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bstract

Sugar esters (SEs) are widely used in the pharmaceutical and food industries. They have a wide range of HLB values (1–16), and hence they
an be applied as surfactants, or as solubility or penetration enhancers. SEs can be employed in hot-melt technology, because their melting points
re low and they decompose only above 220 ◦C. The aims of this work were to study the thermal properties of SEs and to demonstrate differences
etween SEs with various HLB values. The results revealed that SEs with high or medium HLB values were vitrified by melting. Their glass
ransitions (T ) were determined by modulated differential scanning calorimetry. To visualize the changes in the samples during heating, hot-stage
g

icroscopy was used. Hydrophilic SEs were only softened, while lipophilic SEs were melted by heating. After melting and solidification, SEs have
artially amorphous layered structures which slowly crystallize in time. Time-dependent solid-state changes (crystalline and amorphous phases)
ere observed, and analysed by means of differential scanning calorimetry and X-ray powder diffraction.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Sugar esters (SEs) have been known since 1960s, but they
re relatively new materials in pharmaceutical technology. They
re tasteless, odourless and non-toxic, and thus they are good
mulsifiers for foodstuffs. They are also suitable for medications
nd cosmetics, because they are non-irritant to the eyes and skin.

SEs are non-ionic surface-active agents consisting of sucrose
s hydrophilic group and fatty acids as lipophilic groups, i.e.
ucrose fatty acid esters. Sucrose contains 8 hydroxy groups,
nd it is therefore possible to manufacture SEs with vari-
us HLB values by controlling the degree of esterification
Mitsubishi-Kagaku Foods Corporation, 1982; Molinier et al.,
005). Depending on their HLB values, they are available with
range of properties: O/W and W/O emulsifying properties,

olubilizing and foaming properties (Husband et al., 1998;
arti et al., 2000), enhancement or inhibition of crystal growth

n fat (Awad and Sato, 2002), antibacterial effects (Kato and

rima, 1971), and lubrication and releasing properties (Hahn

nd Sucker, 1989; Ntawukulilyayo et al., 1993; Otsuka et al.,
998; Marton et al., 2005).
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-ray powder diffraction

The melting points of most sugars are high, so that prepa-
ations by the hot-melt method are problematic (Leuner and
ressman, 2000), but SEs have melting points of 40–79 ◦C and

re very stable to heat, and hence they can be employed to pre-
are solid dispersions by the melt technology. In fact, it is very
mportant to know the thermal behaviour of these materials, so
hat the changes in the base materials can be predicted during
torage and technological processes such as the preparation of
olid dispersions by melting.

The aims of this study were to evaluate the thermal properties
f SEs, to observe and analyse the time-dependent solid-state
hanges (crystalline–amorphous phases) and to demonstrate the
ifferences between SEs with various HLB values. SE samples
ere chosen by HLB classification system because the ratio of

he hydrophilic and lipophilic groups influences their processi-
ility by hot melt technology as well as the bioavailability of the
rug material.

. Materials and methods
.1. Materials

Ryoto SEs (Mitsubishi-Kagaku Foods Corporation, Japan)
re a family of vehicles consisting of sucrose and mixtures of

mailto:revesz@pharm.u-szeged.hu
dx.doi.org/10.1016/j.ijpharm.2006.11.053
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Table 1
Data of SEs by Mitsubishi-Kagaku Foods Corporation

Name of SE Fatty acid HLB mp (◦C) Decomposition
temperature (◦C)

P1670 Palmitate (C16) 16 48 235
S1670 Stearate (C18) 16 56 237
S970 Stearate (C18) 9 56 234
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S370 Stearate (C18) 3 58 and 69 238
B370 Behenate (C22) 3 63 and 79 241

ono- to octaesters of fatty acids. According to Aulton (2002),
xcipients with high HLB (10–18) are hydrophilic (water sol-
ble), with medium HLB (7–9) are water dispersible and with
ow HLB (0–6) are hydrophobic (oil soluble). SEs with high or

oderate HLB can be used in preparation of fast release and
Es with low HLB in preparation of sustained release formu-

ation. So, we selected SEs for study that have high (P1670
nd S1670), medium (S970) and low HLB values (S370 and
370). The longer the fatty acid chains in the SEs and the higher

he degree of esterification result in the lower the HLB value
Tables 1 and 2).

.2. Sample preparation

Three types of samples were prepared for the physical eval-
ation of SEs:

Untreated samples (U): samples without any special treatment
(commercial).
Freshly solidified samples (F): samples were melted in a
porcelain dish in an oven (Factory for Laboratory Equipment,
Budapest, Hungary, Labor type 123) from 25 to 100 ◦C, and
then allowed to recrystallize at room temperature.
Aged samples (A): the freshly solidified samples were stored
for up to 1 month at room temperature (20 ± 2 ◦C) to detect
any physical aging effect.
◦ A1week: samples stored for 1 week.
◦ A4week: samples stored for 4 weeks.

For the comparison of sample properties (e.g. by X-ray), it is
mportant that the particle sizes should be similar. These were
herefore determined by sieve analysis (Retsch vibrating appa-
atus, amplitude: 1, interval: 60 s, time: 5 min, three times). The

verage particle size of the untreated samples was 100–300 �m.
fter melting and solidification, the freshly solidified samples
ere pulverized in a mortar to achieve the same particle size as

hat of the untreated samples.

able 2
ata on compositions of different SEs by Mitsubishi-Kagaku Foods Corporation

P1670 S1670 S970 S370 B370

onoester (%) 80 77 48 19 15
iester (%) 17 20 34 33 24
riester (%) 3 3 14 30 28
etraester (%) 4 15 22
entaester (%) 3 11
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.3. Derivatography

Fifty milligrams SE and 50 mg inert Al2O3 were placed
nto the platinum container of a Derivatograph-C apparatus
MOM, Hungary). The instrument was calibrated by using
uSO4·5H2O. The TG, DTG and DTA curves were determined.
he samples were heated from 25 to 100 ◦C at a heating rate of
◦C min−1.

.4. Differential scanning calorimetry (DSC)

DSC studies were performed with a DSC 821e (Mettler-
oledo GmbH, Switzerland). The instrument was calibrated by
sing indium. Samples of 10 mg were heated in a sealed alu-
inium pan. Measurements were made in an Ar atmosphere at
flow rate of 100 ml min−1. The samples were heated from

5 to 100 ◦C at a heating rate of 1 ◦C min−1. For analysis
f the recrystallization process, samples were heated up to
00 ◦C as described above, then cooled down to 25 ◦C at a
ate of 2 ◦C min−1, and reheated to 100 ◦C at a heating rate of
◦C min−1.

The crystallinity index for freshly solidified sample (CIF) and
he aged sample (CIA) was calculated from the heats of fusion:

IF (%) = �HF

�HU
× 100

IA (%) = �HA

�HU
× 100

here �HF = normalized enthalpy (J g−1) of freshly solidified
ample, �HU = normalized enthalpy (J g−1) of untreated sam-
le, and �HA = normalized enthalpy (J g−1) of aged sample.

Modulated-temperature DSC is a method that allows the
elaxation endotherm and glass transition to be separated into
on-reversing and reversing signals, respectively. Hence, it is
ossible to visualize Tg in isolation (Coleman and Craig, 1996;
raig and Royall, 1998; Yu, 2000). In modulated DSC the mea-

urement conditions were as follows: start temperature: 25 ◦C,
eating rate: 1 ◦C min−1, amplitude: 1 ◦C, period: 60 s, and end
emperature: 75 ◦C.

.5. Hot-stage microscopy (HSM)

HSM observations of morphological features and changes
uring heating were carried out with a Leica MZ6 microscope
Wetzlar GmbH, Germany) equipped with a Leica 350 heating
tage and a JVC TK-128OE (Japan) colour video camera. The
ifferent types of samples (untreated, freshly solidified and aged)
ere observed under the microscope by using a scanning speed
f 1 ◦C min−1. Data were imported into a computer and captured
mages were analysed by using the Leica Q500MC program.

.6. X-ray powder diffraction (XRPD)
XRPD profiles were taken with a Philips X-ray diffractometer
PW 1930 generator, PW 1820 goniometer). The measurement
onditions were as follows: Cu K� radiation (λ = 0.15418 nm),
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(Table 2).

The effects of a second heating were also studied. The melted
SE in the DSC pan (after the first heating) was cooled to 25 ◦C

Table 3
Thermal parameters of SEs during first heating

SE Melting range (◦C) mp (◦C) Total enthalpy (J g−1)

P1670 41–62 51 −66.6
Fig. 1. DSC curves of untreated samples (U

0 kV, 35 mA. The basal spacing (dL) was calculated from the
iffraction peaks by using the Bragg equation. The XRPD pat-
erns were determined on untreated, freshly solidified and aged
amples.

. Results

The TG, DTG and DTA curves of untreated samples were
etermined by investigations with a derivatograph. The TG
esults showed that the mass loss of samples heated to 100 ◦C
as less than 1%, i.e. the SEs did not include water adsorbed on

heir surface or any volatile component. In response to heating,
ndothermic changes were observed in the DTA curves of all the
Es, and more peaks were manifested by SEs with lower HLB

alues.

To determine the exact melting points, DSC studies were
erformed. The DSC scans (Fig. 1, curves 1) revealed that the
elting points (mp) and melting ranges of P1670 and S1670 and

S
S
S
B

ve 1: first heating; curve 2: second heating.

heir enthalpies were very similar, while the melting of SEs with
ower HLB values was prolonged, with more peaks (Table 3).
he probable cause of this was, that the studied SEs with high
LB values included only mono-, di- and triesters, while the
Es with lower HLB values contained tetra- and pentaesters too
1670 45–62 54 −66.7
970 36–65 50 and 54 −75.7
370 45–66 54 and 64 −55.7
370 51–79 66 and 77 −68.4



2 l of Pharmaceutics 336 (2007) 199–207

a
1
i
s
a
A
S
i
fi
c
o
d
r
m
t
d

Table 4
Thermal parameters of SEs during second heating

SE Melting range (◦C) mp (◦C) Total enthalpy (J g−1)

P1670 – – –
S1670 – – –
S
S
B

o
X
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t a rate of 2 ◦C min−1, and then heated again at a heating rate of
◦C min−1 to 100 ◦C (second heating). The results are illustrated

n Fig. 1 by curves 2. The DSC curve of second heating demon-
trated that there were no more endothermic changes for P1670,
nd for S1670 and S970 the changes were negligibly small.
ccordingly, the crystal structures of SEs with high (P1670 and
1670) or moderate (S970) HLB values, which can be character-

zed by melting points (Fig. 1, curves 1) broke down during the
rst heating and could not recrystallize during cooling. Thus,
urves 2 in Fig. 1 (second heating) exhibit the characteristics
f amorphous materials. S370 has two endothermic peaks, but
uring the second heating one peak disappeared and the melting

ange decreased. B370 seemed to be the most stable material: the
elting ranges in the first and second heatings were the same and

he shapes of the curves did not change; only the total enthalpy
ecreased slightly (<5 J g−1) (Table 4).

s
a
l
t

Fig. 2. HSM pictures of untreated S1670 at 25 ◦C (a), 65 ◦C (b) and 100 ◦
970 – – –
370 54–66 64 −31
370 52–79 64 and 76 −63.9

Consequently, there was probably a change in the structures
f the SEs with high HLB values during heating. According to
RPD investigation, alpha form of the SEs with a hexagonal
tructure was characterized for all excipients which broke down
nd built up during the heating and cooling processes. SEs with
ow HLB values (S370 and B370) had faster recrystallization but
he rearrangement of the stucture of SEs with high (P1670 and

C (c), and of untreated S370 at 25 ◦C (d), 70 ◦C (e) and 100 ◦C (f).
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Table 5
Melting points and glass transitions during first and second heatings

First heating Second heating

mp (◦C) Tg (◦C) mp (◦C) Tg (◦C)

P1670 51 – – 50
S1670 54 – – 51
S970 50 and 54 – – 53
S
B

H

A. Szűts et al. / International Journa

1670) or moderate (S970) HLB values was very long. So, this
ed to an amorphous state. Amorphous materials can be char-
cterized with the glass transition temperature (Tg) instead of
he melting point. The determination of Tg by the conventional
SC method is difficult, because Tg is often concealed by or
verlapped with other thermal events which take place in par-
llel. The results of our MTDSC measurements revealed that
Es with high (P1670 and S1670) or moderate (S970) HLB val-
es undergo a glass transition, which coincides with the melting
oints of the materials (Table 5).

To visualize the changes in the samples during heating, HSM
as used. This technique is complementary to DSC and may

elp in the interpretation of the DSC results. The photographs
n Fig. 2 shows the morphology of SEs with high (S1670) or
ow (S370) HLB values before heating (at 25 ◦C) and after their

elting (S1670: 65 ◦C, and S370: 70 ◦C). While SEs with high

l
v
d
(

Fig. 3. DSC heating curves of SEs obtained from untreated (U), fre
370 54 and 64 – 64 –
370 66 and 77 – 64 and 76 –

LB values (e.g. S1670) only became soft, but did not flow,
ipophilic SEs (e.g. S370) melted. SEs with high or medium HLB

alues did not melt during the first heating; their melting points
etected in the DSC curves were truly their glass transitions
Table 5).

shly solidified (F), and aged (A1week and A4week) samples.
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During the preparation of the melts the SEs with high (P1670
nd S1670) or moderate (S970) HLB values did not become fluid
ven at 100 ◦C, in contrast with the lipophilic (S370 and B370)
Es, as expected from the HSM study (Fig. 2c and f). If we wish

o prepare a solid dispersion of a drug with a high melting point,
his can be a problem if SEs with high HLB values are used, as
heir melts do not flow.

With respect to the processing, it is important to know
hether the changes in structure of these materials are irre-
ersible, or whether the original morphology of the samples is

ecovered in time. To study this, melts of SEs were prepared and
heir changes in time were examined in comparison with the ini-
ial state. The melting ranges of freshly solidified (F) and aged
A1week or A4week) samples were measured, their normalized

d
t
t
t

ig. 4. X-ray patterns of SEs with high HLB values, obtained on untreated (U), freshl
harmaceutics 336 (2007) 199–207

nthalpies were compared with the enthalpy of the untreated
ample (U), and the crystallinity index (CI) was calculated.

The melting behaviour of samples after melting and solidifi-
ation differed from that of untreated samples, and it changed in
ime (Fig. 3 and Table 6). The freshly solidified (F) P1670 started
o melt 2 ◦C earlier than the untreated (U) sample and its melting
lso finished earlier. In the DSC curve of the solidified sample, a
mall peak appeared after 1 week (A1week), which was not char-
cteristic of the untreated sample (U). After 1 month (A4week),
he sizes of the two peaks had changed: the melting point had

rawn nearer to that for the untreated sample, but was lower; on
he other hand, the enthalpy determined by the melting range was
he same as that for the untreated sample. The melting points of
he freshly solidified (F) and aged (A1week and A4week) S1670

y solidified (F) and aged (A1week and A4week) samples (a) P1670, (b) S1670.
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Table 6
Effects of treatment and storage of SEs

Melting range (◦C) Enthalpy (J g−1) CI (%)

P1670 F 39–56 −37 55.6
A1week 37–52 −42.3 63.5
A4week 35–61 −66.6 100
U 41–62 −66.6 100

S1670 F 39–60 −35.7 53.5
A1week 38–61 −49.6 74.4
A4week 38–62 −64.3 96.4
U 45–62 −66.7 100

S970 F 33–68 −30 39.6
A1week 35–68 −52.9 69.9
A4week 34–68 −63.8 84.3
U 36–65 −75.7 100

S370 F 59–67 −35.2 63.2
A1week 38–69 −50.3 90.3
A4week 39–69 −55.7 100
U 45–66 −55.7 100

B370 F 55–78 −57.5 84.1
A1week 56–79 −63.6 93
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A4week 55–78 −66.4 97.1
U 51–79 −68.4 100

ere decreased by 2 ◦C as compared with that of the untreated
ample, but the shape of the curve did not change considerably:
t was characterized by one sharp peak. S970 crystallized very
lowly after melting and solidification; in contrast with the other
Es, its CI was not 100% restored after 1 month (Table 6). The
elted S370 had only one endothermic peak after solidification
F), but after 1 week (A1week) the other peak characteristic of
he untreated sample appeared. The melting started 7 ◦C earlier,
nd thus the melting range was increased as compared with that
or the untreated sample. For B370, one of the two peaks like-

o
m
a
t

Fig. 5. X-ray patterns of S970, obtained on untreated (U), freshl
harmaceutics 336 (2007) 199–207 205

ise disappeared after melting and solidification (F), and did not
ppear even after 1 week (A1week) or 1 month (A4week) later.
owever, the normalized enthalpy nearly reached the enthalpy
f the untreated sample (Table 6). It is probable that, similarly
o other fatty acid derivatives, SEs transform from one poly-

orph to another during storage (Hagemann, 1988; Siekmann
nd Westesen, 1994; Sutananta et al., 1994; Hamdani et al., 2003;
chubert et al., 2005).

After storage for 1 month (A4week), the heats of fusion of
ged samples drew near to the enthalpy of the untreated sample,
hich means that the structures of all the SEs are apparently

estored in time. This is in accordance with the finding of Laine et
l. (1988), that solidified triglycerides have partially amorphous
ayered structures, which gradually crystallize during storage.
SC measurements indicated that, even if the total enthalpies of

ged samples reached the enthalpy of the untreated sample, the
hape of the DSC curves was different from that of the curve of
he initial material, i.e. the original structure was not recovered.

Hence, even if the molecular dispersion of a drug in SEs
s successful, it is not sure that this advantageous state can
e maintained, because the structure of the SE is continuously
hanging.

To confirm the DSC results, X-ray analysis was performed
n untreated (U), freshly solidified (F) and aged (A1week and
4week) samples. The DSC curves of P1670 and S1670 were

imilar (Fig. 1, curve 1), and the same can be said about their X-
ay diffraction patterns (Fig. 4a and b, U). Both SEs have ordered
tructures: four distinct peaks (P1670: 2θ = 2.2◦, 4.5◦, 6.8◦ and
.2◦; S1670: 2θ = 2.2◦, 4.4◦, 6.6◦ and 8.9◦) and nearly the same
asal spacing (these are given in Figs. 4–6, in nm), characteristic

f stearic acid. S970 has a more complex structure: it contains
ore di- and triester, and also a little tetraester. Moreover, S370

nd B370 include pentaester too (Table 2). In consequence of
he presence of these components, the characteristic diffrac-

y solidified (F) and aged (A1week and A4week) samples.
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ig. 6. X-ray patterns of SEs with low HLB values, obtained on untreated (U),

ion peaks disappeared from the X-ray diffractograms and the
nterlayer spacings increased. The untreated S970 (Fig. 5, U)
ad three (2θ = 1.6◦, 2◦ and 4.4◦), S370 (Fig. 6a, U) had two
2θ = 1.5◦ and 4.5◦), and B370 (Fig. 6b, U) had three (2θ = 1.3◦,
.9◦ and 3.9◦) characteristic peaks. After melting and solidi-
cation, the structures of all the SEs were changed, the basal
pacings and counts were modified and in almost all cases one
f the characteristic peaks had disappeared, which was prob-
bly induced by the polymorphism of the fatty acids. In the
iffractograms of melted P1670 and S1670, only three peaks
ere observed in comparison with the untreated sample, where

our peaks were found. The P1670 peak at 9.2◦, and the S1670
eak at 8.9◦ disappeared (Fig. 4a and b). The peak intensities
ecreased (practically only the first signal could be seen) and the

asal spacings increased. Of the three peaks of untreated S970,
fter melting and solidification the second signal (2θ = 2◦) had
isappeared and was not recovered even 1 month later (Fig. 5).
he X-ray pattern of S370 (Fig. 6a) did not exhibit such a large

S
S
o
t

y solidified (F) and aged (A1week and A4week) samples; (a) S370, (b) B370.

hange in counts as for SEs with high HLB values, but the basal
pacings were modified in this case too. The change in degree
f crystallinity for B370 was smaller, and the count fluctua-
ion was slight, but the second signal (2θ = 1.9◦) disappeared
nd the morphology of the untreated sample was not restored
Fig. 6b). These X-ray observations are in accordance with the
SC results, since the shapes of the DSC curves changed contin-
ously, the melting range varied after treatment and the original
hape of the curve (characteristic of the untreated sample) was
ot regained even after storage for 1 month.

. Discussion

The aims of this work were to study the thermal properties of

Es and to evaluate their applicability in hot-melt technology.
Es with various HLB values can be used to influence (increase
r decrease) the rate of dissolution of drugs, and hence to change
he development of the effect. Due to their low melting points,
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hey are promising carriers for the melting method. For this rea-
on, we searched for a relation between their thermal behaviour
nd HLB values.

The results of DSC and HSM revealed that SEs with high
P1670 and S1670) or moderate (S970) HLB values have a
lass transition temperature (Tg) instead of a melting point. They
often during heating, whereas SEs with low HLB values (S370
nd B370) melt and then quickly recrystallize from their melts.
owever, the original structure does not return either for SEs
ith high or moderate, or for SEs with low HLB values: after
elting and solidification, their melts continuously change. The
SC scans and X-ray patterns of samples stored for up to 1
onth do not display the same picture as that for the untreated

amples. There are other excipients which are used in hot melt
echnology and change during aging. Shimpi et al. (2004) and
utananta et al. (1995) studied the effect of preparation condition
nd storage on the rate of drug release from the hydropho-
ic Gelucire and they reported an increase in drug release
aused by phase transformation. Saers et al. (2002) examined
he effect of storage on drug dissolution from solid dispersions
ith PEG 3000 or xylitol and observed that the dissolution rate
f drug was unchanged during storage. These results demon-
trate that changes in morphology must be considered during
esearch and development. This is especiall important as con-
erns molecular dispersed materials (amorphous state) in SEs. In
onsequence of the changes in structure, a drug can partially or
ompletely assume a crystalline form, which can entail a lower
issolution rate or the appearance of an undesirable polymorph
orm.
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