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T h e  e f f e c t  o f  l e c i t h i n s  o n  w a x  c r y s t a l l i z a t i o n  in  
s u n f l o w e r s e e d  o i l  w a s  s tud ied .  T h e  r e s u l t s  s h o w e d  
t h a t  t h e  p r e s e n c e  o f  l e c i t h i n s  d o e s  n o t  m o d i f y  t h e  
n u c l e a t i o n  s t a g e ,  but  d e c r e a s e s  t h e  c r y s t a l l i n e  
s i z e .  L e c i t h i n  h a s  a m i n i m a l  e f f e c t  o n  v i s c o s i t y  
a n d  d o e s  n o t  c h a n g e  t h e  w a x / o i l  e q u i l i b r i u m  r a t i o .  
I t  i s  p r o p o s e d  t h a t  t h e  m a i n  m e c h a n i s m  o f  a c t i o n  
o f  l e c i t h i n  i n v o l v e s  t h e  p a r t i a l  a d s o r p t i o n  o n  t h e  
s u r f a c e  o f  t h e  w a x  c r y s t a l s  i n t e r f e r i n g  w i t h  t h e i r  
g r o w t h .  

Size and morphology exhibited by wax crystals pres- 
ent in sunflowerseed oil during the winterization step 
depend not  only on the variables related to cooling 
conditions (temperature of the refrigerating fluid, res- 
idence time, exchange conditions, etc.), but also on 
the presence of " impuri t ies"  in the oil, which act by 
inhibit ing or delaying wax crystallization (1-4). 

According to Rac (2), the presence of 1% lecithin in 
a refined oil sample containing 1% wax causes a 
decrease of about 60% in the crystal  size in compari- 
son with tha t  obtained in phospholipid-free oils. This  
author  suggested tha t  mucilages would form a pro- 
tective coating around the wax crystals, thus pre- 
vent ing their growth and agglomeration. It also has  
been reported tha t  phospholipids act as inhibitors of 
wax crystallization in cottonseed oil (1,3). 

The objectives of the present  study are to analyze 
the effect of lecithins on wax crystal l izat ion in sun- 
flowerseed oil and to obtain information about the 
mechanism of action of these phospholipids. 

MATERIALS AND METHODS 

Samples. All experiments were performed with refined 
sunflowerseed oil conta ining 0.005% wax and 12 ppm 
phosphorus (lecithin) to which known amounts  of 
waxes and soy lecithins were added. Wax concentra- 
tion was determined by weighing and ranged from 
0.05% to 1%. Lecithin as expressed in terms of phos- 
phorus (5) was measured by s tandard  AOCS methods 
(6) and ranged from 12 ppm to 600 ppm. Wax used in 
the experiments was obtained by filtering crude sun- 
flowerseed oil through a Buchner funnel. The solid 
residue was washed several times with petroleum 
ether at 0 C and dried in a desiccator at room temper- 
ature. 

Nucleation. The influence of lecithin on wax nuclea- 
tion in sunflowerseed oil was studied on oil samples 
containing different amounts  of phospholipids. Sam- 
ples were melted at 65 C and were then exponential ly  
cooled on the platform of a Leitz microscope as de- 
scribed previously (7). Thermal  histories were charac- 
terized in terms of the parameter  K (a constant  which 
represents the easiness of the heat  t ransfer  between 
the sample and the cooling medium). Tf (temperature 

of the refrigerating fluid) and Ti (initial temperature 
of the sample). The temperatures and times of appear- 
ance of crystals were determined. The smallest detec- 
table size of crystals was about 1 pm. 

Crystal size. Crystal  size and morphology were 
determined from photographs taken one hour after  
crystall ization had occurred. Crystal  size was arbi- 
t rari ly considered as its longest dimension. 

Viscosity determinations. Viscosity determinations 
were performed on samples of refined oil with different 
lecithin contents  (12,48,96,192,288 and 411 ppm of P). 
A Haake  Rotavisco RV2 viscosimeter and NV stan- 
dard rotor were used; speeds were 90.5,128,181,256 and 
362 rpm. Measurements were performed at 20 C. 

Conditions of wax/oil equilibrium. Conditions of 
equilibrium between wax and sunflowerseed oil with 
high lecithin contents were determined as previously 
described (7). 

Adsorption experiments. Isolated waxes (0.15%) 
and different amounts  of soy lecithin (from 13.4 ppm 
to 196.9 ppm of P) were added to samples of refined oil 
(0.005% wax, 12 ppm P). Samples were melted at 80 C 
and later  were l inearly cooled at rates of either 30 
C /min  or 0.1 C/min.  After one hour the wax crystals 
were separated by centrifuging the oil (20,400 X g for 
20 min) at room temperature ( T = 15 C). The content  
of phosphorus remaining in the supernatant  oil was 
then determined (5,6). In all cases the oil obtained 
after centrifugation was free of wax crystals. 

RESULTS AND DISCUSSION 

Melting temperatures for various contents of wax 
and lecithin were determined. No differences due to 
the presence of lecithin were detected. 

Nucleation. Time of appearance of crystals was 
taken as tha t  elapsing from the time at which the 
equilibrium temperature was reached (for 0.15% wax, 
To : 50 C) to the time at  which the first crystals 
appeared (corresponds to the time during which the 
sample remains supercooled). 

Under  the same cooling conditions, lecithin con- 
centrat ions from 13.9 to 613.2 ppm P gave the same 
nucleat ion times (250-260 sec) with no significant  
change in the number  of crystals/cc.  This  suggests 
tha t  phospholipids do not modify the nucleation step. 
Similar conclusions were reached in similar assays 
performed with a lower wax content (0.005%). 

Crystalline growth. Figure 1 shows the effect of the 
lecithin content on the crystal distribution as deter- 
mined one hour after the beginning of crystal l ization 
(7). A shift toward smaller sizes is observed with 
increasing lecithin contents. 

Figure 2 shows the mode (l~) of the crystal l ine dis- 
tr ibutions obtained under the same crystall ization 
conditions as a function of the lecithin content of the 
sample and for different wax contents. The results 
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FIG. 1. Crys ta l  s i ze  d i s tr ibut ions .  
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FIG. 2. E f f ec t  o f  l e c i t h i n  c o n t e n t  on  the  c r y s t a l l i n e  s i ze  
for  s a m p l e s  w i t h  d i f f erent  a m o u n t s  o f  w a x e s .  

obtained indicate tha t  the crystalline size decreased 
to about one-half by adding 300 ppm phospholipids 
(expressed as P) in agreement with previous reports 
(2). At higher concentrations the mode becomes vir- 
tually independent of the lecithin content. 

Experiments performed with different wax concen- 
trations showed that  the inhibitory effect was smaller 
at  higher wax concentrations. In Table 1 this effect is 
expressed as the percent decrease of the mode 100 ([)o - 
D)/Do) with reference to the value obtained for lecithin- 
free oil (12 ppm P), where Do is the mode of crystal 
distribution at  the above mentioned concentration. 
Table 1 shows tha t  for a constant  wax content there 
is an increase of the inhibition at  increasing lecithin 
concentrations until a maximum value of near 60% is 
attained. A similar effect is observed when the per- 
centage of wax is reduced while the amount  of leci- 
thin is kept constant.  It  should be remembered tha t  
when the amount  of wax in the oil is reduced, the 

T A B L E  1 

Ef fec t  o f  the  Lec i th in  C o n t e n t  on  Wax Crys ta l s  G r o w t h  
in  S u n f l o w e r s e e d  Oi l  

Reduction of the percentage of crystal size I00 (Do-D)/Do 

Lecithin 
content 
(ppm P) 

Wax concentration (%) 

1.0 0.15 0.05 

96 20 28 30 
240 35 53 53 
384 38 58 56 

number of crystals also decreases under the same 
cooling conditions; thus, in order to obtain an equi- 
valent  inhibitory effect a lower amount  of lecithin is 
required as the wax concentration in the oil decreases. 

Figure 3 shows the variat ion in size of a crystal 
corresponding to the largest fraction in the distribu- 
tion as a function of the growth time for lecithin con- 
centrations ranging from 12 to 600 ppm of P. As can 
be seen, the presence of phospholipids decreases not 
only the final size at tained by the crystal, but also its 
growth rate. From the shape of the curves obtained, it 
is observed tha t  the inhibitory effect is present from 
the beginning of growth, suggesting a permanent 
interference of lecithin with ~ncorporation of waxes to 
the original crystal. 

Possible mechanisms of action of lecithin. It has 
been found tha t  lecithin has a minimal  effect on vis- 
cosity, which increases only 3% when the lecithin 
content is raised from 12 ppm (P) to 411 ppm (P). This 
fact, together with the above mentioned results and 
the absence of changes of the wax/oi l  equilibrium 
ratio, led to the idea tha t  the main mechanism of 
action of lecithin could involve its partial adsorption 
on the surface of the wax crystals, thus interfering 
with their growth. Therefore, an experiment of crys- 
tallization of waxes in the presence of lecithin was 
performed, and the phosphorus remaining in the oil 
after the separation of crystals was determined as 
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FIG.  3. C r y s t a l  s i z e  as  a f u n c t i o n  o f  t i m e  for  s a m p l e s  w i t h  d i f f e r e n t  c o n -  
t e n t s  o f  p h o s p h o l i p i d s .  

described under Materials and Methods. This exper- 
iment was also performed at two rates of cooling, in 
order to obtain different numbers and sizes of crystals. 

Figure 4 shows the percentage of lecithin retained 
by the crystals for different initial contents of lecithin. 
It can be seen tha t  the percentage retained becomes 
higher for higher initial concentrations of lecithin, in 
agreement with the adsorption mechanism proposed. 

In other words, the availabili ty of lecithin for in- 
corporation to the crystal is related to its concentra- 
tion in the solution. Lecithin molecules would compete 
with those of wax for equivalent sites on the crystal, 
thus originating an inhibitory effect which delays the 
crystal growth rate, as can be seen in Figure 3. It is 
important  to take into account in Figure 4 tha t  under 
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FIG. 4. L e c i t h i n  r e t a i n e d  b y  c r y s t a l s  as  a f u n c t i o n  o f  t h e  
a m o u n t  o f  l e c i t h i n  a d d e d  to  t h e  s a m p l e .  

the same cooling conditions, the number of crystals is 
the same in all the experiments. However, because the 
inhibitory effect is higher at higher lecithin concen- 
trat ions (Fig. 2), the amount  of wax which crystallizes 
is not constant  for the experiments described in Figure 
4. This would indicate tha t  the percentages retained 
per mass unit  of crystallized wax would increase more 
markedly than  is shown in Figure 4. I t  also shows a 
little difference among the amounts of phospholipids 
adsorbed at different cooling rates. This effect may  be 
interpreted to mean tha t  in cylindrical crystals the 
main contribution to the total surface corresponds to 
the lateral area. Considering tha t  the cooling rate 
principally modifies the number and length of crys- 
tals with little change in the diameters, the ratio of the 
areas presents a value close to the adsorption ratio 
shown in Figure 4. 

It is concluded that  phospholipids affect the growth 
of wax crystals by partial adsorption on their surface, 
interfering with the incorporation of new molecules on 
the crystals. After a certain time, phospholipids totally 
cover the surface, preventing the incorporation of 
waxes. The crystals formed are smaller, and the waxes 
remaining in the solution are greater than  those pres- 
ent during the crystallization without phospholipids. 
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