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Abstract: When non-glutinous rice flour used for karukan preparation was substituted with other starches,
differences were observed in the expansion of karukan. In this paper, non-glutinous rice flour was substituted for
sago starch, which is expected to improve the utilization and palatability of karukan, and the results were
compared with those of karukan made with other starches.

Reference karukan was prepared in a food processor using Yamatoimo (Japanese yam), non-glutinous rice
flour, white sugar, and distilled water. Sago, corn, wheat, potato, sweet potato, and cassava were used as starch
substitutes for non-glutinous rice flour. Moistures were determined by heat drying method under the atmospheric
pressure and viscosities were measured for the crushed Japanese yam by Viscometer. Specific volume of
karukan was obtained by dividing the volume using canola seed method by the weight. Texture measurements
were performed on the karukan by Creep meter. Sensory evaluation was conducted using a 7-point scoring
method to evaluate relative strengths and preference.

Karukan with 100% substitution of sago starch for non-glutinous rice flour was significantly lower preference
than the reference in the sensory evaluation. On the other hand, the karukan with 50% sago starch substituted for
non-glutinous rice flour did not differ significantly from the reference in terms of all the determined value.
Though in terms of preference, the appearance and color items were significantly lower, there were no
significant differences in the good texture, taste, hardness, and springiness items. Therefore, the starch
replacement ratio was decided to 50% in subsequent experiments. The physical properties of the karukan
prepared showed that all starches tended to have higher values for hardness than the reference, while potato and
cassava starch had the same level as the reference for adhesiveness, and the other starches had smaller values.
The appearance and color of the karukan substituted with sago and cassava starches were lower in the sensory
evaluation preferences. This may be due to the light grayish color of sago starch product, while the cassava
starch product showed lower swelling, resulting in a gelatinous product with less foams. In the overall
evaluation, potato starch was significantly less preferred than the reference and corn starch. However, sago
starch showed no significant differences from the sweet potato, wheat, cassava and potato starches. While some
panels liked the distinctive light pink color of sago starch karukan, others said it tasted a little astringent. This
suggests that improving the taste of sago starch would improve the preference of sago starch karukan.
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Introduction

Sago palm (Metroxylon sagu Rottb.) is considered
to have originated in the region from the Maluku
Islands in eastern Indonesia to Papua New Guinea.
Currently, its growing area has expanded to the
tropical low wetlands and dried areas of Southeast
Asia and Oceania (Kainuma, 1977). Sago starch,
which accumulated in the trunks of sago palms, has
been known as a staple food for people in tropical
regions from ancient times to the present, and its
common secondary processed product “sago pearl”
(Hirao and Takahashi,1996) is often used in jellies
and soups (Hirao and Takahashi, 1990). Although the
physical properties of sago starch differ depending on
the plant variety and plant part, sago starch has been
proven to physiochemical properties compared to
other starches such as potato, corn, wheat, mung
bean, sweet potato, kudzu, and warabi (Hirao, 2021).
With the aim of expanding the usage of sago starch in
Japan, the present authors have examined its
suitability in such foodstuffs as blancmange, kudzu-
kiri, warabi-mochi, kudzu-zakura, steamed youkan,
harusame (vermicelli noodle), and biscuit (Hirao et
al., 2018; Takahashi et al., 1995). Furthermore, Oya
and Takahashi (1987) have previously reported that
using sago starch as a partial substitute for wheat
increases the expandability of certain breads and
muffins.

Karukan is a confectionary that was first created by
the Shimazu family of the Satsuma Clan, modern day
Kagoshima Prefecture. It is a traditional confectionary
that is made from non-glutinous rice flour, sugar, and
water with the Japanese yam to increase the foaming
ability. It is favored for its whiteness, and the good
texture, and springiness of its texture. The popularity
of karukan has spread nationwide since the beginning
of the Meiji period (Kodama, 1989) in part due to the
ease of availability of its raw ingredients and to the
easy preparation by normal kitchen tools. Currently,
in order to improve the expandability of karukan there
are some formulations to use whipped egg whites

(Kinoshita, 2019). The objective of this research was

to expand the usage of sago starch, by making a
highly palatable ‘karukan’ that has part of its non-
glutinous rice flour substituted with sago starch, an
ingredient that is thought to be effective in increasing

expandability in foodstuffs.

Materials and Methods
Materials

Karukan samples were prepared using Japanese
yam (yam: harvested in Chiba Prefecture), White
sugar (Mitsui Sugar, Japan), non-glutinous rice flour
(Tomizawa Shouten, Japan), and water (distilled
water). One karukan was made using 100 % non-
glutinous rice flour as a reference, and then six other
samples were prepared with sago, corn, wheat, potato,
sweet potato, and cassava starches substituting part of
the non-glutinous rice flour. Sago starch samples
replaced 25, 50, 75, and 100 % of the non-glutinous
rice flour. Samples made using other starches replaced

50 % of the non-glutinous rice flour.

Preparation of Karukan

The Japanese yam was peeled and cut into 2 cm
cubes. 230 g of cut and peeled yam were inserted
into a food processor (National MK-K75, Japan) and
ground using a yam cutter for two minutes. 100 g of
the ground yam, 100 g of distilled water, and 150 g
of caster sugar were put in a food processor and
mixed for one minute. Then, the non-glutinous rice
flour was added and karukan batter was made by
mixing all ingredients ten times intermittently using
the pushing function of the food processor. Each
starch type used for the substitutions was added at
the same time as the non-glutinous rice flour. 400 g
of the karukan batter was poured into a mold
(165%x77x35 mm), and was heated in a steamer over
a high heat for 30 minutes. After that, the samples
were cooled at room temperature, and then their
weights, volumes, and physical properties were
measured, and a sensory evaluation was conducted.
The viscosity of the karukan batter were also

measured.
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Analytical Methods

Flow curves were measured using a cone-plate
viscometer (Toki Sangyo TV-22, Japan), with a
maximum shear rate of 100 sec’!, and a sample
temperature of 25 °C. Shear rate rises and fall curves
were obtained, and values of 1 sec! and 100 sec! were
read from the shear rate rising curve. The thixotropic
parameters (Th, cm?) were calculated by multiplying
the area indicated by the closed curve of the flow
curve by a coefficient.

The specific volume of karukan was obtained by
dividing the volume using the canola seed method by
the weight (Matsumoto and Yoshimatsu, 1997) after
steaming and cooling at room temperature for 30
minutes.

Texture measurements were conducted using a
creep meter (Yamaden RE2-3305B, Japan), and
hardness, cohesiveness, and adhesiveness values were
obtained. Samples were formed by cutting karukan
into 2 cm wide pieces, and cutting the center of each
piece into 2 cm cubes. A cylindrical plunger with a
diameter of 40 mm was used, compression was set to
66.7 % of the sample thickness, and measurement
speed was set to 5 mm * sec’'.

Sensory evaluations on the relative strengths and
preference of the karukan were conducted using a 7-
point scoring method from -3 to +3. Relative
strengths were conducted using six parameters;
‘appearance’, ‘good texture’, ‘color’, ‘taste’,
‘hardness’, and ‘springiness’, further, preference was
added as overall evaluation, making a total of seven
items evaluated. The testing panel was also requested
to write their comments about each of the samples.
The panel consisted of 16-28 staffs at Aikoku
Gakuen Junior College. The sensory evaluation of the
karukan was approved by the Aikoku Gakuen Junior
College Ethics Committee (Certification Number

2019-C01-4).

Results
Physical properties and sensory evaluation of karukan
with different substitution ratios of sago starch

Fig. 1 shows photos of karukan with 25, 50, 75,
and 100 % of its non-glutinous rice flour substituted
with sago starch. As increased substitution of sago
starch, the whiteness of the karukan decreased and the
light grey color of sago starch appeared. Specific
volume (Fig. 2) decreased significantly with the
substitution of sago starch. Texture measurements
(Fig. 3) showed that the hardness increased and the
adhesiveness decreased by increased the substitution
ratio of sago starch. But we observed a significant
difference from the reference karukan with sago

replacement ratios of 50 %, and 75 % in terms of

cohesiveness.

Sago 25% q Sago 50% 1: Sago 75% H Sago 100%

Fig 1. Photos of karukan with 25, 50, 75, and 100% of its
non-glutinous rice flour substituted with sago starch.
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a-d: Letters show significant difference in the level of the property(p<0.05).
Fig 2. Specific volume of karukan with substituting non-

glutinous rice flour with various replacement ratios of
sago starches.
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a-d: Letters show significant difference in the level of the property(p<0.05).

Fig 3. Physical properties of karukan with substituting non-glutinous rice flour with various replacement ratios of sago starches.

Fig. 4 shows the sensory evaluations of karukan
with sago replacement ratios of 0, 25, and 50 %. It
was found that 25 % sago starch substituted karukan
was evaluated equally favorably with the reference in
all parameters except ‘color’. On the other hand, not

shown in the figure, sensory evaluations of karukan
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Fig 4. Sensory evaluations of karukan with 25% and 50%
substitution of rice flour with sago starches.

with sago starch replacement ratios of 0, 50, and 100
%, showed that there was no significant difference
between the 50 % sago starch substituted karukan and
the reference in terms of good texture and taste, and
comments from the panel showed that a replacement
ratio of up to 50 % was deemed possible.

From the above results, it was found that a sago
starch substitution ratio of 25 % had similar outcomes
to that of the reference. However, with the aim of
expanding the usage of sago starch in mind, the
feasibility of 50 % sago starch replacement was

investigated by comparing it with different starches.

Flow properties of karukan batters with various
starch type substitutions

Fig. 5 shows the flow curve of the karukan batter
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Fig 5. Flow curve of the karukan batter with 50%
sago starch substitution.
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Table 1. Characteristic values of the flow curve of karukan batters with 50% of whiteness, the corn starch

starch substitution using the other starches tested.

substituted karukan stood out,
Shear stress (Pa)

Thixotropic parameter

followed by the wheat starch

Th (em’
1 sec™ 100 sec™ (em’) . )
substituted karukan, which had
Reference 52.70 £ 2.43a 180.40 == 0.68 ab 18.95 £ 0.63 a a similar whiteness to the
Sago 29.36 & 1.96d 158.60 = 2.23 ¢ 12.45 £ 0.57b reference. Karukan made with
Corn 43.05 £ 2.12b 183.02 & 2.54a 19.75 £ 0.72a root-based starches as a
substitute had a yellowish
Wheat 37.00 & 1.44 ¢ 184.30 £ 2.12a 13.79 £ 0.41b
coloration, with whiteness
Potato 35.80 % 1.64 ¢ 173.56 = 2.91 ¢ 11.85 = 0.34 ¢ )
decreasing to the order of
Sweet Potato 40.36 % 2.21 be 175.50 = 1.04 be 12.01 £ 0.50 ¢ potato < sweet potato <
Cassava 36.65 £ 1.87 ¢ 165.71 % 1.45d 13.04 £ 0.45b cassava. With its light gray

a-e:Different letters in the same column show significant difference (p<0.05). coloration, the sago starch

karukan was the lowest

with 50 % sago starch substitution, and Table 1 shows
the characteristic values of the flow curve of karukan
batters with 50 % starch substitution using the other

starches tested. The shear stress of starch batters at 1

whiteness. Fig. 7 shows the specific volumes of the
corn and wheat starch substitutions produced the
highest numbers, but sago, corn, wheat, potato, and

sweet potato starch substituted karukan showed no

sec! and 100 sec! were significantly lower for sago  significant difference to the reference.

starch than for the other starches. Both values for the

reference were large, and other starches had similar 14
outcomes. On the other hand, the thixotropic ~ 12t
= _1a
o0
parameter (Th) came out with corn starch batter the TE] 1.0 a . _E
highest, along with the reference, followed by wheat E 08 - b
starch batter. The Th value of sago starch batter was E 0.6 |
g o
similar to that of wheat starch, and cassava starch. & o4l
0.2
Specific volume and appearance of karukan 0.0 ) e, ) ) )
substituted with various starches &Q& o & 4&&0 @@@ & éf"
. . <! ¥
Fig. 6 contains photographs of the karukan made @‘"} ‘@‘Q ¢
S

with 50 % substitution of various starches. In terms . .
ab: Letters show significant difference in the level of the property

(p<0.05).

Fig 7. Specific volumes of the karukan made with
various starches.

Texture measurements of karukan with various
starch substitutes
Fig. 8 shows the texture measurements for

karukan made with 50 % of non-glutinous rice

Wheat  Potate  Sweet  Cassava flour substituted with various starches. Hardness,

potato

Reference Sago Corn

cohesiveness, and adhesiveness are shown. There
Fig 6. Photographs of the karukan made with 50%

substitution of various starches. was a significant difference in hardness between the
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a-e: Letters show significant difference in the level of the property(p<0.05).

Fig 8. Physical properties of karukan made with 50% of non-glutinous rice flour substituted with various starches.

reference and the karukan with substituted starches,
with sago, corn, wheat, potato, and sweet potato
starches having similar outcomes, and cassava
starch having the highest hardness. In terms of
cohesiveness, the karukan substituted with sago
starch was closest to the reference, with corn, wheat,
potato, and sweet potato substituted karukan showing
values lower than the reference, and cassava starch
being the highest. Regarding adhesiveness, sago,
corn, wheat, and sweet potato starch substituted
karukan were significantly lower than the reference.
Potato and cassava starch substituted karukan showed

no significant difference.

Sensory evaluations of karukan with various
starch substitutes

Fig. 9 shows the sensory evaluations of karukan
with 50 % of the starch substituted with various starch
types. The upper diagram shows the Relative
strengths, and the bottom diagram shows Preference.
In the Relative strengths, a significant difference in
the parameters of ‘appearance’, and ‘springiness’ was
recorded. In the Preference, there was a significant
difference in all parameters. The relative strengths

results showed that corn starch substituted karukan
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Fig 9. Sensory evaluations of karukan with 50% of the starch
substituted with various starch types.
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had the appearance most like reference karukan, and
the cassava starch substituted karukan had the least.
Springiness results showed that the cassava starch
substituted karukan was the highest, and the potato
starch substituted karukan the least. Regarding the
sago starch substituted karukan, its average
‘appearance’ and ‘springiness’ ratings were ‘-0.3’ and
‘0.7° respectively, with the former rated as ‘neither
agree or disagree’, and the latter ‘slightly agree’. In
the Preference, in all parameters measured the corn
starch substituted karukan along with the sweet potato
starch substituted karukan showed no significant
difference to the reference, and were favored. The
sago starch substituted karukan, and the cassava
starch substituted karukan were valued least favorable
in terms of ‘appearance’, ‘good texture’, and ‘color’,
but in terms of ‘springiness’, no significant difference
between the reference was found. By the overall
evaluation, the sago starch substituted karukan
showed no significant difference to the wheat starch,
potato starch, sweet potato starch, and cassava starch

substituted karukan.

Discussion

The research group behind this paper has been
endeavoring to expand the usage of sago starch by
examining both its usability in various foodstuffs, and
the effect of using it as an additive or substitute
ingredient (Hirao and Takahashi, 1990, 1996, 2015;
Hirao et al., 2018; Hirao, 2021; Takahashi et al.,
1995). It was previously shown that, the expandability
of foodstuffs such as muffins and breads increased
when partial substitution of wheat with sago starch
was performed (Oya and Takahashi, 1987). With this
in mind, it was decided to attempt to produce a
karukan that used sago starch in order to increase its
expandability, and to increase the usage of sago
starch. Due to the fact that sago starch contains
polyphenol, its whiteness is lower than that of corn
starch by 20 %, and it has a more astringent taste.
However, in sago palm production areas

modernization of factories is progressing, and sago

starch quality is improving.

25 % sago starch substituted karukan had similar
evaluations to the reference in all parameters, except
for ‘color’, proving that there were no issues with a 25
% replacement. As there was no significant difference
between a 25 %, and a 50 % replacement of sago
starch, it was decided to examine the possibility of a
50 % replacement by comparing it with karukan made
using other starches.

50 % sago starch substituted karukan was not
favored significantly in terms of ‘appearance’, ‘good
texture’, and ‘color’, but in terms of ‘springiness’ it
tended to be favored. In a world in which global
warming is progressing, the sago palm is of interest
when considering SDGs, as sustainable production of
the sago palm is possible. Furthermore, sago starch is
gaining attention as a foodstuff that does not contain
allergens.

It was thought that, if a sago starch with higher
whiteness, and lower astringency could be obtained,
then even with a 50 % substitution, a karukan with

increased palatability could be produced.

Conclusions

The possibility of replacing a part of non-glutinous
rice flour with sago starch and producing a palatable
karukan was investigated.

The non-glutinous rice flour at 25, 50, 75, and
100% was substituted with sago starch. As the
substituted amount increased, the expandability of the
karukan decreased, the hardness texture property
values increased, and a decline in adhesiveness
occurred. Physical properties and sensory evaluation
showed that a substitute ratio of 25 % was possible, as
it was deemed similar to the reference, and 50 %
substitution was also expected to be possible.

When 50 % of the non-glutinous rice flour was
replaced with sago, potato, sweet potato, and cassava
in karukan batter, the 100 sec™' shear stress and the
thixotropic parameter (Th) decreased when compared
to the reference.

Similarly, to the karukan substituted with corn or
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wheat, the sago starch substituted karukan was firmer
than the reference, and had lower adhesiveness. The
specific volume of the sago starch substituted karukan
was smaller than karukan substituted with corn or
wheat, and was similar to karukan substituted with
potato or sweet potato.

Relative strengths of sensory evaluation, the 50 %
sago starch substituted karukan was deemed to have
color and springiness, but in the Preference its
appearance, good texture, and color were not favored,
and there was no significant difference found in
hardness and springiness when compared to the
reference.

It was considered that, if a sago starch with a
whiter coloration and less astringency can be
obtained, then, not only a 25 % sago starch substituted
karukan, but also the palatability of a 50 % sago

starch substituted karukan would increase.
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