LETTER TO THE EDITOR

Effect of Sucrose Esters on the Crystallization
Behavior of Bulk Oil Systems

Sir:

Sucrose esters (SE) of FA can be used in foods as emulsifiers
because they are nontoxic, tasteless, odorless, and are di-
gested to sucrose and FA in the stomach. They can also be
used in pharmaceuticals and cosmetics and in other products
where a nonionic, nontoxic, biodegradable emulsifier is re-
quired. In addition to their major function of producing and
stabilizing emulsions, SE have numerous other functional
roles astexturizers, film formers, and modifiers of bulk-phase
crystallization behavior (with bulk phase meaning a homoge-
neous oil phase). A few reports have dealt with the effect of
SE on the crystallization behavior of fats and oilsin bulk sys-
tems; however, some of these results vary and may be contra-
dictory. Itisof great interest to study the effects of SE on bulk
fat systems, particularly with regard to their use in products
such as chocolate and confections.

Yuki et al. (1) studied the crystallization behavior of afat
mixture formulated with 60 wt% hydrogenated soybean ail,
30 wt% palm oil, and 10 wt% rapeseed oil by recording the
cooling curve and measuring the latent heat released when
crystallization occurred. The process was also followed by
DSC. They reported that the addition of 0.5 wt% of palmitic
SE, waxy form (P-195), and stearic SE, waxy form (S-195),
accelerated the crystallization process, whereas lauric SE,
waxy form (L-195), retarded nucleation. Oleic SE, liquid
form (O-190), however, had no effect on crystallization be-
havior. Nasir (2) described the isothermal crystallization be-
havior of a hydrogenated blend of 90% soybean and 10% cot-
tonseed oils crystallized at 17°C by reporting the DSC melt-
ing curves. They showed that the addition of 0.5 wt% of
palmitic SE, powder form (P-170), reduced the crystalliza-
tion rate, whereas the addition of stearic SE, powder form (S
170), at the same concentration yielded a higher amount of
solid crystals. Herreraand Marquez Rocha (3) studied the nu-
cleation process of hydrogenated sunflower oil (SFO) with
|aser-polarized turbidimetry (LPT). When P-170 was added
to the hydrogenated oil at different concentrations, an elonga-
tion of the induction times of nucleation and a hindering of '
— {3 polymorphic transformation were observed. The effect
was explained as a co-crystallization mechanism between the
fat and P-170. Hodate et al. (4) studied the crystallization be-
havior of palm oil with and without the addition of P-170 and
S-170 by ultrasonic vel ocity measurements. These authors re-
ported that the addition of S-170 and P-170 at 0.5 wt% re-
tarded the crystallization of palm oil compared with pure
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palm oil in the bulk system. Martini and Herrera (5) studied
the effect of SE with different HLB values on the nucleation
behavior of high-melting milk fat fractions (HMF)-SFO
blends. By measuring the induction times by LPT, they found
adlight elongation of the induction times of crystallization for
SE with high affinity for the hydrophilic phase (high HLB).
P-170 and S-170 (HLB = 1), however, significantly delayed
the crystallization process, especially when added at 0.5 wt%.

It is necessary to take a clear ook when interpreting the
effect of SE on the nucleation rate (J), based on the results
obtained from polarized light microscopy (PLM). Variations
in the definition of nucleation rate and different applications
of concepts such as nuclel and induction time can lead to con-
tradictory interpretations of the phenomenon, i.e., accelera-
tion instead of inhibition (6). Such occurrences may be con-
tributing to the variationsin findings about the effect of SE in
bulk oil systems.

Thereciprocal of J, the induction time for nucleation, is
the time statistically required to obtain one nucleus per unit
volume (6,7). Any treatment that elongates this time inhibits
nucleation. Once nuclei have been formed, they grow and de-
velop into crystals. The nucleation processis strongly depen-
dent on supercooling. Growth rate, however, depends on ther-
modynamic (supersaturation) and kinetic factors (solvent, im-
purities, agitation rate, viscosity). Avrami (8) stated that an
overwhelming amount of evidence points to the conclusion
that a phase is nucleated by tiny germ nuclei. The number of
germ nuclei per unit region at timet decreases from the ini-
tial number because some of them are swallowed by the
growing grains of the new phase. In fat systems, the crystal
size distribution is related to processing conditions (9). When
afat system is crystallized at two different agitation rates, the
induction time of nucleation and the size and number of nu-
clei are the same for the same supercooling. However, the
number of crystals and the crystal size distribution with time
are different for both agitation rates. Clearly, the number of
crystals that form with time does not necessarily correlate
with the number of nuclei. Thus, it is of great importance to
discuss the information obtained from the different tech-
niques that are usually used to study nucleation behavior.
When we say “nuclei,” we are referring to molecular aggre-
gates of nano sizes. For the example shown in Figure 1, the
average critical nucleus size determined by the combination
of small-angle X-ray scattering and dynamic light-scattering
techniques was 500 A (see Ref. 10 for a discussion of the
methods used). Therefore, very accurate techniques must be
used to describe the nucleation process in order to disregard
growth. Techniques of low sensitivity for solid contents lower
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FIG. 1. Images of crystals corresponding to a 60-40% high-melting milk fat fraction-sunflower oil blend crystal-
lized at 38°C with a cooling rate of 0.2°C/min and an agitation rate of 100 rpm. Zero time was the moment when
the crystallization temperature was reached. Left column: the blend without emulsifiers at (A) 13, (B) 14, and (C) 28
min; right column: the blend with the addition of stearic sucrose esters in powder form (S-170) at 0.1 wt% at (D)

45, (E) 60, and (F) 90 min.

than 0.5%, such as DSC, NMR, and rheological measure-
ments, must not be used to evaluate nucleation effects. Stud-
ies have shown when working with the pulsed NMR (pNMR)
method, at times small amounts of crystals are visible in the
melt before any solids are detected. Clearly, at this stage, well
beyond the induction time for nucleation, the pPNMR signal is
measuring crystal growth (11). Although the PLM technique
is sensitive enough for these kinds of studies, an understand-
ing of important basic conceptsis essential. When evaluating
the effect of SE on nucleation behavior based on PLM resullts,
growth crystals, that is, crystals larger than the resolution of
the method, do not have to be considered nuclei, especially
when these crystals are actually clusters and not single crys-
tals. The result of considering the clusters obtained with time
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as nuclel may lead to conclusions about the effect of SE that
could contradict reality. If more time is needed for a process
to start and the whol e process takes more time, thisis obvi-
ously adelay. No matter how we define a concept, it cannot
contradict facts. Figures 1A—C show representative images
with time of ablend of 60% HMF with 40% SFO crystallized
at 0.2°C/min to 38°C, and Figures 1D—F show the same fat
blend with the addition of S-170 at 0.1 wt% (HLB = 1; Met-
tler dropping point, 59.5°C; monoester content, 1%; di-, tri-,
and polyester content, 99%; Mitsubishi-Kasei Food Corpora-
tion, Tokyo, Japan). For the sample without S-170, the induc-
tion time for crystallization was 11 + 1 min, whereas when
the SE was added, it was 40 = 3 min. In comparing Figures
1A and 1D, S-170 obviously delayed nucleation, since more
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time was needed to observe the first crystals in the micro-
scope’'s video images. The imagesin Figures 1B,C,E, and F
show growth crystals. They are not single crystals but clus-
ters that grew by the accumulation of needles. A similar
growth behavior was described for other fat systems (12).
Therefore, no conclusion about the number of nuclei can be
obtained from these images. Solid fat content measurements
showed that more time was needed to achieve the equilibrium
crystal mass at 38°C when S-170 was added to the blend (data
not shown). The overall crystallization process also was
slower. Figure 1 shows that, without taking into account that
the images were taken at different times, wrong conclusions
will be obtained when comparing the number of crystalsin
Figures 1C and F, simply because the crystallization rates
were different. In addition, the accumulation mechanism de-
pends on processing conditions, and the number of growth
crystals does not correlate with the number of nuclei formed
when crystallization started.

SE can be used for controlling crystallization at alevel of
addition suitable for practical uses. Thus, understanding the
effect of SE on nucleation is of great importance, not only
from the academic point of view but also for technological
applications.
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