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Abstract: Glass transition temperature (Tg) is an important parameter for the physical quality control
of hard candies. In order to understand the applicability of calcium maltobionate to hard candy, effect
of calcium maltobionate addition on the Tg of model and hand-made hard candies was investigated.
Freeze-dried calcium maltobionate-sugar (sucrose containing a small amount of glucose-fructose
mixture) and calcium maltobionate-reduced isomaltulose mixtures were prepared as model candies, and
their anhydrous Tg was evaluated using a differential scanning calorimetry. The anhydrous Tg increased
linearly with the molar fraction of calcium maltobionate. From these results, it was expected that
calcium maltobionate can improve the physical stability of normal and sugarless candies. For
comparison, various commercial candies were employed, and their Tg was evaluated using a thermal
rheological analysis. The Tg values were in the range of 28–49 °C. The Tg values were higher than 25 °C,
which is significant with respect to the physical stability of the candies. Calcium maltobionate-sugar
and calcium maltobionate-reduced isomaltulose candies were prepared as hand-made candies. The
calcium maltobionate-reduced isomaltulose candies had higher Tg than the calcium maltobionate-sugar
candies at each calcium maltobionate content, although reduced isomaltulose has a lower Tg than sugar.
At a high calcium maltobionate content, calcium maltobionate-reduced isomaltulose candy had an
equivalent Tg to the commercial sugarless candies, and thus practically acceptable stability was
expected. In the case of calcium maltobionate-sugar candies, there was a possibility that the hydrolysis
of sugar reduced their Tg. Vacuum-concentration will be useful to improve the Tg of the candies.

Key words: calcium maltobionate, hard candy, glass transition temperature, differential scanning
calorimetry, thermal rheological analysis

INTRODUCTION

Low-moisture food products are commonly amorphous,
and thus the glass to rubber transition (glass transition) oc‐
curs at the glass transition temperature (Tg). The Tg of hy‐
drophilic amorphous materials decreases with an increase
in the water content due to the water plasticizing effect, and
thus the glassy (solid-like) product becomes a rubbery (liq‐
uid-like) product as a result of water sorption when Tg be‐
comes lower than room temperature. Therefore, it is practi‐
cally important to understand the Tg of low-moisture food
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products.1)2)3) Hard candy is a typical glassy food product.
However, hard candy shows softening, stickiness, and crys‐
tallization of sucrose when it is stored under high tempera‐
ture and high relative humidity (RH) conditions. For exam‐
ple, Labuza et al. investigated the effect of storage condi‐
tions on the physical quality of hard-ball candy, and repor‐
ted that the hard-ball candies change from free-flowing
pieces to stuck pieces at a temperature higher than Tg.4)

They also reported a similar result for cotton candy.5)

The Tg of candies mainly originates from sucrose and
syrup. Since sucrose has a relatively low Tg and tends to
crystallize easily in a rubbery state, the physical stability of
sucrose can be improved by the addition of high-Tg materi‐
als. For example, the Tg of sucrose could be elevated and
the resistance to crystallization could be enhanced by the
addition of high-Tg materials.6)7) Sweeteners such as sugar
alcohol can also be employed for the production of low-
sugar or sugarless candies.8) Since sugar alcohol commonly
has a lower Tg than sucrose,9) it is important to improve the
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physical stability of low-sugar or sugarless candy by the
addition of high-Tg materials.

Calcium maltobionate (MBCa) is a potentially effective
calcium-based material used for pharmaceutical and food
products due to its high water solubility, high bioavailabili‐
ty, and mildly bitter taste.10) In addition, MBCa has a high
Tg (anhydrous Tg = 145 °C) and does not crystallize, even
under high RH conditions.11) In the MBCa-maltose mixture
system, MBCa can elevate the Tg of maltose and prevent
the crystallization of maltose under high RH conditions.12)

Therefore, it is expected that MBCa is useful not only as an
effective Ca-supplement, but also as a physical stabilizer of
glassy food products.

The purpose of this study was to understand the effect of
MBCa addition on the Tg of normal and low-sugar hard
candies. For this purpose, sugar (sucrose containing a small
amount of glucose-fructose mixture) and reduced isomaltu‐
lose were employed as the ingredients. First, freeze-dried
MBCa-sugar and MBCa-reduced isomaltulose mixtures
were prepared as hard candy models, and their Tg values
were evaluated using differential scanning calorimetry
(DSC). Second, the Tg of commercial hard candies were
evaluated by thermal rheological analysis (TRA). TRA is a
thermomechanical approach that is principally equivalent to
thermal mechanical analysis,13) thermal mechanical com‐
pression testing,14)15)16) and phase transition analysis.17) Tg

can be detected as a force-drop of baseline (force vs. tem‐
perature) by TRA. Although DSC is a widely used techni‐
que to evaluate the Tg of amorphous materials, hard candy
has to be powdered in order to place it into the DSC pan.
However, the candies were too hard to obtain powder, and
powdered candy is readily plasticized by water because of
the increased surface area. In the case of TRA, there was an
advantage in that the sample could be set directly in the
equipment.18)19)20) Finally, normal and low-sugar hard can‐
dies with added MBCa were prepared, and the Tg values
were compared to those of commercial products.

MATERIALS AND METHODS

Materials. Analytical-grade calcium carbonate and maltose
monohydrate were purchased from Wako Pure Chemical
Industries, Ltd. (Tokyo, Japan). Catalase and glucose oxi‐
dase were purchased from Amano Enzyme Inc. (Aichi, Ja‐
pan). MBCa (70 % aqueous solution) was prepared accord‐
ing to our previous studies.11)12) The purity of the MBCa
was confirmed to be greater than 99 % by high-perform‐
ance liquid chromatography. Sugar and reduced isomaltu‐
lose (Mitsui Sugar Co., Ltd., Tokyo, Japan), and high-mal‐
tose corn syrup (San-ei Sucrochemical Co., Ltd., Aichi, Ja‐
pan) were provided by the suppliers. The sugar was sucrose
containing 1.2–1.6 % glucose-fructose mixture. The syrup
was composed of 70 % (w/w) maltose, 25 % (w/w) water,
and the other low-molecular weight carbohydrates given by
hydrolyzed corn starch. Seven kinds of commercially avail‐
able hard candy were purchased in a local market. Product
information of the hard candies is given in Table 1. Based
on the information, the candies were categorized into nor‐
mal, sugarless, milk, and honey candies.
Preparation of freeze-dried samples. Freeze-dried MBCa-
sugar and MBCa-reduced isomaltulose were prepared at
various dry MBCa weight fractions as follows. A 10 %
(w/w) MBCa aqueous solution was prepared by dissolving
the reagents in distilled water. In glass vials, the MBCa sol‐
ution was adjusted to various dry weight fractions by the
addition of sugar or reduced isomaltulose, and they were
then frozen at approximately –30 °C overnight in a freezer.
The frozen preparations were placed in a pre-cooled freeze-
drier, and evacuated to a pressure of less than 70 Pa as the
temperature was increased from –35 °C to 10 °C over 2.5
days.
DSC measurement. The Tg values of the freeze-dried sam‐
ples were evaluated using a DSC (DSC 120; Seiko Instru‐
ments Inc., Tokyo, Japan). Temperature and heat flow were
calibrated using indium and distilled water, and alumina
powder was used as a reference material. To evaluate anhy‐
drous Tg values of the freeze-dried samples, the samples

Tg and water content for commercial hard candies.

Type Tg (ºC)
Water content
(g/100g-solid)

Composition (g/100g-product)
Product information

Protein Fat Carbohydrate

Normal 1 48.3 ± 0.6a 2.3 ± 0.4a 0.0 0.0 　　97.2　　 sugar, syrup, herbs extract, condensed chinese quince juice, malt extract, chi‐
nese quince extract, flavoring, caramel coloring, emulsifier, seasoning

Normal 2 47.7 ± 0.5a, b 1.4 ± 0.2b 0.0 1.6 95.5 syrup, sugar, vegetable oil, condensed yogurt, condensed lemon extract, honey,
acidulant, flavoring, emulsifier, gardenia pigment

Normal 3 49.1 ± 1.1a 1.4 ± 0.1b 0.0 0.0 97.5 sugar, syrup, condensed blueberry extract, bilberry extract, acidulant, flavoring,
marigold, vitamin A. biotin

Sugarless 1　44.6 ± 1.0b, c 0.6 ± 0.0c 0.0 7.9 90.2 reduced sugar syrup, margarin, cream, coffee powder, salt, emulsifier, coloring,
flavoring, sweetener

Sugarless 2　
44.4 ± 0.5c 0.4 ± 0.1c 0.3 0.3 97.9 reduced palatinose, reduced sugar syrup, herbs extract, chinese quince extract,

vitamin C, flavoring, sweetener, coloring, vitamin B2, vitamin B1

Milk
31.8 ± 1.6d 2.7 ± 0.1a 2.6 10.2 81.8 sugar, syrup, milk powder, cream, condensed milk, butter, salt, flavoring, emul‐

sifier, acidulant
Honey 27.9 ± 1.5e 0.9 ± 0.1c 0.0 0.0 99.3 honey

The Tg and water content values are expressed as mean ± SD (n = 3). The Tg and water content values with the different letter are significantly
different at p < 0.05.

Table 1.
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(ca. 20 mg) were placed in the DSC pan and vacuum-dried
at 80 °C for more than 16 h, and then hermetically sealed.
11)12) Heat-scanning was performed in the temperature range
between 0 and 180 °C at 5 °C/min. To reset the thermal his‐
tory (i.e., enthalpy relaxation effect) of the glassy samples,
a second scan was performed, and the Tg values of the sam‐
ples were determined from the onset of the endothermic
shift observed in the second scan.21) Measurements were
performed in triplicate, and the results were averaged.
Preparation of hard candies. Figure 1 shows the procedure
for the preparation of the hard candies. For the preparation
of conventional hard candy (control), sugar and syrup were
mixed at dry weight fraction = 0.59 and 0.41, respectively,
in an aluminum pot. For the preparation of the MBCa-sugar
(MBCa-SG) and MBCa-reduced isomaltulose (MBCa-
RIM) candies, MBCa was mixed with sugar or reduced iso‐
maltulose at various dry weight fractions (0.1, 0.2, and 0.3
MBCa). Hereafter, the candies are described based on the
dry weight fraction of MBCa; for example, MBCa-SG and
MBCa-RIM candies containing MBCa at a dry weight frac‐
tion of 0.2 are described as 0.2 MBCa-SG and 0.2 MBCa-
RIM, respectively. The samples were heat-condensed on an
electric heater with brief stirring (Fig.1A). A temperature
sensor was used as the stirring bar to confirm the sample
temperature during the heating process. The weight loss of
the sample was confirmed at various times during the pro‐
cessing (Fig. 1B). Heat condensing was stopped at a water
content of 3 g/100 g-dry matter (DM), which was evaluated
from the weight loss, and the molten liquid was then pour‐
ed into a 10 mm deep aluminum mold with a 20 mm diam‐
eter (Fig. 1C). The sample was cooled in a desiccator with
silica gel at room temperature (Fig. 1D), and candies were
then removed from the mold (Fig. 1E). The candies (diame‐
ter = 20 mm, height = 8–10 mm) were individually placed
into poly-packs and stored in a desiccator with silica gel.

Procedure for the preparation of hand-made hard candy.Fig. 1.

TRA measurement. TRA measurements were conducted
using a texture analyzer (CR-150; Sun Scientific Co., Ltd.,
Tokyo, Japan) with an attached heating stage (Nissin Seiki
Co., Ltd., Hiroshima, Japan) and a temperature controller
(TNX-400E; As One Co., Ltd., Osaka, Japan), according to
a previously reported procedure with minor modifications.
18)19)20)22) Hard candies were covered with a wrap film (Asa‐
hi Kasei Co., Tokyo, Japan) to prevent water sorption or
evaporation during the measurement. The samples were
placed on the sample stage and compressed at 80 N with a
plate plunger (diameter = 5 mm). The force was a practical
maximum force for the equipment, because force-drop in‐
duced by glass transition was expected to be enhanced. The
initial compression was held for 1 min, and the sample was
then heat-scanned at 3.5 °C/min in the temperature range
between 10 and 80 °C. The temperature vs. time data corre‐
spond to mechanical force vs. time data, and a TRA curve
(mechanical force vs. temperature) was then obtained. The
mechanical Tg was evaluated from the onset point of force-
drop. It is known that mechanical Tg does not always agree
with calorimetric Tg.18) Thus, the Tg values of freeze-dried
maltose and sucrose with varying water content were pre‐
liminarily compared between DSC and TRA (Fig. 2). On
the basis of the linear relationship, the mechanical Tg was
calibrated to calorimetric Tg. Measurements were per‐
formed in triplicate and the results were averaged.
Color properties. The surface color of the hard candy was
evaluated using a color-difference meter (NR-3000, Nippon
Denshoku Ind., Co., Ltd., Tokyo Japan). The photometer
was positioned at the center of the hard candy on a white
paper, and the brightness (L*), red to green (a*), and yel‐
low to blue (b*) values were determined. Measurements
were performed in triplicate and the results were averaged.
Water content. Water content (g/100 g-DM) of the samples
was evaluated gravimetrically by drying at 105 °C for 16 h.

Relationship between mechanical Tg and calorimetric Tg for
freeze-dried maltose (square) and sucrose (circle) with
varying water content.

　The values are expressed as mean ± SD (n = 2–3).

Fig. 2.
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Measurements were performed in triplicate and the results
were averaged.
Statistical analysis. Analysis of variance (ANOVA) was
performed with a Tukey HSD (honest significant differ‐
ence) test (p < 0.05) using Kaleida Graph (Version 3.6, Hu‐
links Inc., Tokyo, Japan).

RESULTS AND DISCUSSION

Anhydrous Tg of freeze-dried samples.
Typical DSC thermograms (2nd scanning) for the anhy‐

drous freeze-dried samples are shown in Figs. 3A (MBCa-
sugar) and 3B (MBCa-reduced isomaltulose), respectively.
The results indicated a clear endothermic shift due to glass
transition, and the Tg values were determined from the on‐
set point. The anhydrous Tg for sugar (66.4 ± 0.9 °C)
agreed with a literature value (68 °C) for sucrose.21) The an‐
hydrous Tg for reduced isomaltulose was determined to be
56.6 ± 0.8 °C. The anhydrous Tg of sugar alcohol is slightly
lower than that for typical sugars.9) The anhydrous Tg of
MBCa was taken from our previous study.11)

The effect of MBCa on the anhydrous Tg of sugar and re‐
duced isomaltulose is shown in Figs. 4A (as a function of
the MBCa weight fraction) and 4B (as a function of the
MBCa molar fraction), respectively. The Tg values for the
anhydrous MBCa-maltose system are also plotted for com‐
parison.12) The anhydrous Tg increased quadratically and
linearly with an increase in the MBCa weight and molar
fractions, respectively. As mentioned above, it is important
to elevate the Tg of glassy foods because various undesira‐
ble physical changes occur in the rubbery state. Thus, it
was expected that MBCa would improve the physical sta‐
bility of normal and sugarless candies.

　
Tg of commercial hard candies.

The typical TRA curve of a commercial hard candy (nor‐

mal 3 listed in Table 1) is shown in Fig. 5. A clear force-
drop that reflects the glass transition was observed in the
TRA curve, and the mechanical Tg was determined from
the onset point of the force-drop. As mentioned above, me‐
chanical Tg does not always agree with calorimetric Tg.18)

Thus, the mechanical Tg was calibrated to calorimetric Tg

based on the coefficients determined preliminarily (Fig. 2).
The Tg and water content of the candy products are listed

in Table 1. The Tg values of the commercial candies were in
the range of 28–49 °C. The Tg of a hard candy evaluated
previously by DSC (35 °C) failed in this range.23) It is noted
that their Tg values were much higher than 25 °C. This is an
important fact with respect to their storage stability because
the structural change and recrystallization of sucrose may
occur at a temperature above Tg.9) Labuza et al. character‐
ized the physical deterioration of hard-ball candies by five
stages: 1) free-flowing and separate, 2) stuck pieces break
apart with gentle shaking, 3) very sticky pieces that pull
apart by hand, 4) pieces stuck in one mass, and 5) pieces all
flow into one mass.4) The hard-ball candies could remain
free-flowing at 20 °C lower than Tg. At a higher tempera‐
ture than Tg, the deterioration level increased to a higher
class at intervals of approximately 10 °C. According to
these results, it is concluded that the commercial candies
are sufficiently stable under typical storage conditions.
However, it should be considered that the temperature may
increase to as high as 60 °C in a closed car during the sum‐
mer season.4) In addition, water sorption reduces the Tg of
candies, so that lower RH should be maintained to prevent
deterioration.

The Tg values of the sugarless candies (44 °C) were
slightly lower than the normal candies (47–49 °C), despite
a lower water content. This is because sugar alcohols have
a lower Tg than sugars; therefore, the water content of sug‐
arless candy must be reduced fully to elevate Tg (and estab‐
lish sufficient storability).

Typical DSC thermograms for freeze-dried (A) MBCa-sugar and (B) MBCa- reduced isomaltulose.
　Arrows indicate the Tg.
Fig. 3.
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The milk candy did not contain sugar alcohol; however,
the Tg (32 °C) was much lower than those for the sugarless
candies. This is due to the contribution of hydrophobic ma‐
terials (milk, cream, and butter). Although hydrophobic
materials cannot interact with the amorphous region con‐
structed by hydrophilic carbohydrate materials, intrinsic
surfactants facilitate molecular interaction. It is known that
fats and surfactants act as plasticizers in amorphous materi‐
als.19)24)25)

The honey candy had the lowest Tg (28 °C) among the
candies employed in this study. According to the product
information, this candy was manufactured using only hon‐
ey. Although the composition of honey is more or less de‐
pendent on the product components, the anhydrous Tg val‐
ues of honey are typically reported to be 15 °C26) and
30 °C27). The major components of honey are fructose and
glucose, the anhydrous Tg values of which are 5 and 31 °C,
respectively.9) Thus, the honey candy will have a lower Tg

than the other candies. The honey candy has a higher Tg

than 25 °C; therefore, high storage stability is expected, at
least under typical storage conditions. However, there is a
possibility that the candy reveals sticky character when eat‐
en; the candy may turn into a rubber state in the mouth (ap‐
proximately 37 °C). Hard candy is a unique food in that the
eating time is much longer than other foods.

　
Tg of MBCa-added candies.

During hard candy preparation, the sample temperature
was maximally increased up to 145 °C over a period at
which the water content was reduced up to approximately 3
g/100 g-DM (data not shown). The Tg, water content, and
color parameters (L*, a*, and b*) of the hand-made candies
are listed in Table 2. As expected, the water content (1.9–
2.6 g/100 g-DM) of the candies was lower than 3 g/100 g-

DM. The Tg of the control (sugar-syrup candy) was 47 °C,
which was almost equivalent to commercial candies (47–
49 °C); therefore, it was confirmed that an appropriate hard
candy could be produced by this method. Since the MBCa-
added candies had a higher Tg than 25 °C, physical stability
can be guaranteed under typical storage conditions without
water sorption. The 0.1 MBCa-sugar was cloudy due to the
crystallization of sucrose, and thus further experiments
were not performed. The other MBCa-added candies were
clear yellow color. A comparison of the color parameters
between the control and the MBCa-added candies revealed

Typical TRA curve for a commercial candy (normal 3 lis‐
ted in Table 1).

　The inset shows a close up of the glass transition. The vertical dot‐
ted line indicates the Tg.

Fig. 5.

Effect of (A) MBCa weight fraction and (B) MBCa molar fraction on the Tg of freeze-dried MBCa-sugar (circles) and MBCa-reduced
isomaltulose (squares).

　The values are expressed as mean ± SD (n = 3). MBCa-maltose (diamonds) was taken from a reference.12) The solid lines were described by
quadratic (A) and linear (B) equations.

Fig. 4.
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no significant difference of L*. However, a* and b* of the
MBCa-added candies were significantly higher than those
of the control. The increased a* and b* values indicate the
enhancement of red and yellow colors, respectively.

The anhydrous Tg values of sugar and reduced isomaltu‐
lose were 66 and 57 °C, respectively. The Tg of MBCa
(148 °C) is much higher than that for sugar and reduced
isomaltulose; therefore, it was expected that the Tg of the
hard candies would increase with the MBCa content. The
anhydrous Tg values of the freeze-dried MBCa-sugar and
MBCa-reduced isomaltulose systems increased linearly
with the MBCa molar fraction (Fig. 4). Although the effect
of water content on the Tg of MBCa-sugar and MBCa-re‐
duced isomaltulose was not investigated in this study, it can
be predicted by an empirical approach that the effect of wa‐
ter content on the Tg of hydrophilic amorphous materials
can be described by the Gordon–Taylor (GT) equation:
　�g = �1�g1＋��2�g2�1＋��2 　　　　　　　　　　　　　　　　　 (1)
　
where W1 and W2 are the respective weight fractions of

the solute and water, and Tg1 and Tg2 are Tg (K) for the an‐
hydrous solute and water, respectively, and k is a constant.
Tg2 (136 K) can be obtained from previous reports.28)29) The
Tg1 of the MBCa-SG and MBCa-RIM systems can be pre‐
dicted from the linear function of anhydrous Tg as a func‐
tion of the MBCa molar fraction (Fig. 4). k is an unknown
parameter; however, there is an empirical linear relation‐
ship between Tg1 (°C) and k.9)�＝0.0293�g1＋3.61　　　　　　　　　　　　　　　　　　　(2)

This equation can be applied to water-soluble low-mo‐
lecular-weight carbohydrates, although polysaccharides30)

and other complex systems31) show a deviation from this
equation. According to the Tg-predictive approach, the Tg

values of the MBCa-SG and MBCa-RIM candies were cal‐
culated at each water content, and compared with experi‐
mentally determined Tg values (Fig. 6). To confirm the ap‐
plicability of the Tg-predictive approach, Tg values for
freeze-dried 0.2 MBCa-maltose with water contents of
3.03–8.33 g/100 g-DM were calculated and compared with
experimental values taken from the literature.12) The results
indicated that freeze-dried 0.2 MBCa-maltose and MBCa-
RIM candies exhibited good agreement between the calcu‐

lated and experimentally determined Tg. However, MBCa-
SG showed a much lower experimentally determined Tg

than the calculated Tg. The Tg reduction of MBCa-SG can‐
not be simply related to the red and yellow coloring ob‐
served in the candies, because red and yellow coloring was
also observed in the MBCa-RIM candies. This result sug‐
gests that sugar was thermally degraded during candy pro‐
duction. The hydrolysis of sucrose is known to be promoted
at high temperature32) and under low pH conditions33). Al‐
though MBCa is a mild acid (pH = 5.5) in aqueous solution
(data not shown), the effect of maltobionate ion (acid) on
the hydrolysis of sucrose will be emphasized under dehy‐
drated conditions.33) The hydrolysis of sucrose results in
low-molecular-weight compounds such as glucose and
fructose; therefore, Tg will be reduced by their plasticizing
effect.

The MBCa-RIM candies had higher Tg than the MBCa-
SG candies at each MBCa content, although reduced iso‐

Relationship between experimentally determined Tg and
calculated Tg for MBCa-SG candies (circles) and MBCa-
RIM candies (squares).

　The experimentally determined Tg values are expressed as mean ±
SD (n = 3). Freeze-dried MBCa-maltose samples with various water
contents (diamonds) were taken from a reference.12) The color of the
data points indicates MBCa weight fraction of the samples (gray =
0.1, white = 0.2, and black = 0.3).

Fig. 6.

Tg, water content, and color parameters for hand-made hard candies.

Sample Mechnaical Tg (ºC) Water content　(g/100g-DM)
Color parameters

L* a* b*

Control 46.8 ± 0.5a  1.9± 0.3a 53.0± 3.2a -2.9± 0.2a 4.9± 1.4a

0.2 MBCa-SG 30.4 ± 0.6b  2.3± 0.2a 47.8± 1.8a 10.8± 0.8b 51.1± 1.7b

0.3 MBCa-SG 33.6 ± 1.8b, c 2.6± 0.3a 48.7± 3.0a 8.5± 2.1b 48.2± 1.1b

0.1 MBCa-RIM 35.7 ± 1.8c, d 2.6± 0.4a 50.2± 0.8a 10.6± 1.2b 51.0± 1.7b

0.2 MBCa-RIM 38.6 ± 2.1e  2.5± 0.4a 50.8± 1.9a 9.4± 0.7b 49.7± 1.8b

0.3 MBCa-RIM 44.6 ± 1.2a  2.1± 0.6a 49.4± 4.1a 10.5± 1.7b 51.6± 0.9b

The values are expressed as mean ± SD (n = 3). The values with the different letter are significantly different at p < 0.05. 0.1 MBCa-SG crystal‐
ized immedeately after preparation. Control, sugar and high-maltose corn syrup mixture; MBCa, calcium maltobionate; SG, sugar; RIM, reduced
isomaltulose.

Table 2.
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maltulose has a lower Tg than sugar. Sugar alcohol is chem‐
ically stable; therefore, there will have been little or no hy‐
drolysis during candy preparation. As expected, the Tg val‐
ues of the MBCa-RIM candies increased with the MBCa
content. The 0.3 MBCa-RIM candy had an equivalent Tg to
the commercial sugarless candies (approximately 44 °C),
and thus practically acceptable stability would be expected.
It should be emphasized that the hand-made candies had
higher water content than the commercial candies. Accord‐
ing to the Tg-predictive approach, when the water content
of the MBCa-RIM candies was reduced (typically to 0.5
g/100 g-DM), which is similar to the commercial products
(0.4–0.6 g/100 g-DM), the Tg of the 0.1, 0.2, and 0.3
MBCa-RIM candies would be expected to be 55, 60, and
65 °C, respectively, which are sufficiently high Tg values
for hard candies (Table 1).

Although the candies used in this study were prepared by
heat-concentration under atmospheric pressure, commercial
candy products have been commonly produced under vac‐
uum conditions. Since product temperature can be reduced
by the vacuum-concentration, it is expected that the red and
yellow coloring of MBCa-added candies and the Tg reduc‐
tion of the MBCa-SG candies are diminished or prevented.
For further study, it is necessary to prepare the candies as
similar to industrial procedures.
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