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Abstract

The effects of tapioca starch (TS) and tapioca modified starch (TMS) as additives on the quality characteristics of rice cookies were
investigated in this study. The amounts of TS and TMS replaced were 5, 10 and 15%(w/w) based on 100 g of rice flour. At the result of
rapid viscosity analyser (RVA) properties of rice flour added with starches, peak, trough, and final viscosity of rice flour added with TMS
decreased significantly(p<0.05). Hardness of dough and cookies as measured by Texture analyzer (TA) significantly decreased upon addition
of TMS, and hardness of cookies significantly decreased upon addition of TS, hardness of cookies TMS lower than TS, L value of dough and
cookies increased upon addition of TMS, whereas a value decreased upon addition of TMS. Spreadability of cookies increased upon addition
of TMS, 10% TMS is the highest. Bulk density of dough decreased upon addition of TMS, bulk density of cookies decreased upon addition
of TS and TMS, and bulk density of TMS cookie lower than TS cookie. In sensory evaluation, 10% TS added rice cookies showed the highest
score in overall acceptability, hardness, brittleness, color, softness, taste and flavor, and 15% TS added rice cookies showed the highest score
in appearance, And 15% TMS added rice cookies showed the highest score in overall acceptability, taste, brittleness, flavor, and 10% TMS
added rice cookies showed the highest score in hardness, flavor, taste and color, It is indicated that the quality characteristics and sensory

characteristics of the rice cookie can be improved by adding TS and TMS
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l Weighting ingredients ‘

% Adding shortening, sugar, whole
¢ egg liquids in mixing bowl
l Mixing (6 min) ‘
? < Adding water with 1% salt
l Mixing (2 min, medium speed) ‘
% <«—| Adding rice flour and starches

l Mixing (1 min, low speed) ‘

v

l Dough formation ‘

?

l Resting (30 min at room temp,) ‘

Sheeting and shaping
(thickness 10 mm, diameter 36 mm)

?

l Baking (14 min at 190°C, 150°C) ‘

l Cooling (30 min, at room temp,) ‘

l Rice cookie ‘

Fig. 1. Process flow diagram of cookie made of rice flour
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Table 1, Formula for rice cookie

Control ~ Tapioca starch Tapioca modified
Ingredients” (%) (%) starch (%)
0 5 10 15 5 10 15
Wet-milled rice flour 100 95 90 85 95 90 85
Tapioca starch 0 5 10 15 0 0 0
Tapioca modified starch 0 0 0 0 5 10 15
Shortening 033 633 033 033 033 0633 0633
Sugar 15 15 15 15 15 15 15
Whole egg liquids 267 267 267 267 267 207 207
Salt 1 1 1 1 1 1 1

])Ingrcdients were added on the basis of wet-milld rice flour 100 g,

5 MT

BuesldEe Ald 5 L o ARt A
(Color reader CR-10, Konica Minolta Sensing Inc,, Osaka,
Japan)& ARE3F] WEE 9 7] HHO L (lightness)%k
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. #7119 AZAAAFE 719 FAmmY A (mm)2] H]
2 Tepslen, 33 l*c} HhEste] ZAHgit). AlMAe of
ge] A& o]g3ct.

Spread ratio
= Average width of 6 cookies(mm)/Average thickness of 6 cookies(mm)
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Texture Analyser(TA. XT Express, Stable Micro Systems Ltd.,
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HHe At BHE 35 g AEFE71(055 x 75 mme
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Y ukEawe HYsl 9F F A% 10 mm] Cylinder
plungerE ARESle] A3 oM, 10 mm T =g
% FIIAB(@36 mmE APste] 7 BT A
A7 5 mme Cylinder plungerg AR3e] =A3 9o =
271 Table 29} 2T},

Table 2, The operating conditions of texture analyser for
dough and rice cookie

Conditions

Parameters
Dough Cookie

Plunger type @10 mm Cylinder @5 mm Cylinder

Deformation 50%
Test mode Cycle test
Load cell 5 kg

Pre-test speed 2.0 mm/s
Test speed 0.5 mm/s

Post-test speed 5.0 mm/s
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gk (Flavor), ©&F8l AX  (Hardness), ©®RIAEHAE
(Brittleness), ZZ3H%  (Moistness), FEHL2AE  (Softness),
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acceptability)oll i3l 98 HZHOH: wl§ 54 EX=
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BE AR A% g AL MR AN PN 5F
AxZ Yepfigiek, Ao tigk fFojak dAe A Z2a
o] SAS(Statistical analytical system version 9 SAS Institute
Inc. Cary, NC 27513, USA)E o|&3dto] Huahs HrhiA s
T a=005 FFolA Duncan's multiple range testo] w2} &
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1. W9l ghkdE
AT Azl AR 27RO dwbE SAHEA=

Table 33} 2T} FEIFE 14,050, ZNATEE 6.80%,
23| RHFL 0.61%, ZARFTFS 0.34%2 ki)
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Table 3, Compositional analysis of rice flour

Compositional analysis (%)

Moisture content Crude protein Crude ash Crude lipid

Rice flour 14.05+0,08" 6.800.01 0.61£0.04  0.34%0.01

YValues are Mean®$SD..
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Sl e bR el e e ke Fek) 2
ZF s, 10 B 15% tiAlske] £ AEFrE AvhRe] 53t
£ mAE WMEE Table 40 eI

RVAZ SH% 7} Al5e] ARbe] w2 HEwstor $3}
WA &%, peak time, trough, final, breakdown, setback &
Sol BHEAL Uehlglon, sblert txE W)
2 el 6o25C, Bl taRS Wk Wl Aol
08.55~69.03C, ER] QbR FVIeh A7hs Aol
67.12-68.05C 2 b} B e b ARl ke de
o) EsphALRs dobac

HuAEe] o]2F peak timeo] B} QIIMAEAVIR 7
23k} BholosbaR Al dtele] B3hzlel B
S LR R EY

Peak, trough % final viscosity®] HE=W3}= HAAHo 2 €
oA REAT ke wetelol Bhrl e dRA}
715 det i WelEe] aA Jeldth el e dE A
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S e WA ke A9 2 Aok el elgt
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2Alel Zlol geb felden Pas. Huleshd
AAEL thxzTol H|s] 15% d7FolA peak viscosity 74.7
RVU, trough viscosity 49.8 RVU, final viscosity 75.6 RVUYHE
AEE T2AA AATEY HAHR] olg Axrste] &
&S FE Ao Yehyith
olst H=wslzHE YERH breakdown(peak-trough)-2
33} Fo AR 4 Addl o AFS Uehile A=
(Kim JS9} Shin MS 20062 E}¥] @ 7PAAAEY vlws] €l
QMRS Wk W% Betale] breakdown WEE ©
At A3 sk AoR eyt 7R EE Yelle
breakdown HE& Uz A7FF dgdo] 79.7 RvU, El
I ARRIT AR dYHL 82.1~86.1 RVUE YER T
7L dgdEY =4 JErsa, e g
7} A7LE g 549~68.2 RVUE YER} tizT A71F
stolieh vl vehtow), sl esb e A71EEtl
W} breakdown H&=7b fradle A4S Uehlth

=3t AxE Yell = setback(final viscosity-trough)& 2
7HE deals 7tdet § socE WAATIE BN AR
Akze] AAg e o Frtete xS goR FH7F A7t
F7F 150.1 RVUZ YERGT, B9 e7MAEY7 2713 &
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Ne 124.4~140.1 RVUE 27 2713 dgduct v o
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Table 4, Pasting properties of wet—milled rice flour added with starches measured by rapid visco—anaylser

S
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w

Viscosity (RVU)

R

- 1) Peak time Pasting
Starches Addition rate ) o
Peak 1 Trough Breakdown Final Setback (min) Temp.('C)
Control 268.5+18.2" 188.7+21.2° 79.747.0" 338.9+37.9" 150.1+17.5° 6.7240.09" 69.28+0,08"
5 268.2+16 3" 184.6121.3" 83.7+58" 32954364 14494157 6.66+008"  69.03+043"
Tapioca starch 10 260.2+14.0" 18314238 86.1%10.1° 321.2436.8" 138.1£13.2° 6574007 68551013
15 2713+11.2" 1892420 4" 821497 32214315 132.9+12.0" 6.61£0.07"  6857+0.10"
5 241241117 17302204" 682495 3131330°  140.1%129" 674005 67124075
Tapiocz . . . ab A a o
aploct 10 257466 15574208"  600+143  2869+327°  1313+120°  672+011°  67.624041°
modified starch | , ‘ , ) u he
15 193.84+2.0° 1389+127  54.9%109° 26331243 1244+129"  66910.09"  68.08+0.40™
UStarches were added in 5, 10 and 15% substituted for rice flour 100 g.
?Different superscripts in a row indicate significant differences at p<0.05 by Duncan's multiple range test
ehtal, ARA7bFEIle) wlel #aske Aol uehdth A popylene oxide® #7145 glucosedhsl 23 w29l
Bl QAR AT g setback HETE BIQAAGAR  Fl=SAZRH/E AGAA AzeE PHORA o=
A7bE 2A Fashe A2 e EA1Z7]e] ofs MRSl WRAG o] oM sIheE
Yoo N Kim YAQ001)E 2719 3354 v AT 7} ol =37} AA| Pt E3] slo|leEAzads= Y
A Ao|ZRY2EY H7tE A7 YA breakdownO] s 2 AFA IFEE FATIE ZEHE AL o] &
S7tEol 33t5 8L, setback FAEHo =35 A o|lEEAZR AR W, WEAFE FE AREEL 3
AZitkar B3sk vl 9ok TS oh MH 5201009 7oA TH(Tuschhoff JV 1987, Choi MHS} Yoo BS 2007). o]@lgt #

T EY¥EXe FAAE A e At dgde
breakdown®| Z7}EQ1L, setbackS TS A3 ] A7FE &
Goje] EHEA% walolale] EAel Aow Hust
2 AT AR B esbdEAdEe AR dgde
breakdown¥} setback AE EF ZHAA|Z|A|q Elu] Q78 A
B zx7 A7LF dgdRT breakdown BE7F F7FES
3L, setback e 7HAdte] A7bRe] 3539 =siAdA
of EFA Aom vehdth B MRS Hvke AV
et 7k QPAe] dEAL, =slert FAEE ZloR
Yebstth Bl erbad e A7 dEe] breakdown
=5 ZarFled, B ARRL & Z£07  setback
ALE ZaAFA =3 Ho a37¢l Ao g AlgH}

Choi SY9} Shin MS(2009) setback AEE =3pdE
WAHA AN A T2 AL A5 F e AEE ARE
Ho| setback FE7} WO Higofo] Wztd wf A Fx
B4E AP nework Bl 2 olFolAA gon wsp
2 dojuA] et F setback H=rF oW s3to]
2 0 G A 34 @ & ok S

B Q7P AR AT A7 EHA A setback &7}
A UebgEd ol Aol wWAE ul Hmwsirh Ao
network @Ado] ofelg] 7|AHY EAS Uehle A=34
Adpol|A Bt 7R 71 A= B e
AR} 2919 Amn W ekl A% 98 g
Al E

AEE WARRE Tlos SESATEEARes M=
E )2 2 I3} (Hydroxypropylation) = A&-9] TILEE il
FEHAH(water holding capacity)¥}  3&5<H A (freeze-thaw
stability)= 7RA18chal 2e{x ok (Tuschhoff JV 1987, Choi
MHS} Yoo BS 2007). 3lo|=EA|Z2H3t= dzte|En|std

2] ofl pAFOE FRuF

ol Folx Hx
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=

5 AR AR B 4 QJth(Eliasson AC 2004), Kim SK
9} Shin MS(1992)2 opdEHElghefo] w2 dzio] WAz
FHEO v AgER] g1 AEYAFe] YR AErr) vof 4

o F97F w1 wEna Buskgle A a3k
AHd B Agell oS

s
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o=

2~H8 &~
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5 A e ARHow Wtk okl $AAR
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T T

7t S7HEAY e
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o] e so] F3hews} woll Ao ARHL.
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4, W3710| TEA
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=R
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Table 590 Uehfgiet. Bl oAt AR S BN
%
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Table 5. Color value

of dough and rice cookie made of wet—milled rice flour added with starches

Addition rate of starches (%)”

Color

value Control Tapioca starch Tapioca modified starch
5 10 15 5 10 15
L 7691067 77.9t0.9™ 77,5410 77.0£1.1¢ 78.0+0.4™ 79.040.3" 78.7+0.8"
Dough a 48+13" 3,002 5.140.2° 3.8%0.5™ 1.540.1b° 1.2+02° 1.4+01¢
b 23140.7° 254108 24,7405 24.5%02° 27.940 4° 26.040.2° 256403
L 78.3%1.0" 77.840.5" 79.141.1" 78940.6” 78.240.6” 80,4105 81.040.5"
C(%gl;e 7.02.1° 57404 2.740.6% 58414 444017 23403 2.040.2°
b 26.6105° 29.4+12" 295106 27,5404 317407 29.140.1° 28,6204
L 671435 6462267 652423 69.140 5" 63.043.1° 68.011.2" 67.3%18"
(ggggfl) a 12.9+0.7" 13.6£1.1° 12,741 3" 13.0+1.3" 13.9+1.6" 11.8+0.8" 12.0+1.1"
b 32705 337407 33.8+1.0" 311417 35.340.2° 34.810.9" 35.040.6'
UStarches were added in 5, 10 and 15% substituted for rice flour 100g,
*Different superscripts in a row indicate significant differences at p{0.05 by Duncan's multiple range test
Table 6. Spreadability of cookie made of rice flour added with starches
Addition rate of starches (%)1)
Control Tapioca starch Tapioca modified starch
5 10 15 5 10 15
Spreadability ~ 3.061£0.14%  3,0760.14° 3.138+0.06" 306540115 32774011°  3.370%0.13" 3.282:40,02°"

YStarches were added in 5, 10 and 15% substituted for rice flour 100g.
“Different superscripts in a row indicate significant differences at p(0.05
Duncan's multiple range test

l -8B 35

2 AIRE F719] Am 9 7R FEE
b= Ao g2 d#A Uth(Gisslen 2001).
A7pek AF7)9] w3 A(Spread  ratio)
Table 67 2t} B} Q7HAE 7l Qlﬂ F719] HHAL
ARZA7 RS 10037kt S7ket i, W ek
BTN BHA7EEL 27189 10% 247}401%% Ad =
A Yepdth AP REYG JAAHER AN 2 S
Z-S YRS
F719] HFZL W=
ol gt

o B, QB9 HE 2%, =y
G wol Wi Hed, Bl diel B
TS AAAhn G 2005)00 eJsf HE=rp qHaste] Fol
Bl Wk 5850l k] 719 {7ol A
(Han HS 2004, Mehri H9} Francis B 2009). B} @7} A
Wl Ae Wguel o B nsele AL
THahn GJ. 2005) & HE9 spo|=sA|Z2dst] o)
PUAE ke Rl ARz EAT AT
o) Aol Wobd HPA} Eobd = glekKisel
LT9} Yamazaki WT 1975).

sto|=EAZ2 g3t BHE Ao] dTxE
ARreh vhe S-S 7hAH, gk il sto]=5A]7]9
e AERAAN R FAaAE Wefste] AARE =5kt
Aoz Yo AAetXE(storage modulus G)E FASH] @

Hm
¥ 32 o T

¢

7
—

Ystel A4
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Fig. 2. Bulk density of dough and cookie made of rice

flour added with starches
“"Means with different letters in the same starches indicate significant
difference from each addition rate of starches at p(0.05 by Duncan's
multiple range test, TS; tapioca starch, TMS; tapioca modified starch
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w2 HIEE dehidla, 4ol AR Hre] Bl
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o] A BT o] SUIEeE Asert 3
VAL, E59 Aol Al felat el edsith

Eh] o7 RS 7k Agole 15% A7kl Ak
WswE, o, &, F2As Ame] N TR
o EE ASEE YERSlaL, 100 Hrkeel @it A, ¢, &
ek e, Frel Ax 3 Sdile] AR Ame| gEl
FAZREG £2 AsEE Yehidnh Syl A3 A=
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Addition rate of starches (%)

Control Tapioca starch Tapioca modified starch
5 10 15 5 10 15
Dough  2957+283" 29253433 3" 293.5£28.1° 277.24313" 26514387 2376:251%  2195+12°
P ooie 911854535 762,0+132.9” 788.0+154.6” (86.3+84.4™ 31041163 606247957 5437639

UStarches were added in 5, 10 and 15% substituted for rice flour 100g.

*Different superscripts in a row indicate significant differences at p(0.05 by Duncan's multiple range test
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Table,

8. Sensory characteristics of cookie made of rice flour added with starches

Addition rate of starches (%)”

Sensory characteristics Control Tapioca starch Tapioca modified starch
5 10 15 5 10 15
Appearance 5.5+1.97 65417 7.0+18" 7.9+1.1° 5.5+1.2¢ 54409 5,541 .4¢
Color 6.2+1.0° 73+11° 73405 68406 6.5+1.1" 6.7+0.7" 6.4+1 3"
Flavor 48+0.6° 54417 5.8+1 2" 5.8109" 564107 5.8+1.4° 5.80.7"
Hardness 52409 7.0+0.7" 7.040.4" 5.9+1.0% 5.3+1 3¢ 6107 5.740.9™
Brittleness 49+1.0° 6.310.5" 67405 58407 5.6+13" 57410 5.9%1 0%
Taste 47410 5.6+1.2° 63%1.0° 5.5+1.0" 5.8+1.0° 59+1.1° 63£1.1°
Moistness 53+1.1° 5.6+0.9" 5.9+1 2" 53+1.3" 5.7+0.7" 5.6£1.1° 5.5+1.0"
Softness 5.141.0° 6.2407" 6.2+1.1° 5311.2" 5.741.0° 5.8109" 52+1.0°
Sandiness 5.0+1.0° 6.3+0.9" 554157 48+19° 53410 58413 524117
Overall acceptability 49+1.0° 6.7+1.0" 7.0+11° 6.041.1" 58+09" 6.0+1.0" 6.2+1,0"
UStarches were added in 5, 10 and 15% substituted for rice flour 100g.
*Different superscripts in a row indicate significant differences at p(0.05 by Duncan's multiple range test
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