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Repeatedly frozen and thawed rice starch gel affects quality. This study investigated how incorporating
waxy rice flour (WF) and cassava starch (CS) in rice starch gel affects factors used to measure quality.
When rice starch gels containing 0-2% WF and CS were subjected to 5 freeze-thaw cycles, both WF and CS
reduced the syneresis in first few cycles. However CS was more effective in reducing syneresis than WF.
The different composite arrangement of rice starch with WF or CS caused different mechanisms associated
with therice starch gel retardation of retrogradation, reduced the spongy structure and lowered syneresis.
Both swollen granules of rice starch and CS caused an increase in the hardness of the unfrozen and
freeze-thawed starch gel while highly swollen WF granules caused softer gels. These results suggested
that WF and CS were effective in preserving quality in frozen rice starch based products.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Frozen ready-to eat food products are convenient to use since
they require less time to prepare than raw food. With proper frozen
storage, these products can be kept for up to one year; therefore,
a variety of new frozen foods are continually being launched onto
world markets (Luh, 1999). However, upon freezing, water in the
food is transformed into ice and as the ice separates out, the concen-
tration of the unfrozen phase in contact with the ice increases. Both
the ice formation and the increasing concentration of the unfrozen
component result in physical stress on the food matrix (Reid, Kerr,
& Hsu, 1994; Reid, 1999). When this frozen food is thawed for
consumption, the moisture readily separates from the matrix and
causes a change in the texture, drip loss, and often deterioration in
the overall quality (Rahman, 1999).

Starch-based frozen food products undergo textural changes
related to amylose and amylopectin retrogradation and show
syneresis after thawing. These changes have been attributed to
starch retrogradation (Ferrero, Martino, & Zaritzky, 1994; Jacobson
& BeMiller, 1998; Varavinit, Anuntavuttikul, & Shobsngob, 2000)
and may make such products unacceptable to consumers (Ferrero,
Martino, & Zaritzky, 1993).

Controlling the freeze-thaw stability of starch pastes and gels
by the addition of hydrocolloids has been widely investigated
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(BeMiller, 2011). Through the use of small quantities of hydro-
colloids, it is possible to modify gels and starch-based products
to improve their texture (Shi & BeMiller, 2002), produce a higher
viscosity, and less syneresis (Mali et al., 2003). Furthermore, hydro-
colloids reduce starch retrogradation and improve the gel stability
in frozen starch gel systems (Ferrero et al., 1994; Lee, Baek, Cha,
Park, & Lim, 2002). Ferrero et al. (1994) reported that adding
xanthan gum to corn starch pastes minimizes amylose retrograda-
tion, syneresis, and rheological changes after freezing. In addition,
guar gum and locust bean gum were found to reduce syneresis
in freeze-thawed corn starch and waxy Amaranthus paniculatus
starch (Sudhakar, Singhal, & Kulkarni, 1996). In both of these stud-
ies, the authors based their conclusions on the pasting properties
and rheological data and they attributed the reduction to a slow-
ing of retrogradation brought about by an interaction between
the hydrocolloid and the amylose. In another study, Ferrero and
Zarizky (2000), using oscillatory rheological measurements and
visual observation, reported that the hydrocolloid might interact
with the amylose released outside the starch granule, inhibiting
the development of a spongy matrix. It has been shown that konjac
glucomannan reduces syneresis, spongy structure formation and
moderately increases the hardness of freeze-thawed rice starch
gels (Charoenrein, Tatirat, Rengsutthi, & Thongngam, 2011). The
authors concluded that this effect was due to the high viscosity
of the hydrocolloid and the even distribution of the rice starch
granules in the hydrocolloid matrix.

There have been a few studies on using waxy starch/flour to
improve the quality of frozen starch based food products, with
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examples being bread made from frozen dough (Yi, Johnson, &
Kerr, 2009), frozen Chinese steamed bread (Qin, Cheng, & Ma, 2007)
and frozen fried dumplings (Hayakawa, Tanaka, Nakamura, Endo,
& Hoshino, 2004). However, the explanation for the mechanism of
addition of waxy flour/starch on product quality is not clear because
these studies were carried out in real food systems. The current
study attempted to investigate the possibility of using waxy rice
flour (WF) and cassava starch (CS) to improve the freeze-thaw sta-
bility of rice starch gel as well as explain the causes of the effects.
Both WF and CS are cheaper than most hydrocolloids and can be
widely produced commercially in Thailand.

WEF, produced from waxy or glutinous rice, contains little or no
amylose. WF produces a paste with a higher viscosity and lower
retrogradation rate than non-waxy rice flour paste. Gels from WF
are softer than those from non-waxy rice flour (Luh, 1999).

CS is a root starch with specific properties such as a low paste
temperature and a low gelling point and a lower amylose con-
tent and retrogradation tendency compared with cereal starches
(Moore, Canto, Soldi, & Amante, 2005).

The objective of this study was to determine the effect of the
addition of WF and CS in frozen rice gels by investigating their
syneresis, textural changes, and the correlation between these
two properties. In addition, the microstructure of unfrozen and
freeze-thawed gels was studied in order to gain a greater under-
standing of the interaction between both polysaccharides and rice
starch. This research will make a contribution toward improve-
ments in the quality of frozen rice-based products.

2. Materials and methods
2.1. Materials

Rice starch was supplied by the Thai Flour Industry Co., Ltd.
(Bangkok, Thailand). CS (food grade) was purchased from the Siam
Modified Starch Co., Ltd, Pathum Tthani, Thailand and WF (food
grade) was purchased from the Choheng Rice Vermicelli Co., Ltd.
Nakorn Pathom, Thailand. The amylose content of rice starch,
WF and CS were 37.50+0.38,4.11+0.08 and 17.13+£0.60g/100 g
dried solid, respectively by the method of Hoover and Ratnayake
(2001). The moisture content of rice starch, WF and CS were
12.56+0.01, 11.69 £ 0.01 and 12.69 +0.01 g/100 g, respectively by
official method of AACC (2000).

2.2. Sample preparation

A rice starch suspension (8.0%, w/w rice starch on a dry basis)
was prepared by stirring rice starch and water continuously at
250rpm for 60 min. The suspension was partially gelatinized by
placingitin awater bath at 80 °C for 25 min with continuous stirring
at 200 rpm. Each sample of 10 mL was then loaded into a syringe
(25 mL with a 20 mm diameter) and steamed for 9 min. Finally, the
samples were placed in an incubator at 25 °C for 120 min.

Suspensions containing 1% and 2% WF or CS were prepared by
adding WF or CS into the rice starch suspensions (8.0%, w/w rice
starch on a dry basis) giving the total dry matter of suspensions
were 9 and 10%, respectively. Suspensions were then gelatinized
using the same process as was used for the control rice starch
suspension. Each experiment was repeated twice.

2.3. Freezing and thawing

Starch gel samples were frozen in a cryogenic cabinet freezer
(Minibatch 100L; Bangkok Industrial Gas Co., Bangkok, Thailand)
which allowed the flow rate of liquid nitrogen to be adjusted cre-
ating a cold atmosphere of —20°C. Freezing lowered the sample
temperature from around 20°C to —20°C in 90 min. Then, the

samples were stored in a chest freezer (Sanyo refrigerator, model
SF-C1497) at —18°C for 22 h and thawed at ambient temperature
(25+2°C)for 2 h.This freeze-thaw cycle was repeated for up to five
cycles. The freezing experiments were carried out in two separate
trials. After thawing, gel samples were removed from the syringes
prior to performing the following tests.

2.4. Syneresis measurement

Syneresis measurements followed the method of Charoenrein,
Tatirat, and Muadklay (2008). The thawed starch gel samples were
removed from their syringes and put in a cylindrical plastic tube
with a perforated bottom covered with filter paper (Whatman No.
41). These tubes were then placed in centrifuge tubes and cen-
trifuged (centrifuge CN-1050, MRC Ltd., Holon, Israel) at 100 x g for
15 min. The cylindrical plastic tube with cover was removed from
the centrifuge tube, and the liquid which had separated from the
starch gel was weighed. The percentage of syneresis was then cal-
culated as the ratio of the weight of liquid separated from the gel to
the total weight of the gel before centrifugation, and multiplied by
100. The data were reported as the average of five measurements.

2.5. Determination of the microstructure of frozen starch gel with
scanning electron microscopy

The freeze-thawed rice starch gels with and without WF or CS
were cut and gradually dehydrated in 50%, 70%, 90% and absolute
ethanol at room temperature for 24 h at each concentration and
finally dehydrated using a critical point dryer. The cut surface sam-
ples were mounted on a stub, coated with gold and observed using a
JSM-5600LV microscope (JSM-5600LV; JEOL, England). The acceler-
ating voltage and the magnification are shown on the micrographs
in Fig. 1.

2.6. Determination of the microstructure of unfrozen starch gel
with a confocal laser scanning microscope

The unfrozen rice starch gels with and without WF or CS were
cut into sections of 1-3 mm thickness using a razor blade. The sec-
tions were stained by immersion into FITC-dextran (Fluorescein
isothiocyanate dextran 0.01% (w/v) in distilled water) for 2 min fol-
lowed by rinsing three times in distilled water. Each sample was
mounted in a slide well and covered with a cover glass. Images
were recorded using a confocal laser scanning microscope (CLSM;
Axio Imager MI, Carl Zeiss Pty Ltd., Germany). A HeNe laser with
an excitation wavelength of 488 nm was used. CLSM digital images
were acquired using the LSM 5 PASCAL program.

2.7. Pasting profile

The pasting properties of the rice starch suspension (8%, w/w)
with 0-2% WF or CS were determined using a Rapid Visco-
Analyzer (model RVA-4C, Newport Scientific Pty Ltd., Warriewood,
Australia). The slurry was held at 50°C for 1 min, heated to 95°C
at a constant rate of 12 °C/min and then held at 95 °C for 2.5 min. It
was subsequently cooled to 50 °C at the same rate and then held at
50°C for 2 min. The data were reported as the average of triplicate
measurements.

2.8. Texture measurement

The unfrozen and freeze-thawed rice starch gels with and with-
out WF or CS after the first cycle (25 &2 °C) were transferred from
the syringe into a rectangular mold (approximately 150 mm wide
by 40 mm long and 30 mm deep), which had a gap for sample cut-
ting and the middle of the gel was cutinto a sample 20 mm in length.
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Fig. 1. Scanning electron microscope images of rice starch gels (8%, w/w total solid) containing 1 and 2% waxy rice flour or cassava starch unfrozen and after one and five
freeze-thaw cycle (250x, bar =100 pm).

The texture was determined at ambient temperature (25+2°C) probe at a test speed of 0.5 mm/s. The deformation level was 40%
using the texture profile analysis method (five replicates per treat- of the original sample height and the gels were compressed twice.
ment) with a Texture Analyzer (TA-XT plus, Stable Micro System, Hardness was expressed as the maximum force exerted during the
Surrey, UK). Samples were compressed with a 100 mm diameter first compression cycle.
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Table 1

Syneresis values of rice starch gel (8.0%, w/w total solid) containing waxy rice flour (WF) or cassava starch (CS) 0-2% in each cycle.

Sample Syneresis (%)

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
Rice starch 38.12A + 0.7 52.73 + 0.6 55.82C + 2.1 56.73C + 1.1 57.5C £ 1.6
Rice starch + 1% WF 27.0°A + 4.0 52.6%% + 0.9 54.5%C + 45 56.5%C + 0.7 57.5€ + 0.4
Rice starch +2% WF 14194 + 26 47.6% + 0.8 55.4C + 1.3 56.0°C + 1.8 56.8%C + 0.6
Rice starch+1% CS 28.5PA + 3.2 46.6" + 1.3 48.4PC + 1.9 49.7°¢ + 0.7 49.3C + 15
Rice starch+2% CS 2194 £ 19 39.39% + 0.9 431C £ 20 455C + 1.7 454C £ 22

Mean values in each column with different lower case letter superscripts (a-d) are significantly different (p <0.05).
Mean values in each row with different upper case letter superscripts (A-C) are significantly different (p < 0.05).

2.9. Statistical analysis

A completely randomized design was used. The difference
between means was determined using Duncan’s new multiple
range test with the level of significance set at p < 0.05. All statistical
analyses were performed using SPSS 12.0 for Windows.

3. Results and discussion
3.1. Percent syneresis

The percentage syneresis (% syneresis) for freeze-thawed starch
was used to evaluate the ability of starch to withstand the undesir-
able physical changes which occur during freezing and thawing.
Syneresis in a freeze-thawed gel is caused by an increase in
molecular associations between starch chains—in particular the
retrogradation of amylose (Morris, 1990) which results in the
expulsion of water from the gel structure (Saartratra, Puttanlekb,
Rungsardthong, & Uttapap, 2005). Thus, the amount of water
released due to syneresis is a useful indicator of the tendency
of starch to retrograde (Karim, Norziah, & Seow, 2000). How-
ever, in starch gel containing ingredients such as hydrocolloids or
sugars, which can bind to water molecules, syneresis is reduced
(Arunyanart & Charoenrein, 2008; Baker & Rayas-Duarte, 1998;
Yoshimura, Takaya, & Nishinari, 1998).

The effect of WF and CS on the % syneresis in rice starch gels is
presented in Table 1. Freeze-thawed rice starch gels without WF or
CS had a high syneresis value (38.1%) after the first cycle and had a
significantly higher value after two freeze-thaw cycles. After that,
the values changes slightly through cycles 3-5. High syneresis in
this sample resulted from a high amylose content (37.50%) in the
rice starch. A previous study (Charoenrein et al., 2008) showed that
gels made from medium-amylose rice flour (17.6%) had a signifi-
cantly lower % syneresis after the first freeze-thaw cycle than did
gels made from high-amylose rice flour (32.5%). This result implies
that amylose plays an important role in the retrogradation associ-
ated with freezing and thawing.

However, freeze-thawed rice starch gel with WF displayed a
markedly lower % syneresis. Starch gel containing 1% WF which had
shown 27.0% syneresis after the first freeze-thaw cycle, showed
an obvious increase in its syneresis value to 52.6% after two
freeze-thaw cycles. After that, the syneresis values changed only
slightly through cycles 3-5. Starch gel containing 2% WF, which had
14.1% syneresis after the first cycle, showed an increase in syneresis
value to 47.6%, after two freeze-thaw cycles. At this concentration
too, after the second and through to the fifth freeze-thaw cycle,
the % syneresis slightly increased but was slightly lower than had
occurred with 1% WF. The addition of CS showed a similar trend
with WF addition; however, their syneresis values were slightly
lower.

Although the effect of the addition of different starches or flours
on the syneresis value in starch gel has not been reported, the
effects of some hydrocolloids on the reduction of syneresis in

starch paste/gel have been widely studied. For example, xanthan
gum effectively reduced syneresis in freeze-thawed corn starch gel
(Ferrero et al., 1994), and in high-amylose and waxy corn starch gel
(Weber, Queiroz, & Chang, 2008) while xanthan, alginate and guar
gum reduced syneresis in freeze-thawed sweet potato starch gel
(Lee et al., 2002). Muadklay & Charoenrein (2008) found that xan-
than gum also reduced syneresis in freeze-thawed cassava starch
gel. Charoenrein et al. (2011) reported that konjac glucomannan
reduced syneresis in freeze-thawed rice starch gel. It has been
hypothesized that the effects of hydrocolloids in the reduction
of syneresis are due to the retardation of amylose retrogradation
(Ferrero et al., 1993, 1994) and an increase in the viscosity of the
starch paste (Lee et al., 2002). Shi and BeMiller (2002) suggested
more specifically that this effect was likely due to interactions
between certain leached molecules, primarily between amylose
and certain gums.

3.2. Microstructure of freeze-thawed rice starch gels

To elucidate the relationship between syneresis and the addi-
tion of WF and CS to rice starch gels, the microstructure of
freeze-thawed gels was examined using SEM. Images of treated
specimens are shown in Fig. 1. The microstructure of rice starch
gel before freezing is shown in Fig. 1a. Clear differences were
observed in the microstructure of rice starch gels after one and
five freeze-thaw cycles for both gels with and without WF or CS.
All freeze-thawed starch gels developed a spongy structure which
can be attributed to ice crystal formation and amylose retrograda-
tion. A thick fibrillar network of starch gel was formed in the spongy
structure during the repeated freeze-thaw cycles; similar findings
were reported by Ferrero et al. (1993) and Charoenrein et al. (2011).
In rice starch gel with no WF or CS added, the microstructure after
the first freeze-thaw cycle was characterized by large pores in the
gel (Fig. 1b). After the fifth freeze-thaw cycle, the starch gels had a
bigger pore size, the matrix surrounding the pores was stronger and
the pores were very clearly defined (Fig. 1c). These structural find-
ings correlated well with the changes in the syneresis values found
after 1-5 freeze-thaw cycles of rice starch gel to which no WF or
CS had been added. After one freeze-thaw cycle, the starch gels
containing 1% WF appeared to have smaller and less well-defined
pores embedded in a weak matrix (Fig. 1d). After five freeze-thaw
cycles, the pore size in these gels had increased but the pores were
still less well-defined than in starch gels without WF (Fig. 1c and
e). Rice starch gels with 2% WF showed similar results to those of
1% WF (Fig. 1f and g). However, rice starch gels with 1 and 2% CS
(Fig. 1h-k) showed slightly less spongy structures after one and five
freeze-thaw cycles as compared with gels containing WF. The spec-
imen images showed that CS was able to effectively stabilize the
microstructure of rice starch gels after the first to fifth freeze-thaw
cycle slightly more than WF. These microstructural results (of a less
spongy structure formation in rice starch gels with CS) correlated
well with the lower syneresis values found after 1-5 freeze-thaw
cycles as compared to rice starch gels with WF.
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Fig. 2. Confocal laser scanning microscope images of unfrozen rice starch gels (8%, w/w total solid) in the absence (a) and presence (b) of 2% waxy rice flour; and (c) in the
presence of 2% cassava starch (c). Circles indicate the association of swollen rice starch granules in (b), less association of swollen rice starch granules in the spread of swollen
waxy rice starch granules in (b) and dense pack of less swollen rice and cassava starch granules in (c), bar =20 pwm.

The microstructure of the unfrozen gel described in 3.3 below
demonstrates how WF and CS help reduce syneresis and modify
the microstructure of freeze-thawed starch gels.

3.3. Microstructure of unfrozen rice starch gel

Starch gels can be regarded as composites where the swollen
granules (amylopectin) are embedded into a continuous matrix of
aggregated amylose molecules (Ahmad & William, 1998). During
the preparation of rice starch gels, rice starch granules suspended
in excess amounts of water (starch 8%, w/w total solid) swelled
upon heating. After agitation and subsequent steaming for 9 min,
it is assumed that amylose molecules leach from the swollen rice
starch granules creating granule ghosts. Granule ghosts are formed
from starch granules when they are heated in water without or
with little shear.

There have been several reported studies of formation of gran-
ule hosts during gelatinization (Fannon & BeMiller, 1992; Obanni
& BeMiller, 1996). It is possible to visualize the influence of WF
and CS on the starch gel microstructure using CLSM and a fluo-
rescent dye. The starch was stained with FITC-dextran which was
absorbed by the starch granules. Fig. 2a-c shows the optical sec-
tions of the rice starch gel and the rice starch gel with 2% WF and
CS. Fig. 2a shows swollen starch granules or starch ghosts of dif-
ferent sizes unevenly distributed throughout most of the volume
fraction with the swollen starch granules tending to group together.
Fig. 2b shows swollen starch granules in a different arrangement.
The highly swollen starch granules of WF are distributed and cover
more swollen rice starch granules than those in Fig. 2a. This finding
corresponded with the pasting properties of rice starch, WF and
CS as shown in Table 2. The pasting temperature of WF (69.60 °C)

Table 2

was much lower than for rice starch (88.38 °C); therefore, WF gran-
ules were swollen to a higher degree and earlier than rice starch
granules. It was hypothesized that the spread of highly swollen
granules of WF might lower the degree of rice starch retrograda-
tion and consequently reduced the extent of spongy structures of
freeze-thawed gel. Fig. 2c shows swollen CS granules connected
with swollen starch granules of rice starch. CS had a pasting tem-
perature (71.15°C) that was closer to that of rice starch than that
of WF; therefore, both starch granules absorbed water and were
swollen to a relatively similar extent and were connected together.
This arrangement could also reduce the retrogradation and spongy
structure of the sample. Since WF and CS also absorbed some water
during gel preparation, this might be another reason for the lower
syneresis values in the gel with WF or CS added. In addition, in the
RVA measurement, higher values for peak viscosity, breakdown,
final viscosity and setback were observed in rice paste with WF
or CS (Table 2). The interaction between rice starch and WF or CS
particles might be responsible for increase in these viscosity values
and helps explain the influence of WF and CS on the microstructure
of unfrozen starch paste.

3.4. Texture

The textural properties of the rice starch gels with and without
WEF or CS before and after freezing and thawing were studied and
the results are shown in Table 3. It was found that before freezing,
starch gel samples containing 1 and 2% WF were not as hard as
were those without WF. The more WF that was added, the softer
the gels were. However, starch gel with CS showed the opposite
results. The textural results in the current study can be clearly elu-
cidated by examining the microstructure of unfrozen gels using

Viscosity (RVA) profiles of rice starch (RS), waxy rice flour (WF), cassava starch (CS) and rice starch with waxy rice flour or cassava starch suspension.

Sample Pasting temperature (°C) Viscosity (RVU)

Peak viscosity Trough Break down Final viscosity Setback
RS 88.387 117.96f 112.87° 5.098 136.42f 23.55¢
WF 69.608 214.83¢ 138.33¢ 76.50¢ 152.25¢ 13.92f
CS 71.15° 209.254 116.08f 93.17b 154.79¢ 38.714
RS +1% WF 85.30P 189.08¢ 163.084 26.00f 241.88¢ 78.80°¢
RS +2% WF 84.08¢ 265.17° 219.132 46.04¢ 319.54 100.41>
RS+1% CS 83.18¢ 222.33¢ 171.63¢ 50.704 274.08¢ 102.45
RS+2% CS 81.58¢ 317.212 212.33 104.882 327.132 114.80?

Suspension concentration for RS, WF and CS, RS + 1%WF or CS and RS + 2%WF or CS were 8-10% dry basis, respectively.
Mean values in each column with different lower case letter superscripts (a-c) are significantly different (p < 0.05).
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Table 3

Hardness of rice starch gel (8.0%, w/w total solid) containing waxy rice flour (WF)
or cassava starch (CS) at 0-2% before and after subjecting to one freeze-thaw (FT)
cycle.

Sample Hardness (N)

Before freezing After 1 FT cycle
Rice starch 1.65" + 0.06 3.92¢ +0.17
Rice starch+1% WF 1.48¢ £+ 0.06 2.879 + 0.06
Rice starch +2% WF 1.259 + 0.09 1.74¢ + 0.11
Rice starch+1% CS 2.05% £+ 0.02 523 + 0.23
Rice starch +2% CS 2.04% £+ 0.02 7.322 £0.29

Mean values in each column with different lower case letter superscripts (a-c) are
significantly different (p < 0.05).

CLSM. It can be seen from Fig. 2a and b that WF retarded the aggre-
gation of swollen rice starch granules. In addition, the setback and
final viscosity of WF were much lower than those of rice starch and
CS (Table 2), indicating that the swollen rice starch granules were
embedded in a soft matrix of waxy rice starch gel. The CLSM images
of the rice starch gel with CS showed the connection of both swollen
starch granules of rice starch and CS (Fig. 2c) which caused higher
hardness in the gels. After the first freeze-thaw cycle, the hard-
ness in all samples increased. Though the retrogradation of starch
molecules in starch-rich regions is enhanced during freezing and
thawing (Yuan & Thompson, 1998) leading to an increase in the
hardness of a gel, an increase in the hardness of the rice starch gel
was much more obvious after freezing and thawing than in those
gels containing 0-2% WF (137, 94 and 38%, respectively). Moreover,
there was obviously higher hardness of the freeze-thawed gels con-
taining 0-2% CS (137, 155 and 259%, respectively). It should also be
noted that the hardness of the freeze-thawed starch gels contain-
ing 2% WF was relatively similar to that of the unfrozen starch gels
without WF or CS.

4. Conclusions

The addition of CS and WF was shown to be an effective agent for
the reduction of the spongy structure formation in freeze-thawed
rice starch gels. CS was slightly better than WF in terms of synere-
sis reduction especially after 2-5 freeze-thaw cycles. WF was able
to retard the textural changes which resulted from a gel with a
spongy structure. The microstructure of the unfrozen starch gel
demonstrated that swollen starch granules form dense associations
in rice starch gels containing no WF or CS, while in gels contain-
ing WF, the highly swollen WF starch granules spread and covered
swollen rice starch granules. In gels containing CS, the connection
of both swollen starch granules of rice starch and CS was evident.
This research shows that either CS or WF can be a useful additive
for preserving quality in frozen rice starch-based food products.
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