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ABSTRACT 

Enantiome ric and racemic triacylglyce rols (TGs) repre sentative 

of the major structural classe s in milkfat we re synthe sise d and the ir 

polymorphism was characte rise d by diffe rential scanning calorime try (DSC) 

and infrare d (IR) spe ctroscopy. 

With butyric (B) , ole ic (0), palmitic (P) and stearic (S) acids 

as starting mate rials, 22 racemic TGs were prepare d. The main TG classe s 

were : 1) palmitoyl-stearoyl TGs (e . g. PSS ) , 2) 1-butyryl TGs (BPS) , 

3) 1-ole oyl TGs (OPS) , 4) 2-ole oyl TGs ( POS ), 5) 1-butyryl-2-oleoyl 

TGs (BOS) and 6) 1, 2-dioleoyl TGs (OOS) . Three TGs containing e la idic 

acid (E) were also synthe sise d (BES, ESS and SES) . In a ddition, enan­

tiome rs of three of the racem ic TGs be longing to the 1-butyryl and 

1-ole oyl classe s  we re prepare d (�-SSB, -SSO an d -PPO) . 

The polymorphic forms of each TG we re classifie d as a, �· or� 

by comparison of the ir IR spe ctra with the spe ctra of the polymorphic 

forms of monoacid TGs. Solvent crystallise d forms we re also chara cte rise d 

by X-ray powde r diffraction . Ne lting poin ts of all polymorphs and heats 

of fusion of the least stable (a) and most stable forms we re de te rmine d 

by DSC . Howe ve r, the de termination of the p olymorphic assignment and 

heat of fusion of the inte rme diate forms was often unce rtain be cause of 

the difficulty in obtaining a pure phase. 

The principal findings we re :-

1) C orre spondin g enantiome ric and racemic TGs e xhibite d similar poly­

m orphic be haviour e xcept that the a forms of the enan tiome rs trans­

forme d more rapidly than those of the ir racemate s. 

2) For TGs in which one fatty acid was ve ry diffe rent from the othe r two 

(e . g. BSS, OOS) , the position of the unusual acid de te rmine d the chain 

pack ing of the stable form . If the acid was in a primary position, 

the TG was �'-stable (e . g. BSS, OSS, OOS) , while if it was in the 

se condary position,  the TG wa s �-stable (e . g. SOS, SBS) . 

3)  The re we re close paralle ls be tween the stable forms of corre sponding 

butyryl and ole oyl TGs (e . g. BSS, OSS; SBS, SOS; BOS, OOS) , although 

in othe r re spe cts the ir p olymorph ism ha d little in common . The stable 

forms of BSP and OSP showe d anomalous the rmal, diffra ction and spe ctral 

data compare d with the rema ining 1-butyryl and 1-ole oyl TGs. 

4)  The re sults obtaine d for the 1-ole oyl, 2-ole oyl and 1, 2-diole oyl TGs 

we re in gene ral a greement with earlie r reports, a lthough some 

diffe rences we re note d in the transforma tion of OSP, OPS, SOS and POP. 



Furthermore, previously undetected tran sitions were observed for a ll 

the oleoyl TGs, a lthough these were minor. A new polymorph of OPP 

was a lso characterised. With the exception of POS, all monooleoyl 

TGs showed anomalous crysta llisation beha viour. 

iii 

5) The results for the polymorphism of the palmitoyl-stearoyl and elaidoyl­

stearoyl TGs were a lso in accord with p revious reports. The presence 

of a � ·2 form was confirmed for all TGs except SPS and PSP. The heats 

of fusion of the � forms of SPS an d PSP were comparable with those of 

their unsymmetrica l counterparts, PSS an d PPS, but the heats of fusion 

of their stable� · forms were much higher than those of� ·  SSS, PSS, 

PPS and PPP. 

These findings are discussed in rela tion to the prin ciples of 

close packing and their relevan ce to the phase behaviour of milk fat. 
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NOMENCLATURE 

In general , the recommendat ions of the IUPAC-IUB Commission on 

Biochemical Nomenclature ( 1 976 ; Lipids � ( 1977 ) ,  455 ) are followed for 

the nomenclature of lipids containing glycerol . However , the abbreviations 

MG , DG and TG are used for mono- , di- and triacylglycerol respectively . 

For the sake of  brevity , TGs are specified by a three let t er c ode in 

which the lett ers indicat e the acyl group ( B ,  butyryl ; E, elaidoyl ; 

L ,  lauroyl; O ,  oleoyl ;  P ,  palmitoyl and S ,  st earoyl ) and the order o f  

t he symbols represents t he position of  the acyl group in the TG molecule. 

Enantiomeric TGs are dist inguished by the prefix ·�-',  while TGs without 

a prefix are understood t o  be racemic . Thus �-PPO represent s 

1 , 2-dipalmitoyl-3-oleoyl-�-glycerol and POS ( or SOP ) represents 

�-1 -palmitoyl-2-oleoyl-3-st earoylglycerol .  

The polymorphic forms o f  TGs are designat ed according t o  

Larsson's modificat ion ( Larsson , 1 966a ) on Lut t on's syst em o f  classificat ion 

( Lutton , 1 950) . Where necessary , the chain mult iplicity of a part icular 

form is indicat ed by a suffix. Thus the t erm · �-2 1 represents a �  form 

with a chain multiplic ity of 2. 




