• :  2 was esterified in position 3,  of the low mol. wt .  



Table 31 .  Pro32ortional distribution of fat� acids in the triag:£lgl;Lce!,'ol_� o f  th_� fra_cti_on Qf.' low molecular 
weisnt of the control a� j8 : 2-ri ch milk f�ts 

Fatty acid distribution (%� 
� 1

a 2a 
3

a 

Control 1 8: 2-ri ch Control 1 8 :  2-rich Control 1 8 : 2-ri ch 

4 : 0  - - 0 . 1  - 99 . 9  1 00 . 0  

6 : 0  - - 1 7 .4 34 . 6 82 . 6  65 . 4  

8 : 0  6 . 7  1 9 . 2  93 . 3  130 . 8  

I� 
1 0 : 0 1 1 . 9 22 . 0  88 . 1 78 . 0 

1 0 : 1 8 . 3  1 4 . 3  66 . 7  85 . 7  25 . 0  ut 
ut � m  

1 2 : 0 24 . 2  30 . 9  75 .0 68 . 2  0 . 8  0 . 9 - -<  ,tD 

> 2  1 4 : 0 29 . 5 32 . 3  6 3 . 9  5 3 . 9  6 .6 1 3 . 8  ;;tl --< ;;:i  1 4 : 1 9 . 1  2 1 . 4  63 . 6 57 . 1  27 . 3  2 1 . 4  ;;o Vl 
43 . 6  67 . 7 56. 4 32 . 3 -i 1 5 : 0 -< 

1 6 : 0  54 . 2  55 e 6 40 . 2  32 . 7  5 . 7  1 1 . 7 

1 6 : 1 36 . 3  5 3 . 8  36 . 3  38. 5  27 . 4  7 . 7  

1 7 : 0  58 . 3  60 . 0  25 . 0  30 . 0  1 6 . 7  1 0 . 0  

1 i3 : 0  80 . 2  72 . 4 1 9 . 4 22 . 2  0 . 4 5 . 4  

1 8 : 1 65 . 1  51 .0 32 . 7 35 . 7  2 . 2  1 3 . 3  

1 8: 2  55 . 3  40 . 3  28 .9 48 . 1  1 5 . 8 1 1 .7 

1 8 : 3  30 . 8  56 . 5 34 . 6  43 . 5  34 . 6  

20 : ?  28 . 6 - 35 . 7  - 35 . 7 

\.0 
a Positions relative to .§!!. - glycerol-3-phosphate 

\.0 
• 
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fraction of the 1 8 : 2-rich milk fat,  the maj or proportion wa s 

esterified in position 1 (40% of the 1 8 : 2 )  and pN:�ition 2 ( 48% of the 

1 8 : 2 )  with a slight preference for position 2 .  

The arl'�;peement of fatt:l_ §cJds in posi ti.o_ns 1. 2, and. 3 of 

the total control ang 18: 2-�iQP milk f� 

The stereospecific distribution of fatty a cids in the three 

fractions of eaCh milk fat was used to calculate the stereospecific 

distribution in the to tal milk fats ( Table 32) ( Figures 8, 9 ,  arul 1 0) .  

The salient features of the effect of the increased availability 

of  the 1 8 : 2  to the mammary gland for incorporation into milk fat TGs, 

were the increase in the proportions of 1 8 : 2  in each of the three 

positions of the TGs , the decrease in the proportions of 1 6 : 0, from 

32 . 1  to 21 . 9� in position 1 ,  from 30. 9  to 1 9 . 1 %  in position 2 and from 

8 . 9  to 5 . 27� in positi,on 3 ,  ani also the decrease in the proportions of 

1 4: 0  in position 2 , from 2 3 . 1  to 1 5 . 3�h. Othervd.se similar proportions 

of the maj or FAs appeared in eaCh position of the control and 1 8: 2-rich 

milk fats.  In position 1 of the control milk fat ,  the proportions of 

the most abundant FAs were 32 . 1 �  1 6 : 0, 1 9 . 5� 1 8 : 0  and 25 . 3% 1 8 : 1 ;  and 

in the 1 8 : 2-rich milk fat , 21 . 9% 1 6 : 0 ,  2 2 . 1 %  1 8 : 0, 22 . 6% 1 8: 1  an,d 1 3. 5% 

1 8: 2  were the proportions of the most abundant FAs . The predominant 

FAs in position 2 of the control milk fat were 1 4 : 0  ( 2 3 . 1%) , 1 6 : 0  ( 30 . 9%) 

and 1 8 : 1 ( 1 2 . 9%) , along with significant proportions of 6 : 0  to 1 2: 0  

comprising a further 1 9 . 2% o f  the total FAs in position 2 .  In the 

1 8 : 2-rich milk fat ,  the proportions of the most abundan·t FAs in 

position 2 were 1 5. 3% 1 4: 0,  1 9 . 1% 1 6 : 0, 1 6 . 5% 1 8 : 1  and 1 6 . 4% 1 8 : 2 , with 

FAs from 6: 0 to 1 2 : 0  again comprising about 2o% of the FAs present. 

In position 3 the maj or FAs in the control milk fat were 36 . 3% 4 : 0, 

1 3. 2% 6 : 0  and 1 4. 9% 1 8 : 1 ,  am the maj or FAs in position 3 of the 1 8 : 2-



Figure 8 , Stereospecific  distribution of the more abundant fatty acid s  in the triacylglycerols of the control and 
1 8 : 2-rich milk fats and their respective triacylglycerol fra ctions 

Fatty acid composition ( mole %) 
Control 1 8 : 2-rich 

HipJ1 mol, \Vt , �1 6 , o ( 29 . 1%) 1 8 , 1 ( 27 . 2%) 1 8 , o  ( 1 8 . 9%) r 8 ' 1  ( 2 5 . 7%) 1 8 , 0 ( 22 . a%) 1 6 , o ( 2 1 , 8%) 1 8 , 2  ( 1 1 .  T,l) 

1 6 : 0  ( 36 . 9'}'v) 1 4 : 0  ( 24 . 4%) 1 8 : 1 ( 1 4 . 4';1,) 1 6 : 0  ( 2 3 . 37!,) 1 8 : 1  ( 1 8 . 4��) 1 4 : 0  ( 1 6 . 470 1 8 : 2  ( 1 6 . ��) 

1 8 : 1  ( 36 . 1 ��) 1 8 : 0  ( 20 . 9';'0) 1 6 : 0  ( 1 5 . 7/�) 1 8 : 1  ( 34 . 5�'�) 1 8 : 0  ( 22 . 5��) 1 8 : 2  ( 1 9 . 6%) 
l:�ed i '.lm mol, wt . [ 6 ' 0  ( 32 . 301,) 1 8 , 1  ( 25 . 7'f>) 18 , 0  ( 1 9 . 3;�) F 8 ' 0  ( 28 . 5%) 1 0 , 1  ( 2 1 , 4�1) 1 6 , 0  ( 1 9 .57�) 1 8 , 2  ( 1 3 . 4�/) 

1 6 : 0  ( 32 . 1�fo) 1 4 : 0  ( 22 , 60) 1 8 : 1  ( 1 2 . Tj) 1 6 : 0  ( 2 0 . 4��) 1 8 : 1 ( 1 7 . 5�-�) 1 4 : 0  ( 1 4  . .3'7�) 1 8 : 2  ( 1 3 . 17�) 1 8 : 0  ( 1 1 . 6��) 

6 :  0 ( 29 . B'jb) 4 : 0  ( 1 7 .  5��) 6 : o ( 3 5 . 8�s) 4 : o ( 2 4 . 4�(,) 
Lo'!l m ol . vrt . r G , o ( 34 . 4;\) 1 8d ( 2 3 . 5%) 1 8 ' 0 ( 1 9 . 8!1,) [ 6 ' o  ( 2 3 . 3�) 1 s , 1  ( 1 9 . 6;0 1 8 , o  ( w . w;) 1 0 , 2  ( 1 5 . 5%) 

1 6 : 0  ( 2 5 . 5�;) 1 4 : 0  ( 22 . 35;) 1 8 : 1 ( 1 1 . 8)'u) 1 8 : 2  ( 1 8 . 5� �) 1 4 : 0  ( 1 4 . 5%) 1 6 : 0  ( 1 3 . 77)) 1 8 : 1  ( 1 3 . 7%) 

4 : 0  ( 74 . 45·j) 6 : 0  ( 1 5 .  2j'•J) 4 : 0  ( 72 . CJ;�) 6 : 0  ( 1 0 , 6%) 
Mi lk fat r 6 ,o ( 32 . 1%) 1 8 , 1 ( 25 . 3%) 1 8 , 0  ( 1 9 . 9/>) r 8 : 1  ( 2 2 . 6�·!,) 1 8, 0  ( 2 2 . 1;\) 1 6 : 0  ( 2 1 . 9f·) 1 8 , 2  ( 1 3 ,5:' >) 

1 6 : 0 c :o · �;) 1 4 : 0 ( 2 3 . 1 /�) 1 8 : 1 ( 1 2 . �:) 1 6 : 0  ( 1 9 .  1 �j) 1 8 :  1 ( 1 6 .  5�) 1 8 :  2 ( 1 6 .  4��) 1 4 : 0  ( 1 5 .  35�) 

4 . 0  ( j6 . 3p) 1 8 . 1  ( 1 4 .9%) 6 . 0  ( 1 3 . 2 , .;) 4 : 0 ( 31 . l¥;b) 1 8 : 1  ( 1 8 . 4?&) 6 : 0  ( 1 2 , 270) 1 8 : 0  ( 1 1 , 6/0) 1 8 : 2  ( 1 1 . 3J''a) 



T§.ble J2 .  Stereos;Recific anaJ..:tisis of the triaoylJ�l;x:cerolE!, of t_he ... control ancL1 G :  2-:dch milk fat sb 

Fatty a cid composition (mole �&) 
FA 1 a 2a 3

a 
Milk fat 

Control 1 8 : 2-rich Control 1 8 : 2-rich Control 1 8 : 2-rich Control 18 : 2-rich 

Orig . Recalc . Orig. Recalc . 

4: 0  - - - - 36. 3  31 .8  1 1 . 9 1 2 . 1  1 0 .4 1 0 . 6  

6 : 0  - - 1 . 8 2 .4  1 3 . 2  1 2 . 2  5 . 3  5 .0 5 . 4 4 .8  

8 :0  0 .9  o . 8 3 . 3  4 .0 2 . 2  1 . 3 2 . 3  2 . 1  2 . 1  2 .0 

1 0 : 0  2 .0 1 .9 6 .2 6 . 8  3 . 8  1 . 7 4 . 1  4 .0 3 . 2  3 . 5  

1 0 : 1 - 0 . 1  0 .4  0 . 3  0 . 3  0 . 1  0 . 3 0. 2 0 . 2  0 . 2  

1 2 : 0  3 . 3  2 .9 7 . 5  6 . 5  1 .8 0 . 7  3 . 5  4 . 2  2 .6 3 .4  

1 4 : 0  9 . 4 8. 2 23 . 1  1 5 . 3  3 . 9 2 . 6  1 1 . 9 1 2 . 1  7 .7  8 .7 

14 : 1 0 . 2  0 . 3  1 . 2 0 . 5  1 . 3 0 .5  1 .0 0 .9  0 .5  0 . 4  

1 5 : 0  1 . 5 1 . 5 2 . 0  0 . 8 0 . 1  0 . 4 1 .0 1 . 2  0 .7 0 . 9  

1 6 : 0  32 . 1  2 1 .9  30 .9  1 9 . 1  8 .9 5 . 2  22 . 1  24.0 1 4. 1  1 5 .4 

1 6 : 1 1 . 6 2 . 1  1 .9 1 . 5 1 .6 0 . 5  2 .0 1 . 7 1 . 1 1 .4 

1 7 : 0  0 . 6  1 .0 0 . 4  0 . 3  0 .6  0 . 4  0 .9  0. 5  0 . 5  0 . 6  

1 8 : 0  1 9 . 5  22. 1  6 . 1  8 . 7  9 . 2 1 1 . 6 1 1 .9 1 1 . 6  1 4 . 1  1 4 . 1  

1 8 : 1 25 . 3 22. 6  1 2 .9 1 6 . 5  1 4 .9 1 8 .4 1B . 6  1 7 .7 20. 6  1 9 . 2  

1 8 : 2  1 .9 1 3 . 5  1 . 2 1 6 . 4  0 . 9  1 1 . 3  1 .8 1 . 3 1 5 . 5  1 3 . 7  

1 8 : 3 1 . 1 1 . 1 0 .9  0 .9  o .8  1 . 2  o . 8  0 .9  0 . 7  1 . 1 

20 : ?  0 . 5  - 0 . 2  0 . 1  0 . 1  0 . 2  0. 5  0 . 3 0 .7  0 . 1  ...... 
0 ...... 

a . 
Positions relative to � - glyoerol-3-phosphat e  

b Stereospecific distribution of FAs in the TGs calculated from the distribution in the respective TG fractions 



FigurD. StereosDecific distribution of the more abundant fatt;y 

a cids in the: tria cylglycerols of the control and 1 8; 2 -rich 
milk fats ar.d th§!ir res"Cectj.ve triaq.;ylg1ycerol fractions 

Fatty a cid composition ( mole !�) 
Palmi tis: acid 

Control 1 8 : 2 -rich 

T 30 . 9  
H 36 . 9  
M 32 . 1  
L 25 . 5  

T 1 2 . 9 
H 1 4 . 4  
M 1 2 . 7  
L 1 1 , 8  

T 6 . 1  
H 7 . 2  
:M 7 . 2  
L 4 . 8  

T 1 . 2 
H 1 .  2 
M 1 . 3 
L 1 . 1  

32 . 1  T 
29 . 1  H 
32 . 3  I\: 
34 .4 L 

8, 9 T 
1 5 . 7  H 
8 . 3  M 
3 . 6 L 

2 5 . 3 T 
2 7 . 2 H 
25 . 7  M 
2 3 . 5  L 

1 4 . 9  T 
36 . 1  H 
7. 9 M 
0 , 8  L 

1 9 . 5  T 
1 8 . 9  H 
1 9 . 8  .M 
1 ? . 8  L 

9 . 2  T 
20 . 9  H 
8 . 0  M 
0 . 1 L 

1 . 9 T 
1 . 5 H 
2 . 1  M 
2 , 1  L 

0 . 9  T 
1 ,  6 H 
0 . 3 M 
0 , 6  L 

Oleic acid 

Stearic acid 

Linoleic acid 

T 1 9 . 1  
H 2 3 . 3  
M 20 . 4  
L 1 3 . 7  

T 1 6 . 5  
H 1 8 . 4  
M 1 7 . 5  
L 1 3 . 7 

T 8 , 7  
H 9 . 8  
M 1 1 . 6 
L 5 . 8  

T 1 6 . 4  
H 1 6 , 0  
M 1 3 . 1  
L 1 8 . 5  

2 1 . 9  T 
2 1 . 8  H 
1 9 . 5 I'.l 
2 3 . 3  L 

5 . 2  T 
5 . 3  n 
5 . 4  Ii 
4 . 9  L 

2 2 , 6  T 
2 5 . 7  H 
2 1 . 4  H 
1 9 . 6  L 

1 8 . 4  T 
34 . 5  H 
8 . 5 M 
5 . 1  L 

2 2 . 1  T 
2 2 . 0  H 
2 8 . 5  M 
1 8 . 9  L 

1 1 . 6  T 
2 2 . 5  H 
7 , 0  M: 
1 . 4 L 

1 3 . 5  T 
1 1 . 7  H 
1 3 . 4  M 
1 5 . 5  JJ 

1 1 , 3 T 
1 9 . 6  H 

6 , 1  M 
4 . 5  L 



Figure 9. ( cant� 

C ontrol 

T 
H 
M 
L 0 , 1  

- T 
- H 
- M 
- L 

36 . 3  T 
- li 

1 7 . 5  M 
74 . 4  L 

T Total milk fat .  

Butyri c a cid 

H High mol . vrt , fra ction 

M Medi um mol . wt .  fra cti on 

L Low mol . wt .  fra ction 

T 
H 
M 
L 

1 8 :  2 - ri ch 

T 
- H 

L 

31 . 8  T 
H 

2 4 . 4  H 
72 . 0  L 
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riCh milk fat were 31 .8% 4 : 0 ,  1 2 . 2% 6 : 0, 1 1 .6% 18 :0 ,  1 8 .4% 1 8 : 1  and 

1 1 . 3% 1 8 : 2 .  

The distribution of FAs in the 1 8 : 2-rich. milk fat wa s  little 

Changed to that in the control milk fat (Table 33 ) .  All of the 4:0  

was confined t o  position 3 of  the two milk fats,  together with CNer 

eo% of the 6 : 0. The other short and medium ehain FAs ( 8 : 0  to 1 4 : 0)
. 

tended to  be preferentially esterified in position 2 with lesser 

amounts in position 1 and position 3 .  1 6 : 0  was evenly distributed 

between positions 1 and 2 of the control and 18 : 2-rieh milk fats,  with 

45 - 47% of the 16 :0  in position 1 and 41 - 43% of the 1 6 : 0  in position 

2 of the two milk fats. Distribution of 1 8 : 0  was similar in both milk 

fats with about 54% of the 1 8 : 0  in position 1 ,  and the remainder 

distributed between positions 2 and 3 .  The distribution of 1 8 : 1  

between the 3 positions of the glycerol moiety was slightly altered, 

with a lower percentage of the 18 : 1 in position 1 ( 39% compared to 48%) 

and correspondingly higher percentages in positions 2 and 3 .  As in all 

the fractions of the control and 18 : 2-rieh milk fats ,  the distribution 

of FAs contributing only minor amounts to the total composition was 

difficult to determine with any accuracy but in the control milk fat ,  

1 6 : 1  and 18 : 3 appeared to b e  evenly distributed, and 1 8: 2 ,  although 

present in eaeh posi tion, preferred position 1 .  On the other hand ,  in 

the 1 8 : 2-rich milk fat ,  1 6 : 1  showed a preference for position 1 ,  while 

18 : 3 was again evenly distributed.  18 : 2, a major component of  the 1 8: 2-

rich milk fat showed the order of preference 2>1>3, with 4o%, 33%, and 

27% of the total 1 8 : 2  being esterified in eaCh position respectively. 



T!j!ble JJ. PrOJ20rt�O!l§l distrib!,ltiOn _gf .fatt;y: �ci!ls in the tri�g;y;l�l;y:ce:rols of _-the 20ntro:l; ,Ang 18 :  2-rich ID�lk f§tS 
Fatty acid distribution (%) 

.EA. 1 8 28 3a 

Control 18 : 2-rich Control 18 : 2-rich Control 1 8 : 2-rich 

4: 0 - - - - 100.0  100.0  
6 : 0  - - 1 2.0  1 6 .4  88 .0 83.6 
8 : 0  1 4.0  1 3. 1  51 .6  65 . 6  34.4  21 . 3  

10 : 0  1 6 . 7  1 8. 3 56 .7 65 .4  31 .6 16 . 3 
10 : 1 - 20 .0 57 . 1  6o.o 42.9 20 .0 
1 2 : 0  26 . 2  28 .7  59 . 5  64.4  1 4 . 3  6 .9 
14 : 0 25 . 8  31 .4  63 . 5  58 . 6  10 . 7  ·w . o  
14 : 1 7 .4  23 . 1  44.4  38 . 5  48 . 2  38 . 5  
1 5 : 0  41 . 7  55 . 5  55 .6  29 .6  2 . 7  1 4 . 9  
1 6 : 0  44 . 6  47 . 4 43.0 41 . 3 1 2 .4  1 1 . 3  
16 : 1  31 . 4  51 . 2 37. 3  36 . 6  31 . 3  1 2. 2  

1 7 : 0  37 .5 58 .8  25 .0 1 7 .6 37 . 5  23 .6  
1 8 : 0  56 . 0  52 . 1  1 7 . 5 20 .5 26 .4 27.4 
1 8: 1  47 .6 39 . 3  24 . 3  28 .7 28. 1  32 .0 

1 8 : 2  47 .5 32 .8  30 .0 39 . 8  22 . 5  27 .4 
1 8 : 3 39 . 3  34. 4 32 . 1  28. 1  28. 6  37 . 5  
20 : � 62. 5 - 25 .0 33 . 3  1 2. 5 66 . 6  

a _. Positions relative to � - glycerol-3-phosphate 0 w 
• 
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Figure 1 o .  

key 0 control m i l k  fat 

position 3 
• 1 8 : 2-rich m i l k  fat 

4:0 6 . 0  8 : 0  1 0 :0 1 2 : 0  1 4: 0  1 6 : 0  16 : 1 1 8 : 0  1 8 : 1  1 8 : 2  1 8 : 3  

· fatty acids 

Stereospecific distribution of fatty acids in the triacylglycerols 
of the control a nd 1 8 : 2-rioh milk fats .  
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Section 3 . 6 .  Comparison of the molecula�ecies of triacylglycerol 

in the control and 1 8 :  2-rich milk fats 

The most abundent molecular species of TG in each fraction of the 

two milk fats were a ssessed froo. the proportions and composition of the 

TG classes of differing levels of unsaturation and from the positional 

d istribution of FAs in the TGs of the fra ctions of high�  med ium and l ow  

mol . wt . o f  the cor.trol and 1 8 : 2-rich milk fat s  (Figu res 1 1  t o  1 4 �  

Appendices 9 to 1 1 ) .  

3 . 6 . 1 .  Molecular species of triacylglycerol in the triacylglycerol 

fractions of high molecular weight 

The saturated TGs of high mol . wt .  from both milk fats  consisted 

primarily of 1 4 : 0 .  1 6 : 0  and 1 8 : 0  arranged in certain preferred 

combinations to give maj or TG species ranging from c42 to c52 ( Figure 

1 1 ) .  The rela tive abundance of TGs a s  separated by a cyl carbon 

number , and the stereospeci fic distribution of FAs in the high mol . wt .  

fractions , indicated tha t the preferred combinations are l ikely to be 

1 6 : 0  - 1 6 : 0  - 1 8 : 0 , 1 6 : 0  - 1 4 : 0 - 1 8 : 0 and 1 8 : 0 - 1 4 : 0  - 1 8 : 0 .  Very 

l ittle 1 8 : 0  - 1 8 : 0  - 1 8 : 0  is  likely to be present as indicated by the 

very low r:ro:portion of c54  TGs in saturated TGs of the high mol . wt .  

fractions . From the consideration of the similarities , in  the 

stereospecific distribution of FAs in the TGs of the two high moL wt .  

fractions ar� in the FA and TG comnositions of the saturated TGs of 

high mol . wt . it would appear that similar relative proportions of the 

d ifferent molecular species of TG are present in these two TG classes , 

a lthough the overall a��unt of satura ted TGs was much lower in the 

1 8 : 2-rich milk fat ,  

The maj or � - monoene TGs consisted of 1 8 : 1 mainly i n  either 

position 1 or position 3 in combinations with 1 4 : 0 .  1 6 : 0  or 1 8 : 0  
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comprising c48 , c50 and c52 as  the maj or TGs , The proportion of c48 
was di fferent in the two milk fat s ,  comprising 7 . 7 and 3 . 5% of the 

high mol.  wt .  fraction of the control and 1 8 : 2-rich milk fats 

respectively and is most likely to consist of 1 6 :0 - 1 4 : 0 - 1 8 : 1 ,  

whereas the proportion of c50 . comprising 1 1 . 3% and 5 . 2% of the 

respective fra ctions wa s reduced in  the 1 8 : 2 -rich milk fat and is likely 

to consist of mainly 1 6 : 0 - 1 6 : 0 - 18 : 1 ,  1 8 : 0 - 1 4 : 0 - 1 8 : 1 and 1 8 : 1  -

1 4 : 0 - 1 8 : 0 .  In addition the proportions of c52 TGs in the 1 8 : 2-rich 

milk fat were reduced ( 4 . 8%  compared to 7 . 9% of the fra ction) and ar� 

likely to contain predominantly 1 8 : 1  - 1 6 : 0  - 1 8 : 0  and 1 8 : 0  - 1 6 : 0  -

1 8 : 1 .  

The trans - monoene TGs made  a significant contribution to the 

high mol . wt . TGs of the control milk fat with maj or TG species being 

The individual species of TG 

are likely to be the same as  for the cis - monoene TGs , 

The ste�eospecific distribution of the FAs indicated that the 

principal species of diene TG in  the high mol. wt .  fraction of the 

control milk fat are likely to be 1 6 : 0  - 1 8 : 1 - 18 : 1  or 1 8 : 1  - 1 6 : 0  -

1 8 : 1 ,  comprising up to 7% of the high mol. wt . fraction, a long with 1 8 : 1  -

1 4 : 0 - 1 8 : 1 and 1 8 : 1 - 1 8 : 0  - 1 8 : 1 ea ch comprising up to 4% of the high 

mol .  wt . fraction . The proportion of the TGs in the high mol . wt .  

fraction o f  the 1 8 : 2-rich milk fat containing a sa turat ed FA and two 

1 8 : 1  s was estimated to be lower ( 1 2% compared to 1 6%) , but the 

proportion of TGs containing two saturated FAs and 1 8 : 2  was greatly 

incre�sed ( 1 5% compared to 1%) . The 1 8 : 2-rich milk fat in addition to 

the TG species present in the control milk fat is likely to contain 

predominantly the following TGs : 1 6 : 0  - 1 4 : 0  - 1 8 : 2 ,  1 8 : 0  - 1 4 : 0 - 1 8 : 2 ,  

1 6 : 0  - 1 6 : 0  - 1 8 : 2 ,  1 8 : 0  - 1 6 : 0  - 1 8 : 2 ,  1 6 : 0  - 1 8 : 2  - 1 8 : 0  and 1 8 : 0  -

1 8 : 2  - 1 8 : 0 , along with smaller amounts of 1 8 : 2  - 1 6 : 0  - 1 8 : 0  and 



Figure 1 1 . l.'L9jor molecul2 r  s�ecies of trincylr;lycerol in the hieh 

molecular vre ight fra cti on of the control arxl. 1 8 : 2-rich 

: i k e l y ma j o r m o l e c u l a r  s 9 e c i e s  

o f  t r i � c y l g l y c e r o l  

d b c Ga rb . Unsatn. Cont . 1 8 : 2  
no� ( Approx . %) 

{1 6 : 0 , 1 8 : 0  

1 6 : 0 , 1 4 : 0  
( 1 2 : 0 ) 8  

1 8 : 0  

{1 8 :  1 ( trs.ns )  {� 6 : 0 , 1 8 : 0  

. 1 6 : 0 , 1 4 : 0 1 6 : 0 , 1 4 : 0  

8 : 0 � 8 : 1 ( trans ) 

{1 8 : 1 ( ci s )  

1 6 : 0 , 1 4 : 0  

1 8: 0  

1 8 :  1 

1 6 : 0 , 1 4 : 0{ 
( 1 8 : 0 )  

1 8 : 1 

{1 6 : 0 , 1 8 : 0  

1 6 : 0 , 1 4 : 0  

1 8 : 1 ( ci  s ) 

42-52 0 

48-52 1 

46-54 1 

50-54 2 

1 6 : 0 , 1 4 : 0 1 8 : 2  ' 1 6 : 0 , 1 4 : 0  ' 46-54 2 

{1 8 : 2  {1 6 : 0 . 1 8 : 0  {� 6 ; 0 , 1 8 : 0  

( 1 2 : 0 ) ( 1 2 : 0) 
1 8 : 0  � 8 : 0  1 8 : 2  

{1 6 : 0 , 1 8 : 0  {1 8 : 1 

1 8 : 2  1 8 : 2  

1 8 : 1  

1 8 : 1  1 8 : 0  

{1 8 :  1 

1 8 : 1  

1 8 : 2  1 8 : 2  

1 8 : 1 

1 6 : 0 . 1 4  : 0{ 

1 8 : 2  

{1 6 : 0 , 1 8 : 0  {� 8 : 1  

1 8 : 2  1 8 : 1 , 1 8 : 2  

50- 54 3 

54 3 

5 2- 54 / - 5  

2 8  

8 

32 

1 5  

1 

4 

3 

a 
b 
c 

Ca rb on numb er of TGs 
Control milk fa t 

d Number of double bond s . per TG 
molecule 

1 8: 2-rich milk fat Einor constituents 

1 8  

3 

1 8  

1 2  

1 4  

1 3 

1 

1 1  
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1 8 : 2  - 1 4 : 0 - 1 8 : 0 .  

The m ost abundant triene TG contained 54 acyl carbons comprising 

4 .  3 anc 7 ,  2�0 of the high mol . wt .  fra cti ons of the control and 1 8 :  2-rich 

m ilk fa ts respectiv ely and is likely to consi st of eq ual amount s  of 

1 8 : 1  - 1 8 : 1 - 1 8 : 1  a nd 1 8 : 0  - 1 8 : 2  - 1 8 : 1 or 1 8 : 1 - 1 8 : 2  - 1 8 : 0  in the 

control milk fa t and 1 8 : 0  - 1 8 : 2  - 1 8 : 1  :md 1 8 : 1  - 1 8 : 2  - 1 8 : 0  in the 

1 8 : 2-ri ch milk fa t ,  c52 TGs were also  present i n  signi ficant amou nts 

and compri sed 2 . 65� of the control and 4 , G;t of the 1 8 : 2-rich hig,h mol . 

wt . fra ctions . The pred om inant species of c52 TG i s  l ikely to be 

1 6 : 0  - 1 8 : 2 - 1 8 : 1 . 

The " tetraene "  TGs of  the high m oL wt . fraction of the 1 8 :  2 ·-rich 

milk fa t conta ined predom ina ntly c54 TGs wni ch compri sed 8 .  8�� o f  the 

high mol . wt . fra ction ,  a nd with reference to the FA compositi on ,  the 

l ikely TG spe cies are 1 8 : 0 - 1 8 : 2 - 1 8 : 2 ,  1 8 : 1 - 1 8 : 2 - 1 8 : 1 and 1 8 : 1  -

1 8 : 2  - 1 8 : 2 .  c52 TGs . ma inly 1 6 : 0 - 1 8 : 2  - 1 8 : 2  comprised 2 . CY;0 of the 

high mol , wt . fra cti on . 

In summa ry, on the ba sis of the composit i on of the 'I'G cla s sos and 

the s tereospeci fi c  d istribution of the FAs, the most abund a nt molecular 

s pecies of TG contributing to the high mol , wt .  fra cti on of the control 

and 1 8 : 2-rich milk fats are given in Figure 1 1 . 

3 . 6 . 2 .  Molecular sneci e s  of triacylglycerol in the tria��cerol 

fra cti ons of med ium molecular we ip.,ht 

In the saturated TGs of medium mol . wt . of b oth milk fa t s , the 

most abundant TG specie s wa s c36 co�rri sing 8 . 0  and 7 . 3% of the med ium 

mol . wt .  fra ctions of the control and 1 8 : 2 -ri ch milk fa t s  respe ctively , 

S t ereospecifi c ana lysis of these TG fra ctions , and the composit ion of 

the TG cla sses i nd i ca ted tha t c36 is likely to consist of ma inly 1 6 : 0  -

1 6 : 0  - 4 : 0  and 1 6 : 0  - 1 4 : 0  - 6 : 0 ,  c38 wa s pre sent in lower proportions 
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i n  the 1 8 : 2-ri ch milk fc: t than in the control milk fat ( 1 0 . 3% compared 

to 1 5 .  8ji of the fraction) and the main molecular species are likely to 

be 1 6 : 0  - 1 6 : 0  - 6 : 0 , 1 8 : 0  - 1 4 : 0  - 6 : 0  and 1 8 : 0  - 1 6 : 0  - 4 : 0 .  c40 ' 

which was also present in lower proportions in the 1 8 : 2-rich milk fat 

( 5 .  9% corn pared to 1 1  • 7�� of the medium mol . m .  fraction) . is likely to 

consist of  mai nly 1 8 : 0 - 1 6 : 0 - 6 : 0  and 1 8 : 0 - 1 8 : 0 - 4 : 0  ( Figure 1 2 ) . 

The mB j OT cis - monoene TGs cmHained 38 , 40 , 42 and 44 a cyl 

carb ons , c38 TGs comprised 3 . 6 and 5 . 7/o  of the med ium mol . wt . 

fra ction o f  the control and 1 8 : 2-rich milk fats respectively and the 

most likeJ.y individ11a1 species wi th this carbon number are 1 8 : 1 - 1 6 : 0 -

4 :  0 .  1 6 :  0 - 1 8 :  1 - 4 :  0 and 1 8 : 1 - 1 4 :  0 - 6 :  0 .  1 8 : 1 - 1 6 : 0  - 6 : 0 ,  1 6 : 0  -

1 8 : 1  - 6 : 0 ,  1 8 : 0 - 1 8 : 1  - 4 : 0  and 1 8 : 1 - 1 8 : 0  - 4 : 0  are the likely most 

abund:mt TGs cont l3. inint; 40 acyl carbons whi ch contributed 7 . 6  and 1 0 . 8� 

of  the respe ctive fractions . c42 ( 5 , 6  and 4 . 9� of t�e respective 

fractions ) is likely to co nsist of ma inly 1 8 : 1  - 1 8 : 0  - 6 : 0  and 1 8 : 0  -

1 8 : 1 - 6 : 0 ;  and c
44  

( 3 . 2  and 1 . 1'%  of  the respective fra ctions ) : 1 8 : 1 -

1 8 : 0  - 8 : 0  and 1 8 : 0  - 1 8 : 1  - 8 : 0 ,  

The tr��� - monoene TGs had similar FA and TG compositions to the 

corresponding c i� - monoene TGs , with the maj or TG species contributing 

to  the medi um mol . wt . fra ction of the control milk fat being c38 ( 1 ,  5%) , 

c40 ( 2 , 57i) and c42 ( 1 . 6;G) and to the 1 8 : 2-ric.l-J. milk fat fraction, c38 

( 1 . 8:%) , c40 ( 3 . 3%) and c42 ( 1 . 6�) . 

In the control milk fat the most abundant species of diene TG in 

the med ium mol , wt . fraction were c40 ( 1 . 5%) , c42 ( 2 . 8%) , c44 ( 2 . 4%) and 

c46 ( 2 . 2%) , consistinr; of mainly 1 8 : 1 - 1 6 : 1 - 6 : 0 ,  1 8 : 1 - 1 8 : 1 - 6 : 0 ,  

1 8 : 1 - 1 8 : 1 - 8 : 0  and 1 8 : 1 - 1 8 : 1 - 1 0 : 0 respectively . Similarly in the 

1 8 : 2-rich milk fat the proportions of these molecular species of TG 

together co:nprised about li% of the medium mol . wt .  fra ction. However the 

proportion of the diene TGs containing 1 8 : 2 was much higher than in the 
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c ontrol m ilk fat ( 1 95'� cO!:Jpa red to z:;) Tii th the pred omin:mt spe cies 

l ikely t o  b e  1 8: 0 - 1 9 : 2  - 4 : 0 ,  1 6 : 0  - 1 ·9 : 2 - 6 : 0 ,  1 8 : 2 - 1 6 : 0 - 4 : 0 ,  

1 8 : 2 - 1 6 : 0  - 6 : 0  and 1 8 : 2  - 1 8 : 0  - 4 : 0 .  

The triene TGs com�;ri s ed onlv 8 .  ·r;j o f  the med ium mol . wt . fra cti on ·� too • 

o f  the control milk fa t a nd th ese TGs mostly contained b etwee n  46 and 

5 4  a cyl ca rb ons , The most l ikf�ly important TG spe cie s are 1 8 : 1 - 1 8 : 1 -

1 8 :  1 , 1 6 : 0 - 1 6 :  0 - 1 8 :  3 ,  1 6 : 0 - 1 8 :  2 - 1 8 :  1 a nd 1 8 :  0 - 1 8 :  2 - 1 8 : 1 • On 

the other hand , the triene TGs of the r:Jed inm mol . wt .  fra cti on of the 

1 8 : 2 -rich milk fat cons i s ted primarily o� c42 ( 3 . 6% o f  the fra ction) 
Tihi ch i s  likely to be 1 8 : 1 - 1 8 : 2  - 6 : 0  and 1 8 : 2  - 1 8 : 1  - 6 : 0 , and 

sma ller amounts of C 44 ( 1 .  7;� o f  the f:ra ct i on) likely to cons i st of mainly 

1 8 : 1 - 1 8 : 2 - 8 : 0 a nd 1 8 : 2 - 1 8 : 1  - 8 : 0 and c
46 ( 1 , 6% of the fra ction) 

l ikely to consist of ma inly 1 8 : 1 - 1 8 : 2 - 1 0 : 0  and 1 8 : 2 - 1 8 : 1 - 1 0 : 0 .  

The cla s s  o: TG in the med ium mol , wt .  fra cti on o f  the 1 9 : 2-rich 

milk fa t d e s ignated the " t etra ene "  TGs con ta ined mainly c
54 

TGs ( 3 .  3% of 

the fra ct i on) and pos s il1 le m8 j or spe cies are 1 8 : 0 - 1 8 : 2  - 1 8 : 2 ,  1 8 : 1 

1 8 : 1 - 1 8 : 2 ,  1 8 : 1 - 1 8 : 2 - 1 8 : 1 , 1 8 : 1  - 1 8 : 2 - 1 3 : 2 ,  1 8 : 2 - 1 8 : 2 - 1 8 : 1  

a nd  1 8 : 2 - 1 8 : 2 - 1 8 : 0 .  Al s o  present were c52 TGs ( 1 . 1(; of the 

fra cti on) a na. likely to co nsi s t  of ma inly 1 8 : 2 - 1 6 : 0 - 1 8 : 2  and 1 6 : 0 -

1 8 : 2 - 1 8 : 2 ,  c46 ( 1 . 1 /0) l ik ely to consist o f  ma inly 1 8 : 2 - 1 0 : 0 - 1 8 : 2 

a nd c50 ( o .  95i) , 1 8 :  2 - 1 4 : o - 1 8 : 2 .  

In summary, on the ba s i s  o f  the composition of the TG cl a ss e s  a nd  

the stereospecifi c  di s trib u t i o n  o f  FAs, the quantita tively important TG 

s pe cie s in the medium mol , wt . fractions are shown in Figure 1 2 . 

3 . 6 . 3 . Mol e cular sne c i e s  of tria cylgJ:ycerol in the tria cylglycerol 

fra ctions 0f l ow  mol e cular 'lieir,ht 

The highly spe cific pla cement of 4 : 0 a nd other short cha in FAs in 

position 3 of the l a-7 mol . wt . TGs a s s i s t s  in a s s igning the likely 



1 09 .  

contribution of individual molecular species o.f TG t o  the low mol . wt .  

fraction .  

The predominant spe cies of  saturated TG are likely to be 1 6 : 0  -

1 6 : 0  - 4 : 0 ,  1 6 : 0  - 1 4 : 0  - 4 : 0  and 1 8 : 0 - 1 4 : 0  - 4: 0 together comprising 

up to 3o% of the control fraction and onl:r 1 87� of the 1 8 :  2-rich 

fraction. Also  likely to be present in quantitative amounts are 1 6 : 0 -

1 2 : 0  - 4 : 0 ,  1 4 : 0  - 1 4 : 0  - 4 : 0  and 1 8 : 0  - 1 6 : 0  - 4 : 0  together comprising 

about 1 2  and 9% of the l ow moL wt . fractions of the control and 1 8 : 2-

rich milk fats  respectively (Figure 1 3 ) (Appendix 1 1 ) • 

.ill:.§. - monoene TGs with 38 acyl carbons comprised 1 2 . 8 and 7 . 6% of 

the low mol . wt. fractions of the control and 1 8 : 2-rich miJ.k fats  

respectively, and are likely to  consist of  mainly 1 8 : 1  - 1 6 : 0 - l:. : O . 

Also present were c36 ( 8 . 2% of control and 5 . 5% of 1 S : 2-rich f'radion) 

consisting of mainly 1 8 : 1  - 1 4 : 0  - 4 : 0 a nd  c40 ( 3 . 4% and 3 . 6% of  
.
the 

respective f'ractions) likely to consist  of primarily 1 8 : 1 - 1 8 : 0  - 4: 0 .  

The trans - monoene TGs contained very similar relative 

proportions of the maj or TG species to the cis - monoene TGs , wi ·�h c36 

( 2 . 6% of control and 1 . 4% of 1 8 : 2-rich fraction) and c38 ( 4 . 4% o :f 

c ontrol and 2 . �  of 1 8 : 2-rich f'raction) makine important contributions 

t o  the low mol . wt .  fra ctions . The same individual species of �'�G are 

l ikely to be present . 

The most abundant TG s�ecies in the diene TGs of 1�� mol . wt . in 

the control milk fat is likely to be 1 8 : 1  - 1 8 : 1  - 4 : 0  compri si�� up to  

5% of the low mol , wt . f'ra ction, while in the diene TGs of the 1 @: 2 -rich 

milk fat slightly lower proportions of 1 8 : 1  - 1 8 : 1  - 4 : 0  were present 

(4% compared to 5%) and the TG species 1 8 : 2  - 1 4 : 0  - 4 : 0 ,  1 6 : 0  - 1 8 : 2  -

4 : 0 ,  1 8 : 2  - 1 6 : 0  - 4 : 0  and 1 8 : 0  - 1 8 : 2  - 4 : 0 ,  because of the inc�ea se 

i n  the size of the diene TG class, became the most abundant species  

contributing up to  22% of  the l ow  mol . wt .  fraction of the 1 8 : 2-rich 
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milk fat .  

In the control milk fat ,  1 8 : 1 - 1 8 : 2  - 4 : 0 and 1 8 : 3 - 1 6 : 0  - 4 : 0  

are likely to be two o f  the predominant triene TGs comprising about 

4 . 6% of the low mol . wt . fraction, whereas in the 1 8 : 2-rich milk fat 

1 8 : 1 - 18 : 2  - 4 :  0 is l ikely to be the pred ominant species of triene TG 

and alo�� wi th  the TG species 1 8 : 2  - 1 8 : 1  - 4 : 0 is likely to comrrise 

about 7/; of the low mol . wt .  fraction of the 1 8 :  2-rich milk fat ,  

In the tetraen� TGs of  the 1 8 : 2 -rich milk fat the most abundant 

TG species contained 40 a cyl carbons . comprising 4 . 5% of the low mol . 

wt . fraction, and i� likely to consist of mainly 1 8: 2  - 1 8 : 2  - 4 : 0 .  

I n  summary, the most important TG species of l ow  mol , wt .  in the 

control and 1 8 : 2-rich milk fats are shown i� Figure 1 3 . 

3 . 6 . 4 .  Molecular species of triacyl_glycerol in milk fat 

The contributions of individual molecular species of  TG to the 

t otal control and 1 8 : 2-rich milk fats were a ssessed from the levels of 

the maj or TG species present in the respective TG fractions of high� 

med ium and 10'1'1 mol , wt ( Figure 1 4 )  . 

Saturated TGs conta ining 4: 0 or 6 : 0  in position 3 and having 

between 32 and 42 acyl carbo�s provided a major proportion of the TGs 

of both milk fats ,  comprising about 30% of the TGs in the control and 

about 1 7% of the TGs in the 1 8 : 2 -rich milk fat .  In add ition the 

quantitatively important saturated TGs of high mol . wt .  ( c44 - c50) 

comprised a further 8 and 5% of the control and 1 8 : 2-rich milk fats 

respectively . The individual species of saturated TG most likely to  

contribute substantially to the control and 1 8 : 2-rich milk fats ,  in 

order of importance � are 1 6 : 0  - 1 4 : 0  - 4 : 0 ,  1 6 : 0 - 1 6 : 0  - 4 : 0 ,  1 8 : 0  -

1 4 : 0  - 4 : 0 ,  1 6 : 0  - 1 6 : 0 - 6 : 0  and 1 8 : 0  - 1 4 : 0  - 6 : 0 ,  I n  the high mol . 

wt . TGs , because of the wider distribution of FAs ( Figure 1 2 )  no 
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individual TG species appear likely t o  make an appreciable contribution 

to the total milk fat ,  with these TGs comprising only about 8 and 5% of 

the control and 1 8 : 2 -rich milk fats respectively . 

The cis - monoene TGs were of  maj or i�portance in both milk fats 

with TGs containing 34 - 42 acyl carbons e . g .  1 8 : 1  - 1 6 : 0  - 4 : 0 

comprising 1 5  and 1 2% of the control and 1 8 :  2-rich milk fat s  resl�'�ctively 

and those co:�taining 46 - 52 acyl carbons comprising 1 1  and 7/; of the 

control and 1 8 : 2-rich milk fats  respectively . The major individual 

species of TG, with a single cis double bond , likely to be contributing 

to the control arrl 1 8 : 2-rich milk fats  are :  1 8 : 1  - 1 6 : 0 - 4 : 0 ,  1 8 : 1  -

1 4 : 0 - 4 : 0 ,  1 6 : 0  - 1 6 : 0  - 1 8 : 1 ' 1 8 : 0  - 1 4 : 0  - 18 : 1 ' 1 8: 1  - 1 4 : 0  - 1 8 : 0 ,  

1 8 : 0  - 1 6 : 0  - 1 8 : 1 and 18 : 1 - 1 6 : 0  - 1 8 : 0 ,  On the other hand the 

individual species of monoene TGs containing traJill 1 8: 1  did not ap�ear 

to  be of quantitative importance in the total milk fat with these TGs 

in total  contributing only 9 and 5% to  the control an:3. 1 8 :  2-rich milk 

fats respectively , 

The dieBe TGs provid ed a greater proportion of the TGs of  the 

total 1 8 : 2-riQ.h milk fat than the cis - monoene TGs , with those 

containine 38 � 42 a cyl carbons e . g .  1 8 : 0  - 1 8 : 2  - 4 : 0 comprising 1 4$0 

of the totnl TGs and those containing 48 - 54 acyl carbons e . g .  1 6 : 0  -

1 8 : 2  - 1 8 : 0  providing 10� of the total TGs , In addition the die.ne TGs 

of the 1 8 : 2-rich milk fat a lso contained TGs comprised of two 1 8 : 1 s  and 

a saturated FA with the ma j or species likely to be 1 8 : 1  - 1 8 : 1  - 4 : 0 ,  

1 8 : 1  - 1 6 : 0  - 1 8 : 1  and 1 8 : 1 - 1 8 : 0  - 1 8 : 1 . In the control milk fat 

the diene TGs conta ining 36 - 42 acyl carbons , with the maj or species 

likely t o  be 1 8 : 1  - 1 8 : 1 - 4 : 0  with lesser amounts of 1 8 : 2  - 1 4 : 0 - 4 : 0 , 

1 6 : 0  - 1 8 : 2  - 4 : 0  and 1 8 : 0  - 18 : 2  - 4 : 0 , comprised 4% of the TGs , whereas 

those containing 48 - 54 a cyl carbons e . g .  1 8 : 1  - 1 6 : 0 - 1 8 : 1 , 1 8 : 1  -

1 4 : 0  - 1 8 : 1  and 1 8 : 1 - 1 8 : 0  - 1 8 : 1 comprised 8/o of the TGs of the 
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control milk fat .  

The triene TGs contributed only a minor proportion o f  the TGs of 

the contra� milk fat with those containing 4 : 0  or 6 : 0 ,  such as 1 8 : 1  -

1 8 : 2  - 4 : 0  compri sing only about 3% and those containing three l ong 

chain FAs e . g .  1 8 : 1  - 1 8 : 1 - 1 8 : 1 c�nprising about 4% of the TGs of the 

control milk fat .  I n  contrast these triene TGs contributed nearly 

twice a s  much to the 1 8 : 2-ri ch milk fat with 4� in the form of iow mol . 

wt . triene TGs ( c40 - c42 ) and �·� a s  high mol . wt . triene TGs ( c50 -
c54 ) ,  with major individual TG species l ikeiy to be 1 8 : 1 - 1 8 : 2 4 : 0 ,  
1 8 : 1  - 1 8 : 2  - 6 : 0 , 1 6 : 0 - 1 8 : 2  - 1 8 : 1 , 1 8 : 1 - 1 6 : 0 - 1 8 : 2 ,  1 8 : 2  - 1 6 : 0 -

1 8 : 1 , 1 8 : 0 - 1 8  : 2 - 1 8 : 1 and 1 8 : 1 - 1 8 : 2 - 1 8 : 0 , In addition 'IGs 

cont�:lining 4 or 5 double bonds ,  such as  1 8 : 2  - 1 8 : 2 - 4 : 0  and 1 8 : 1 - 1 8 : 2  -

1 8 : 1  comprised another 9� of the 1 8 : 2-rich milk fat .  

In summary, comparison of the contributions of  the variou s  TG 

species to  the total milk fats indicated that in the 1 8 : 2 -rich milk fat 

there was a much greater contribution from the diene and triene TGs with 

a corresponding decrease in the contribution frvr"1 the sature,ted and 

monoene TGs ,  This trend occurred both from the TGs of l ow  mol , wt . i . e .  

those conta ining 4: 0  or 6 : 0 and from the TGs of high mol . v•-t • •  The 

med ium mol . wt . TGs contribu ted only minor amounts to each cla ss  of TG 

in the total milk fats , except in the ca se of the saturated TGs vrhich 

c ontributed 9 and 5% of the total TGs of the control and 1 8 : 2-ricb milk 

fats re spectively, 



1 1 3 . 

Section 3 . 7 . Thermal analysis of the triacylglycerols of the 

control and 1 8 : 2-rich milk fats and their respective 

high, medium and low molecular weight fractions 

3 . 7 . 1 . Thermal analysis of the triacylglycerols of the fractions of 

high molecular weight 

The high mol , wt . fra ction of the control milk fat melted over the 

range -27 to 41°0 with the bulk of the sample melting between -1 0 arrl 

40°0 ( Figure 1 5 ) ,  whereas the high mol , wt. fraction of the 1 8: 2-rich 

milk fat melted between - 38 and 38°0 with the bulk of the sample 

melting between -9 and 34°0 (Figure 1 6 ) . The ma in melting peak of the 
0 control fra ction , at 34 - 35 C was preceded by a dip in the therrr:ogram, 

centred at 1 5°0 . Temperine of the sample as in section 2 . 6 . 1 . caused 

the partial removal of this dip without affecting the remainder of the 

thermogram , indicating the possibility of the dip being caused by a 

polymorphic transition , The high mol . wt . fraction of the 1 8 : 2--rich 
0 milk fat contained only one broad peak centred at 1 7 C .  

3 . 7 . 2 . �ermal analysis of the triacylglycerols of the fractions of 

medium molecular weight 

The med ium mol . wt . fraction of the control milk fat melted over 

the range -25 to 25°0 with a single main melting peak at 1 9°0 

following a minor melt ing peak at 10°0 ( Figure 15 ) . On the other 

hanl in the 1 8 : 2-rich milk fat , the med ium mol . wt .  fraction contained 

two main melting peaks centred at -2 and 1 3°0 , with the total sample 

melting between -42 and 22°0 , although 75% of the sample melted 

between -9 an:l 22°0 (Figure 16 ) (Figure 1 8 ) . Tempering of the sample , 

at the temperature of the dip between the melting peaks caused the 

first peak to be shifted from -2°0 to -1 0°0 (Flgure 1 7) ,  This 

behaviour would be consistent with solid solution formation in the 



m ed ium mol. wt . fra ction o f  the 1 13 : 2 -rich m ilk fa t .  The position o f  

the lower f.'lel ti ne r-·c'!1·� .i.n the the rmo{P:'arJ o.f the fra ct i on of med inm mol . 

wt ,  of th e 1 :3 : 2 - )� t ch m ill� f:::: t corre s:ponc1ed q u j_ te clos ely t o  th e me l ting 

peak t Oo,.., . tt.. f J • C' 1 1 ...L a '-' J.n :1 8 .. ra c c l on O.L ... ow mo . '�"' " · o :  the 1 8 : 2 -ri ch milk fe. t ,  

whP. rea s th e Ge cm;C. rne l t .i. ng pea k corres:r:·ond ed cl ose ly t o  the mel t i ng 

pea� a t  1 7°C in the fn: ct i on o f  high mol . '.'7t , o f  the 1 8 : 2 -rich m ilk fa t .  
In ad cl.i.  ti.on tl:"le second mel t 5. ng peak also  corre sponded cl o se ly t o  t'l:le 

ma in melti nc 3'82. 1-< of the ;-n ed ium mol . wt . fn ct ion o: the control mill: 

fa t .  

3 . 7 . 3 .  

The the:cmocram o t"  the J. 0\7 mol . wt . fn� ction o f  the control rrLi.lk:: 

fa t '.'.'<:: s very cor:1ple:c with a larce broad reak 1'18 l t :!.ng b etvre en - 4 1 . and 

4°C follm7cd b�r an ex otherrni c tra ns it i on a t  (.°C,  a d ip a t  1 3°C ar<cl the 

The melt inG ranee of the
, 

sa mp le W8 s - 4 1  t o  2 5°C . wi th 65�j o f  the s2mpJe meltine; b e fore the 

e.xoth e :rm i c  tra ns i t i on a t  6°C ( Figure 1 8 ) . 

removed the exotherm i c  tra ns it ion a t  6°C but not th e d ip n t  1 3°C , 

in Hca tinc the pre sence of a :rolymor rhi c  trans i t i on a t  6 °::; ( Fi[!uTe 1 7) . 

\Vhe:rea s th e low mol . wt . fn=� cti on o f  the control mi lk fa t showed a 

complex t!1�7�rm�l beha vi our , tha t of the 1 8 :  2 -rich milk fa t exh ibited one 

broad mel t i nc peak centred a t  0°C . ( Fi QJ. re 1 6 ) . Thi s  s a mple me1. ted 

over the rG nG•'? -49 to 1 8°C , w ith ?6�� o: the sample mel t i ng bekeen -112 

and 1 1 °C . ( Figure 1 8 ) . 

The t ern�eratu re o f  the mel tine rea k o ::'  the lovr mol , wt . fr:::1 ct i on 

of th e 1 8 : 2 -rich rnEk. fa t corr e spond ed cl os e ly t o  the ini t in l  br<X>d 

peak o :  the l o\7 mal . wt . fra c t i on o: the contr ol milk fa t ,  with -�he 

fin ish of melting for bo th of thes e  peaks be ing at abou t 6°C .  
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3 .  7 . 4 .  Thermal analysis of the tria cylgl ycerols of the total milk fats 

0 The control milk fat melted over the range -33 to 34 C ,  compared to 

- 37 to 30°C for the 1 8 : 2-riCh milk fat .  Two maj or melting peaks, one 

at  1 4°c and another broader peak at 2 1  - 31 °C, were present in the 

control milk fa t :  whereas in the 1 8 : 2 -rich milk fat there was only one 

maj or peak, at 1 2 °C ,  which corre sponded to the melting peak of it ' s  

0 high mol . wt . fraction, together with a broad hump at -24 C and a small 

shoulder between 1 7  and 28°C .  The maj or melting neak of the 1 8 : 2-rich 

milk fat occurred at a similar tem,erature ( 1 2 -1 3°0)  to  the first maj or 

melting peak of the control milk fat ( Figures 1 5  and 1 6 ) . 

A large dip occurred ir. the thermogram of the control milk fat at  

1 8°0 ,  but tempering of the sample failed to  al ter the thermogr�m 

indica ting tha t a polymorphic transition was not occurring at tha t 

temperature . 

3 . 7 . 5 .  Liauid fat content of control and 1 8 : 2-rich milk fats and their 

respective fractions of high, med ium and low molecular weight 

The liquid fat content of the control and 1 8 : 2-rich milk fa ts and 

their respective fra ctions wa s determined using the integral of the 

D . s . c .  melting curve . Although this does not provid e an absolute 

meBsurement of liquid fat content , it does provid e a mea sure of the 

relative liquid fat content s ( Figure 1 8) .  

The high mol . wt . fra ction of the 1 8: 2-rich milk fa t melted at a 

much lower temperature than i�s counterpart in the control milk fat , 

being 5o% liquid 'at 1 6°C a s  compared with 29°C for the control fraction 

( Table 34 ) .  At 1 6°C only about 30% of the high mol . wt . fraction of 

the control milk fat had melted ( Figure 1 8 ) .  

In the med ium mol . wt . fra ction, the 1 8 : 2 -rich milk fat a ga in 

melted at  a muCh lower temiJerature with the sample being 5o% liquid a t  
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-2°C compared to 1 2°C for the control milk fat .  

Table 34. Proportions of lia uid fat 

fats and 

Milk fat Control 

1 8 : 2-rich 

High mol . Control 

wt . 1 8 : 2 -rich 

Med ium Control 

mol . wt . 1 8 : 2-rich 

Low mol .  Control 

wt . 1 8 : 2-rich 

their res11ective 

Tempera ture for 

25% melting ( oc ) 

1 

-1 0 

3 
-- - - ·  

3 

-1 1 
- - ·- -· -

- 1 3 ( -1 0) 

-1 8 

fat percentages after temper ing 

in the control and 1 8 : 2-rich milk 

tria c;ylc;l::n;:erol 

Temperature 

so% :nelting 

1 0  

5 

for 

( oc )  

29 ( 27) 

1 6  
- -

1 2  

-2 

fraQtions b 

Temperature for 

75% melting ( oc )  

2 0  

1 2  

34 ( 33 ) 

24 
- - - - - - - - - -

1 8  

9 
-- - - -- - -- - - - - - -

-1 ( 8) 1 5  ( 1 6 ) 

-8 - 1  

liquid fat content s ob tained by integra tion of  n . s . c .  melt ing 

curves . 

The lmv mol , wt . fra ction of the 1 8 : 2 -rich milk fat had a so% 
0 0 liquid fat content a t  -8 C compared to -1 C for the control milk fat .  

At 0°C .  the high , med ium a nd  low mol . wt . fractions of the 1 8 : 2 -rich 

milk fat contained 2 1%, 56% and 79� liquid fat respectiv�ly compared to 

1 1 %, 2 1% and 52% for the same fractions of the control milk fat (Table 

35 ) . At 20°C where the low and med ium mol . wt . fra ctions of the 

1 8 : 2-rich milk fat were completely in the liquid state and the high mol . 

wt .  fra ction was 64% liquid , the high mol . wt . fraction of the control 

milk fat wa s  only 24% liquid and the low and med ium mol . wt .  fractions 

were 95% and 92)(� liquid respectively . 

The same effect on the melting of the fat was also evident in the 



1 00-.- , , , 
, , , 

, , , , , , . , • 18: 2- r ich • , 
' , 

' , • , 
• ' 80-l I , 

' I • 
, • 

' 
, , 

' • 
' ' ' 

medium • ' 
' • 

, . ' 
I ' 

' ' ' I ' ' ' ' 
' , , � ·� 

I , /-high ' I - I ' , .E I ' • 
' I ' ' 

I , ""0 , 
'5 I • low I , .2'" I . 

, 
I , 

I , 
milk fat , I . 

, 

Control 

, 
, 

,, 
,, 

, ,  
, ,  I ' 

' ' 
' , 
I ' • ' '  

I ' 
I : 

I ' 
I , 

, 
, , 

• 
• 
• 
• • 
• 
I 
I 

I 
• , 

,. -

medium 
' 

• • • • 
• 
, ,•' , 

, 
I 

I 
• , , 

, , . 
' 

' , 
I 

.' , 
, 

, , 
. 

, 
, 

low / 

, .. -
'' 

, 
, 

, , 
, I , I 

, 
, 

, 
, 

, , 

I , 
, 

, 

' , , . : i-high I I , , I I I I I I 
, ' I I , , 

' , 
, ' 

, 
,' ,' 

mi lk fat 

-40 -30 -20 -10 0 10 20 30 40 50 -40 -30 -20 -10 0 10 20 30 40 50 

Figure 1 8 .  

temperature 0( 
I 

Liquid fat c ontent s of the contr ol am 1 8 :  2-rich milk fats and their triacylglycerol fractions 
of high , med ium and low molecular weigh t ,  at di fferent tempera tur es , 



Table 3,2. Pro£ortions of liguid fat in each samnle of the control and 1 8 : 2-rich milk fats at S£ecified tempera tures 

% liquid fat 

TemZerature High mol , wt. Medium mol. Yrt . Low mol . wt . Milk fat oc )  
Control 1 8 :  2-rich Control 1 8 : 2-rich Control 1 8 : 2-rich Control 1 8 : 2-rich 

- 30 0 ( o )a 2 0 3 ( 1 )  3 ( 5 )  7 0 4 

-20 1 ( 1 )  7 1 1 2  ( 5 ) 1 2  ( 1 3 ) 2 3  3 1 5 

-1 0 5 ( 3 ) 1 3  8 28  ( 2 7 ) 31 ( 2 5 )  46 1 1  2 5 

0 1 1  ( 9 )  2 1  2 1  56 ( 5 5 )  52 ( 38 ) 79 25 42 

1 0  22  ( 2 3 )  36 44 76 ( 73 )  68 ( 5 3 )  97 50 66 

2 0  2 4  ( 33 )  64 9 2  1 00 ( 1 00 )  95 ( 94 )  1 00 75 92 

30 52 ( G3 )  92 1 CO 1 00 ( 1 00 )  1 00 ( 1 00 )  1 00 96 1 00 

40 1 00 ( 1 00 )  1 00 1 00 1 eo ( 1 oo) 1 00 ( 1 00 )  1 00 1 00 1 00 

( )a Fat percentages after temrering 

b Liquid fat contents obtaitled by integration of D . S . C .  melting curves 

b 

_. 
_. 

--.J 
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tota l  miU:: fat ,  with 507; of the 1 8 :  2-ric.h milk fat being liquid a t  

5
°

C compared t o  1 0
°

C for the control rnilk fa t .  

Secti on 3 . 8 .  

3 . 8 . 1 . l3ios:ynthesis of tria cylglycerols in freshly secreted b ovine 

This study wa s initia t ed to determine the manner in whi ch the 

intake o f  large am ounts of 1 8 : 2  by ruminants wa s a ffecting TG 

b i osynthe sis  in the mamma ry gla nd . As milk had been found to be a 

convenient source of enzymes  carable of th e synthes is of TGs (McCarthy 

ani Fa tton,  1 <:'64 ;  McCarthy et___§l ,  1 9 65 :  Chri stie , 1 974 � �  Kinse ll a ,  

1 974 ) ,  f'reshly secre ted milk wa s used i n  the current study . 

The first a im in  these experiments wa s to  obtain a su fficiently 

high ancl consi stent level of incorpora tion of FAs into TGs by the 

enzymes of freshly secreted bovine millc . In  the next stage , 

m onozygous twin cows were t o  be used in pa ired feed ing experiments in  

whic...� b oth covrs would start on  a diet  of  ra sture gra ss be fore one 

a ni mel wa s fed a daily suprlerrtent of 1 ks protected sunflower oil . 

The rat e  and level of incorroration of FI\. s wa s to be determined i n  both 

cows before and a fter feeding the rrotected sup-plement , to  obtain � 

comparison of the TG SJ'1:lthe sis in freshly secreted milk collected f'rom 

cows fed on a normal di et or on a diet high in 1 8 : 2 ,  and attempt to 

rela te this to the si tua tion occurring in  the mammary gland itself .  

The resul ts of  a preliminary ex�eriment to establ ish the pre sence 

of suitable . enzyme a ctivity in bovine mi1k a re civen in Table 36 . The 

whole milk and the surerna tant a fter cen tri fugation of the milk at  

700 xg , incorrora ted 1 2 . 2�� a nd 1 2 . :;';i resre ctively o!: the [1 -1 4c ]  

palmita t e  into TGs , Di fficu lties were expe: · ienced in the analyses of 
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Table 36 . Incorporation of G -1 4c]_P.almita te into triacylglycerols 

by freshly secreted bovine milk 

Enzyme source .Added cofactors 

Vfuole milk 

700 xg supernatant a 

Cream b layer 

2 5 . 000 xg supernatant c 

2 5 , 000 xg supernatant c 

� ATP ( 0 .  5 )liDO le ) 

( CoA ( 0 . 2  pmole ) 
( 
( glycerol ( 2 0  pmole ) 

Incubation conditions 

Incorpora tion into 
triacylglycerols per hour 

Total per ml 
% ( nmoles )  ( nmoles)  

1 2 . 2  3 . 7  0 . 1 2  

1 2 . 9  3 . 9  0 . 1 3  

7 . 3  2 . 2  0 . 07  

3 . 0  0 . 9  0 . 03 

5 . 8  1 . 7 0 . 06 

( 1 )  Substrate [1 - 1 4c] palmita te 1 . 25 x 1 05 dpm ,  0 . 03 pmole dissolved 

in ethanol . 

( 2 )a Milk centrifuged at 700 xg for 5 min .  

( 3 ) c Milk centrifuged first at 700 xg for 5 min then a t  25 , 000 xg 

for 1 0  min . 

( 4 )b Cream layer redi srersed in 0 . 1  1',1-phos:pha te buffer ,  pH 7 . 5 .  

( 5 )  Incuba tion a t  37°C for 1 h - 30 mJ rniJl( . 
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b oth samples because o f  the -rre sence of la:rge q uanti  t ies of fat .  The 

level o f  incor :pore tion a chieved corr r.ared Lwourably with the 

approxima tely 1 3 . 570 incorrora tion of [1 -1 40 ] palmitate into TGs 

obtained by McCarthy and Fat ton ( 1 9 64 ) . The redi spersed cream layer 

and the 2 5 . 000 xg supernatant i!lcorr,ora ted only 7;; nnd 350 of the 

sub stra te res��ctively . The poor incorporation using the 2 5 , 000 xg 

supernatant vms in d irect contrs st wi th the results o f  McCarthy and 

Patton ( 1 964 )  who obta ined good incor:r ora tion using a similar 

centrifugati on speed . S ome stimula tion of the incorp ora tion of [1 -1 4 c ]  

palmitate wa s ob ta ined by the add ition o f  the cofa ctor s, .A.TP, C oA  and 

glycerol . 

In sub seo uent ex:perir.,en ts the mi 1k Ym s centrifuged at  the higher 

speed of 1 000 xg for 1 0  min , to remove grea ter quantities of  the fat ,  

( a )  E ffe ct o f  cofa ctors 

The add ition of .A.TP . CoA or glycerol - 3-phosphat e  to the 

incubation med ia had been shown to have little effect on the 

incorroration of � -1 4c ] palmita te (r:IcCa rthy and Fa tton,  1 964 � 

Christie ,  1 974 ) but Christi e '  ( 1 974 ) found a signifi cant stimul8.tion by 
\ 

glycerol , Addition of .A.TP , CoA and glycerol to the incubations in the 

present study stimulated incorpora tion of 

three- fold ( Table 37 ) , Ab out 50')� of the 

� _1 4 c ]  palmi ta te more than 

lj - 1 4c j pa lmitate ,  whi ch wa s 

equiva lent to 0 . 5  nmoles/ml/h wa s incorpora ted into TGs in the presence 

of the cofa ctors , Thi s level of incorpora tion was higher than the 

approximately 0, 1 1  nmoles/ml/h ob ta ined by McCarthy and Fatten ( 1 964 ) 

in the milk of goats  or cows , but was mu ch l ower than the 4 . 4  nmoles/ml/ 

h ob tai ned in the milk of goa ts by Chri stie ( 1 974 ) • 
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Table 37. Incorpora t i on of [1 -1 4a palmita te into tria cylglycerol s by 

freshly secreted bovine milk 

Enzyme s ource Add ed cofa ct ors 

1 000 xg supernata nt 

1 000 xg supernatant ATP , CoA , glycerol 

Incuba tion conditi ons 

Incorpora tion into 
tria cylglyce rols per hour 

% T otal per ml milk 
( nmoles ) ( nmol e s )  

1 5 . 4 

50 . 4  

4 . 6 

1 5 . 1 

0 . 1 5  

0 . 50 

( 1 ) Substra te [1 -1 4c]  pa lm i ta te 1 . 2 5 x 1 05 dpm ,  0 . 03 pmoles d i s s olved 

in ethanol . 

( 2 )  Milk centri fu ged a t  1 000 xg for 1 0  min.  

( 3 )  Cofa ctor s - CoA ( 0 .  9 )lmole ) ,  ATP ( 3 .  0 )lmole ) ,  glycerol ( 60 pmole ) 

( 4 ) Incubation at  37°C for 1 h - 30 ml milk . 

( b ) E ffe ct of substra t e  d ispersion 

The e ffect of tvro d i fferent me thod s of  prepa ring the substrate are 

shown in Table 38 . h 
�' A fter one · our . 1 3'/o of the sub stra t e  wa s 

incorporated into TGs when it  wa s add ed a s  a complex ?d th bovine serum 

alb umen [[1 - 1 4c J palmita te ( BSA�. wherea s 8 .  y;0 wa s incorpora ted when the 

substrate wa s d i s s olved in eth�nol ([1 - 1 4c] palm i tate ('Eth . �· Thi s  l ower 

level of  incorpor? tion u s i ng l� -1 4c ]  palmita te (Eth . )  could possibly 

explain the low levels of incorpora tion a chi eved by McCarthy and Pat t on 

( 1 964 ) . 

Table 38 . Effe ct of sub strate d i spersion on the incorporation of 

palm ita te i nto TGs by freshly s e creted bovine m ilk 

Enzyme s ource Ad,ded Cofa ctors 

1 000 xg supernatant C1 
ATP, CoA , glycerol 

1 000 xg b superna tant ATP , CoA, glycerol 

Incorpora tion ..1.!!iQ 
tria cylglycerols per hour 

% Total per ml milk 
( rnnoles ) ( nnole s )  

1 3 . 0  6 . 5  0 . 43 

8 . ; 4 . 1 0 . 2 7 
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Tab le 38 ( cont.) 

Incubation cond iti ons 

( 1 )  Sub stra t e s  _a G -
1 4c] 

b G -1 4c] 
palmita te (J3SA )  2 . 2 3 x1 05 c pm ,  0 . 05 pmole 

c::. 
palmi ta t e  (Eth , ) 2 . 47 x 1 0� d pm ,  0 . 05 prnole 

( 2 )  Centr i fugation of mi lk - 1 000 x g  for 1 0  min. 

( 3 )  Cofa ct or s - A'l'P ( 1 . 5 pmole s ) , CoA ( 0 . 45 ymole ) , glycerol ( 30 pmole ) .  

( 4 )  Incuba t ion a t  37°C for 1 h - 1 5 ml milk .  

( c) I ncorpora t ion of long cha in fa tty a cid s 

Individual l ong cha in FAs are incorpora ted into TGs by fresh ly 

secreted goa ts mi lk at di fferent ra tes ( Chri stie , 1 974 ) with the 

rela tive ra tes b eing 1 8 : 2  > 1 8 : 1  > 1 4 : 0  > 1 2 : 0  > 1 0 : 0  > 1 6 : 0  > 1 8 : 0 ,  

T o  d etermine whe the r relative ra tes were similar in bovine milk fa t ,  

three l ong- cha in FAs ,  � -1 4c] myris ta te b - 1 4c] stea ::::'a t e  and G -1 4c] 
palmita te were incubated with freshly s e creted bovine milk for 1 hour 

( Table 39 ) .  Myri state wa s incorp ora ted into TGs to a hieh er level 

than palmita te but on the other hand the incorp ora tion of s t earate wa s 

only about hal f  tha t of palmita t e ,  Stearate seemed to give grea ter 

incorpora t i on into DGs than ei th er palmita te or myrista t e ,  which may 
\ 

indi ca te that the above di fference may not b e  due t o  j u st the lower 

s olubility o f  stearate , There fore in summary the rela tive ra tes of 

incorporation into TGs by b ovine milk fat were 1 4 : 0  > 1 6 : 0  > 1 8 : 0 .  

Table 39. Incorpora tion of l ong cha in fa tty a cids int o l ipid cla sses 
by freshly secreted bovine milk 

Sub strata 

b -
1 4c] pa lmita t e  (J3SA )  

G -1 4c] myri s tate (J3SA ) [1 -1 4c] stea rate (J3SA )  

Incorporat�on into lipid 
r:f. /� Total 

( nmole s )  
TG DG TG DG 

1 0 . 9  1 . o  5 . 5 0 , 5 
1 3 . 7  1 .  8 6 . 9 0 . 9  

5 . 0 2 . 3  2 . 5 1 .  2 

cla s ses J2er h 

per ml milk 
( nmole s )  

TG DG 
0 . 3 7 0 . 03 
0 . 46 0 . 06 
0 . 1 7 0 . 08 



Tab l e_32 ( contJ 
Incubation conditions 

1 2 3 .  

( 1 ) Sub stra tes - � -1 4c ]  
G -1 4c ] myrista te (ESA ) 

pa l:1 itate ( ESA ) 2 . 23 x 1 05 d pm ,  0 . 05 )lr:!Oles ; 

1 , 80 x 1 05 dpm .  0 . 05 pmole s : [1 - 1 4c] 
s t ea ra t e  (ESA) 2 , 1 1  x 1 05 dpm , 0 . 05 pnole . 

( 2 )  Centri fugat i on of milk - 1 000 xg for 1 0  m in .  

( 3 ) Co fa ctors - ATP ( , 5 pm ole ) , Cot\. ( 0 , ;�5 pmoJ � ) , gly cerol ( 30 pmole ) . 

( 4 ) I ncub a t i on for GO m in a t  37
°

C - 1 � t:ll milk . 

( d ) Ra i.Lo£' i ncoiQ_q_ra ti_on o f  :ca lmi tn t� 

The b - 1 4 c ] :pn lm�.tc t e  was :rtJ pid l.y ineo rp ora t ed into TGs over th e 

first 30 min but th en .i.ncorpo�ra tion virtually cea sed ( Figure 1 9 a )  
( Table 40) . The initi a l  ra te of incorpoD3. t i on of 0 .  76 runoles/ml milk/h 
wa s mu ch lower tha n t he ini ti 2 J. ra t e  ( G nmole s/ml milk/h) calcula t ed 

from the resul ts o£'  Chri s t i e  ( 1 974 ) u s ing coa t s  milk . but the shape of 

the ra t e  curves wa s very si milar . Incorpora tion of pal m i ta t e  into DGs 

was much les s than int o TGs , a nd  reached a maximum a ft er 20 min , then 

d ecrea s ed . The ini. t ia l ra t e  o .f inco rp ora tion into DGs ( 0 .  42 nmoles/ml 

m .ilk;h) 0\"er the fir s t  20 min was mu ch sl ower than the initial ra t e  

( 6,  6 moles/ml m ilk/h ) fm.:::�d by C:'1ri s t ie ( 1 974 \ b1lt once a ga i n  the 

shape of the rn t e  cu rve wa s sim.ilar . 

1 0  
2 0  
30 
60 

Rate of incor.J':.QI_3 tiQrr...Q.�_G_-=-��cha lmi ta t e  _into _li-;;id cl,_a..§..§£§. 
by freshl;v s�_cre t eq_ bo,-:_i ne milk 

Incorpo1:_a t ion into l ipid cl_a s se s  
r� Tota l per ml milk /-: 

( mole s )  ( nrnoles ) 
TG DG TG DG TG DG 

6 . 5 2 . 7 3 . 3 1 . 4 0 , 2 2  0 . 09 
9 . 1 4 . 3  t r::: . -· 2 . 1  0 , 30 0 . 1 4  

1 1 . 3 3 . 7 5 . 7  1 . 9  0 . 38 0 . 1 2 
1 3 . 0  3 . 8  6 . 5 1 . 9 0 . 4 3  0 . 1 3  
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Table 40 ( contJ 

Incubation conditi on� 

( 1 ) Substra te - � -1 4c] palmitate (:BSA) 2 . 47 x 1 05 dpm , 0 , 05 pmcle . 

( 2 )  Centrifugation - 1 000 xg for 1 0  min,  

( 3 ) Co.fa ctors - ATP ( 1 . 5 pmole) , CoA ( 0 . 45 prnole ) ,  glycerol ( 30 pmole ) .  

( 4 )  Incubation at 37°C for 1 h - 1 5 ml milk . 

( e ) Incorporation of h::2_Jj___I1g_lmi ta tEL_ini_o li nid s  by freshly secret_ed 

Milk samples were collected frot.l a pa ir of monozygou s twin cows and 

separa tely i ncub ated vri th G - 1 4� pa lmi tGte .  Rates o f  incorpor& tion 

into TGs varied ( Tab le 41 ) but the fina 1 level of incorpora tion c:tta ined 

by milk from both coYrs was similar ( F'i,r;m:e 1 )la ) .  

Table 41 . Rates o f  incor�ora tion o f _��c] �almita te into tria cyl-
glycerols b;y 

twin cows 

Time ( min) 
c1, , ... 

Twin 1 

5 3 . 7 
1 0  9 . 1  
25 1. 1  • 2 

40 1 1 . 4  

60 1 1  • 6 

90 1 2 . 9  

Incubation conditions 

fresh...ll_�reted m_ilk from a pa ir o: monoz;ygous 

I ncorpora tion into TGs 

Total per ml milk 
( nmoles)  ( nrnoles ) 

Twin 2 Twin 1 Tvrin 2 Twin 1 Twin 2 
4 . 7  1 .  9 2 . 4  0 . 1 3 0 , 1 6 

6 . 0  4 . 6  3 . 0  0 ,  3 1  0 , 20 
1 0 , 8  5 . 6 5 . 4  0 . 37 0 . 36 

1 1  • 8 5 . 7 5 . 9  0 . 38 0 . 39 

1 1  . o  5 . 8  5 . 5 o .  39 0 . 37 
1 1 . 8  6 . 5  5 . 9  0 . 4 3 0 . 39 

( 1 )  Sub strate - � - 1 4c] palmita t e (:BSA)  3 . 52 x 1 05 dpm ,  0 . 0 5  pmoles .  

( 2 ) Centrifugation - 1 000 xg for 1 0  min .  

( 3 )  Cofa ctors - ATP ( 1 . 5 �moles ) ,  Col'. ( 0 .  4 5 )lmoles) , glycerol ( 30 )lmole s ) , 

(4)  Incubation at 37°C - 1 5  ml milk. 
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The se two cows were nearing the end of their lactation peri�l , and 

although t!::le ab�re levels of  incorporation were somewhat  less than 

satisfactory it wa s decided to proceed with a preliminary experiment to 

determine the possibili�J of any effect of feedinG nrotected sunflower 

oil on the characteristics of  the synthesis  of TGs in freshly secreted 

milk . One of ��e cows of the twin pair wa s fed t!::le protected 

sunflower oil as a daily supplement to pas ture , while the other member 

of t!::le pair continued on pasture .  Unfortunately before a suitable 

level � 1 8 : 2 in the milk could be a chieved, i . e . a level consider�d 

high enough to affect TG biosynthesis in the mammary gland , the milk 

yields of the two cows , espe cially t!::le animal receiv�ng the protected 

sunflower oil , had declined to the point where insu Eicient milk was 

available for the experiment . 

( f) Attem�ts to improve the levels of incorporation 

At the beginning of the next dairying sea son, freshly lactating 

cows ( 1 - 2 months ) were used in a further attempt t ::>  a chieve greater 

and more constant levels of incorporation (Table 42 ) , Noticeably 

improved incorporations of palmitate were obtained by ( 1 ) the addition 

of elycerol-3-phosphate and :MgC12 as add itional cofa ctors ,  ( 2 ) hand 

milking , Unfortunately varia tions in incorporation were experienced 

between experiments ,  irrespective o.: whether the milk was collected 

from the same cow or a di fferent cow, For example the levels of 

incorporation in two exr.eriments ,  under seemingly identical conditions 

were 1 . 09 nmoles/ml milk/h and 0 . 62 nmoles/ml milk/h . Overall the 

incorporation varied between 0 . 1 2  and 1 ,  09 nmoles/ml milk/h . This 

contrasts markedly with the results of  Christie ( 1 974 ) usine goa ts ,  who 

achieved very consistent results  betvreen experiments with standard 

deviations being less than 1 0  - 1 2;� of the mean valt:: e ,  Only one 

experiment , in the present study, gave incorporation in the range 



Table 42 . Incornora tion 

Enzyme source 

� 1 000 xg supernatant 
� 1 000 xg su:rerna tant 
� 1 000 xg supernatant 
� 1 000 xg super1�tant 
� 1 000 xg supernatant 
� 1 000 xg supernatant 
� 1 000 xe supernatant 
� 1 000 xg supernatant 
+ c 1 000 xg supernatant 
+ d 1 000 xg supernatant 

a 1 000 xg supernetant 
Buttermilka e  

1 000 xg su11ernatant 
1 000 xg supernatant 
1 000 xg surerrlfl tant 
1 000 xg supernatant 

700 xg supernatant 
700 xg supernatant 

1 500 xg supernatant 
1 500 xg supernatant 

( 5 min)b f 

( 3 min)b f 

( 1 �· min)b f 

( 1 0  sec)b f 

( 3 min)b f 

( 1 0  sec)b f  

( 3 min)b f 

( 1 0  sec)b f  

almita te into TGs b secreted bovine milk 

Cofactors Incorporation into TGs 

CoA ,  glycerol , ATP 
CoA, glycerol , A'l"F , Glycerol-3-phosphate 
CoA ,  glycerol , ATP , MgC12 
CoA,  glycerol , ATP, DTT 
CoA ,  glycerol , ATP , Na F 
CoA , glyceroL NrF , EDTA 

CoA ,  glycerol , ATP , r!IgCl2 , DTT 
Coli. ,  glycerol , ATP, DTT, NaF .  :�TA 
CoA ,  glycerol , ATP, Glycerol -3-phosphate 
CoA,  glycerol , ATP , Glycerol-3-phosphate 
CoA ,  glycerol , ATP , Glycerol-3-phosphate 
CoA ,  glycerol , ATP, Glycerol- 3-phosphate  
CoA ,  glycerol , ATP ,  Glycerol-3-phosphate 
CoA ,  glycerol , ATP, Glycerol- 3-phosrhate 
Ccu-'\ , glycerol , ATP , Glycerol-3-phosphate 

CoA ,  glycerol , ATP, Glycerol-3-pho�)hate 
CoA ,  glycerol , ATP, Glycerol-3-phosphate 

CoA, glycerol , ATP, Glycerol-3-phosphate 

CoA ,  glycerol , NrP, Glycerol-3-phosphate 

CoA ,  glycerol , ATP, Glycerol-3-phosphate 

% 
+ 2 , 6 - 0 , 1  
+ 7 . 3  - 2 . 5 
+ 3 . 1  - 0 . 3  
+ 1 . 6 - 0 . 3  
+ 2 . 4 - 0 . 5 

1 . 5 -: 0 . 3  
+ 2 . 6 - 0 . 2  
+ 2 . 4 - 0 , 8  
+ 1 . 9 - 0 . 3 

3 . 0 :!: 0 . 9  
+ 32 . 6  ·- 2 .  2 
+ 1 . 1 - 0 . 3  
+ 2 . 7 - 1 . 3 
+ 3 . 5 - 1 . 2  
+ 4 . 4  - 1 . 0 
+ 4 . 2 - 0 . 6  
+ 5 . 0 - 0 . 9  
+ 4 . 4  - 0 . 5 

4 . 8  : 0 . 9  
+ 4 . 3 - 0 . 5  

( To be 

per ml milk 
( nmole s ) 

+ 0 , 22 - 0 , 03 
+ 0 , 62 - 0 . 2 1  
+ 0 . 26 - 0 . 03 

0 . 1 3  ! 0 . 03 
+ 0 . 20 - 0 . 04 

0 . 1 2 -: 0 . 03 
+ 

0 . 22 - 0 . 02 
+ 0 . 20 - 0 . 07 
+ 0 . 1 6 - 0 . 03 
+ 0 . 2 5 - 0 . 08 

1 . 09 : 0 . 07 
+ 0 . 04 - 0 . 01 
+ 0 . 27 - 0 . 1 3 
+ 0 . 35 - 0 . 1 2  
-1 0 .  4L1 - 0 . 1 0  
+ 0 . 42 - 0 . 06 

0 . 50 :: 0 . 09 
+ 0 . 44 - 0 . 05 
+ 0 . 48 - 0 . 09 
+ 0 . 43 - 0 , 05 

continued ) 

_. 
1\) 
0'\ 



Table 42 . lnqorp_Qration of_ L1 - ' '"tC l_palmi ta te intQ TGs by __ fre shly secreted bovine milk ( cont.) 
Incubation condi tions 

( 1 )  Subs_t_ra tes :!t: [1 -1 4c] :pa lmi ta te (J3SA) 1 . 82 x 1 05 dpm ,  0 . 1  pmole s  

+ [1 -1 4c] :r:a lrr.i ta te (J3�;A) 2 .  02 x 1 o5 d:pm , 0 . 1  )l1i10les 

a G -1 4c ] palmitate (J3SA ) 3 . 82 x 1 05 dpm , 0 . 05 ymoles 

b b -1 4c] palmita te ( J3SA) 3 . 50 x 1 05 
dp� ,  0 . 05 pmoles 

( 2 ) Cofa ctor s  ( per 1 0  ml oilk ) , A�P ( 1  ymole) ,  glycerol ( 20 ymole ) , glycerol -3-rhosphate  ( 1 0  ymole ) , 
i>lgCl2 ( 0 . 5 ymole ) , Na li' ( 5 ymole)  . .;;:oTA ( 5 pmole ) , DTT ( 0 . 5 ymole ) ,  CoA ( 0 . 3fmole ) 

( 3 )  CepJ.ri-rur::a tl.9!L.9.L mi H: - 1 000 xg for 1 0  min unless otherwise sta ted . 

( 4 )  Incubation - Go min a t  37°C --------
( 5 )  c M1lk col lected from si r:gle ma chine milking , 

d �·.'Iilk collected .from hand milkiJ:"I.g a fter ::,lrev i ou s ly ma chi ne milking . 
( 6 ) e Crea1i1 layer redispersed in 0 . 1  1.I-phos:phate bu ffer then recentri fuged at  1 000 xg . 

( 7 ) f Samples centrifuged u si ng d i fferent ti1i1es for the attainment of the final speed , 

r\) -...1 
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( 1  to 2 nmoles/ml mi lk;�) which was cons id ered to be su fficient to 

permit comparison of milk from di fferent cows . 

3 . 8 . 2 .  Biosynthesis of triacylglycerols in freshly secreted goat s  milk 

As Christie ( 1 974) had achieved ra pid incor:Joration of fatty 

a cids int o TGs usinc; goa ts milk prelimina ry  investiga ti ons were 

carried out to d etermine whe ther coats mi gh t  be more su itable animals 

for use in cornparative eJCDeriments . 

PreliMinary expe riments usine freshly se creted milk from. goats  

confirmed the presence of an active system for incor:pora tion of �- 1 4c] 
:palmitate into TGs ( Table 4 3 ) . This incorporation was stimulated by 

the add ition of CoA ,  ATP and glycerol to the incubation med ia . After 

a 1 h incubation, 3 1 7; of the [1 -1 4c] palmita te ( 31 . 1  nmoles )  was 

incorporated into lipids , wi th 88;j going into  TGs , 6 . 4'fo into DGs , ani 

the remainder into phospholipid s .  

More cor:Jprehensive experiments were c.srried out t o  determine the 

rate of incorporation of palmita te and linolea te into TGs , and the 

e ffect of di fferent cofa ctors on the incornoration of 1 6 : 0  ( Tables 44 

ano 45 )  ( Figures 1 9b and 1 9 c ) . Incorpora tion into TGs wa s rapid in 

a ll instances . The grea test rate of incOJ�;'ora tion of nalmi tate 

d · th � l 1 r TD C � ·- 2+ d 1 - 3 occurre ln _ e presence o ( :.; ... ycero , .1. ... , o" . 111g an c ycero.:.- -

phosphate, and in the r-resence of glycerol al one (Table 44 ) ( Figu::e 1 9b ) . 

With these co fa ctor s ,  incorpora tion vras still taking place a fter 1 20 

min, although at a much sl o....-:rer ra te th:m initia lly. In the absence 

of cofa ctors , the ra te of incorporation -;ms slower , and with the level 

of incorpora t ion be ing 25 - 30/'� l0\7er .  Glycerol-3-phosphate alone 

apreared to b e  sUghtly inhibitory. Linolea te , wi th glycerol dded 

a s  cofa ctor , vr2 s incorpora ted into TGs u-c to  a level 1 o;:� higher than 

palmit:3te �  and wit!-1 a very s imilar initial rate (Tab le 45 ) ( Figure 1 9c) . 
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F igure 1.2_. Ra t e  o f  incorpora tion o f  fa tt�r 2 cid s int o  triacylglycerols 
e>.nd Cl ia cylgl ycerol s b" J f:resb ly s e creted b ovi ne cmd cent s  
t:�ilk. 



Table 4,3. Incorporation of l1 4c_halmita te into lipid s by freshly secreted goa ts milk 

Time of � 
incubation Cofa ctors 
-rmin) ----

Total 

20 , 8 

7� Incorporation ----

TG DG 

1 5 . 7 3 . 1 

Total 

20 , 8 

Inc2�oration into liuid s  

Total 
( nmoles) 

'l'G 

1 5 . 7  

DG 

3 . 1 

Total 

1 . 73 

per ml milk 
( nmoles) 

TG 

1 . 3 1  

DG 

0 , 26 30 

60 

ATF , 
glycerol , 
CoA 31 . 1 ( 3 1 . 4 )a 27 . 5 ( 28 . 5 )  2 . 0 ( 1 . 8 ) 31 . 1 ( 31 . 4 )  27 . 5( 28 . 5 )  2 . 0( 1 . 8 ) 2 . 59 ( 2 . 62 )  2 . 29 ( 2 . 37 )  0 . 1 7( 0 . 1 5 )  

30 1 2 . 3  9 . 4  1 . 6 1 2 . 3 9 . 4  1 , 6 1 . 02 0 . 78 0 , 1 3  

60 24 . 1 ( 24 . 6)3 2 1 . 4 ( 2 1 . 5 ) 1 . 2 ( 1 . 3 ) 24 . 1 ( 24 . 6 ) 2 1 . 4( 2 1 , 5 ) 1 . 2 ( 1 . 3) 2 , 01 ( 2 , 05 )  1 . 78( 1 . 79 )  0 . 1 0( 0 . 1 1 )  

I ncubation conditions 

( 1 ) Substrate - [1 -1 4c ] -palmita te (BSA ) 2 . 1 0  x1 o5 dpm , 0 .  1 ymoles 

( ) 8 � _ 1 4c ] palmitate  (I3SA ) 3 . 52 x1 05 dpm , 0 . 1  )Lloles 

( 2 )  Cofa ctors - ATP ( 1 ,  0 ymoles) ,  CoA ( 0 .  3 y.moles),  glycerol ( 2 0  pmoles) 

( 3 ) Centrifugation of milk - 1 000 xg for 1 0  min . 
( 4 )  Incubation a t  37°C - 1 2  ml milk . 

-A 
f') '-0 



Tab le 44. :I:_n_Qorno_:�aj;_ion . of b _1 4c] palmita te into li_pids ]2;y_ freshly secreted goats milk 

Time of incubation Added cofa ctors Incor£oration into linids 
(min) 1.J__Inc:.Qrllora_t_.i.on Total 

( nmoles ) 
Total 'IG :rx;. Tota l TG DG 

20 8 . 9  5 . 6 1 . 3 9 . 8  6 , 2  1 . 4 
30 1 3. 3 7 . 7 2 . 2  1 4 . 7 8 . 4  2 . 4 60 - 2 3 . 2  1 3 . 8  4 . 7  25 . 5  1 5 . 2  5 . 1  
90 2 3 . 8  1 5 . 9 3 . 5  2 6 , 2 1 7 . 5  3 . 8 
20 1 4 . 3 9 . 3 1 . 5 1 5 . 7  1 o.  2 1 . 7 
30 glycerol 20 . 0  1 3 . 1  2 . 8 22 , 0  1 4 . 4 3 .  1 
60 2 6 . 5  1 6 . 7 4 . 4  29 . 2 1 8 . 4 4 . 8  
90 2 6 . 4  1 8 . 5  2 . 3  29 . 0  2 0 . 4 2 . 5  
20 9 . 5  5 . 6 2 . 5  1 0 . 4 6 , 1  2 . 8 
30 glycerol - 3-phosphate 1 1  . o  7 .  1 1 . 4 1 2 . 1  7 . 8  1 . 5 
60 1 7 . 2  1 1 . 5  2 . 1  1 8 . 9  1 2 . 7  2 . 3  
90 2 1 . 3  1 5 . 4  3 . 5  23 . 5 1 7 . 0 3 . 9  
20 ATP, CoA 1 7 . 5 9 . 0  3 . 7  1 9 . 3  9 . 9  4 . 0 
30 glycerol 1 7 . 8  1 0 . 8  3 . 4 1 g . 6  1 1 . 9 3 . 7  
60 glycerol - 3-phosphate 29 . 5  1 8 . 8  5 . 4  32 . 5  20 . 7 5 . 9 
9 0  �,1gC12 30 . 3 2 1  . 4  4 . 0  3 3 - 3 23 . 6  4 . 3  

Incubation conditions 
( 1 )  Substrate -=-l-14c] palmitate (J3SA) 1 . 73 x 1 05 dpm, 0 . 1 1 pmoles . 

12er ml milk 
(rnnoles) 

Total TG 
0 , 98 0 . 62 
1 . 47 0 , 84 2 . 55 1 . 52 2 , 62 1 .  75 
1 .  57 1 . 02 
2 , 20 1 . 44 2 . 92 1 . 84 2 . 90 2 . 04 
1 . 04 0 . 6 1 
1 . 2 1  0 . 78 
1 . 89 1 . 2 7  2 . 35 1 .  70 
1 .  9 3  0 . 99 
1 . 96 1 . 1 9 
3 . 25 2 . 07 3 . 33 2 . 36 

( 2 ) Cofa ctors - ATP ( 1 pmoles ) , CoA ( 0 . 3 pmoles ) ,  glycerol ( 20 pmoles ) ,  glycerol-3-phos-pha te ( 1 0 pmoles ) , 
MgC12 ( 0 .  5 pmoles )  • 

( 3 )  Centrifuga tion of  milk - 1 000 xg for 1 0  min. 

( 4 )  Incubation at  37°C - 1 0  ml milk . 

DG 
0 , 1 4  0 . 24 
o .  5 1  0 , 38 
0 . 1 7 0 ,  31 
0 . 48 0 . 25 
0 , 28 
o .  1 5  
0 . 23 o . 39 

0 . 40 
o .  37 
o .  59 0 . 43 

_. 
Lv 0 . 



Table 45. Incor12oration of L1 · ' -.C J  £8lmitate and �- ' 'CJ  linoleate into lipid s by freshly secreted goats milk 

Time of incubation Substrata Incor12ora tion in to liilid s 
(min) 

20 
30 40 
60 
90 
20 
30 
40  
6 0  
?0 
2 0  
30 
40 
60 
90 

b - 1 4c] palmitate8 

� 1 4  l a 1 - C J l inolea te 

b - 1 4c ] �almita teb 

h - 1 4c ] linoleate b 

5;� Incorporation 

-
Total TG LG Total 
1 1 . 9 6 , 1 3 . 7  2 3 . 8  
1 2 . 8  8 . 5 3 . 3  2 5 . 6 
1 4 . 1 1 0 . 1  1 . 5  2 8 . 2 
1 5 . 3  1 1  . 1 1 .  3 30 . 6  1 6 . 4 1 2 . 6  1 . 1 32 . 8  

1 6 . 5 7 . 7 2 , 6  3 3 . 0  2 1  . o  9 . 1  3 . 9  4 2 . 0  22 . 6  1 0 . 9  4 . 4 4 5 .  2 
2 2 . 2  1 3 . 4  3 . 5 4 L� • 4 
?. 5 . 7 1 G . 3 3 . 7 5 1 . 4 

1 3 . 8  5 . 6  3 . 2 2 7 . 6 
1 3 . 2 6 . 3  2 , 6 26 . 4  
1 5 . 4  7 . 9  2 . 7  30 . 8  
1 0 . 0 1 0 . 8 2 . 5 36 . 0  22 . 5 1 4 . 2 3 . 1  45 . 0  

Incubation c2nditio�$ 
[1 -1 4c .] -palmita te8 (BSA) - 5 . 44 x 1 05 dpm, 0 . 2 )lmoles ( 1 ) Substrates -

b -1 4c ] linoleate8 (ESA) - 4 . 49 x 1 05 dpm,  0 . 2JUmoles 

( 2 )  Cofact or - glycerol ( 24 pm oles ) , 

( 3 )  Centri fugation o f  milk - 1 000 x g  for 1 0  �in, 

( 4) Incubation at 37°C - 1 2 ml milk . 

Total 12er ml milk 
( nmoles ) �nmoles) 

TG DG Total TG DG 
1 2 . 2  7 . 4  1 . 9 8  1 , 0 1  0 . 61 
1 7  . o  6 , 6  2 . 1 3  1 . 4 1  0 . 5 5  
2 0 . 2 3 , 0 2 . 35 1 . 66 0 . 25 
2 2 . 2 2 , 6  2 . 5 5 1 ' 83 0 , 2 1  2 5 . 2  2 . 2  2 .  7 3  2 . 1 0 0 , 1 8 

1 5 . 4  5 . 2 2 . 7 5  1 .  30 0 . 4 3 1 8 . 2  7 . 8 3 . 50 1 .  52 0 , 65 
2 1 . 8  8 , 8  3 . 9 3  1 , 82 0 . 75 2 4 . 8  7 . 0  3 . 70 2 . 07 0 , 60 
3 2 . G  7 . 4 il 2Q ' . - /  2 . 72 0 . 63 

1 1  . 2 6 . 2  2 . 30 0 . 9 3  0 . 52 1 2 . 6  h ') 2 , 20 1 . 0 5  0 . 43 ./ • '-
1 5 . 8  5 . 4 2 . 5 7 1 .  32 0 . 4 5  
2 1  , 6  5 . 0  3 . 00 1 . 80 0 . 42 
2 8 , 4 6 . 2 3 . 75 2 . 3 7 0 . 52 

b - 1 4c ]  palmitateb (BSA) - 2 , 06 x 1 05 dpm ,  
0 . 1  )lmoles b - 1 4c ] linoleateb (BSA) , - 2 . 65 x 1 05 dpm, 
0 . 1  pmoles 

..... 
w _, 
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I ncubation with palmi ta te and linolea t e  enve a rate of incorpora tion 

only slightly below the ind ividua l ra tes of incorporat i on of pa lm itate 

and lino lea te . 

The ra t e  of incorporn tion of fa tty a cid s int o TGs by goa ts milk 

was grea t er than by b ovine milk , vrith 2 . 1  nrn oles palmitate inco::.-rora ted/ 
ml milk;h compared t o  only 0 .  5 nmoles/ml milk;h for bovine milk . With 

goa ts milk , there wa s a grea ter consist ency b etween experiments , with 

the incorporation varying between 2 . 04 and 2 .  37 rrnoles/ml milk;h , 

compared with a va riation between 0 .  62 nnd 1 .  09 nnole s/ml milk;h for 

b ovine milk . The rn te o f  incorpora t i on obtained using goat s milk wa s 

stil l  s omewha t lower than the ra t e  of 4 . 4  nmoles/ml milk/h a chieved by 

Christie ( 1 974 ) . 

3 . 8 . 3 .  Positional analysi s  of th e tria cy�cerol s synthe s ized E.;y 
fre shly se cre ted goa t s  m ilk 

The prop orti ons of 1 6 : 0  and 1 8 : 2  in ros5.tion 2 o f  th e tria cylglycerol s 

formed by i ncuba tion with the se two FAs were d e termined by hydrolysi s  o f  

the TGs vri th pancre2 t i c  l i?:_:! Se ( S e ct i on ? . 5 . 1 . b . ) .  

Pa lmita t e  wa s fou nd t o  be pre ferent ia lly locrl ted in position 2 ( 58';� 
o f  the 1 6 : 0 ) , ''<'her e a s  l i noleate wa s alrr.ost evenly di strib ut ed b etween the 

primary and s e conda ry pos it ions o f  the TG,  but �ith a slight pre ference 

for the primary posit ions ( Table 46 ) .  This was very sim i lar t o  the 

re sul ts of Chri st.ie ( 1 974 ) who fon rrl 537� of the 1 6 : 0  in posit ion 2 and 

3<Y;j of 1 8 :  2 in :positi on 2 .  As co ncluded by Christie ( 1 974 )  . i t  is 

obvious that F.As enter all trl.l'ee posit ions of the TG and tha t  

positional specificit ie s  d o  exi st i n  thi s  TG b iosynthe sizing system. 

Wh en rad i oa ctive TGs conta ining both [1 -1 4c) 1 6 : 0  and [1 -1 4c ] 1 8 : 2  
were analysed ,  1 6 : 0 Yla s fou rrl t o  b e  concent rated in posit ion 2 ( 86% of 

the 1 6 : 0) wherea s  1 8 : 2  shoVied the st. = d i stribution as vmen incubated 



Table 46 . Positional anallsis of triacllgllcerols  §lnthesized bl freshll secreted goats milk 

Substrate Relative no . of 
moles of FA 

in TG c 

[1 - 1 4c ] palmi ta te8 1 . oo 

G -1 4c ] lino lea te 1 . 00 

b - 1 4c] palmitateb 1 . 00 

b -1 4c J linolen te 1 . 00  

Incubation conditions 
( 1 )  Substrate - G-1 4c] palmitatea (BSA) 

G -1 4c] linoleate8 (BSA ) 
B -1 4c] palmi tateb(BSA) 

G -1 4c ] linolea teb (BSA) 
Cofactors  - glycerol ( 24 pmoles) . ( 2 )  

Relative no . of 
moles of FA 

in MG c 

0 . 1 7  

0 . 24 
0 , 2 1  

0 . 2 1  

Counts :ger min/ 
mole of FA 

in TG . 

1 . 91 X 1 04 

5 . 1 6 x 1 03 

6 , 87 X 1 03 

5 , 92 X 1 03 

5 . 44 x 1 05 dpm, 0 . 2  ;moles 
4 .  49 x 1 05 dpm 1 0 ,  2 )lmoles 
2 , 06 x 1 05  dpm , 0 . 1  jlmoles 
2 ,  65 X 1  05 dpm, 0 , 1  jlmoles 

Incubation - 1 2  ml milk for 90 min at 37°C . 

Counts 12er min/ 
mole of FA 

in MG 

1 . 1 0  x 1 o4 

1 , 46 X 1 03 

5 , 92 X 1 03 

1 ,  33 X 1 03 

Pro:gortion of 
radioactivit� in 

position 2 

57. 7% 

28 . 5/v  
86. 2% 

2 2 . 5�� 

( 3 ) 
( 4 )c Relative no. of moles of FA in TG am MG determined by adding internal starrlard ( 1 7! 0) before g . l . c .  a s  

FA methyl esters .  

....... 
w 
w 



alone . There fore it would appea r tha t the pre senc e  of added 

1 34 .  

linoleate ( 0 . 1  pmole) wa s a ffectine the e s t eri fica ti on o f  palmita te . 

· The signi fi cance o f  s u ch a re sult wa s d i fficult to a s s e s s  because of 

several fa ctors , one of whi ch wa s how mu ch of the unes terified fatty 

a cid -,� lready in the m i lk ( Christie , 1 974 ) 1 1"P S  avail able to the 

synthe ta s e ,  another wa s whe ther or not the synthe ta se sys tem in the 

freshly s e creted milk wn s ca pable of u t i l i sing FA s :f.n a similar 

manner to tha t  occu rrinG in vivo .  

' 



Chapter 4 

DISCUSSION 

Section 4 . 1 .  General 

The availability of high levels of linoleic acid for uptake by the 

tissues  of non-ruminant s (Privett et al ,  1 965 ) ar� ruminants ( Scott 

et al, 1 9 71 ) has been ob served to rai s e  the level of 1 8 : 2  in the TGs of 

both milk and d epot fats . The effect of the elevated levels of  1 8 : 2  
I 

on the positional distribution of  FAs in the TGs has been determined in 

the depot fat of  the rat (Privett et a l ,  1 96 5 )  and in the d epot fat of 

the sheep ( Scott and Cook , 1 97� ;  Hawke et_gl, 1 976 ) ,  and the current 

study was undertaken t o  determi ne the effect of elevated levels of 1 8 : 2  

on the positional distrib�tion in bovine milk fat .  In addition the 

effect on the compositio� of tte TG cla sses of differing degrees of 

unsaturation was determined , and used to a ssist in a ssessing the effect 

on the abundance of individual TG species . This information wa s then 

related to the thermal properties  of the milk fat ,  

I n  this  discussion the FA a nd  TG composition, the levels of the TG 

clas ses  of differing levels of unsa turation, the positiona l  distribution 

of FAs in the TGs and the thermal properties of a mi lk fat containing 

elevated levels of 1 8 : 2  will be compared v1i th the composit ion and 

properties of  milk fat containing normal levels of 1 8 : 2 ,  I n  addition 

the effects of the elevated levels of 1 8 : 2  on the compositio n  and 

properties  of  the milk fat will be compared with the effect of elevated 

1 8 : 2  on the cooposition and propertie s of several depot fat s .  Also  a 

comparison will be made with the composition of animal depot fats ,  e . g . 

dog, and seed fats , e . g . sunflower seed s ,  naturally conta ining higher 

levels of 1 8 : 2 .  
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Section 4 . 2 .  The e ffe ct o f  eleva ted levels of l inoleic a cid on the 

composition of fa ts and oils 

( a )  Fa tty a cid composition of milk fa t 

Feed i ng the protected supplement o f  sunfl or.er oil a t  the ra te of 

3 kg per day gave milk fat conta ining a level of 1 5 . g mole % 1 8 : 2  
( equivalent to 1 8 . 7  wt . % 1 8 : 2 )  a fter 7 d�ys . Thi s  compared 

favourably wi th a level of approxima tely 25% 1 8 : 2  ( by wt. ) obtained by 

Cook et al ( 1 972 ) on feeding 1 kg per day of a prot ected supplement o f  
I 

sa fflower oil far ab ou t  1 3  days , Concur rently the yield o f  fa t in the 

milk incr eased from 560 to 690 g with the feeding o f  the oil seed 

supplement which wa s in a greement with the ob servat ions o f  Pan et al  

( 1 972 ) . The increa sed level of 1 8 : 2  in the milk fat wa s a ccompanied 

by a d e crease in the levels of 1 4 : 0  and 1 6 : 0  a s  obs erved by Cook et al 

( 1 972 ) .  

( b )  Triacylglycerol comnos ition of milk fa t 

The maj or e ffe ct of the feeding of prot ected supplement on the TG 

composit ion o f  milk fa t ,  wa s to increa s e  the prop ort ions o f  c
54 

and t o  

a le sser extent c40 TGs . I n  contra st Edmond s on et  al ( 1 9 74 ) observed 

tha t milk fa t conta ining 30� 1 8 : 2  had a higher proport ion of c
54 

TGs 

but a normal level of C 40 TGs when compared to normal milk fa t s .  

A s  would b e  expe cted wi th the repla cement o f  1 4 : 0  and 1 6 : 0  by 1 8 : 2 ,  

the observed increa se s in the l evels of c40 and c54 TGs were a ccompanied 

by d ecreases in the levels of c36 , c38 and c50 TGs ,  c52 
showed a 

slight increase . 

( c) Fra cti onation o f  mi lk fat 

S eparation of milk fa t into fra ctions by ad sorption chromat ography 

gives a rea s onable degree o f  constancy in the relat ive levels o f  high ,  

medium a nd low mol . vrt .  TGs , even when the milk i s  from di fferent 

s ources ( Breckenridge and Kuksis , 1 968b ,  1969 � Taylor and Hawke , 1 9 75a ;  
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Section 3 . 2 . 1 . ) , with the high mol . wt . fra ction comprising 36 - 41% 

of  the milk fat ,  the med ium mol . wt . fra ction 1 6  - 2o% and the l <m mol . 

wt .  fraction 42 - 45;j, 

However in the mi lk fat high in 1 8 : 2  the proport ions of the 

fractions of high , med i 1m and low mol . wt .  were 43 . 0 ,  1 9 . 5  and 37 . 5� 

respectively , indicating a higher proportion of high mol . wt . TG� and a 

lower proportion of lov: mol . wt . TGs in the 1 8 :  2-rich milk fat than in 

normal milk fat .  The FA composition of  the three fra ctions o f  -:�he 
-

1 8 : 2-rich milk fat showed the trends a s  the total milk fat with higher 

proportions of 1 8 : 2  and lower proportions o f  1 4 : 0  and 1 6 : 0  than in the 

corresponding fractions of the control milk fat .  Similarly the TG 

composition of TG fractions of the 1 8 : 2 -rich milk fat showed the same 

trend s relative to  the respe ctive fractions of control milk fat as the 

total 1 8 : 2-rich milk fa t exhibi ted rela tive to the total control milk 

fat ,  having higher proportions of : c40 , in the low mol . wt . fra ction, 

C 40 in the med ium mol . wt . fraction and c54 in the high mol . wt . 

fraction. 

( d )  Comnosition of the tria cxlfQ.;y_c_�oJ_ cla sses of di ffering levels of 

unsaturation 

The separation o f  TGs into gronps whi ch d iffer in the average 

unsaturation, using argentation t . l .  c . , ha s  been used extensively to 

study the TG co�position o f  fats and oils ( Gunstone and Qureshi ,  1 965 ; 

Privett et a1. , 1 96 5 ;  Breckenridge and Kuksi s ,  1 9G8b ,  1 969 ;  Gold , 

1 968 :  Bottino et al , 1 9 70 ;  Christie and Moore ,  1 970 ; Taylor and Havrke , 

1 975a ; Hawke et al , 1 976 ) . When the TG fractions of  high , medium and 

low mol . wt . obtained fron the control milk fat were separated using 

this technique ,  the TG fra ctions contained similar proportions of the 

d ifferent TG classes to those obtained by Taylor and Hawke ( 1 975a ) in 

samples of New Zealand m ilk fat ( Table 48 ) ,  Corresponding TG cla sses 



Table .4§.. Pro£ortions of the triac�lgl�cerol cla sses of milk fat of di ffering levels of unsaturation 

TG cla ss  1 8 :  2 -rich Control Ref. 1 a 
�mole 102 ( mole �02 ' (mole %) 

observed pred ictedb observed predictedb Sept . Jan. March 

TG fraction of 
high mol , wt .  
Saturated TGs 20 , 0  1 5 . 4 29 . 5  40 . 0  2 8 . 5 33 . 8 31 . 7 
Monoene TGs 24 . 6 2 5 . 8 44 . 0  42 . 3 39 . 3 41 . 1  41 . 1  
Diene TGs 2 7 . 5 27 . 6  1 7 . 5  1 9 . 0  2 1  . 7  1 7 . 5  1 7 . 4 Triene TGs 1 5 . 6 1 8 . 5  8 . 9 3 . 2  1 o .  5 7 . 6 9 . 8 
Tetraene TGs 1 2 . 1  8 . 4 

TG fiSlQtion of 
med ium mol . wt . 
Saturated TGs 28 . 0  3 1 . 7  46 . 9 47 . 8 45 . 4 50 . 5  49 . 1  
Monoene TGs 32 . 0  2 5 . 1 31 . 7  35 . 9 3 7 . 5 30 . 2 32 . 9  
Diene TGs 2 2 . 5  22 , 1  1 3 . 2  1 1 . 7 1 0 . 3 1 1 . 2 1 0 , 0  
Triene TGs 9 . 0 8 . 7 8 , 1 3 . 2  6 , 8  8 . 1 8 , 0  
Tetraene TGs 8 . 5  3 . 6  

TG fraction of 
low mol1 wt . 
Saturated TGs 31 . 2 36 . 2 47 . 2 56 . 1  46 . 6 54 . 3  5 3 . 4 Monoene TGs 25 . 1  24 . 5  3 7 . 3 3 2 . 4 3 7 . 2 32 . 7 32 . 0  
Diene TGs 27 . 7  2 6 . 1  9 . 2 8 . 4 9 . 9 8 . 4 9 .0 
Triene TGs 9 . 1 8. 7  6 , 3 2 . 4 6 . 3 4 . 6 5 . 6  
Tetraene TGs 6 . 9 3 . 3 

....... 
a Taylor and Hawke ( 1 975a) w CP .. 
b Predicted from 1 -rand om, 2-random , J-random hypothesis 
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a ls o  had similar FA and TG compositions . Conversely all fra cti ons of 

the 1 8 : 2-ri ch m ilk fat conta in�d lower proportions of sa tura ted and 

monoene TGs , and higher proport�ons of the more unsa turated TG cla s s e s ,  

namely the diene ,  triene and tetra ene TG cla ss es ( Table 48 ) ,  when 

compared to the control milk fa t .  In s�mma ry ,  the maj or changes in 

the total 1 8 : 2-rich milk fa t a s  com pared to the total control milk fa t 

wer e  the lower prop ort i ons of 000 ( 2 5 . 8�!, com:r:a red to 4 0 . 7% ) ( without 

regard to posit iona l speci fi cities ) and .illu, (26 . 35� compared to 38 . 6%) 

Whi ch were compensa ted by much increa sed proportions of TGs su ch as 002 

( 1 8 .  Eft� compared to 1 • Eft�) , Q:J.2 ( 1 1 • o;·0 compared to 2 .  e;£) and 022 (9 . 5% 

compared to O'f;) . 
Compa ri son of the proporti ons of the d i fferent TG cla sses pre sent 

in the 1 8 : 2- rich milk fa t with those in seed oils conta ining s imilar or 

higher levels o :f 1 8 : 2  indi ca ted some simHa ri t ies.  In oil froo Madhu ca 

latifolia1,which conta ined 1 4 . 4% 1 8 : 2  and 37 . 6% 1 8 : 1, 001 ( 35%), Qll ( 2 1 %) , 
. l : 

002 ( 1 7%) and 01 2 ( 1 5%) were the most abunda nt TG sp ecies ( Gu nst one 

and Quresh i ,  1 96 5 )  whi ch wa s very similar t o  the proporti ons of the 

ma j or TG specie s in the 1 8 : 2 -rich milk fa t .  On the other hand in 

sun n ovrer oil , wh ich conta in ed 59 . 5/� 1 8 : 2  and 30.  afv 1 8 : 1 ,  the ma jor TG 

spe cies were mgre unsa tura t ed and cons i st ed ma i nly of 01 2 ( 1 1 50) ,- 1 1 2  

(17%) ,  022 ( 1 2;�) .  1 2 2 ( 32%) and 222 ( 20?) ( Gunstone and Qure shi , 1 9 65 ) . 

In animal species only limited vrork has been carried ou t on the 

comparison of the altered TG composition of fa t a fter feed i!lG diet s 

high in 1 8 : 2 .  In d epot fa t s  the ma j or cha nge observed wa s an increase 

in the proport ions of 1 8: 2  a t  the expens e of 1 6 : 0 ,  the ma j or satura t ed 

FA, and 1 8 : 1 , the maj or unsa turated FA i� norma l depot fa t .  This led 

to increa ses in the levels of triene , tetra ene and pentaene TGs and 

decrea ses in monoene TG species (Privett et  al , 1 965 ; Hawke et . al ,  
·" 

1 976 ) . For example in the ra t ( Prive tt et  al,  1 96 5 ), proportio�s of 
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1 6 : 0 - 1 8 : 2 - 1 8 :  1 , 1 8 :  1 - 1 8 : 2 - 1 B  : 1 , 1 6 : 0 - 1 8  : 2 -· 1 8 : 2 a n1 1 8 : 1 -

1 8 : 2  - 1 8 : 2  were increa sed and proport ions of 1 6 : 0  - 1 8 : 1  - 1 6 : 0  and 

1 6 : 0  - 1 8 : 1  - 1 8: 1  were decrea sed on feeding corn oil . In addition, 

in lamb s ,  wnere higher levels of satura ted FAs were pre sent than in the 

rat ,  the proportion of the TG species 002 wa s also increa sed on 

feed ing protected supplements high in 1 8 : 2  (Hawke et al , 1 9 76) . No 

previous work has been reported in the literature concerning the effect 

of eleva ted 1 8 : 2 levels in the diet on the TG composi. tion of milk fat ,  

but similar changes to those reported for rat and sheep d epot fat s  were 

observed in the 1 8 :  2-rich milk fat in the pre sent study . 

In a depot fat naturally high in 1 8 : 2 e , g . the dog ( 1 4 - 1 67� 1 8 : 2 ) 
( Gold , 1 968 ) the TG species 001 , 01 1 , 111 and 01 2 were found to 

predominat e .  

The proporti ons of the TG cla sses of many plant and a nimal fats 

can be adequa tely predicted by either the 1 ,  3-rarrl orn 1  2-rand orn  

hypothesis (Vand er Wal , 1 9 60 : Li tch field , 1 9 72 )  or the 1 -random, 

2 -rand om , 3 -rand om hy�othesis (Litch field , 1 972 ) for the esterifi-

cation of fatty a cids ,  For example the re sul ts of Gunstone and Q).J.reshi 

( 1 96 5 )  and Weber et al ( 1 971 ) for seed fa t s  end the :resul ts of Privett 

et al  ( 1 9 6 5 )  and Christie and l\�oore ( 1 9 70 )  for animal depot fa ts show 

considerabl� resemblance to those predicted by these distribution 

hypothesi s .  The proportions o f  the di fferent TG cl6sses of the 

control and 1 8 : 2 -rich milk fat pred icted by the 1 -random ,  2 - rand c.m , 

3-rand om hypothe sis gave somewha t limited a greement with the obsE,rved 

values ( Table 48 ) . The pred icted valu es were comparable for the 

monoene and diene TGs but in general the levels of saturated TGs were 

a ctually slightly lower than those predi cted ,  and the levels of triene 

and tetra ene somewhat higher than th ose p�edicted . 

Therefore it wonld appea r that knowi ng the proportions of the FAs 
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in each position in the TGs one can to  some extent make a prediction 

about the proportions of the various TG classe s .  Conversely i t  can 

be said the proportions of the various TG classes depend to some 

extent directly on the proportions of FAs available for esterification 

and on the pre ferences of these FAs for esterification in the three 

positions of the TGs . 

Section 4 . 3 .  The effect of elevated levels o f  lin�leic a cid on the 

positional distribution of fattv acids in the 

triacylglycerols of fats  and oils 

( a )  Positional distribution of fatty acid s in the tria cylglycerols of 

fats and oils containing low levels of linolei c acid 

I n  the depot fa ts  of mammals , the distribution of FAs in the TGs 

has been found to be reasonably predictable, with p0sition 1 most 

likely to be occupied by predominantly sa turated FAs, position 2 by 

unsaturated and shorter chain FAs and position 3 by a more random 

distribution of FAs with a pre ference for longer chain FAs (Brockerhoff 

e t  al , 1 966 ; Brockerhoff, 1 966 ) . A notable exception is the pig 

where 1 6 : 0  shovrs a greater preference for position 2 than in mod other 

a nimal fats .  Numerous analyses of  a variety of  species have confirmed 

these generalizations (Brockerhoff et al , 1 96 6 ;  Brockerhoff,  1 966 ; 

Christie and Moore, 1 970 , 1 9 71 ; Kuksis et al , 1 973) . The positional 

distrib ution of FAs in the TGs of the depot fat of the bovine , sheep 

and goat (Kuksis et al,  1 9 73 )  holds to the di stribution rules proposed 

by Brockerhoff ( 1 966 ) .  

On the other hand in the milk fats so far examined i . e .  b�ine 

( Breckenridge and Kuksis , 1 968a . 1 969 ; Taylor and Hawke,  1 975b •  

Section 3 . 5 . 2 . 1  sheep and goat (Kuksis et al , 1 973 ) , the distribution 

pattern is complica ted by the presence of short chain FAs .  For 
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example 4 : 0  comprises up to 3�f of the FAs in position 3 of the TGs of 

bovine milk fat ,  Comparison of the di stribution o f  FAs i n  the total 

milk fats of the bovine ( Section 3 , 5 , 2 , ) ,  sheep and goat (Kuksis et al ,  

1 973 )  ( Figure 20) demonstrates that si�ilarities exist in  the positional 

di stribution of FAs in the TGs of these milk fats,  with the only 

significant di fferences between these three fa ts being the slightly 

greater preference of 1 6 : 0  for position 1 and the greater preference of 

1 8 : 1  for position 3 in the milk fat of  the goat and sheep , In the 

milk fat of the bovine , goat and sheep the notable fea tures a re ·that 

( a ) 4 : 0  and 6 : 0  are esterified almost ex clusively in posit ion 3 (b ) 
1 4 : 0  shows a pre ference for position 2 ( c ) 1 6 : 0  is

' 
esteri fied in 

positions 1 and 2 in preference to posit ion 3 ( d ) 1 8 : 0  is pre ferentia lly 

esterifi ed in position 1 ( e ) 18 : 1  pre fers position 1 and 3 a s  in the 

bovine or position 3 a s  in the goat and sheep .  

The stereospecifi c  distrib ution of FAs in TG fra ctions o f  high ,  

medium and low mol . wt ,  of the control milk fat in the present study 

wa s similar to tha t obta ined by Taylor and Hawke ( 1 9 75b )  in TG 

fra cti ons of high , medium and low mol . wt .  from samples of New Ze.a land 

milk fat collected at va riou s times of the yea r ,  Moreover the overall 

pattern of positional distribution of FAs in the high mol , wt .  fra ction 

wa s similar to that observed by Ere ckenridge and Kuksis ( 1 969 ) in a 

molecular di stillate of bovine milk TGs of high mol , wt . ,  and 

furthermore the same similarity of distribution existed between the low 

mol . wt .  fra ction of the control milk fat and a molecular d i st illate of 

low mol . wt. (Ereckenridge and Kuksi s ,  1 968a ) . 

The positional d istribution of minor FAs e . g .  1 6 : 1  and 1 8 : 2 can 

not be a c curately determined by stereospecific analysis beca u se of the 

errors involved in calculation . Consequently this  may explain the 

variation in results reported in the litera ture for the positional 
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d i stribu tion o f  1 8 : 2 in bovine rni1.k fa t ( J3 reckenrid ge and Kuksis , 1 969 , 

Taylor and Hawk e , 1 9 75b ) where th e only consi st ent fea ture wa s the 

slight pre ference of 1 8 : 2  for pos i t i on 2 _i n  all fra cti ons o f  milk fat .  

This contra sted with the d i st r ib ution in the control milk fa t in the 

pre s ent s tud�r where 1 8 : 2 showed a si mila r d i stribution t o  1 8 : 1  bu t wi th 

more 1 8 : 2  in posi tions 1 and 2 tlmn posi t ion 3 of the high mol . wt .  

fra cti on and a rre ference fol' rosi.t i on 1 in th e med ium and l ow  mol . vrt . 

fra ction s . 

( b )  Posi ti_onal d i s tr i b u tiop_i_Il_[a ts . a n:!  oils cont�ining h:i:.Bh _ _levels of 

linol e i c  a cid 

The posi t i ona l distrib u t i on of FAs b e tween pos i ti ons 1 ,  2 and 3 of 

the TGs of the 1 8 : 2-rich milk fa t ( Figure 2 0 )  a rrl  it ' s  re spective TG 

fra cti ons wa s very si milar to that fou nd for th e ma j or FAs o f  normal 

milk fa t ,  The high levels of 1 8 : 2  enab led the d i st rib u t ion of 1 8 : 2 t o  

b e  more a ccurat ely d etermined . 1 8 : 2  m aned a pre ference for r osition 

2 in th e total milk fa t a nd for posi tions 1 and 2 in the med ium �md lovr 

mol . wt. fra cti ons but a pre ference for pos iti ons 2 a nd 3 in the high 

mol . wt . fra ction, 

The s e  re sult s  vrou ld indi ca t e . tha t 'l'lhen high lev e l s  o f  1 8 : 2  are 

ava ilable fo:::- esterificD tion, the posi ti onal d i s trib u tion of the FAs 

ap�·ea r s  to rema in virtua lly unaltered znd that the FAs rema i n  

d i stribu t ed within the TG s of b ovine mi lk fa t i n  a very cha racteris t i c  

manner ( Figure 2 0 ) . 

C ompari son of the l-'Osi t i ona l d i strib ut i on of FAs in the TGs of 

seed fa t s  high in 1 8 : 2  with that in milk fa t s  high in 1 8 : 2  d emonstrated 

tha t similarit ie s do exi st , such as the pre ference of 1 8 : 2  for position 

2 ,  but in contra s t  to the seed fa ts e . g .  soybean , corn and maize oil s , 

where the posi t i ona l distribu t i on o f  1 8 : 2  and other FAs wa s largely 

symme tri ca l  (:Brockerhoff and Yurk�rski . 1 966 : Yleber e t  a l ,  1 971  ), the 
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d istrib u tion of 1 8 : 2 and other FA s in th e 1 8 : 2 - rich milk fat wa s 

distinctly a s,y�metrical . 

As predic ted by the ru les of Brockerhoff ( 1 966 ) ,  1 8 : 2 being an 

uns a tura ted FA is esterified in positi on 2 of depot fa t s  conta ining 

normal level s of 1 8 : 2  ( Privett et al, 1 9 6 5 , Brockerhoff et al , 1 966 ; 

Chr i s ti e  and Moore ,  1 97 1 ) .  When the leveJ_ of 1 8 : 2  in d epot fa t i s  

eleva ted , a large pror ort ion o f  the 1 8 : 2  be comes esteri fied in position 

2 as b efore but pre ferent ial esterification al so occurs into positi on 3 

( Privett et al , 1 965 ; Chri stie et a l , 1 9 74 ;  Scott and Cook , 1 9 75 ; 

Hawke et al , 1 976 ) pre sumably because of the ch8 in length o f  this FA 

(Brockerhoff, 1 966 ) . Thi s  situa tion is similar to tha t occurring i n  

the high mol . wt . fra ction of the 1 8 :  2-rich milk fa t wh ere posit ion 3 

cont a i ned higher proporti ons of 1 8 : 2 tha n posi t ion 2 ,  

The overall pa ttern to emerge is tha t wh en 1 8 : 2 levels in milk or 

d e pot fa ts are eleva ted , 1 8 : 2  b e comes es teri fi ed pre fer e ntia l ly in 

p ositions 2 and 3 except in the low and m ed ium mol , wt , fra cti ons of \ 

m ilk fat wh er e  competit ion from the sh ort Ch a in FAs, e , g , 4 : 0 ,  6 : 0  whi ch 

are almost to tally esteri fied in position 3 ,  ca u s es 1 8 : 2 to b e  

preferentially esteri fied or:ly i n  pos i ti on 2 .  Also it be comes 

evident tha t  when 1 8 : 2 is blocked from position 3 a s  in the l ovr a�d 

medium mol . vrt , fra ctions of the 1 8 : 2 - rich m ilk fa t, the proport ions of 

1 8 : 2  in position 1 become eleva ted almost up t o  the levels in positi on 

2 ,  ra ther tha n  further increa sing the levels in position 2 to any great 

extent , Convers ely this could mean that once a certai n  level o f  1 8 : 2 

is a t ta ined i n  position 2 .  ' e . g .  1 5  - 207�' , 1 8 : 2  be comes e s terified i n  

posi ti ons 1 and 3 .  
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Section 4 . 4 .  The effect of elevated levels of linoleic acid on the 

molecular speciE1 S  of triacylgly9erol in bovine mi�k fat 

The moleculer specie s of TG can be a ssessed from the compositions 

of the TG classes of differing levels of unsaturation and from the 

positional distribution of PAs in the TGs ,  but the positional 

distribution of PAs in the total milk fat does not always reflect the 

distribution in the individual TG cla sses  of di ffering mol , wt .  and 

unsa turation,  For exar.:ple , the pos it ional distribution of 1 8 : 2  in the 

1 8 : 2-rich milk fat would be di fferent in the individual TG fractions 

and their respe ctive TG cla sses , with the maj ority of the diene TGs, 

conta ining 1 8 : 21 in the lovr and medium mol , wt . fractions , having 1 8 : 2 

in position 1 or 2 ,  whereas those of high mol . wt . are likely to have 

1 8 : 2  in position 2 or position 3 .  Since there is a preference of 1 8 : 1 

for the primary posi tions of the TGs the ma j ority of the triene TGs of 

high mol . wt . probably have 1 8 : 2  in position 2 ,  Furthermore i n  the 

tetraene TGs of low and medium mol . wt . ,  ·1 8 :  2 is likely to fill 

positions 1 and 2 but in the tetraene TGs of high mol . wt . 1 8 : 2 

presumably occupie s mai nly positions 2 and 3 .  
In sunnn2ry, the 1 8 :  2-rich milk fat a:r-:reared to contain the same 

range of molecular species of TG as milk fats  of normal origin, but the 

quantities of certain TGs were considerably altered , For example the 

TG species , 020 or 002 which T.ere of minor importance in the control 

milk fat ,  were present in large amounts in the 1 8 : 2-rich milk fat .  In 

addition 022 arrl 220 which would be Dresent in the control milk in = � .... 

negligible amounts were read ily observable in the 1 8 : 2 -rich milk fat .  

Taking into account that . the stereospecific dis tribution of FAs wa s 

virtually unchanged by the presence of eleva ted levels of 1 8 : 2 ,  it 

wculd appear that the molecular species of TG that were  pre sent in the 

control milk fat would still be present in the 1 8 :  2-rich milk fat .  
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Section 4 . 5 . Effe ct s  of the availability of elevated levels of 

linoleic a cid on the biogynthe sis o f  milk fat in the cow 

The weight yield s ,  in the milk fat ,  of Short chain FAs ( 4 : 0  - 1 2 : 0 )  

appear t o  rema in rela tively unaltered a fter feeding diets of protected 

supplement (Ma ttos and Pa lmquist , 1 974 ; Section 3 . 1 . 1 . ) , a lthough a 

slight decrea se in the yield of 6 : 0  to 1 2 : 0  and an increa se in the yield 

of 4 :0  wa s observed by �ttos end Palmqu i st ( 1 974) . I n  addition the 

a cetate/propiona te rati o and the level of aceta te in the ru men also 

a ppear to be not affe cted (Ma ttos and Palmquist , 1 974) . On the other 

hand there is an increase in the weight yield s of 1 8  carb on FAs and a 

significant decrea se in the weight yield s of 1 4 : 0  a nd  1 6 : 0 .  Notably 1 4 : 0 

and 1 6 : 0 originate mai nly from two source s  (Storry, 1 970) , namely , 

bios.ynthesis from a ceta te and B -hydraxybu tyra te within the mammary gland , 

and from the diet , whi ch contains greatly increa sed level s of 1 8  carbon 

FAs anl only rela tively l ow  levels of 1 4 : 0  and 1 6 : 0 .  One possible 

explanat ion for the d e crea sed weight yield of 1 4: 0  and 1 6 : 0  in the milk 

fat is suggested from the re sults o f  Good�n and La scelles ( 1 973 ) ,  who 

obs erved a three-fold decrea se in the uptake of 1 6 : 0  by the mamm�ry gland 

during supplement feed ing, a lthough the actua l arteria l concentrati on o f  

1 6 : 0  wa s slightly increa sed . Mattos and Palmquist ( 1 974) pu t forward 

the suggestion that the increa sed uptake of long cha in FAs may b e  

inhibiting d e  novo synthe sis o f  FAs within the mamma ry gland probably by 

feedba ck inhibit ion of the long chain a cyl CoA esters on a cetyl CoA 

ca rboxyla se . This sugge stion is in a greement with obs erva tions in 

adipose tissue of sheep whe re feeding protected lipid s  wa s found , both in 

vivo and in vitro to d e crea se lipogenesis ( Cook and S cott , 1 975 ; Hood 

- et al, 1 975 ) .  

On feeding protected supplement s  the weight yield s of all 1:8 carbon 

FAs , even 1 8 : 0 , were rai sed . A s  the supplement s  conta in very little 
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1 8: 0 , two possible rea sons for the increa se in 1 8 : 0  could be : ( a ) 
biohydrogenation of an unprotected component of the supplement (b ) 
inhibiting of the desaturation of 18 : 0 tc 1 8 : 1  in the mammary gla nd ,  

which is a maj or source o f  1 8 : 1 in normal milk fats (Kinsella , 1 972a ) 
The minimal effect of 1 8 : 2  on the distribution of other FAs ' in the 

milk fa t would indica te tha t  in bovine milk fat, the FAs are 

distributed between the three positions in the TG in constant 

proportions even When the composition of the fats may vary considerably. 

This is in agreement with observations in rabb it adipose tissue 

(Christie et al , 1 974) . This would sugge st tha t the acyltransferases 

in these tissues use FAs at constant rates from a common FA pool . 

Compari son of the FA compositions of the 1 , 2-DGs , calculated from 

the composition of positions 1 and 2 of the TGs ; of molecular 

d istillates of high and low mol , wt . (Bre ckenrid ge and Kuksis ,  1 969) 

and of fra cti ons of high, med ium and low mol . wt .  of milk fat (Taylor 

and Eawke , 1975b ) ,  with those obtained from the control milk fat in the 

present study, w�1ld indicate that certain similarities exist (Table 

49 ) .  This suggests that these 1 , 2-DGs , from the fractions of differing 

mol . wt . ,  are derived from a common pool during biosynthesis of the 

milk fat .  The a�yltransferas;s specifi c  for 4: 0 will pre sumably only 

esterify on to position 3 e . g. a requirement for a dia cylglycerol a cyl 

a cceptor or alterna tively the acyltransfera ses esterifying on to 

position 3 use FAs from a d istinct FA pool not ava ilable to  the 

a cyltransfera ses esterifying on to posit ions 1 and 2 .  Furthermore in 

view of the similarities  in the positional distribution of FAs in the 

TGs of the milk fat of different ruminants ,  the a cyltransferases in 

these different mamma ry ti ssues would appear to exhibit similar FA 

specifi ci ties .  



Table 49 .  Fa tty a cid composition of the 1 I 2-dia cylglycerol s of the fra cti ons of high, med 5.um a nd l cw  molecular 
weight of b ovi ne milk fa t 

Fatty a cid compos it ion ( mole %) 
High mol. wt . Med ium mol, wt . 

FA 

4 : 0 

6 : 0  

8 : 0 

Cor.trol 1 8 : 2 - ri ch Re f 1 .
a Re f 2 . b Control 1 8 : 2- rich Re f 2 .b Control 

Low mol. wt .  
1 8 : 2 - ri ch Re f 1 .

a Re f 2 b 
. 

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  

2 0 : ? 

a 

1 • 1 

3 . 3  

4 . 9  

1 6 . 3 

0 . 7  

1 . 9 

3 3 . 0 

2 , 0  

0 . 6  

1 3 . 1 

2 0 . 8  

1 . 4 

0 . 9 

0 . 9 

3 . 0 

0 . 1  

4 . 4 

1 2 . 2 

0 . 3 

0 . 9 

2 2 . 6  

2 . 0 

0 . 9 

1 5 . 9 

22 . 1  

1 3 . 9 

0 . 9 

tr , 

2 , 0  

2 . 8  

1 1  • 1 

tr . 

2 . 8  

38 . 3 

3 . 3 
1 .  2 

1 3 . 7  

2 2 . 8 

1 .  3 

0 . 7  

:Breckenrid ge and Kuksis ( 1 9 69 ) 

0 . 2 

2 . 0  

3 . 3 

1 3 .  1 

0 . 6  

1 . 3 

31 . 9  

1 .  3 

0 . 5  

1 7 . 5 
2 7 . 8  

0 , 0 

0 . 9  

1 , 8  

3 . 5  

0 . 1  

5 . 1  

1 6 . 2  

0 . 6  

1 .  0 

32 . 2  

1 . 5 

0 . 4  

1 3 . 5  

1 9 . 2  

1 .  7 

1 .  3 

0 , 8  

b 

0 . 7  

2 , 6 

4 . 3  

0 . 1  

4 . 1  

1 1  1 0  

0 . 3  

C . 9 

2 0 . 0 

1 ' 4  

0 . 7  

20 . 1  

1 9 . 5  

1 3 . 3 

0 , 8  

0 , 2  

1 • 3 

2 . 5 

6 . 4  

0 . 7  

6 , 6  

1 5 . 3 

0 . 7  

1 .  7 

28 . 7  

1 .  3 
0 , 6  

1 3 . 3  

2 0 . 7 

0 . 4 

0 . 1  

1 • 6 

3 . 0  

5 .  I 
0 . 4  

6 , 0  

1 6 : 3 

0 . 8  

1 . 9 

30 . 0  

1 .  6 
0 . 5 

1 2 . 3  

1 7 . 7  

1 .  6 

0 , 8  

0 . 4 

2 , 8 

3 . 9 

5 . 9 

0 . 3  

5 . 5  

1 1 . 6 

0 . 5 

1 . 5 

1 8 . 5  

1 .  8 

0 . 4  

1 2 . 4  

1 6 . 7  

1 7  . o  
1 • 1 

Cal culated from Taylor and Hawke ( 1 9 75b ) 

0 . 4 

2 . 6  

4 . 8 

1 6 , 8 

1 . 4 

3 . 3  

39 . 1  

2 . 5 

2 . 3  

9 . 1  

1 5 . 8 

1 • 1 

0 , 8  

1 .  0 

2 . 0 

5 . 6 

0 . 3  

5 .  1 

1 6 . 7  

1 .  0 

2 .1 . . 

29 . 8  

1 . 4 

0 . 4 

1 2 . 8 

2 1 . 1  

0 , 4 

0 . 2  

__. 
.t>. en 
. 
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Section 4 . 6 .  The effect of elevated levels of linoleic a cid on the 

thermal chara cteristics of bovine milk fat 

As noted in the preced ing d iscussion the 1 8 : 2-rich milk fa t and 

its composite fracti ons contained l�er proportions of sa turated and 

monounsa turated TGs , and higher proportions of the more unsaturated TGs 

containing 1 8 : 2 .  This would tend t o  lower the melting point of the 

milk fat .  

The control milk fat and the fractions of high, medium and low 

mol . wt .  showed melting characteristics similar to those obtained by 

Taylor ( 1 97 3 ) . The bulk of  the hieh mol . wt .  fra cti on melted between 

-1 0 and 40°C ,  vd.th the main melt.i.nc  peak between 1 8  and 40°C .  The 

saturated TGs of the high mol . wt . fra ction nelt between 35 and 45°C 

( Taylor , 1 973 ) , with the unsa turated TGs melting between -23 and 29°C ,  

Therefore t!le main meJ.ti ng peal� would b e  expected to lareely arise from 

the melting of the sat,.lrated TGs , with a small portion of the 

unsaturated TGs pro-viding the low·er melting t;lycerides of  this main 

melting peak . The snalJ. hump , a t  6°C ,  preceding the mei n  melting peak 

could result from the melting of the rema ining unsatura ted TGs . 

The medium mol . wt . fra cti on of the control milk fa t provided TGs 
0 melting predominantly between -1 5  and 22 C .  

The bulk of the fra cti on of low nol . wt . melted betTieen - 2 6  and 

The saturated components o.f these TGs which melt between 1 4  and 

30°C ( Taylor , 1 973 ) , contributed the main melting peak of  the low mol . 

wt . fra cti on .  The unsaturated TGs which melt between -57 and 2 °C. 

( Taylor , 1 97 3 ) , contributed the broad peal: preceding the main melting 

peak . I t  should be  noted that very little overlap occurred between 

the melting curves of the sa turated and unsa turated TGs of either the 

low or high mol . wt . fracti on 1 indie3 ting the presence of  only minimal 

solid soluti on effects .  
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The melt ing curve s of the two t otal milk fa t s  can be d ivided into 

three regions : ( 1 ) start of me lting to -1 3°C ( 2 ) -1 3 t o  1 7
°C ( 3 ) 1 7

°C 

t o  finish of melting ( Secti on 3 . 6 . ) . Very simila r proportions of the 

two milk fa t s  melted between -1 3 and 1 7°C i . e . 65 - 67% of the milk fa t ,  

but  31 % o f  the 1 8 : 2 - rich milk fa t mel ted below -1 3°C and only 1 1 � above 

0 I 0 
1 7  C ,  whe rea s only 1 7/� of the control milk fat melted below -1 3 C and 

Another intere sting fea t u re wa s that 2 1 ;% of the 

1 8 : 2-rich milk fa t melted below - 1 5 °C ,  wherea s only 6% of the control 

milk fat melt ed bel o'!'i this temr ereture . Therefore it VTOlJ.ld appea r 

that high melting glycerid es (>1 7°C) in the 1 8 : 2-rich milk fa t were 

replaced by low melti ng glycerid es (<1 3°C ) . 

As found by Ed:nond son et al ( 1 '? 74) , incr ea sinG th e unsa tura t i on of 

the mi lk fa t d iminished the hir,h mel tintS shou lder in the total milk fat ,  

a s  well a s  moving the ma in mel ting peak to a sl ightly l ower tempera ture 

i . e . 1 4°C to 1 2 °c and lowering th e tempera ture for the sta rt ( - 3 3 °C to 

The liquid fa t 

content of the 1 8: 2-rich milk fat a t  all t empe ratures b etween -30 and 

0 
30 C wa s grea t er tha n the control milk fat ,  whi ch  agree s wi th sirrdlar 

results obta ined by Edm ond s on et al ( 1 974 ) . 
The red u ct ion in the proport ions of the s a tura ted TGs of high mol . 

wt . in the 1 8 :  2- rich milk fa t wa s a ccompani ed by the lowering ,  f'rom 

0 0 
41 C t o  38 C ,  of  the tempera ture for the fini sh of melting .  This wa s 

consistent wi th the ob servat ion tha t  the se turated TGs of high mol . wt .  

melt be tween 35 and 45 °C (Taylor , 1 97 3) . The melting peak for the 

high mol . w t .  fra ction o f  the 1 8 :  2-rich m ilk fa t wa s broad, in contra st 

to the two melting peaks ,  one minor, the other maj or, pre sent in this 

f'ra ction of the control milk fa t ,  �1e minor peak in the high mol , wt . 

fra ction of the control milk. fa t wa s most likely to be compri sed of 

diene TGs ,  from interpr eta t i on of the result s o f  Taylor ( 1 97 3) . 
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Without taking into ac count the pos sible effe cts of the presence of high 

levels of 1 8 : 2  on the TG pa cking in the fat crystal s ,  the lack of 

d ivision of the high mol . wt . of the 1 8 :  2-rich milk fat into two . 

melting peaks could possibly be explained by the large amounts ( 147·b) of 

002 and 020 in thi s fra ction . = � The TG , 002 e . g .  1 6 :0 - 1 6 : 0  - 18: 2 , -== 

melts at  a hit;her tempera ture than  101 e . g .  18: 1 - 1 6 : 0 - 18: 1 

( Hilditch , 1 949 ) . In add ition, :Berger and Akehurst ( 1966 )  making use 

o f  D . T .A .  cooling curves ,  observed that 002 and 012 solid i fied at a 

similar or even sl ightly higher tempera ture than Q11 . It could 

perhaps be a�trapolated from the se results  that the same relative 

tempera tures would ex ist for the melting of these TGs . I f  this were 

so, it would provide fu rther a�pla na tion fo:::: the broad melting peak of 

the high mol . wt . fra cti on of the 18: 2-rich m ilk fat .  The TGs in this 

fra ction mel t.ing below-20°C would most likely be the very unsa turated 

TG specie s e . g . 1 8 : 1 - 1 8 : 2  - 1 8 : 1 and 18: 1 - 1 8 : 2 - 18: 2 .  

The med ium mol . wt . TGs of the 1 8: 2 -rich milk fat melted b etween 
0 -20 and 20 C which was very similar to  the melting range of  the bulk of 

the l ow mol . wt . fre� ction of the control milk fat ,  Of the two melting 

peaks of the med ium mol . wt . fra cti on, one corre sponded closely to the 

melting peak , at 1 7°C , of the hig_h mol . vrt . fra ction of the 18: 2-rich 

milk fat and the other to the melting peak ,  at 0°C , of the low mol . wt, 

fra cti on of the 18: 2 -rich milk fa t ,  The lower mel ting peak would 

presumably re sult from th e melti ng of the more unsa turated TGs o f  

medium mol . wt . , namely the diene , triene and tetraene TGs vmich 

compris ed about 40'}� of the med ium mol . wt , fra ction. The solid 

solution e ffe cts ob served mu st be the result of some intera ction 

between the se glycerid es i . e .  the TG species present must exhib it 

sufficient structu'ral simihri ties to  permit the fo:c:-mation of mixed 

crystals . The high er melting peak of the med ium mol . wt . fraction was 



1 52 .  

probably formed from th e me lting of the monoene and sa tur a t ed TGs 

whi ch compri s ed 6Cf{a of the med ium mol .  wt . fra ction. 

The ma j or po=tion of the fra cti on of l ow mol . wt .  of the 1 8 : 2 -ri ch 

mi lk fa t melted between - 42 and 1 1
°

C whi ch wa s very s imilar to the range 

over which the unsa turated TGs of low mol . wt . of norma l milk fa t mel ted 

( Taylor , 1 9 7 3 ) . A sma ll port ion of the l ow mol . wt .  fra ction mel t ed 

be tween 1 1 . a nd 1 8
°

C whi ch wa s the tempera t u re range for the melting o f  

t h e  sa tura ted TGs of l ow mo l .  wt . ( Tay lor , 1 9 7 3 ) , b u t  thi s  wa s 

insu ffi cient to a ccount for the quant ity of s a turnted TGs present i n  

thi s fra cti on ,  Thi s  wa s the only TG fra cti on o f  the 1 8 :  2 - rich milk 

fat where the contrib u tion from th e sa tura ted TGs wa s not read ily 

evident . Possible expla na t ions for thi s  cou ld be the ab il ity o f  thi s  

fa t t o  accommodate the redu c ed level o f  S 8 tur a ted TGs i n  a l�ver 

m elt ing peak i . e .  mixed crys tel forma tion ,  or that d iene and triene TGs 

containing 1 8 : 2  ma inly in position 2 can b etter accommoda te the 

sa turated TGs than can th e monoene TG s  conta ining 1 8 : 1  primarily i n  

p osition 1 1 or the diene T G s  conta ining 1 8 : 1  in positions 1 and 2 .  

In summa ry ,  the fra cti ons of the 1 8 :  2 - rich milk fat a ppeared t o  

exhib i t  signi ficant mixed crys tal for ma t i o n  b etween the sa t urated a nd  

u nsa turated TGs , vm i ch gave ri se t o  ve�J broad peaks i n  contrast t o  the 

fra cti ons of th e contr ol milk fa t where only limi ted intera ction 

a ppea red t o  b e  occurr ing b e tween the re spe ctive satura t ed and unsa t u ra t ed 

TGs (Taylor , 1 97 3 ) . The s e  ch ara cteri s t i c s  of the two milk fa t s  were not 

r eadily ob servable in the total milk fa t s . 

The su itab il i ty o f  milk fa ts conta ining eleva ted l evels of 1 8 : 2 

for u s e  in the ma nu fa cture of spreadable but ter can best b e  jud ged by 

compa ri son o f  th e mel ting cha ra cter is ti c s  of these milk fa t s  at normal 

working temp erature s wi th th ose of milk fa ts of norma l 1 8 : 2  cont en t . 

Normal butter wa s conside red to have a s a t i s fa c tory spreadab ili�J 
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between 1 8  and 25°C (Norris R . , per sonal  communication) which wa s  

equivalent to liquid phase contents between 73 and 84% a s  measured by 

D . S , C o .  According to this criteria the 1 8 : 2-rich mi:lk fat is likely to 

have a satis factory spreadability in the narrow range between 1 2  and 

Therefore at  refrigerator temperatures ( 2  - 5°C ) , the 1 8 : 2 -rich 

milk fat being 45 - 511� liquid ph::J se would be almost spreadable , 

vmereas the control milk fat being only 29 - 34% liquid phase would not 

be spreadable at  this temperature . 
. 0 At room temperature , e . g .  20 C ,  

the 1 8 :  2-rich and control milk fats being 92'}'b and 75�0 liquid phase 

respe ctively , are both likely to be readily spreadable . 

Hardness mea surements of butter  vmich was manufs ctured from milk 

fat conta ining 1 7  - 22% polyunsa tura ted FAs , and mea sured a ccording to 

the sectility method of Taylor et al ( 1 971 ) ,  showed that  this 

polJ.runsatura ted butter had hardness vnlu es (arbitrary uni ts ) of 200 -

450 at 5°C and 1 1 0 - 1 90 at 1 2 . 5°C .  vmereas normal b�tter had hardness 

values of 800 - 1 600 at 12 . 5 °C (Dolby R . H . , personal communication) . 

For comparison, a poJ.;yunsa turated marga rine had a hardness  value 
0 0 between 1 30 - 270 at  5 C and 85 - 1 50 at  1 2 . 5  C ,  A produ ct spreadable 

at refrigerator temperatures wa s considered to have a hardness value of 

<250 at 5°C ( Norris R. , personnl co�munica tion) , therefore the 

polyunsaturated butter could be considered readily spreadable almost 

directly from the refrigera tor whereas normal butter would still be 

0 unspreadable at 1 2 . 5  C .  

The problem a ssocia ted wi th these 1 8 : 2-rich milk fats  is  their 

very narrow spreadable range as a re sul t  of the fat greatly favouring 

the liquid s tate at  tempera tures above 20°C �  e . g . at 20°C the liquid 

phase  content of 1 8 : 2 -rich milk fat ,  as mea sured by D . S . C .  wa s greater 

than 90%. This  was consistent wi th the oiling off at 20°C observed by 

Wood et al  ( 1 975 ) in bu tter made from milk fat containing elevated levels 

of 1 8 : 2 ,  
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Section 4 . 6 .  Summa;;:y 

1 .  The fatty a cids most affected by increa sing the proportion of 

linoleic acid in the milk fat from 1 . 8 to 1 5 . 5  mole /> were myristic acid 

( 1 4 : 0 ) and palmitic acid ( 1 6 : 0 ) which were present in lower proportions 

in the 1 8 :  2-rich milk fat .  As a consequence , triacylglycerols with 40 

and 54 a cyl carbons became maj or contributor s  to the low and high mol . 

Yrt . fra ctions respectively, and to the total milk fat ,  with reductions 

in the proportions of TGs containing 36 ,  38 ,  and 50 a cyl carbons . 

2 .  The posi tional d i stribution of ea ci'l individual F.4. in the TGs of the 

high, medium an:1 low mol . wt . fractions and in the total milk fat was 

little affected by the rresence of high levels of 1 8 : 2 for esterification .  

3 .  Linoleic acid wa s rreferentially esterified a t  position 1 and 2 o f  

the low and medium mol .  wt . TGs and at  positions 2 and 3 of the high mol . 

wt . TGs . In the total 1 8 : 2 -rich milk fat ,  1 8 : 2 was esterified in the 

three positions of the TGs in the order of preference 2 > 1. > 3 .  

4 .  The 1 8 : 2 -rich milk fat contained lovrer proportions of saturated TGs , 

especially those conta ining 1 4 : 0  and 1 6 : 0  e . g .  1 6 : 0 - 1 4 : 0 - 4 : 0 and 

1 6 : 0  - 1 4 : 0  - 1 8 : 0 , monoene TGs e . g .  1 8 : 1  - 1 6 : 0 - 4 : 0  and 1 6 : 0 - 1 6 : 0  -

1 8 : 1 ,  and diene TGs containing 1 8 : 1  e . e .  1 8 : 1 - 1 8 : 1 - 4 : 0 and 1 8 : 1  -

1 6 : 0 - 1 8 : 1 . The above decrea ses were compensated for , by increases in 

the proportions of diene TGs such as 1 8 : 0 - 1 8 : 2  - 4 : 0  and 1 8 : 0 - 1 6 : 0  -

1 8 : 2 ,  triene TGs e . g . 1 8 : 1 - 1 ,3 : 2 - 4 : 0  and 1 8 : 1 - 1 8 : 2  -- 1 8 : 0 .  an:l 

tetraene TGs e . g . 1 8 : 2  - 1 8 : 2  - 4 : 0  and 1 8 : 0  - 1 8 : 2  - 1 8 : 2 ,  

5 .  The TG fra ctions of the 1 8 : 2 -rich milk fat generally melted at  

lower temperatures than the corresponding TG fractions of the control 
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) 

milk fat .  The total 1 8 : 2-rich milk fat also melted a t  a lower 

temperature than the total control milk fat .  It wa s anticipated that  

the 1 8 : 2-rich milk f:�t would have a narrow spreadablo range (�1 2  to  1 5°C )  

whereas the control milk fat would have a wider spreadable range �1 8 to 

2 5°C ) . 

6 .  The TG fra ctions o f  the 1 8 : 2-rich milk fat appeared t o  exhibit 

significant mixed crys tal formation of saturated and unsa turated TGs 

which gave rise to very broad melting peaks • In contrast the TG 

. fra ctions of the normal milk fat exhibi t  only limited intera ction of 

the saturated and unsa turated TGs (Taylor ,  1 973) . 

7 .  Freshly secreted bovine or goat s  milk was active in the synthesis 

of tria cylglycerols using fatty acid substrates , Goats  milk was more 

active in thi s  aspect than bovine milk . Incuba tion of 1 8 : 2  and 1 6 : 0  

with freshly secreted goats milk demonstrated almost no change in the 

level of incorporation of either fatty a cid but 1 6 : 0  wa s differently 

distributed from when incubated individually,  with a greater 

concentration b eing esterified in position 2 .  



Appendix 1 .  Fatty acig compos! tion of milk fats from the pair of monozygogs twin cows fed on the control and 
eXPerimental di et s .  

Fatty acid composition (mole %) 
Pre-exu�rimental p�riod c Day 5 6 7 Average 

Cow 1 a 2b 1 a 2b 1 a 2b 1 a 2b 
TG 
4: 0  10 . 5 1 0 . 7  1 1 . 3  1 1 . 5 1 1 .8  1 1 . 0 1 1 . 3 1 1 . 1 
6 : 0  4 . 9  4.6 5 . 3  4 .9  5 . 2 5 . 7 5 . 1  5 . 1  
8 :0  2 . 1  1 . 9 2 .5 2 . 2  1 . 9 2 . 5 2 . 2  2 . 2  

10 : 0 3 .4  3 . 2  4 . 2  4 .0  3 . 1  4.4 3 . 6 3 .9 
1 0 : 1 0 . 2  0 . 1  0 . 3  0 . 2  0 . 2 0 . 3  0 . 2  0 . 2  
1 2 : 0  3 . 5  3 . 3  3 . 8  4 .0 3 . 1  3 . 8  3 . 5  3 . 7  
1 4: 0  10 . 2  8 .9 1 0 .4 9 .8  8 . 7 1 0 . 1  9 . 7 9 .6 

1 4: 1  0 .9 0 . 7  0 .9 o . 8  o . 8  0. 9 0.9 0 . 8  
1 5 : 0  1 . 1 0 .9 o . 8 o . 8  0.8 1 .0 0 .9 0 .9 
1 6 : 0  2 1 .7 22 .0  21 . 2  1 9 . 8  23 .0 1 9 . 6 22 .0  20 . 5 
1 6 : 1 1 .4 1 . 8 1 . 5 1 . 9 2 . 6  1 . 7 1 . 8 1 . 8 
1 7 : 0  0 .9 o .8 o. 6  0 .4 0.7  0. 5 0 .7 o .6 

1 8: 0  1 3.8  1 3 . 7  1 2 . 2  1 4 . 3  1 2 . 2  1 3 .9 1 2 . 7 1 4 .0 
1 8 : 1  21 . 1  23 .7  20 .8  22 . 1  20 .9 20 . 8  20.9 22 .2  
1 8 : 2  1 . 5 2 . 0 2 .0  1 . 1 1 .9 1 . 7 1 .8 1 .6 
1 8 : 3  1 .0 o .a 1 . 1 1 . 1  1 .9 1 . 2 1 . 3 1 .0 

20 :-? o .8  o .6  1 .0 o . a 1 . 2 0 .9· . 1 .{) o . 8  
a Milk fat from the control cow 
b Milk fat from the experimental cow 

1 0  1 2 

1 a 2b 1 a 2b 1 a 
Exn�ximental perio� 

1 A- 1 5  

2b 1 a 2b 1 a 
1 6  1 8  

2b 1 a 2b 

1 1 .4 1 1 .0 1 1 . 1  1 0 .0  1 1 . 1  1 0. 2  1 2 . 1  9 .8  1 1 .4 1 1 . 3  1 1 . 9  1 0 .9 
5 .8 5 . 9 5 . 1  5 .4 5 . 1  4 .9 5 .4  4 .7  5 .4  5 . • 2 5 c 1 5 �  1 
2 . 5 2 .4 2 . 1  2 . 5 2 . 3  2 . 1  2 . 4  2 .4  2 . 3  2 . 1  2 . 2  2 . 3  
4 .7  4 . 3  4.0 4 .7  3 . 9 3 .7 4 . 2  4 . 1  4. 1 3 . 5  3 . 8  3 . 3  
0 . 3  0. 2 0 . 2  0 . 3  0 . 3  0 . 2 0 . 3  0 . 2 0 .2 0 . 1  0 . 3  0.2  

4.4  3 .7  4. 2 4 .9 3 .9 3 . 3 3.7 3 . 8 3 . 5  2 . 5  3 .4  2 .9 
1 1 .9 9 .6 1 0 . 1  9 . 7 1 1 . 2  B .7 1 1 .0  8 . 5 9 .8  7 .2  1 1 . 6  7. 2  
1 . 1 0 .6  o .8  0 .6  o. 8 0.5 1 .0 0 .5 o . 8 0 . 2  o . 8  0 . 3 
1 .0 .0 .6  1 .0 o . 8 o .6 o .a 1 . 1  o . 8  o . 8  0 . 7 1 .0 0. 5  

21 .0 1 7 . 1  22 . 5  1 7 .6 20. 1  1 6. 2 21 . 2  1 4. 6  20 .0 1 2 . 1  20 .9 1 2.9 
2 .0 1 .4 1 . 5 1 . 1  1 .  7 1 .6 2 . 1  1 . 7 2 .0  1 . 4 1 . 8 1 . 3 
0 . 7  o. 6  o .8 0 . 7  0 .9 0 .7  0 .7 o . 6  o .8  0 .7 1 .0 0 . 5 

1 1 .8 1 2 . 6  1 3 . 5  1 2 . 3  1 2 .9 1 3.4  1 2 .-3 14 .3  1 4.0 14 . 7  1 3 .4  1 3.8 
1 8 . 3 1 9 . 5 20 .6  1 9.0 22 . 1  20 .6 1 8 .7 1 9 .7 21 . 6  20 .7 1 9 .8 20 .5 
1 .6 7 .5 1 . 1 8 .9 1 .. 4 11 .5 1 .7 1 2 .4 1 .9 1 5.8 1 .4 1 6 .5 
0 .7 1 .6 1 . 2 0 .9 0 .9 o.a 0 .9 0 .7 o.a o . 6 0 .7 0 .7 
o . 8  . 1 .2 1 . 2 0 .9 o .8  0.9 1 . 1  ' :1-.-2 . .  o .  7 .1 .0 0.9 1 .0 

c Average FA composition in the pre-experimental :period 

1 9d_ -

1 a 2b 

1 1 .9 1 0.4 
5 � 3  5 �4 
2 . 3  2 . 1  

4 . 1  3 . 2  
0 . 3  0 . 2  

3 . 5  2 . 6 
1 1 .9 7 . 7  
1 .0 0 . 5 
1 .0 0 .7  

22 . 1  1 4. 1  
2 .0 1 . 1  
0 .9 0 . 5 

1 1 .9 1 4 . 1  
1 8.6 20 .6  

1 .8 1 5 . 5 
o. a 0 .7 
0 .5 0 .7 

d Milk fat selected for comparison of the control and experimental milk 
fats 

� 

'<R- ' 
• 
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Appendix 2 ,  Milk and milk fat yields of the control and experimental 

cows over the trial pe:ciodd a 

5 

6 

�antral milk fat · 

Hilk_yield -
- Fat % Fat yield 

(Kg/day) ( g/day) 

1 3 . 64 

1 2 . 1 8  

Average 

4 . 73 

4 . 75 

645 . 2  

5 78 . 6  

6 1 1 . 9 

EYperimental milk fat ____ 
J',1ilk yield Fat f; Fat yield 
(Kg/day) ( g/c1ay) 

1 2 . 36 4 . 89 

4 . 5 5 

604 . 4  

65 5 . 7 

6 30 . 1  

- 1 2 3 . 64 5 59 . 1  1 5 . 4 1  4 . 9 7 

1 4- 1 3 . 4 1 4 .  32 579 . 3  1 5 . 5 5  4 . 74 737 . 1 

1 5 1 3 . 50 4 . 76 642 . 6  1 2 . 77 5 . 50 702 . 4  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - -

1 6 1 3 . 86 4 . 1 7  578 . 0  1 4 . 1 4  4 . 84 684 . 3 

1 8  1 2 . 86 4 . 06 522 . 1 1 3 . 05 5 . 26  686 . 4  

1 9  1 2 . 1 8  4 . 59 5 59 . 1 1 3 . 2 3 5 . 27 69 7 . 2  

Average 5 53 . 1 689 . 3  

a Hillc f�t yields v;ere determined on an infra -red milk analyser ( IRMA) 



AJ2J2endix 3. StereOSJ2ecific analysis  of the tri�lglycerols in the fracti.o!1 _Q_f' high_O'!_Q_l_�Q.ula�eight of the control 
milk fat I 

Fatty acid can-position ( mole %) 
1 a 2a 3a 

FA TGs 1 , 2 ( 2 , 3 ) -:OGs 1 , 3 -DGs 2 , 3-PLs 1 -PLs 2-MGs 3e 3f 

Orig . Recalc . b Ex-p . Calc . c Ex-p . Calc. d 

4 : 0  
6 : 0  0 . 4  0 . 7 0 . 2 0 . 3 0 . 3  0 , 6  1 • 1 - - 2 , 2  1 .  2 
8 : 0  1 • 1 1 . 6 1 . 4 1 . 0 0 . 8  1 .  3 1 .  6 1 .  7 0 . 6  2 . 6  1 . 0 

1 0 : 0  3 . 8  4 . 7 4 . 3 3 . 6  3 . 3  4 . 2 5 . 3 3 . 6 3 . 0 7 . 6 4 . 8 
1 0 : 1  - - - - 0 . 6  
1 2 : 0  4 . 0 4 . 9  4 . 3  4 . 4  3 . 0  3 . 0 5 . 3  4 . 0  5 . 9 4 . 7 2 . 1  
1 4 : 0  1 3 .  3 1 2 . 9  1 6 . 1  1 6 .  1 9 . 2  7 . 8 1 5 .  3 8 . 2 24 . 4 6 . 2  7 . 3  
1 4 : 1  0 . 7 1 • 5 1 • 3 1 . o  2 . 3  0 , 6  2 . 0  0 . 4  1 . 0 3 . 0  0 , 7 
1 5 : 0  1 . 3 1 .  8 1 .  6 1 . 3 1 • 1 1 . o  1 . 8  1 . 9 1 . 9 1 . 7 0 . 1  
1 6 : 0  27 . 3  27 . 2  28 . 0  29 . 7 22 . 0  2 2 . 5 2 6 . 2  29 . 1  36 . 9  1 5 . 5 . 1 5 . 9  
1 6 : 1  1 . 9 1 .  6 2 , 0 2 , 0  1 .  6 1 . 7 1 . 6 1 .  7 2 . 3  0 , 9 1 .  7 
1 7 : 0  0 . 9  0 , 6  1 . 3 0 , 8  2 . 7 1 . 1  0 , 6  0 , 6  0 , 6  0 , 6  1 . 5 
1 8 : 0  1 6 . 4  1 4 . 9  1 4 . 2  1 4 . 1 1 9 . 8  2 1 . 0 1 2 . 9  1 8 . 9  7 . 2  1 8 . 6  2 3 . 1 
1 8 : 1  2 6 . 5  25 . 3  2 3 . 3 2 3 . 5  31 . 2 32 . 5  24 . 3 27 . 2 1 4 . 4  34 . 2  37 . 9  
1 8 : 2  1 . 7 1 .  2 1 • 3 1 .  6 1 .  6 2 .0 1 .  0 1 .  5 1 . 2 0 . 8 2 . 4  
1 8 : 3 0 . 7 1 . 1  0 . 7 0 . 7 0 . 6  0 . 8 1 . 0 1 • 1 0 . 6  1 . 4 0 . 4 -l> 

\J1 
20 : ?  CO - - - - - - - - - - - • 
a Positions relative to sn-glycerol-3-phosphate c (3 x � TGs � + � 2 -MGs�  )/4 e 2 x � 2 , 3 -PLs( - ( 2 -MGs{ b [2 x ( 2 , 3-PLs )  + ( 1 -PL;}] /3 d [3 x TGs - 2 -UGs ]/2 f 3 x TGs ) - 1 -PLs ) ..:. 2 -MGs )  

( -) Not detected 
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Appendix 4. Stereos�ecific anal�sis of  the triacvlgl�cerols in the fraction of high molecular weight of the 

FA 

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 
20 : ? 
a 
b 
c 

1 8 : 2-rich milk fat 
Fatty acid composition (mole %J 

Orig . 
-

1 . 1  
1 . 5 
3 . 5  

-

3 . 2  
8 . 8  
0 , 6  
0 . 7  

1 6 . 2  
1 . 4 
0 . 7 

1 8 . 6 
2 6 . 5 
1 6 . 1  

1 . 1  

-

TGs 

. ' - ·  

Recalc . 
-

0 . 9 
1 .  2 

2 , 6  
o .  1 
3 . 4  
9 . 1 
0 . 3 
1 .  3 

1 7 . 4  
1 . 9 
1 . 0 

1 7 . 6  
25 . 9 
1 5 . 4  

1 . 9 
-

1 , 2 ( 2 , 3 )-DGs 
b Exp ,  Calc. c 

- -

0 . 9 0 . 8  
1 , 8 1 • 5 
3 . 8 3 . 8  
0 . 1  -

3 . 6  4 . 0  
1 o .  4 1 0 . 7  

1 . 1  0 . 5  
1 . 0 0 . 7  

1 7 . 7  1 8 . 0  
1 .  7 1 .  5 
0 , 8  0 , 6  

1 6 , 0  1 6 . 4  
2 3 . 8  24 . 5  
1 6 . 0  1 6 . 1 

1 . 4 1 . 0 
- -

Positions relative to sn-glycerol-3-phosphate  
[2  x ( 2 , 3-PLs )  + ( 1 -PL;)] /3 
[3 x ( TGs ) + ( 2 -MGs ) ] /4 

1 , 3-DGs 2 ,  3-PLs 
Exp. Calc . d 

0 . 1  
0 . 4  1 .  7 1 . 4 
1 . 1 1 .  5 1 .  6 
2 . 8  2 .9 3 . 2  
o .  1 - 0 . 1  
2 . 6  1 . 7 3 .9  
6 , 1  5 . 0 9 . 6  
0 . 3  0 . 5 0 . 3 
0 . 8  0 . 7  1 . 3  

1 4 . 6  1 2 . 7  1 5 . 2 
1 .  6 1 .  3 1 .  6 
2 . 5 0 . 9 0 . 8 

2 2 . 1  2 3 . 0  1 5 . 4 
29 . 0 30 . 6  26 . 0  
1 5 . 7  1 6 . 2  1 7 . 3 

0 . 2  1 • 3 2 . 3 
- - -

d [3 x ( TGs ) - ( 2-MGs) ] {2 e 2 x ( 2 , 3-PLs) - ( 2-MGs 

1 9  28 38 
1 -PLs 2-MGs 3e 3f 

- - 2 , 8  3 . 3  
0 . 3  1 , 6 1 .  6 2 . 6  
1 .  3 4 . 7  1 . 7 4 . 5 
o .  1 - 0 . 2 -0 . 1  
2 . 5  6 , 2  1 .  6 0 . 9 
8 , 0  1 6 . 4 2 . 8  2 , 0 
0 . 4 0 , 2  0 . 4  1 .  2 
1 .  3 0 , 6 2 . 0  0 . 2  

2 1  . 8  2 3 . 3  7 . 1 3 . 5 
2 . 4  1 . 7 1 .  5 0 . 1  
1 • 5 0 . 3 1 . 3 0 . 3 

22 . 0  9 . 8  2 1 . 0 24 . 0 
2 5 . 7  18 . 4  33 . 6 35 . 4 
1 1 . 7 1 6 . 0  1 8. 6  20 . 6  

1 • 1 0 , 8  3 . 8  1 . 4 
...\ - - - - \J1 

f \.0 
3 x ( TGs) - ( 1 -PLs )  - ( 2 -MGs ) • 

( - )  Not detected 



Appemix 5.  Stereos]eci fi c  a na l�si s  of the triac�lgl�cerols in the fra ction of med ium molecular weight of the 

.EA. 

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 
20 : ?  

control m ilk fa t 

TGs 
Orig , Re ca l c .  b 

5 . 3  6 . 3  
1 0 . 4  1 0 . 7 
4 . 3  3 . 6  
5 . 9  4 . 1  
0 . 5  0 , 2  
4 . 5  4 . 2 

1 1 . 8 1 1 . 4  
1 . 4 0 . 7 
1 .  0 0 , 8 

2 3 . 6 24 . 8  
2 . 1  1 .  8 
0 , 8  0 , 4  

1 1  . 1 1 2 . 2  
1 5 . 3  1 5 . 6 

1 . 0 1 . 5 
0 , 8 1 .  1 
0 , 2 0 . 5 

- - · · · ·  

--·-- -- -
Fatty a c id composition (mole %) 

1 . 2 ( 2 , 3 ) -DGs 2 , 3-PLs 
Exp . Cal c .  c 

4 . 6  4 . 0  9 . 5  
1 0 . 0  8 . 3 1 6 . 0  

3 . 2  4 . 0 5 . 0 
5 . 1  6 , 0  5 . 7 
0 . 4  0 . 4  0 . 3 
4 . 9  5 . 2 4 . 8 

1 3 . 5  1 4 . 5  1 2 . 2 
0 . 8  1 .  3 1 . 0 
1 . 1  1 . 1 1 .  0 

2 6 , 2  25 . 7  2 1  . 1  
2 . 7 2 . 0 2 , 0  
0 . 8  0 . 7 0 . 5 

1 0 . 6  1 0 , 1 8 . 4  
1 4 . 3 1 4 . 7 1 0 . 5 

1 . 0 1 • 1 1 .  2 
0 . 7 0 , 8 0 . 7 
0 . 2  0 . 2 -

1a 
1 -PLs 

-
-

0 . 7 
0 . 9  
-

2 . 9 
9 . 8  
-

0 . 4  
32 . 3 
1 • 5 
0 . 3 

1 9 . 8  
2 5 . 7 

2 .  1 
1 .  9 
1 .  6 

a Positions rela tive to sn- glycerol- 3-phosphate c [3 x ( TGs ) + ( 2 --MGs ) ] /4 b [ 2 x ( 2 ,  3-PLs )  + ( 1 -PL;)J /3 e 2 x ( 2 , J -PLs)  - ( 2 -MGs ) 

2!l � 

2 -MGs 3e 3 f 

- 1 9 . 0  1 5 . 9  
1 .  8 30 . 2  29 . 4 
3 . 0  7 . 0 9 . 2 
6 . 1 5 . 3  1 0 . 7 
0 . 3  0 . 3 1 .  2 
7 . 3 2 . 3 3 . 3 

2 2 . 6 1 .  8 3 . 0  
1 . 2  0 . 8  3 . 0 
1 . 6 0 . 4  1 . 0 

32 . 1  1 0 , 1  6 . 4  
1 .  6 2 . 4  3 . 2  
0 . 5 0 . 5 1 • 6 
7 . 2 9 . 6  6 . 3  

1 2 . 7 8 . 3 7 . 5  
1 . 3 1 • 1 -0 . 4  
0 . 7  0 . 7 -0 . 2  
- o . o  - 1 . 0 

f 3 x ( TGs ) - ( 1 -PLs ) - ( 2-MGs) 
( - ) Not detect ed 

� 
0\ 0 
• 





AJ2J2endix l• · Stereos12ecific anal�sis of the triac�lgl�cerols in the fraction of low molecular weight of the control 
milk fat 

Fatty a cid composition (mole ?b) 
18 2a !:I 

FA TGs 1 , 2 ( 2 , 3 ) -DGs 2 , 3-PLs - 1 -PLs 2-MGs 3e 3 f 

Orig. Recalc ,  b Exp , Calc ,  c 

4 : 0  2 5 . 0 24 . 6 2 2 . 5  1 8 . 8  36 . 9 - 0 . 1  73 . 7 75 . 0  
6 : 0  6 . 2  6 . 1  5 . 9  5 . 5  9 . 1 - 3 . 2  1 5 . 0  1 5 . 4  
8 : 0 2 . 3 1 .  7 2 . 4 3 . 1 2 . 4  0 .4 5 . 6 -0 . 8  0 . 9 

1 0 : 0  3 . 6 3 .  1 4 . 5  4 . 9  4 . 1 1 .  2 8 . 9 -0 . 7 0 . 7  
1 0 : 1  0 . 5  0 . 3 0 . 7 0 . 6  0 . 4  0 . 1  0 . 8 0 . 0  0 , 6 
1 2 : 0 3 . 8  4 . 2 5 . 2  5 . 1  4 . 9  2 . 9 9 . 0  0 . 8  -0 . 5  
1 4 : 0 1 1  . 5 1 1 . 8  1 6 . 1  1 4 . 2  1 2 . 5  1 0 .  3 22 . 3  2 . 7 1 . 9 
1 4 : 1  0 . 9 0 . 5  1 . 0 1 .  0 0 . 7 0 . 2  1 .  4 0 . 0  1 . 1 
1 5 : 0  0 . 9  1 .  2 1 . o  1 .  2 0 . 9 1 .  7 2 . 2  -0 . 4  - 1 . 2 
1 6 : 0  20 . 2  22 . 1 2 1  . o  2 1 . 5 1 6 . 0  34 . 4 2 5 . 5  6 . 5  0 . 7 
1 6 : 1  1 . 4 1 . 5 1 .  3 1 . 5 1 .  5 1 .  6 1 • 6 1 . 4 1 .  0 
1 7 : 0  0 . 4  0 . 4 o .  1 0 . 4  0 . 2  0 . 7 0 . 3 o .  1 0 , 2  
1 8 : 0  7 . 6 8 . 9 5 . 9  6 . 9 3 . 4 l 9 . 8 4 . 8 2 , 0  - 1 . 8 
1 8 : 1  1 2 , 6 1 1  . 4  1 0 . 3 1 2 . 4 5 . 4  2 3 . 5  1 1 . 8  -1  . o  2 . 5  
1 8 : 2  1 . 2 1 . 3 1 . 0 1 • 2 0 . 9 2 . 1  1 • 1 0 . 7 0 . 4  
1 8 : 3 1 .  2 0 . 7 0 . 7 1 • 1 0 , 6  0 , 8  0 . 9 0 . 3  1 . 5 
20 : ? 0 , 8  0 . 1  0 . 3  0 . 1  - 0 . 4 0 . 5  -0 . 5  1 . 5 � 

(J\ 
a c [3 x (TGs ) + ( 2 -MGs) ] /4 f 3 x (TGs ) - ( 1 -PLs)  - ( 2-MGs)  

1\) 
Positions relative to sn-glycerol-3-phosphate • 

b [ 2  x ( 2 , 3-PLs) + ( 1 -PL;J] /3 e 2 x ( 2 , 3-PLs) - ( 2-MGs)  ( -) Not detected 



Appendix 8 ,  Stereospecific anal;ysi s of the tria c;ylgl;ycerols in the 4-l!cii_on _of low molecular_weight of the 
1 8 : 2-rich milk fat 

Fatty acid comno�ition (mole %) 
1 

.FA. TGs 1 , 2( 2 ,  3 )  -DGs 2 , 3-PLs 1 -PLs 
Orig , Recalc .  b Exp. Calc .  c 

4 : 0  24 . 3  2 3 .  7 22 . 0  1 8 . 2  35 . 5  -
6 : 0  5 . 9  4 . 9  4 . 6  5 . 8 7 . 3 -

8 : 0  2 . 3  1 .  9 2 . 3 3 . 3  2 . 1  1 ' 5  
1 0 : 0  3 . 7 3 . 4  3 . 9  5 .  1 3 . 8 2 , 6  
1 0 : 1  0 . 3  0 . 2  0 . 2  0 . 4  0 . 2  0 . 1 
1 2 : 0  3 . 4  3 . 9  4 . 2  4 . 4 4 . 2 3 . 4  
1 4 : 0  9 . 1  8 . 8  9 . 5  1 o .  5 8 . 9  8 . 7 
1 4 : 1 0 , 6 0 . 4  0 . 4  0 . 7  0 . 4  0 . 3  
1 5 : 0  0 . 6 1 .  2 0 . 7 0 . 7 0 , 8  2 . 1  
1 6 : 0  1 3 . 1  1 4 . 8 1 3 . 6  1 3 . 3  1 0 , 6 2 3 . 3  
1 6 : 1 1 . o  1 . 6 1 .  5 1 • 1 1 .  4 2 . 1  
1 7 : 0  0 . 2  0 . 5 0 . 5  0 . 2  0 . 4 0 . 6  
1 8 : 0  8 . 0  9 . 4  8 . 3 ? . 5  4 . 7  1 8 . 9  
1 8 : 1  1 3 . 2 1 2 . 4  1 3 . 4  1 3 . 3  8 , 8 1 9 . 6  
1 8 : 2  1 3 .  5 1 2 . 2  1 4 . 4 1 4 . 8  1 o .  5 1 5 . 5  
1 8 : 3 0 . 8  0 . 7 0 , 6  0 . 9 0 . 4  1 .  3 
20 : ?  - - - - - -
a c [3 x (TGs ) + ( 2-MGs) ] /4 Positions relative to sn-glycerol-3-phosphate  
b [2 x ( 2 , 3-PLs)  + ( 1 -PL;) ] /3 e 2 x ( 2 , 3-PLs) - ( 2-MGs )  

2 
2-MGs 3e 3f 

- 71 . 0  72 . 9  
5 . 6  9 . 0 1 2 . 1  
6 . 3 -2 . 1  -0 . 9  
9 . 2  - 1 . 6  -0 . 7  
0 . 6 -0 . 2  o .  1 
7 . 5  0 . 9  -0 . 7 

1 4 . 5  3 . 3  4 . 1  
0 . 8  o . o  0 . 7  
1 . 0 0 . 6 -1 . 3 

1 3 . 7  7 . 5 2 . 3 
1 • 5 1 .  3 -0 . 6  
0 . 3 0 . 5 -0 . 3  
5 . 8  3 . 6  -0 . 7 

1 3 . 7  3 . 9  6 . 3  
1 8 . 5  2 . 5 6 . 5 
1 .  0 -0 . 2  0 , 1 

- - -

f 3 x ( TGs) - ( 1 -PLs ) - (2-MGs )  
( - )  Not detected 

..... 
0'\ � 
• 
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· Appendix 9.  Molecular snecies of triacylglycerol in the high molecular 

weight fraction of the control and 1 8 : 2-ri ch milk fats 

Li k e ly ma j or
. % TG class �s Fra ction % Total 

m o l e c u la r  s p e c � e s  Control 1 8  : 2-rich Control 1 8 :  2-rich Control 1 8 :  2-rich 
of t r i a c y l g l y c e r o l  

Saturated TGs 

42�1 6 : 0-1 2 : 0-1 6 : 0  1 4 . 0  

44 1 4 : 0-1 4 : 0-1 6 : 0  1 9 . 8 

1 6 : 0- 1 0 : 0- 1 8 : 0 

46 1 6 : 0-1 4 : 0-1 6 : 0  2 1 . 0  

1 6 : 0- 1 2 : 0- 1 8 : 0  

4 8  1 6 : 0-1 4 : 0-1 8 : 0  1 9 . 5 

50  1 8 : 0- 1 4 : 0- 1 8 : 0  1 4 . 9  

1 6 : 0-1 6 : 0- 1 8 : 0  

52  1 8 : 0 -1 6 : 0-1 8 : 0  6 . 8 

Trans - monoene TGs 

46 1 6 : 0-1 2 : 0- 1 8 : 1  9 . 2 

48 1 6 : 0-1 4 : 0- 1 8 : 1  2 1 . 6  

5 0  1 6 : 0-1 6 : 0-1 8 : 1  35 . 2  

1 8 : 0- 1 4 : 0- 1 8 : 1  

1 8 : 1 - 1 4 : 0- 1 8 : 0  

52  1 8 : 0. 1 6 : 0-1 8 : 1  25 . 0  

1 8 : 1 -1 6 : 0- 1 8 : 0 

54 1 8 : 0- 1 8 : 0- 1 8 : 1  5 . 3 

1 8 : 1 - 1 8 : 0- 1 8: 0 

Cis - monoene TGs 

46 1 6 : 0-1 2 : 0- 18 : 1 1 0 . 7  

48 1 6 :  0-1 4 :  0- 1 8 : 1 2 2 .  7 

50 1 6 : 0-1 6 : 0- 1 8 : 1  33 . 1  

1 8 : 0- 1 4 : 0- 1 8 : 1  

1 8 : 1 - 1 4 :  0-1 8 : 0  

20 , 1  

1 8 . 7  

1 5 . 5  

1 3 . 5  

1 3 . 0  

7 . 4 

7 . 6  

1 2 . 1  

22 . 1  

24 . 3  

1 3 . 3  

1 2 . 1  

1 6 . 4  

24 . 6 

4 . 1 

5 . 8  

6 . 2  

5 . 8  

4 . 4  

2 . 0  

0 . 9  

2 .  1 

3 . 5  

2 . 5  

o . s  

3 . 6  

7 . 7  

1 1  • 3 

4 . 0  

3 . 7 

3 . 1 

2 . 7  

2 . 6  

1 .  5 

0 . 3 

0 ,4 

0 , 8  

0 . 9  

0 . 5 

2 . 6  

3 . 5 

5 . 2  

1 . 5 

2 . 1  

2 , 2  

2 . 1  

1 . 6 

0 . 7  

0 . 3 

0 , 8  

1 . 3 

0 . 9  

0 . 2  

1 .  3 

2 . 8  

4 . 1 

(To be cont .. ) 

1 .  7 

1 .  6 

1 .  3 

1 . 2 

1 . 1  

0 , 6  

0 . 1  

0 . 2  

0 . 3 

0 . 4  

0 . 2 

1 . 1  

1 . 5 

2 . 2  



A PJ2endix 2. ( cont.) 
L i ke ly ma j or cf, TG cla ss �,� Fra ction fa Total 

m o l e c u la r  s p e c i e s  Control 1 8 : 2-ridh Control 1 8 : 2-rich Control 1 8 : 2-rich 
o f  t r i a c y l g l y c e r o l  

Cis - monoene TGs ( cont.) 

52 1 8 :  0- 1 6  : 0-1 8 :  1 2 3 . 2  22 . 6  7 . 9 4 . 8 2 . 9 2 . 1  

1 8 : 1 -1 6 : 0-1 8 : 0  

54 1 8 : 0-1 8: 0-1 8 : 1  6 . 0  1 1 . 0  2 . 0 2 . 3 0 . 7 1 .  0 

1 8 : 1 - 1 8 : 0- 1 8 : 0  

Diene TGs. 

46 1 6 : 0-1 2 : 0-1 8 : 2  8 . 9 2 . 4 1 . 1 

1 8 : 1 -1 0 : 0-1 8 : 1  

1 6 : 0-1 4 : 0-1 8 : 2  

4 8  1 8 : 1 -1 2 : 0 -1 8 : 1  6 . 9 1 1 . 4 1 .  2 3 . 1  0 . 4  1 .  3 

50 1 8 : 1 - 1 4 : 0-1 8 : 1  22 . 4  20 . 5 3 . 9  5 . 6  1 . 4 2 . 4  

1 8 : 0-1 4 : 0-1 8 : 2  

1 8 : 2- 1 4 : 0-1 8 : 0  

1 6 : 0-1 6 : 0- 1 8 : 2  

5 2  1 8 : 1 -1 6 : 0-1 8 : 1  41 . 7  26 . 5  7 . 3 7 . 3 2 . 6 3 . 1 

1 8 : 0-1 6 : 0-1 8 : 2  

1 6 : 0-1 8 : 2 -1 8 : 0  

1 8 : 2-1 6 : 0-1 8 : 0  

54 1 8 : 1 -1 8: 0-1 8 : 1 21 . 8  25 . 9 3 . 8  7 .  1 1 .  4 3 . 1 

1 8 : 0- 1 8 : 2-1 8 : 0  

Triene TGs 

50 1 8 : 2-1 4 : 0-1 8 : 1  1 6 . 5  1 5 . 1  1 . 5 2 . 4  0 . 5 1 .  0 

1 8 : 1 - 1 4  : 0- 1  8 : 2 

52 1 6 :  0-1 8 :  2-1 8 :  1 28 . 6 29 : 4  2 . 6  4 . 6  0 . 9  2 . 0 

1 8 : 2-1 6 :  0-1 8 :  1 

1 8 :  1 - 1 6 : 0-1 8 : 2  

1 6 : 0- 1 8 : 3 -1 8 : 0  
1 8 : 0- 1 6 : 0-1 8 : 3 ( To b e  cont.) 



Anpendix 9 .  ( cont� 

1 6 6 ,.  

. L i k e ly ma j or . . % TG class 7j Fraction � Total m o l e c u l a r  s p e c � e s  C t
1 1 8 2 · h C t 1 1 8  2 · h C t 1 1 8  2 · eh  o f  t r i a c y l g ly c e r o l  on ro  1 : -r�c on  ro  : -r1c on  ro  : -r1 

Triene TGs ( cont� 
54 1 8 : 0-1 8 : 2- 1 8 : 1  

1 8 : 1 -1 8 : 2 -1 8 : 0  

1 8 : 1 -1 8 : 1 - 1 8 : 1  

1 8 : 0- 1 8 : 3-1 8 : 0  

Tetraene TGs 

52 1 6 :  0-1 8: 2-1  8 :  2 

1 8 : 2-1 6 : 0-1 8 : 2  

54 1 8 : 0-1 8 : 2-1 8 : 2  

1 8 : 2-1 8 : 2 -1 8 : 0  

1 8 : 1 - 1 8 : 2- 1 8 : 1 

1 8 : 1 -1 8 : 2-1 8 : 2  

48 . 0  45 . 9  

1 6 . 9 

73 . 0  

Carbon number of triacylglycerols 

4 . 3 7 . 2 1 .  6 3 . 1 

2 , 0  0 . 9  

8 , 8  3 . 8 



Api)endix 1 0 . Molecular species of  triacylglycerol in the medium 

molecular weieht fraction of the control and 1 8 : 2-riCh 

milk fats 
L i k e ly rna j or , � cf. 5'1 TG class /? Fraction �� Total 

m o l e c u l a r  s p e c i e s  Control 1 8 : 2-rich Control 1 8 : 2-riCh Control 18 :  2-rich o f  t r i a c y l g ly c e r o l  

Saturated TGs 

34�1 6 : 0-1 4 : 0-4 : 0 

36 1 6 : 0-1 6 : 0-4 : 0  

1 6 : 0- 1 4 : 0- 6 : 0  

38 1 6 : 0-1 6 : 0-6 : 0  

1 8 : 0-1 4 : 0-6 : 0 

1 8 : 0-1 6 : 0-4 : 0  

40 1 8 : 0-1 6 : 0-6 : 0  

1 8 : 0-1 8 : 0-4 : 0  

42 1 8 : 0- 1 8 : 0- 6 : 0  

� - monoene TGs 

38 1 8 : 1 -1 4 : 0-6 : 0  

1 8 : 1 - 1 6 : 0-4 : 0  

4 0  1 8 : 1 -1 8 : 0-4 :0  

1 8 :  1 -1 6 :  0-6 :  0 

42 1 8 : 1 - 1 8 : 0-6 : 0  

Cis - monoene TGs 

38 1 8 : 1 - 1 4 : 0-6 : 0  

1 8 : 1 -1 6 : 0-4 : 0  

40 1 8 : 1 - 1 8 : 0-4 : 0  

1 8 : 1 - 1 6 : 0-6 : 0  

42 1 8 : 1 - 1 8 : 0-6 : 0  

4 4  1 8 : 1 -1 8 : 0-8: 0 

3 . 1  

1 7 . 0  

33 . 5 

24 . 8  

1 2 . 3 

1 9 . 3 

31 . 7  

20 . 3 

1 5 . 0  

32 . 1  

2 3 .4  

1 3 . 5 

8 . 1 

26 . 1  

20 . 9  

5 . 0  

23 . 0  

41 . 8  

20 . 1  

2 3 . 6  

44 . 7  

20 . 2  

4 . 6  

1 . 5 

8 , 0  

1 5 . 7  

1 1 . 6  

5 . 8  

1 . 5 

2 . 5 

1 .  6 

3 . 6  

7. 7 

5 . 6  

3 . 2  

2 . 3 

7 . 3  

1 0 . 3 

5 . 9  

1 . 4 

1 .  8 

3 . 3  

1 • 6 

5 . 7  

1 0 . 8 

4 . 9  

1 . 1 

0 . 3  

1 .  6 

3 . 1  

2 . 3 

1 . 1  

0 . 3 

0 . 5  

0 . 3 

0 . 7  

1 . 5 

1 • 1 

0 . 6  

( To be  cont.) 

0 . 4 

1 . 4 

2 . 0  

1 • 1 

0 . 3 

0 . 4  

0 . 6  

0 . 3 

1 . 1  

2 . 1  

1 .  0 

0 , 2  



1 6 8 .  

!P.nendix 1 0 .  ( contJ 
Like ly ma j or c� TG cla ss 1· Fra ction % T otal m o l e c ular s p e c i e s  I' 

of  t i i a c ylglyc e r ol Control 1 8 : 2-rich Control 1 8 : 2-rich Control 1 8 : 2-rich 

Diene TGs 

40 1 8 : 1 -1 8 : 1 -4 :  0 1 1  . 5 34 . 5 1 .  5 7 . 8 0 . 3  1 . 5 

1 8 : 0-1 8 : 2-4 : 0  

1 8 : 2- 1 8 : 0-4 : 0  

42 1 8 : 1 -1 8 : 1 -6 : 0  21 . 1 36 . � 2 , 8 8 . 2  0 . 6  1 • 6 

1 8 : 0- 1 8 : 2 - 6 : 0 

1 8 : 2 - 1 8 : 0 -6 : 0  

44 1 8 : 1 -1 8 : 1 -8 : 0 1 8 . 2  1 2 . 0  2 . 4  2 . 7  0 . 5 0 . 5 

1 8 : 0- 1 8 : 2 -8 : 0 

1 8 : 2-1 8 : 0-8 : 0 

4 6  1 8 : 1 - 1 8 : 1 - 1 0 : 0  1 6 . 7  6 . 3  2 . 2  1 . 4 0 . 4 0 . 3  

1 8 : 0- 1 8 : 2- 1 0 : 0 

1 8 : 2- 1 8 : 0-1 0 : 0  

Triene TG s 

� 2  1 8 : 2 -1 8 : 1 -6 : 0  6 r:; 40 . 2  (\ r 3 . G 0 . 1  0 . 7  . / ,, . . ) 

1 8 :  1 - 1 8 :  2 -6 :  0 

1 8 : 0- 1 8 : 3 -6 : 0  

44 1 8 : 1 - 1 8 : 2 -8 : 0 7 . 8 1 9 . 4  0 . 6  1 .  7 0 . 1  0 . 3 

1 8 : 2 -1 8 : 1 -S : O  

1 8 : 0-1 8 : 3 -8 : 0 

46 1 8 : 0- 1 8 : 3- 1 0 : 0  1 2 . 7  1 7 . 5 1 .  0 1 .  6 0 . 2  o .  3 

1 8 : 2 -1 8 : 1 -1 0 : 0  

1 8 : 1 -1 8 : 2 -1 0 : 0  

48 1 6 : 0- 1 4 : 0-1 8 : 3 1 2 . 9  5 . 5 1 .  0 0 . 5 0 . 2  0 . 1 

1 8 : 2 -1 2 : 0-1 8 : 1  

50 1 6 : 0-1 6 : 0- 1 8 : 3 1 8 . 3 6 . 1  1 . 5 0 . 5 0 . 3  0 . 1  

1 8 : 0- 1 /: : 0 - 1 8 : 3  
( To be cont.) 



Appendix 1 0 . ( cont� 
L i k e ly ma j or · l  _ '(; TG cla s s  �� Fra cti on % Tota l  m o l e c u l a r s p e c i e s  Control 1 8 : 2 - rich Control 1 8: 2-ri ch Control 1 8 : 2 -rich o f  t r i a c y l g ly c e � o l  

Triene TG� ( c ent� 

1 8 : 2 -1 4 : 0 - 1 8 : 1  

1 8 : 1 -1 � : 0-1 8 : 2  

5 2  1 8 : 1 -1 6 : 0- 1 8 : 3 

1 8 : 3- 1 6 : 0- 1 8 : 0  

1 8 :  2-1  6 :  0- 1 8 :  1 

1 6 :  0-1 8 :  2 - 1 8 :  1 

54 1 8 : 1 -1 8 : 1 - 1 8 : 1  

1 8 : 0- 1 8 :  2 - 1  8 :  1 

Tetra ene TGs 

46  1 8 : 2 - 1 0 : 0-1 8 : 2  
5 0  1 8 : 2 -1 4 : 0- 1 8 : 2  

5 2  1 3 : 2 -1 6 : 0- 1 8 : 2  

1 6 :  0- 1 8 :  2 - 1 13 : 2 

5t 1 3 : 2 - 1 8 : 2 -1 8 : 0  
1 8 : 0-1 8 : 2 - 1 13 : 2  

1 8 : 1 - 1 8 : 2 - 1 8 : 1 

1 8 : 1 - 1 13 : 2 - 1 8 : 2 

1 8 : 2 -1 8 : 2 -1 8 : 1  

1 6 . 7  � . 3 

1 2 .  1 4 . 2  

1 2 . 9  

1 1  . 1 

1 3 . 3 

39 . 0 

Carbon numb er o f  trig cylglyce rol s 

1 • !; 0 . 3  0 . 1  

1 . 0 0 . 4 0 . 2  0 . 1  

1 . 1  0 , 2 

0 . 9 0 , 2  

1 . 1 0 , 2  

3 . 3 0 , 6  



1 70 .  

L i k e ly ma j or S TG cla ss  � Fra ction % Total 
m o l e c u lar s p e c i e s  Control 1 8 : 2 -rich Control 1 8 : 2-ri ch Control 1 8 : 2-rich 
o f  t r i a c y l g ly c e r o l 

Saturated TGs 

3�
�

1 4 : 0-1 2 : 0-4 : 0  

1 6 : 0-1 0 : 0-4 : 0  

3 2  1 4 : 0-1 4 : 0-4 : 0  

1 6 : 0-1 2 : 0-4 : 0  

3 4  1 6 : 0-1 4 : 0-4 : 0  

36 1 6 : 0-1 6 : 0-4 : 0  

1 8 : 0-1 4 : 0-4 : 0  

3 8  1 8 : 0-1 6 : 0-4 : 0  

Trans - monoene TGs 

34 1 8 : 1 - 1 2 : 0-4 : 0  

36 1 8 : 1 - 1 4 : 0-4 : 0  

38 1 8 : 1 -1 6 : 0-4 : 0  

40 1 8 : 1 -1 8 : 0-4 : 0 

1 8 : 0-1 13 : 1 -4 : 0  

Cis - monoene TGs 

34 1 8 :  1 - 1  2 :  0-4 : 0 

36 1 8 : 1 - 1 4 : 0 -4: 0 

38  1 8 : 1 -1 6 : 0-4 : 0  

40 1 8 : 1 - 1 8 : 0-4 : 0  

1 8 : 0-1 8 : 1 - 4 : 0  

: Diene TGs 

32 1 8 : 2 -1 0 : 0-4 : 0  

3 4  1 8 : 2 -1 2 : 0-4 : 0  

3 6  1 8 : 2-1 4 : 0-4: 0 

5 . 7  

1 3 . 9  

30 . 2  

35 . 2  

1 2 . 4  

1 4 . 0  

27 . 5  

47 . 0 

1 1  . 1 

9 . 2  

29 . 4 

45 . 6 

1 2 . 0  

8 . 2 

1 2 . 0  

1 0 . 5 

9 . 7  

1 6 . 7  

2 7 . 4 

2 8 , 8  

1 1 . 8 

9 . 2  

28 , 8 

40 . 0  

1 9 . 8  

1 1 . 2 

2 7 . 1 

37 . 7  

1 8 . 0  

0 . 8  

3 . 2  

1 1 . 6  

2 , 7  

6 . 6  

1 4 . 3  

1 6 . 6  

5 . 9  

1 . 3 

2 . 6  

4 . 4 

1 .  0 

2 , 6  

8 , 2  

1 2 . 8  

3 . 4 

0 , 8  

1 . 1  

1 . o  

3 . 0 

5 . 2  

8 . 5  

9 . 0  

3 . 7  

0 . 5  

1 .  4 

2 . 0  

1 , 0 

2 . 3  

5 . 5  

7 . 6 

3 . 6 

0 , 2  

0 . 9  

3 . 2  

1 . 2 

2 . 9  

6 . 3  

7 . 3  

2 . 6  

0 , 6  

1 . 1  

1 • 9 

0 . 5  

1 • 1 

3 . 6 

5 . 6 

1 .  5 

0 . 3  

0 . 5  

0 . 4  

(To b e  cont.) 

1 • 1 

2 , 0  

3 . 2 

3 . 4  

1 . 4 

0 , 2  

0 . 5  

0 . 8 

0 . 4 

0 . 9  

2 . 1  

2 . 9  

1 . 4  

0 , 1  

0 . 3  

1 1 2  



A ppend.g_jj_, ( cant� 

L i k e ly ma j or 1-· TG class  ;S Fraction % Total 
>m o l e c u lar s p e c i e s Co:1trol 1 8 : 2-ri ch Control 1 8 : 2-rich Control 1 8 : 2 -rich 

o f  t r i a c y l g ly c e r o l  

Diene TGs ( cont.) 

38 1 6 : 0- 1 8 : 2-4 : 0  1 5 . 4  35 . 2 1 . 4 9 . 8  0 , 6  3 . 7  

1 8 : 2-1 6 : 0-4 : 0  

40 1 8 : 1 - 1 8 : 1 -4 : 0  50 . 1  4 5 . 5  4 . 6 1 2 . 6  2 . 0 4 . 7  

1 8 : 2-1 8 : 0-4 : 0  

1 8 : 0- 1 8 : 2 -4 : 0  

Triene TGs 

36 1 8 : 3-1 4 : 0-4 : 0  1 2  ' 5  2 , 1  0 , 8 0 , 2  0 . 3  0 . 1  

38 1 8 : 3-1 6 : 0-4 : 0  2 5 . 5  4 . 1  1 .  6 0 . 4  0 . 7 0 . 1  

40 1 8 : 1 - 1 8 : 2 -4 : 0 47 . 2  76 . 2  3 . 0 6 . 9 1 . 3 2 . 6  

1 8 : 0- 1 8 : 3-4 : 0  

42 1 8 : 1 - 1 8 : 2-6 : 0 6 , 8  1 5 . 4 0 . 4  1 .  4 0 , 2 0 . 5  

1 8 : 0-1 8 : 3-6 : 0 

Tetraene TGs 

40 1 8 : 2 - 1 8 : 2-4 : 0  64 . 9 4 . 5  1 .  7 

42 1 8 : 2 -V3 : 2-6 : 0  20 . 8  1 . 4 0 . 5  

Carbon numb er o f  trincylglycerols 
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