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Polymorphic Transitions of Mixed Triglycerides, SOS, in the 
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The polymorphic  behavior  o f  1,3-distearoyl-2-oleo gly- 
cerol  (SOS)  has  been  invest igated in the  presence  o f  a 
se l ec ted  food emulsi f ier ,  sorbitan monostearate .  Five 
polymorphs,  named  ~, 7, pseudo- i f ,  82, and 81 were  
crystal l ized and ident i f ied  by both x-rays and DSC. 
Each polymorph wa s  treated us ing  two se lec ted  pro- 
t o c o l s - t h e  "screen cycle" and the  "aging cycle." It 
has  b e e n  demonstrated  that sorbitan monostearate ,  
w h e n  present  in the  mol ten  fat, wil l  s ignif icantly  
retard the  a to ~/ transi t ion during both the  screen  
cycle and the  aging cycle. A retardation e f fec t  was  not  
de tec ted  for the  ~/to pseudo-fl' transit ion (during the  
screen  or  the  aging cycle) .  The emuls i f i er  that  is  
inserted  into the  fat behaves  as a convent ional  impu- 
rity, caus ing  s igni f icant  reduct ion in the  mel t ing  
temperatures  o f  each polymorph.  As a result,  the  fat 
t ends  to mel t  prior to i ts  transit ion.  The behavior  o f  
SOS in the  presence  o f  the  sorbitan monostearate  is 
therefore  d i f ferent  than that  o f  SSS ( tr is tearin) ,  and 
may explain,  in part, the  absence  o f  the  strong bloom- 
ing transi t ion to high melt ing  polymorph that  occurs  
w h e n  the  fat  is  rich in SOS. This  behavior  can also  shed  
some  light on the  behavior  o f  cocoa butter  in the  pres- 
ence  o f  sorbitan es ters .  

INTRODUCTION 
The polymorphic behavior of mono-saturated acid tri- 
glycerides is well understood (1-9). The polymorphism of 
triglycerides with unsatura ted  acyl chains is less clear, 
and the literature involves many contradictions. This is 
manifested even in the most simple and representative 
mixed acid triglyceride, SOS (symmetric 1,3-di-stearoyl- 
2-oleoyl glycerol). Daubert and Clarke (10) reported 
three forms, and Lutton (11) proposed three forms with 
a triple length s tructure in SOS. Malkin and Wilson found 
four forms (12,13). Gibon et al. (14) reported six poly- 
morphs. There is much confusion related to the nomen- 
clature of these forms, as well as with their identification. 
Wang has recently studied the polymorphism of a series 
of sat-O-sat triglycerides and detected a new 81 form (15). 
Sato (16-18) was the first to describe the polymorphism 
of SOS using a 99.9% pure sample. The x-ray and DSC 
studies helped to identify the various polymorphs and to 
observe the polymorph transitions, melt crystallization, 
and solvent crystallization. 

Larsson's (19) and Hernqvist's (20) methods have been 
commonly employed (based on subcell packing) for the 
nomenclature of the polymorphs, a, having the hexagonal 
packing (H), 8', the orthorhombic perpendicular packing 
(0_k), and 8, the triclinic, paralled (T//). Therefore, 8'1 and 
8'2 are modifications having the same subcell s t ructure  
(subscript 1 represents the more stable form). Sato's 
nomenclature  also employs the packing concepts, but 
adds the s t ructural  characteristics to it. Therefore, new 
polymorphs nomenclature such as T and pseudo-8'  axe 
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introduced. We have decided to use Sato's concept in this 
study. 

Cocoa butter  (CB) is the most  important  natural  con- 
fectionary fat with multiple polymorphs (21-28). CB con- 
sists of 17% POP and 26% SOS. Six polymorphs have been 
identified, some of them have similar XRD short  spacing 
spectra to the SOS polymorphs, a and pseudo-fl '  forms in 
SOS correspond to those of Forms II and IV of cocoa 
butter. The short spacing of f12 and fll in SOS are almost 
identical to those of Forms V and VI in cocoa butter. 

Two models for the mechanism of bloom in CB have 
been suggested. The first concerns polymorphic transfor- 
mation from the metastable form to the most stable form 
VI (24-28). Another  one assumes self-fractionation of the 
fat components  in high-melting fat, from those involving 
lower-melting fat fraction in cocoa butter (29). Sato (30) 
has demonstrated tha t  in experiments carried out on 
mixtures of triglycerides that  are similar in composition 
to cocoa butter, ill-form, which corresponds to Form VI of 
CB, was obtained from f12, which corresponds to Form V 
via the solid-state polymorphic transformation. There- 
fore, Sato concludes that  the fat bloom of CB is essentially 
caused by the polymorphic transformation from Form V 
to Form VI. 

If we assume that  such a mechanism is feasible, it is 
important  to s tudy the effect of several food emulsifiers, 
known to be crystal s t ructure modifiers and polymorphic 
retarding agents, on each of constituents of CB, POP, SOS, 
POS, and to compare their effect to the one obtained with 
saturated monoacid triglycerides (SSS and PPP), as well 
as with CB itself. 

Several selected food emulsifiers, such as 1,2 and 1,3- 
diglyceride stearate and sorbitan esters (sorbitan mono 
and tristearate) have been shown to retard polymorphic 
transitions of saturated monoacid triglycerides (SSS) 
and CB (31,32). Sorbitan monostearate  is incorporated 
into the molten fat and cocrystallizes with the less stable 
polymorph because of its good chemical structural  affin- 
ity with the fat. Its existence in the fat helps to retard the 
polymorphic transitions into the more stable form. 

Therefore, the aim of this work is to confirm Sato's find- 
ings on the characterization of the various SOS poly- 
morphs and to s tudy the effect of sorbitan monostearate  
on the rate of  t ransformation of each of the polymorphs. 
Such a s tudy will allow us to comprehend the SOS behav- 
ior to SSS and to CB, and will also help to clarify the bloom 
phenomenon in CB. Special effort was required in this 
s tudy to isolate and characterize each of the five poly- 
morphs of SOS--a, 7, pseudo-fl', f12 andf l ] - -by careful 
cooling profiles under a very controlled scheme. 

The aging cycle--aging at a temperature  just  below the 
melting of each obtained polymorph-- is  one of the tech- 
niques used in this s tudy to evaluate the effect of the 
emulsifier. A special focus was put  on the a ~ ~/~ pseudo- 
ff transitions, which corresponded to the Form II to Form 
IV transitions in CB. In addition, the possible transition of 
82 to 81 is very interesting since it corresponds to the 
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t ransformation of Form V to Form VI in CB, which is 
believed to be the main cause for the blooming. 

E X P E R I M E N T A L  

Materials. 1,3-distearoyl, 2-oleo glycerol (SOS), was pur- 
chased from Larodan Fine Chemicals and was 99% pure. 
The emulsifier tested was sorbitan monostearate  (Span 
60 or SMS) from Grindsted Products, Denmark. The emul- 
sifter was added at the level of 5 wt% (31,32). The sample 
was blended in the molten state in order  to obtain a 
homogeneous mixture. 
Methods. The thermal measurements  were performed on 
the Mettler Differential Scanning Calorimeter TA 3000, 
calibrated for temperature  readings and calorimetric 
accuracy with zinc and indium. The weighed samples 
were sealed in an aluminum pan; a similar empty pan 
served as reference. The thermal profile of each experi- 
ment is given within the figure or the text  as presented in 
the results. The fusion enthalpies (AHI) were automati-  
cally computed by the instrument. 

R E S U L T S  

A sample of pure SOS from a bottle was aged at room 
tempera ture  (20°C) for several months  and analyzed by 
DSC and X-rays. The recorded melting points indicated 
that  the ~/-form (mp 35.4°C and pseudo fl'-form ImP 
36.3°C]) were present (Fig. 1). 

Transition by the "screen process" (~ ~7).  The pure a- 
form was obtained according to Sato's method by fast 
cooling (50 C/min) of the melt to 10°C and aged at this 
temperature  for a few minutes. Confirmation of the exist- 
ence of the pure a-form was obtained from the x-ray anal- 
ysis (single peak at 4.2A and sharp melt at 23.6°C [heating 
cycle of 5°C/mini), which was found to be in agreement 
with Sato's results (16-18). The sample was reheated 
according to the heating scheme presented in Figure 2. It 
can be clearly seen that  the heating rate affects the trans- 
formation rate of the a-form. At a low heating rate (Fig. 
2a, l°C/min) the a-form transforms completely to ~/and 
pseudo-fl'-forms (35.0 and 36.0°C, respectively). At faster 
heating rates the a-form did not t ransform completely, 
and therefore both the melting of a (26.6°C) and the crys- 
tallization of ~/can be detected along with the melting of 

the 7 and pseudo-fl'-forms (Fig. 2b). At relatively high 
heating rates (10°C/min, Fig. 2d), the a-form only par- 
tially melts (24.4°C), and the formation of 7-form can be 
hardly detected. The melting points of 7 and pseudo-fl' 
are fused and occur together (Figs. 2c and 2d). 

A sample of SOS was mixed together with 5 wt % of 
sorbitan monostearate  and has been subjected to the 
same thermal treatment.  The effect of the food emulsifier 
is clearly detected (Fig. 2). Even at slow heating rates the 
pure a-form does not completely transform into the 7- 
form and both the melting of a and the formation of 7 can 
be clearly detected. Fur ther  heating reveals the melting 
process of 7 and pseudo-fl '  (34.0 and 35.20C, Fig. 2c). At 
high heating rates one can easily observe the retardat ion 
effect of the sorbitan ester (Fig. 2d). Comparison of the 
behavior of the a-form at 10°C/min both in the presence 
and absence of the emulsifier, shows that  while in the 
absence of the emulsifier the mixture of 7 and pseudo-fl' 
is detected, and with the addition of SMS, only the a-form 
is present in the mixture and it did not t ransform to the 
higher forms. 

The SMS, during the heating process (the "screen proc- 
ess"), retards the t ransformation of a-form into the ~/- 
form. The a-form corresponds to what  is commonly 
detected in triglycerides, being unstable polymorph char- 
acterized by a single short  spacing around 4.2A that  can 
be easily t ransformed to the 7 or pseudo-fl'-forms. The 
effect of the heating rate and the emulsifier on the AH is 
summarized in Table 1. The Table shows that  the melting 
points of the a-form are higher by a fraction of a degree in 
each heating rate in the presence of the emulsifier, in 
comparison to the melting in its absence. Similar 
increases in the melting points applies for the melting 
(Tin) of the ~/-form or the pseudo-fl'-form. The recorded 
peaks are also always broader  in the presence of the 
impurity than in its absence. The AH values that  were 
measured in the presence of the surfactant  indicated the 
formation, as expected, of lower amounts  of the high 
melting form. The emulsifier is supposed to interact with 
the molecule in the lattice and retard the conformational 
disordering in the portion of the aliphatic chain. 

Transition by the "aging process. " Solid-solid transi- 
tion of a to ~/-form was achieved when the a-form was 
heated to 22°C and aged for 10 or 20 minutes at this 
temperature  (Sato aged the a-form to obtain the ~/-form 

3 6 . 3  
p s e u d o / ~  

I i j l  i ,l ! I I  I 1 I I I ! 1 

20 :30 40 50 
T °C 

FIG. 1. DSC curves of  the  thermal behavior of  99% pure SOS from bottle aged for a f e w  
months  at room temperature.  AH m at 35.4°C (7-form) and 36.3"(; (pseudo  fl'). 
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T A B L E  1 

E f f e c t  o f  t h e  H e a t i n g  R a t e  a n d  S M S  A d d i t i o n  o n  t h e  T m a n d  A H f  o f  SOS 

1 ( °C/min)  2 ( °C/min)  5 ( °C/min)  10(°C/rain)  
Heat ing r a t e  

fa t  + SMS SOS SOS + SMS SOS SOS + SMS SOS SOS + SMS SOS SOS + SMS 

T m  - -  23.3 23.0 23.6 23.6 23.9 24.4 24.7 
AH ( J /g )  - -  15.12 26.05 51.05 58,42 70.10 72.12 74.13 
T m  (°C) 35.0 34,0 35.2 35.4 36.6 35.8 36.6 -- 

36.0 35.2 
AH ( J /g )  115.0 105.9 126.09 97.32 118.47 106.12 90.69 - -  

(a) 1°C/min 

2 3 . 3  

35.0 

no Em 

with Em 

0 
¢- 

LIJ 

(b) 

(c) 

(d) 

2°C/rain 

23.6  ~i 

3 5 . 4  

. ~ I / 366 
Q - t 0 r m ~  ~ I 

, O:!/m i n _ ~ / . . . _ _  23.6//~~_ ~.6F__ 

I~4'41 3 6 . 6  
I / 
I / 
I d 
24.7 

I I  , i  i l J  , I I I ,  t ,  I I 

20 50 40 50 
T°C 

no Em 

with Em 

FIG.  2. T h e r m a l  b e h a v i o r  o f  p u r e  a - f o r m  ( o b t a i n e d  f r o m  m e l t  by  f a s t  coo l i ng  to  10°C 
a n d  a g e d  fo r  5 m i n  a t  t h i s  t e m p e r a t u r e )  w h e n  h e a t e d  a t  1, 2, 5, a n d  1 0 ° C / m i n ,  in  
a b s e n c e  ( ) a n d  p r e s e n c e  o f  5 wt% s o r b i t a n  m o n o s t e a r a t e  ( . . . .  );  a) l°C/min; 
b )  2 ° C / m i n ;  c )  5 ° C / m i n ;  a n d  d )  1 0 ° C / m i n .  

JAOCS, Vol. 66, no. 11 (November  1989) 



POLYMORPHIC TRANSITIONS OF MIXED TRIGL¥CERIDES 

0 

C::: 

L~ 

(a) 

" - ,  , - . - ,  

/ 
Ct - form 

(b )  

I0 mins aged 

\ . ~'- form 

34.6 

20mins aged 

" - \  / . . . .  

. i /  . 
~bl ~ 7" - form 

34.6 

I 1 1 1 1 1 1 1  i ,,,,I ...... 

20  30 4 0  50  
T ° C  

no Em 

5wt% Em 

no Em 

5 w t %  Em 

FIG. 3. Thermal behavior of  pure a-form after aging at 220C for a)  10 rain and b)  20 min 
in the  absence  ( ) and presence ( . . . .  ) o f  5 wt% sorbitan monostearate  ( s e e  text  
for deta i l s ) .  The heat ing rate is  5°C/min for each sample.  
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at 17°C for 12 hr). This process was repeated with and 
without the presence of SMS for two aging times (Figs. 3a 
and 3b). After 10 min of aging in the absence of emulsifier, 
one can detect the pure 7-form alone (at 35.8°C), and a 
typical x-ray pattern. After the same aging time at 22°C, in 
the presence of 5 wt% of SMS, par t  of the a-form is still 
present, indicating only a partial t ransformat ion into 7; 
(Fig. 3a), suggesting a minor retardation effect. It should 
be noted that  the retarding effect of the emulsifier was 
practically not detected after 20 min of aging (Fig. 3b). 

Those findings suggest tha t  at temperatures  close to 
the u-melting, ~ to - / t ransformat ion  is ra ther  fast and 
occurs within less than 10 min. The surfactant  will be only 
slightly helpful in retarding such a transformation. After 
more prolonged periods of aging (20 min) the kinetic 
retarding effect of the surfactant  is very minor, and prac- 
tically all the a-form was t ransformed into the ~/-form. 

Gamma to psuedo-fl' transi t ion (7 ~ pseudo-fl') "Tran- 
sition by the 'aging process'". The pseudo-fl '  form melts 
at only 0.9°C higher than the ~/form, and therefore, the 
two melting peaks tend to fuse. Attempts to obtain pure 
pseudo-fl' from w-form were made by Sato (1 hr aging at 
30°C). Our approach  was to follow the heating scheme as 
described in Figure 4. The obtained sample was heated to 
34.8°C (I°C below the melting of 7) and aged for 20, 80, 
250, 900 and 1000 minutes. The existence or absence of 
the t ransformation was again followed by heating the 
sample to melt (60°C) at 5°C/min in the DSC. After a short  
aging (10-80 min), two melting points were detected at 

35.3 and 36.8°C, corresponding to 7- and pseudo-fl'. This 
indicates that  not  all of the ~/-form was t ransformed to 
the pseudo-fl'-form. The more prolonged aging time did 
not yield pure pseudo-fl', but ra ther  a mixture of 7- with 
the pseudo-fl' and fl2-forms (34.9, 36.7, and 40.4°C, Fig. 
4b). We were unable to obtain the pure pseudo-B'-form in 
this technique since it tends to partially transform, at this 
temperature,  into the f~2-form. The rate of t ransformation 
of pseudo-fl '-form to f12 is faster than that  of 7- to pseudo- 
fl' at this temperature  which indicates that  the conforma- 
tional t ransformation is easier for the more dense 
pseudo-fl'-form. Sato gives the name of pseudo-fl' to this 
form because the short  spacing spectrum are similar to 
the pat terns  of fl' of SSS. In the presence of SMS only 
one melting peak has been observed for any aging time 
(20 and i000 min, Fig. 4d a n d  4c). The peak has been 
identified as the melting of pseudo-fl', which indicates 
the surprising acceleration effect that  the emulsifier has 
on this transformation. While in the absence of an emul- 
sifter, even after 1000 min we could not account  for 
the t ransformation of most -/-form into pseudo-fl'-form, 
and the presence of 5 wt% emulsifier induced the full 
t ransformation of ~/-form into pseudo-fl '  within 20 min. 
On the other  hand, no further t ransformation of pseudo- 
fl' to fl2-form was detected in the presence of the 
emulsifier in contradiction to the result observed, on this 
transformation, in the absence of the additive. The sur- 
prising, unexpected effect on the t ransformation rate will 
be further discussed in view of the behavior of other 
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o 
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36.2 
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36.7 

(c) 

/ 
I I 
I I  

~36.2 
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F I G .  4.  T h e r m a l  b e h a v i o r  o f  t h e  T-form ( o b t a i n e d  a f ter  h e a t i n g  ~, s e e  s c h e m e )  a g e d  
at  34.8°C for  a )  2 0  or  80,  b )  250,  c )  1000  m i n  in  t h e  a b s e n c e  ( ........ ) a n d  p r e s e n c e  
( . . . .  ) o f  5 wt% e m u l s i f i e r .  

polymorphic forms of sa tura ted  triglycerides. It should 
also be noted that  the presence of the emulsifier--as in 
impurity in the crystal lattice of the ~/-form--will reduce 
its melting point slightly. In contras t  to its effect in the a- 
form transition, a melting point of 36.2°C was recorded 
for pseudo-fl'-form, in comparison to the expected 36.5- 
37.1°C (Figs. 4a and 4c). The x-ray powder diffraction of 
the pseudo- fl'-form was in agreement with Sato's 
findings. 

"Transition by screening. "An at tempt  was made to 
obtain the pure pseudo-fl '-form from the -/-form by grad- 
ual heating of pure ~/-form to 35.8°C (1 °C below the melt of 
pseudo-fl') according to the thermal profile shown in Fig- 
ure 5. The -/-form was totally t ransformed into the 
pseudo- fl'-form as expected. A melting of 37.1°C was 
recorded for this form (which is about  0.6°C above Sato's 
report  and 0.3°C above our  recording for aged samples). 
This comparison can be seen in Figures 4b and 5a. 

JAOCS, VoL 66, no. I fl ( N o v e m b e r  1989) 



POLYMORPHIC TRANSITIONS OF MIXED TRIGLYCERIDES 

1611 

60°C 

50 ° C/min~ 

IO°C~ 

60°C 

x 2 O m i ~  ~ m i n  
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X = 22°C(SOS) , 22.5°C ( SOS+E ) 
Y -- 55.8°0 (SOS), 55.20C (SOS+E) 

no Em 

1 0 \ f - "  "~" - -  - 

ILl 22.6 oc ~ ~'--  pseud0-~ 
- form 57° I °C 

I I i i i I i i I i I i , i i I 
2O 5O 40  50 

T°C 
FIG.  5. T h e r m a l  b e h a v i o r  o f  ~,-form d u r i n g  a h e a t i n g  c y c l e  w i t h  ( . . . .  ) and  w i t h o u t  
( ) t h e  p r e s e n c e  o f  an  e m u l s i f i e r .  

Surprisingly, the  melt ing of  7 or  of  pseudo-fl ' -  fo rm 
could no t  be de tec ted  in the  p resence  of  SMS (Fig. 5), and  
only one peak  at 22.6°C was  r e c o r d e d  co r re spond ing  to 
the  melt  of  (~. This s t range  behavior  was  unexpec ted ,  bu t  
can  be explained.  The 7- form has  been t r a n s f o r m e d  into 
the  pseudo-  fl'-form, bu t  since its melt ing is no t  1-2°C 
lower  t h a n  expec ted  (due  to the  p resence  of  the  impu-  
rity), the  aging process  caused  it to  mel t  and  re-solidify in 
the  a - fo rm dur ing  the  cooling sequence.  Therefore,  no 
pseudo-f l '  or  7 - forms  were  detected.  Once again, this indi- 
ca tes  t h a t  the  emulsifier  speeds  up  the  t rans i t ion  of  the  
"medium melt ing forms", and  t h a t  t hey  are  no t  easily 
detected.  

Transit ion of  pseudo-fl' to f12. Transi t ion by the "aging 
process. "The  t r ans fo rma t ion  of  pseudo-f l ' - form to f12 was  
pe r fo rmed  by an  aging p r o g r a m  accord ing  to  the  complex  
heat ing-cool ing profile shown in Figure 6. The ob ta ined  
pseudo-f l '  was  aged for 250-1000 min at  36.1°C for t rans-  
fo rma t ion  to fl2-form. Figure 6a shows  the  fo rmat ion  of  
the  fl2-form toge ther  with the  exis tence of  the  pseudo-fl ' -  
form, which is still p resen t  af ter  250 min of  aging. The 
solid-solid t r ans fo rma t ion  is quite slow, and  1000 min- 
utes  are  required  to t r a n s f o r m  the  whole  pseudo-f l ' - form 
into fl2-form (Fig. 6b). Figure 6b shows  a single melt ing 
endo the rmic  p e a k  at 41.7°C, charac te r i s t i c  to the  fl2-form, 
which  indicated  t h a t  the  pseudo-f l ' - form was  t rans-  
fo rmed  comple te ly  to the  next  fie-form. This t r ans fo rma-  
t ion was  achieved as expected.  Sato repor t s  the  forma-  
t ion of  f12 f rom pseudo-fl '  within 10 hr  at  350C. 

The addi t ion  of  SMS again caused  a d r a m a t i c  effect, 
since it lowered  the  melt ing poin t  of  the  pseudo-f l '  (Fig. 
6b), and  there fore  the  melt ing process  t ook  place pr ior  to  
the  e x p e c t e d  t r an s fo rma t ion  into the  fl2-form. The fact  
t h a t  the  t e m p e r a t u r e  was  ma in ta ined  at  35.2°C, which  is 
r a the r  high and  too  close to the  melt ing of  the  pseudo-fl ' -  
form, could  be the  cause  for  such  preferable  mel t ing over 
the  solid-solid t r ans fo rmat ion .  The only one peak  
de tec ted  was  the  melt ing of  the  resolidified a - fo rm 
ob ta ined  via the  melt  med ia t ed  route.  

The transi t ion o f  fl 2 to ill. The t rans i t ion  o f  the  fl2-form 
into i l l -form is p re sen ted  in Figure 7. 

The fl2-form was  aged for 1000 minu tes  at  40.70C, which  
is Ioc below the  melt ing of  ill, and,  as can  be seen in Figure 
7, pu re  i l l -form was  obtained.  This process  was  car r ied  
ou t  in the  absence  of  an  emulsifier. The add i ton  of  the  
emulsifier was  ca tas t rophic ,  caus ing  fast  melt  o f  the  
ob ta ined  form. Therefore,  the  s tudy  of  the  emulsifier 
behavior  was  no t  possible for this t rans i t ion  since a n y  fl2- 
fo rm ob ta ined  in the  previous  cycle in the  p resence  of  the  
emulsifier mel ted  before it could be aged for  the  nex t  f12 fll 
t ransi t ions.  

CONCLUSIONS 
As expec ted ,  five po lymorphs  of  SOS could  be de tec ted  
and  cha rac t e r i zed  w h e n  mol ten  SOS was  cooled a n d  
hea ted  u n d e r  selected t he rma l  protocol .  This recon-  
f i rmed Sato 's  findings. 
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FIG. 6. Transit ion o f  p s e u d o  fi' to  flz-form by aging after  a )  250 min and b)  100 min in 
the  absence  ( ) and presence  o f  the  emuls i f i er  ( . . . .  ).  
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FIG. 7. Transit ion o f  the  flz form into fll form by aging the  sample  
at 40.7°C (1°C be low the  mel t ing  o f  fiz-form) for 1000 min wi thout  
the e m u l s i f i e r s  ( ). 

Sorbitan monosteara te  has significantly re tarded the 
transition of ~ to ~/or pseudo-fl' during the heating cycle 
and, to some extent,  during the aging process as well. The 
fact tha t  pseudo-fl '-form is the most thermodynamically 
stable form explains these findings: The emulsifiers tha t  
have good "structure compatibility" with the fat tend to 
slow down the solid-solid transition as explained in our  
previous studies (27). Low melting SOS polymorphs will 
behave in a similar t rend as SSS. The less stable modifica- 
tions of SOS will t ransform to the more stable ones at a 
reduced ra te  in the presence of the emulsifier. 

The transit ions of the "high melting forms" are not 
re tarded by the addition of the emulsifier, but  accelerated 
instead. The melting points of any polymorph were 
reduced in its presence, at any aging or heating cycle, 
causing accelerated transitions, which were followed by 
"early melting" of each polymorph. The surfactant  
induced the conformational  distortion of the lattice and 
caused faster and early melting. The emulsifier did not 
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behave  as lat t ice s t r u c t u r a l  i m p u r i t y  as it does p robab ly  
du r ing  the  t r ans i t i on  of low into high mel t ing  forms of 
t r i s tear in .  It  shou ld  be no t ed  t h a t  the  "low mel t ing  forms" 
of SOS behave  s imilar ly  to the  a - fo rm of SSS a n d  the i r  
t r ans i t i on  is r e t a r d e d  by the  food emulsifier.  On the  o the r  
hand ,  the  "high mel t ing  forms" behave  similar ly to  CB a n d  
the i r  t r a n s f o r m a t i o n s  are acce le ra ted  by "impurit ies" 
(25,27). 

The  s t u d y  of POP in the  p r e sence  of so rb i t an  esters,  
followed by a s t u d y  of the  behavior  of m e c h a n i c a l  b l end  of 
the  mos t  i m p o r t a n t  c o n s t i t u e n t s  of CB is in progress.  
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