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Determination of optimum processing conditions for extruded rice cake
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using response surface methodology
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Abstract

The optimum processing conditions for extruded rice cakes were determined using response surface methodology.
Lab-scale processing equipment was developed and tested under various processing conditions. This study specifically
attempted to determine the ideal condtions for producing rice cakes by applying different extrusion conditions, namely,
different moisture contents, rice flour particle size, steaming time, and number of extrusions. The quality properties
of the rice cakes were evaluated by measuring their texture properties and color values. The response surface method
was applied to design the experiment and to develop model equations based on the experimental data. The target
quality values were determined by measuring the quality parameters of commercial rice cakes. The samples were
prepared with different ratios of water content in the label and with different types of rice flour (well-milled and
dried rice flour) to extend the feasibility. For samples prepared with dried rice flour using a batch:water content
of 1:0.4, the optimum steaming time and number of extrusions were determined to be approximately 116 min and
one, respectively, whereas they were 115 min and one, respectively, for the sample with the ratio 1:0.5. The optimum
texture properties for the sample produced with flour prepared at the lab scale were achieved using 111 min of
steaming and three extrusion cycles. Thus, the optimum processing conditions for producing extruded rice cakes
using lab-scale production units were determined.
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QJth(Kum, 2008; Lee, 1999). W] 48 20159] 9779
94, 201640 1,0439] ¢, 2017d] 1,1229 94, T2,
2018|] 1,2819] Yolglom, ol HRI F8 AE
20184 7| W0l W(69.3%), H= E(24.4%) % 7|Et ¢
FH63%E FE g T2 GFo] "t gt go| HrigA|
9] F8 AlEdo] I UHATEFIS, 2019).

F=E gl 83710l wE §57I3e] A, 4 A,
FLIE 735t 5 TRt =0l APE Qlek A FA
9 At 32 AETA FEE A7E R 99 1871%
A= 18 At(Jung 5, 2018; Kang 5, 2013), Q1 &2
o E49 J7ME &8t 71548 Fdung 5, 2019; Lee
5, 2011), tFo] H7FE &% 99 3t JA|(Kang 5,
2012a) 5-9] THFE A7} XPEIL QU 0|9} Z2 AFE
U= goll 2-8517] flir= AAAUH FH (lab-scale) E=
T UX FH(pilot-scale)2] Aol Aoz FQsht,
£ g Az Ao BFHoE FHkehs AT dE5F
9] 27& ARAA 2xdolA AAA A EEshe A
H|9] A O R wie- of] e, &R o] Hof QIR P
oot dukgo g At AFPS A= Hottoly ¢
Sl AAEY] AZRE YFsto] A Mt o,
ol= i AFAKindustry-scaleyS 5+ HHOE k= T4
/300 FRt=R] Yot AAIEL] Alxof B2 HAIHo] A5t
1o, TS AR & S7HAQl A9 9] XIggo] o ER
ol% ol Yok WAt E ot 59 94 Jdo ¥
32 sl Addate] AAHS AASHA AsHAZIA Hrt

P G AL 45, 5L aiH] AdeiolA A-8==
SR 397 AE 99| a3 FERIARI 22
of FFE F= ZAoE HuHrKKang 5, 2012b; Yue}
Han, 2004). &% H9| %% X0 w2 ZHWslo| digh
A 7eE 2t gkold 7w FEEA Bt
(Kang 5, 2012b), &S] AR 2 SARA 70 wE 71
o] 4 54 Bla(Yu®} Han, 2004), A=4F 37t H=
gl F4 540 WA= F¥HBae 5, 2016)°] 1o, fiet
22 APAois SAAI =359 Ets4ol &
< 49| &9 &4 vAl= A4 Ead B glth

A7FRUIE) AR 271= SRt viHIY A 4=
go] A0 FFE F= AR IHA UtHPark 5,
2018). @A AP Q= Aol AREERE 7= AY
AojlA 3 & Faffsto] 2202 ARt nlE-& ARES
£ 479 A0l REEE AR nlES ARESkE F97 A
t}. o]e} Zo] FH|E A& 71| YA ZPo](Lee 5, 2015)

TERFd AFe](Yuel Han, 2004)0f whe FEE4] 4|
© FFoll thigt A4tEI7} Lo, A8eke mlEt AdA

o Azt vlie dE g A2 HHHA FHU SAMA

243 23150 wet wo] o] nlAe o] g A7
= was upt gk

HAZHZAL 5149 HAat 7S Agstel £29
% olek MISEEEANS SYUSSIY FEuI0 4T
AZ BAsle] 34 24 Hohl AuALEoR e
70 APAE EEste] BN M AL EaHe
Ao T (Lee, 2008). RES-HHRARM S S5, 1%, U8,
2% 9 AT} 22 AE Az 29 of2) ve] 3Ho] A7
Sjo] g GoF, oloh e 4abAel mHlit £S5
3 249 A 46T w2 AT A L Qo]
AHEEE H180) 5221 /1T 4 YckPark 5, 2011). o]
e gHoR AR B MY T AR 24 52
o Ee ARATY % 4514 BHo] =Yt HAgt o]
o Hgo] N&H R o|RolI Yl FAo|thPark 5,
2011; Sim, 2011).

£ Q470 BAL A%t wRo] o A} SAKRE B4
E42 7IE APA TR (ab-scale)] P BATHE
ek Rolek. e 34 HHBY 2AL £E]
Sfste] WSEHEAYRSMT 5314 BPS 2 §to]
AL GEFT 9% W) 227o] X oS
selsti shHsks Zold.
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Z A7 =&

= O

12t =2
U2 = AF HRols H Eo
analyzer(TA.XT plus 100C, Stable Micro Systems Ltd.,
Godalming, UK)E- ©]-8-5}o] TPA(texture profile analysis)
L=
= Y715 FE Y
pre-test speed 1

test mode® 7S =451 chKang 5, 2012a).
252

S A
=2

42 &, 375 600 mLE F7tete] RS X9
U o] & P2 olF= AR E A9 =
o15}17] 8l 155, 308, 1A17E 2417L, 4A17L, 8AIZE, 164]
Ho] A A7k Agstion, A F& F 108:7F 0.25
mm T739] E2]& A|(Chunggye, Seoul, Korea) 9ol & A
HAHY S AA F 2] RS S5 S 93 ZEHE 254 mmo] AES THA=
IZHE ARSI o, TAXTY =
241 1 Azt =A mm/sec, test speed 0.5 mm/sec, post-test speed 5 mm/sec2}t
AR A BA= 254209 AL 2AA 650 W AR 2 FE0NA 23steit. M E(deformation) 13} 1P
E4)7](HMF-3250S, Hanil Electric, Seoul, Korea)S AMES T} 22} Y BE 50%=2 AAote] 9 st
o] 3027} 53] W Aggsiglon, ATt BHE $Jsto] & U Gt AS HHOHE B2 FLet A7](1.0x1.0 em)E
S 30z0k} 4ojZn Ba2 st BajE Ao] oz} Zre}t 4 (hardness), 524 (adhesiveness), -o-54d(cohesive-
A7) B golsly] 9l BalE & 200 g& mesh I7]7F ness), T/ (chewiness), 2 (gumminess)S 103] RHE
k= 5709 #(1.18, 1.00, 0.60, 0.43, 0.25 mm)°] 7} & Z75t] Bt = YERHATHIo2} Yoon, 2016). He
of wjx|st &, A7FS A|E7|(CG-211-8, Chunggye)ol] % 132} =21 Alof] =Eol= L 902 AP
2slo] SE S0t A7ES JFSIL: AR thE mesh Uehths d-Ag 349 213 (peak)2] 3= FotloH,
715 e A ol £k mREe] dHe & wl FEA(adhesiveness)& 131310} 2813} SAHF Alof e}
24 Al Ao Rl U= g-A2] JAdo] vi= siF WAoo A v AT
o|F mzHel MEo] Hojx=t| BRI T UEhzzt
SHtt. &3 d(cohesivenessy> 19]2} =21 @3} 23)3} 4
A Alof WAsk= ATEe] HA9] vz dAsielon,
=APL 7129 FHIE FAsHEE o2 UElaA ARESIeL
ot H2AJ(gumminess)?}t A &4 (chewiness) ZFz}+ HEA1A]|
S 4 5 e Ax9 &
E4= UEd

BATOR o] 3 &
282 9a 37] ¥=2 Jehf 9t Dijantou 5, 2007).
&6E Ho| Az
2 AollA] ARESE ik Bl 750 gofl & 75 g, 3}
A 375 g& ARt &, & PR A2 40%, 50%0] 5
e SHSE A183le] 1F Ue Axsiglrt e w (semisolid)t IA|(solid)] A
A/NBL AR THE ] 40%2} 50% o] He oy S UEHE JEA o} AR gl it
FH H7FokH WHI7])(DSM-12P, Daeyung Bakery Machinery A} SR o, HAg2 Fret S0 soe= Akt
Co., Seoul, Korea)2 1587+ 2|4 woke Asgsigiet.  OrAer, A2 A2t 199) 40 Ao 23
0]% 120Cof|A] B7|(KRRSB10W, Koresta, Seoul, Korea)S: A2t 28)3; 2 Alof WA A2 vlo] Ho= ALt
olg3t S TYS 77 208, 405, 0%, 1208 Hgq 5, SHATHChen 5, 1979).
Al81A] 1H5.9] QF&7](Shandong Luerya Machinery Co., Ltd.,
Shandong, China)& 53] ®& 249 slglck gaabge M= X A% 5%
717}y 13, 23], 33] Zgsilon, dEo] &) S8H & o M= o] A= AM2FA|(Minolta CR-410, Konica Minolta
AT 5B W2 Agetdc. B Apols o Co. Tokyo, Japan)S ARESto] 108] Rk Setof Fatdl
NS HHolg o2 wolgty A5tk & ARES13TE. L*(lightness), a*(redness), b*(yellowness),

238} AL Bajslo] THE njRe Algsie] ofE wWe A JEAA) HOE YRSt agle] SVke AME

2 Ao 2315 o] TaelT Qi 2Bl okg mEsjer  Adw A UERE, bale] STk RS, Haes B
SloE B WES o2 23 Bl 28 S0} 1 2 TS 2WRt(Lee 5, 2016). HWFHRI MAHJE)y= of

A o] B FH10%)S Tefslod, vl 750 gofl 4 7.5 I BE AS T ARSI
g AEMA 375 g& VIR & Wi Y T SFS 150
g AW RIS ALBAGOM, 01919 95 FHL 9 AE= V(AL + (da* )+ (4p*)
o} ZUsHA AYPsct. AZRE Y& G AF HHol ] g
105C2 A% dry oven(NB-901M, N- HIS FHEAM
= NS 29 24 THRSM) & SATAS o
XA of Ads AA & ZdPstAth(Yoon 5 2017). gt

o 0
BIOTEK, Bucheon, Korea)olA] A%t 71 AZXH(AOAC,

e
1996)0. 34k ZA3lo] 1 WEgS A0S vehyoich
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2 Minitab(Version 19, Minitab Inc., State College, PA,
USA)E olgstglom, B Heat SR 4%
SR 0E, 5 Hee 223 34 23 ge(n= 2745t
of YA SYRR SN L YBI5E A ¥
flof w2t £58} 9 Hoskr} XIPE|R] o2 AA| Ak
Table 10f] LR ITE o] w] AREE ==4=2] }9l= ofH]
Ao 21E Edi® A4sialon, oH] AolA 4 b
ofele] A & =Ro| Aol vhIslr] k). B A
191 22, 9] 37, 271e) o UBe A
gonl, 4A 10749] UPES FAH 0 Has
Sk7] S8l A A= XJ gﬂ%*E}(Table 2).

oY Wy E2 ¥ AN

N2 02 nYEAE S Mt gRel UE ue
ZAZy 24 Z3}= Minitab(Version 19, Minitab Inc., State
College, PA, USA)S o|&slo] ZAAIZHX)T I=38)

Table 1. Experimental range and values of independent variables
in the central composite design for the rice cake processing

Range and levels

Independent variables ~Symbol

-1 0 +1
Steaming time (min) X 40 80 120
Number of extrusion X2 1 2 3

Table 2. Experimental conditions for the central composite design
for the optimization of making extruded rice cake

Experimental factor

Coded values Actual values

Run
X% e exuson

1 -1 1 40 3
2 0 0 80 2
3 0 1 80 3
4 1 -1 120 1
5 0 0 80 2
6 1 0 120 2
7 -1 0 40 2
8 1 1 120 3
9 -1 -1 40 1
10 0 -1 80 1

o)l 9t 227 (NS o R E=ESI9th 7
1zte] #Wshrh ol Ao v FFS AR 9
st} WoZARE-Z EBRE o|ATRtE] A4S o856t

o, Fe= o 2t
Y = Ay + AX, + AXo + AXP + AXY + AsX X

TE3 ol F RGre] 0.7 olAfo|H, p-valueZ}
0.05 o]5}el 3=E-Eof tis}a] Minitabﬂ response optimizer
£ olgslo] Rolule PSS maslel Ao 9 59 U
Z=5 H7FsH 2™ (Yoon 5 2017), |23} Alof 34>
X o] wlo] 2 el el @ Aol A
39 3T USEE Bugoz 438 3% Wago] 59
8] 24105 U 48 LA ehe Ao
551 9 03} 19] Aololsl, 24 02 St
3% oo I} 58 TAAE Hlol3-Z QmlsiH,

AL 12 44 oAl AeiE UehithUung®} Lee,
2012)
25wt

AR UL AEETo e 155
At S8 A4} §ol, WPIE 5& SAN T 5
9t wxo] § A\no] tat WAAE 33 AXIste] Fo|
A Selo] 943k 1079) S Auste] ARS AsH
A Heo 5, 2004). T5HARS 24 10-114] Aol Tt

OV} S BRI olFolAow, MBS Q]
4 Qkx Aol th=2A FLE 1 cm XD:],] uﬂHo] Ad= g
& Lom ol 4 SciIch BEL A4 198 4
ot BAI0] AgEIon], T 7o) S Wie Fole

SA 42 UL BE F L ARE WIS ZWOP‘)&
et Agaeds] S50HS: KWNUIRB-2019-
10-005-001).

T gzo thokst Frel A
£ W ol 23202 5
ness), E9] &=3t A (moistness), A
S % (overall preference)oﬂ o] AY5H
Aol et B7psll o, 7|2t w2 s 740l 7t

o HrE Fus A 10}%}

3 T (hardness), B2 X219
A5H= Aol 22X (cohesive-
A= (color), ZWHAQI 7]
L Ae= 74

LN

SHAz]

oA Ao A}t ZE2 SPSS(SPSS ver.18, SPSS
nc., Chicago, IL, USA)E o]&sto] BEAATE st
Duncan®] t5HYA4 M (Duncan's multiple range test)©.
2 IS HAEHTHp<0.05).
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3 Azte] w2 o) % 3% HskE Fig 19] Ueh
5, 60, 120, 24027 =35t 9]
o R %1 5 6087HAI SR o}
2} ol Z7ksi9ou, 1 olFol Yol S2g
o] Z718HA] Q= WRelol] ETeIAL S & 4 rk. o]
4, do), Bele) A9, 5y Lot wAge] BYRY
ol Tdsl= A|7to] 1A7Ee 2 HuE A ATel Y3
= ZAilo|ti(Park 5, 2006; Yu2} Han, 2004). oJo] w=t A
Fo AGH 53 5 B Ssto] Poll nlE AE A 5
AR A7t 2 1 ASo] A8k

" [‘ll‘ o

g Az Alo] n&E Q9] F7|7} njX|: RS 2
AYal7] 9Jsto] AlEollA] st AxmE(0]F ARH|EO R
43 3 Basto] Azt nlE(Gah]E)o] AR
715 &4Joto] v|wstrthFig. 2). AZu[E2] 59, 0.43-
0.6 mm2] YA} 63%=E 7P =2 HES UEhd BHE, A
FAOA AR 451080l AL | mm oS ZA|5k= A
27719] F2TFo| 90%E AR5 AL Bolsiyt. 45}
nj2o] HFUArL AzRuEEL 2 AL & 4 Qi o=

AP AA SH5l0] A Rok= AS 0]83F A2 4= 9 A

X Alof| AREEE A7 ?JXP} thepriAtl] ARREE AF
Sold AiRHT 2 YRS ARgsH EHE 9uisicth

40

30 - s

25 ;/
20
15 r

0 15 30 45 60 120 240
Soaking time (m)

Moisture content (%)

Fig. 1. Changes in moisture content of rice grain during soaking.
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Fig. 2. Particle size distribution of rice flour.

A, dried rice flour; B, hydrated rice flour.

The symbol ‘s’ indicates the particle size of rice flours. Bars marked
different letter indicates that values were significantly different among
the extrusion conditions (p<0.05).

S} Han, 2004). 2 ggo] VR WL U 22 49, 4
Adon ug o 923 4 glov], 22 Y 2ao] 9T
& vl 2 5 jol] sheel e v ol 43

5 wjjgtu| o) 5 o @220l AlgtolthKang 5, 2012b).
U= Ho| <4 iﬁ?l SR FESlrol mE 4=
g AR9] SB T Fig. 33} 2t} WA AR0ES AME
Slo] wfghule] HrbE A3t 4$50] H[L-2 1:0.49} 1:0.58
245t YT 2 HE SEIFS Fig 3A9} Fig.
3BOA 22 eI =z Ul-ﬁoﬂ 71 eEdEel B
S2F k= ho| £B3Flefo| =on F3l ZxA|7lo] 27}
Bl e 9% Wo) FASe SEE] Rolds 9 4
AUk o= HHo] 7l HS o-&ste] He| 42t Wl
o3t Aol T3t Avlo|chKang 5, 2012b) vbA,
e ATl s o2 dFE FY 5
ApAZEO] B2 B 2518 Y= S0 wet 2E
TEo] adteE H&E Holsloh om|E(30% 4
Ao =T T e, wigne] AR A
1:0.4%} BLsIH, HF IE 59 FETH M= 48-50%
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(A) 60
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~ 56
S
S 54t .
st d s ¢ ¢
25 d d I =
s b,c I c I I b.c
o 48 D Ps
=1 - a a I el
Z 46t I -
g 44 +
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1‘2‘31‘2|31|2|31‘2‘3
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(B) 60
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< i
N
< 54 h h =
= f,
F 5 7% " \ e;f d,Ie E < e;f ¢ - -8
g 50 = e
® 48
E 46 |
g 44 |
= 5Ll
40 . . ‘ . . , , , . . .
1|2|31‘2‘31‘2|31‘2‘3
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(C) 60
58
~ 56 |
S
< 54
2 52t ;
% 50 |bed ef cde  be d:f E 1§ ef
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@ = I = =
2 46
£ 44
= 2
40 . . . . . ; ; . ; . .
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Fig. 3. Moisture content of extruded rice cakes according to the
number of extrusion and steaming time.

A, dried rice flour:water content = 1:0.4; B, dried rice flour:moisture
= 1:0.5; C, hydrated rice flour.

Bars marked same letter indicates that values were not significantly
different among the extrusion conditions (p>0.05).

A Ze HEReH, ol Yo = vjigo] &3] old
JHE SARE &) HV] el AlmdEn dE5H
of e el Helet ¥HE Kang 5(2012b)2] A
= PE3iao] met el wojdes Sk Hal
7 Qe ol = Hol Az Al g A 4= AA oAl
UE2 o BrEA P4 S sEEe] Fackd A
ZA B AFolA 3t S 5 A5HA FE AT o
£ 5740l 284 472k g = Al AA e g Ak
2220 AeollA WAl g Fot] olFoAER £
AN = AESre ¥4 glo] dEd 258 RARM A

A&H 05 WHEEA SPEglon], o] 2 TeoA ik
Hog Laut IHoIA] FUL Eolo] 4Ho] ALY
7a¥ 232 BerEn,

2
ofgHuIS} A S717} hE jRo R QhEg u ARG
ofsto] SAPAREE YET0] T2 27 HHE: HEI]
w2k Table 3, 4, 501 FERASATE. sfole] 29, AL
2 30%2] 442 THRER 9lo] 5119 skl ALgsloio
o, o] AE- ARH|ES 1:04 vt ARt 5US -2
5tk

AZX0ES ARESE 735 v 1:0.49} 1:0.5004]2] 2]
4 sk FARE AR Btk 4 H9 hardness= SAt
AlZbo] 71 Fold 0w fAasigioy, dEsleel ¥
3l= QIR A=o] 724 Aol SIS o= ATk SAAITE
9] S7toll W2 hardness®] ZHa= mlEo] FE5| SokEE
2 B SoME 9] nEEdo| = A 7))
7} £0l=0] WAoks B E ALEETH(Yuet Han, 2004).
F7H 02 F4 FAARIRI 2083 283t 1:0.49] HiitH]
£ A&3 9o] Ao} 1:0.59] vigiHE ARESE g 79
qom £ A WIS, o W vjne] i o]
Q4% WS RIS 2Us) At A OFAIA
A7} Yobitka B 4o} Q5T Kang 5.
2012b). AdhesivenessQ] 4%, U& 2719] W3l w2 Zhol
k= g1 &= Qllon, grol Eqf2lsto] a5 IRl
= U9t} Cohesivenesst= U&7 S7HEE Fho] &
Qo7 F7lok= AZ ERlstdl o, SAAIZE 2082 4
B3+ AR 21z 5 20tk Kang SQO1e] T2
UE37t S71Er5E vA| vl& dAbe Aast, 7159
A7) Aoy = goRlthal B rsieith. &35
Z710l WE cohesiveness®] S7k= Y& T AETE &
Sto] Y=E= T8HH Ho| Aol R EHoA = A
o] osto] Hrp U3 L2 E FAJoHA o] WAch=
dAfo 2 TehETh Gumminess®t chewinesst= SAFAIZ1O]
27kes glol SO0z aske AL elstglon
QrE3eo] oftt Rel4el Wik Shelet 2 glgitt. of:
gumminess®?} chewiness”} hardnessgl& HIH O 2 E&5l=
FolE2 FAAITEY] F7F=E QIZH hardnessgt2] FHAE QIsh
o] FAYSH= A0 2 AEE T Gumminess@} chewiness= 5+
QIA} L5 hardnessol -F-2]&Q1 P BH=Tt 2 ALoA]
gumminess+ hardness2} cohesiveness®] O & TE5}3 0
™, chewiness= 132} =2y Alo] I3 A2l 23]}
AT Alof] ARt A H|9F gumminess®] FOE TE
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Table 3. Texture properties of rice cake samples prepared with dried rice flour : moisture = 1:0.4 according to the steaming time and

the number of extrusion
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Parameter
Hardness Adhesiveness Cohesi G . Chewi
Stearnjng time Number of (g) (g A S) onesiveness umminess CWINESS
(min) (X7) extrusion (X2)

1 800.7+137.2°V 206.4+59.3% 0.87+0.02% 480.0+67.3" 319.8+104.2°
20 2 834.4+172.8° 172.5+52.0™ 0.89+0.03%° 527.3+80.5° 371.7+112.4%

3 865.0£153.6° 178.14£89.2%% 0.88+£0.02° 375.1£73.0% 436.8+183.5°

1 540.8+43.19° 95.5+8.0% 0.86+0.03* 388.7+134.7* 228.1+37.6%

40 2 580.4+57.1° 126.5+3 50 0.90+0.03% 447 2+102.7% 24294413

3 580.1+124.1° 195.4+37.5% 0.92+0.01¢ 482.8+140.4% 243.5+62.9%

1 380.8+170.9° 121.015.8°¢ 0.92+0.04¢ 350.5+146.2° 216.4+135.6%

80 2 386.5+60.3° 108.9+8.2% 0.92+0.03¢ 372.2457.6™ 177.8453.0¢

3 354.9+87.5° 131.0+10.5¢ 0.97+0.06° 370.7+78.3% 222.9+87.3¢

1 167.6+51.6¢ 181.7+34.0® 0.88:£0.02% 212.3+32.8¢ 70.8421.9°

120 2 158.1+41.0¢ 133.5+46.0°¢ 0.91+0.01%¢ 147.2+25.3¢ 57.0£17.6°

3 130.4+24.0¢ 71.6£29.2° 0.92+0.02¢ 171.0£54.5¢ 85.1+45.2°

DAIl data are reported as the meantSE (n=10). Values marked with different subscript indicates that values were not significantly different among

the extrusion conditions (p<0.05).

Table 4. Texture properties of rice cake samples prepared with dried rice flour : moisture = 1:0.5 according to the steaming time and

the number of extrusion

Parameter )
Steaming time ~ Number of Har?g)ess Adh?;n./eslgess Cohesiveness Gumminess Chewiness
(min) (X;) extrusion (X2)

1 762.4£124.2*) 166.7+£51.4° 0.77+0.03 620.0+65.8" 309.5+59.5°

20 2 634.0£107.0° 219.4425.7° 0.86+0.03¢ 620.7+61.7* 399.9+54.9*

3 617.4+134.1% 207.2+12.4% 0.92+0.01° 459.3+44.1% 326.8435.8°

1 545.8+30.4° 95.4+16.08 0.78+0.02% 440.3+22.7° 227.1+18.5°

40 2 592.7+30.2% 123.1+11.9%¢ 0.79+0.02* 495.3+23.0° 262.8+18.6°

3 616.0+74.0" 179.9+60.6% 0.80+0.03" 557.6+41.2° 275.0+48.6°

1 468.6+118.2¢ 133.8+31.5%"% 0.76+0.01° 424.3+38.8¢ 214.3435.9¢

80 2 394.5483.5° 104.6+20.2¢8 0.82+0.01° 373.1+63.6° 175.0+35.3°

3 378.3+81.4° 116.0+26.6"¢ 0.87+0.02¢ 337.4£55.1¢ 167.1£56.2°

1 130.4+27.2f 166.3+49.2% 0.96+0.04" 131.3+23.3° 57.1+17.5F

120 2 132.5+28.9" 142.6+48.8" 0.960.04" 126.3425.7° 65.4+26.01

3 125.6£29.1° 138.2+43 3%f 0.98+0.02° 106.8+13.7° 55.6£11.0

DAIl data are reported as the meantSE (n=10). Values marked with different subscript indicates that values were not significantly different among

the extrusion conditions (p<0.05).
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Table 5. Texture properties of rice cake samples

A2AEALGETSA A7A AST (2020)

prepared with hydrated rice flour according to the steaming time and the number of extrusion

Parameter
Hardness Adhesiveness . . .
Steaming time ~ Number of (@ (@s) Cohesiveness Gumminess Chewiness
(min) (X) extrusion (X2)
1 684.1+59.5° 144.2+51.9> 0.69+0.01° 472.4+44.2° 357.0443.8°
20 2 734.0+50.7° 207.4421.7% 0.83+0.01¢ 578.5+30.6" 541.4+46.3
3 736.0+103.5° 204.9+27.4% 0.86+0.02¢ 494.6+81.9° 455.7+82.5°
1 441.9+46.6* 181.2+65.9% 0.80+0.01° 360.9+32.2% 329.4+34.8
40 2 479.5+80.4° 200.9433.1% 0.82+0.01% 340.9+49.6% 308.2+50.5°%"
3 459.5+57.4% 100.64+29.1° 0.8240.01° 379.3+50.1¢ 310.7+41.7°%
1 403.3+42.9° 169.7+29.5% 0.84+0.01¢ 322.5+19.0° 278.6+18.9%"
80 2 443 2461.0% 231.3£50.1° 0.89+0.01° 287.1457.8% 320.0+63.9°%
3 416.3+74.1% 214.1433.2% 0.89+0.01° 268.3+38.58 311.9£63.9%%
1 322.2472.8¢ 179.4453 .2 0.82+0.03% 287.6+76.3% 272.7+61.1
120 2 325.1+47.5¢ 111.9419.2%® 0.82+0.01% 356.7+62.6% 255.4+38.5"
3 318.0+80.6" 155.2453.3° 0.88+0.01° 335.7461.9%f 284.5+79.2%F

DAIl data are reported as the meantSE (n=10). Values marked with different subscript indicates that values were not significantly different among

the extrusion conditions (p<0.05).
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Table 6. Chromaticity of extruded rice cake by different extrusion circumstances

Condition
L* a* b* (el ) AE
Steaming time Number of (Lightness) (redness) yetlowness (color difference)
(min) (X7) extrusion (X3)

1 75.4420.31°D -0.66+0.01¢ 12.19+0.10¢ 3.82

20 2 77.66+0.39¢ -0.66+0.01¢ 11.52+0.08" 1.67

3 78.49+0.43¢ -0.62+0.01° 11.91£0.07° 0.78

1 79.17+0.17° -0.75+0.01° 12.64+0.05° 0.62

40 2 79.81+0.41%" -0.72+0.01¢ 12.29+0.04% 0.61

3 79.69+0.258 -0.88+0.01" 12.19+0.09¢ 0.48

1 76.59+0.78° -0.9620.03' 13.30:£0.18" 29

80 2 80.14+0.42" -0.81+0.02¢ 12.58+0.10° 1.04

3 79.85+0.328" -0.79+0.01° 12.31+0.21° 0.66

1 74.72+0.26" -0.76+0.01° 11.38+0.068 4.57

120 2 77.73+0.47¢ -0.66£0.01¢ 10.69+0.15' 2.02

3 78.92+0.45" -0.60+0.01° 11.28+0.07" 0.82

DAIl data are reported as the meantSE (n=10). Values marked with different subscript indicates that values were not significantly different among

the extrusion conditions (p<0.05).
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Table 7. Model equations to describe the texture properties of rice cake (¥) according to the steaming time (X;) and the number of extrusion (X;)

Sample type Parameter Model R? p-value
Hardness 769.2 - 5.189X; - 3.98X, 0.98 0.01
Adhesiveness 176 - 1465X, + 102.3X, + 0.00858X;> + 9.76X" - 1.312X.X, 0.96 0.02
1:0.4 Cohesiveness 0.9424 + 0.00638X; + 0.02585X; - 0.03832.X;> 0.91 0.01
Gumminess 583.2 - 3.284X, + 12.2X, 0.89 0.01
Chewiness 334.7 - 2.09X; + 6X; 0.86 0.01
Hardness 820.0 - 5.692X; - 4.2X, 0.95 0.01
Adhesiveness 1172 - 0.67X; + 3.4X%, + 0.01426X,* + 14.8X,> - 0.704X,.X; 0.87 0.03
1:0.5 Cohesiveness 0.8052 — 0.001138X; + 0.01617X, + 0.000021.X;° 0.98 0.01
Gumminess 6994 - 4703X, + X, 0.91 0.01
Chewiness 3574 - 2445X, - 0.1, 0.93 0.01
Hardness 365.5 + 1.258X; + 93.9X; - 0.01869X;” - 22.38 X3’ 0.98 0.01
Adhesiveness 203.8 - 0.15X; - 10.1X; 0.05 0.84
Lab scale flour Cohesiveness 0.6305 + 0.00485X; + 0.02127X, - 0.000028X;’ 0.82 0.02
Gumminess 331.6 - 0.552X; + 491X, 0.63 0.05
Chewiness 333.3 - 0.565X; + 4.39X, 0.64 0.04
(A) Contour Plot of Hardness vs Number of extrusion, Steaming time (m) (B) Contour Plot of Adhesiveness vs Number of extrusion, Steaming time (m)
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Fig. 4. Contour map of texture properties (A, hardness; B, adhesiveness; C, cohesiveness; D, gumminess; E, chewiness) of rice cake (¥)
prepared with dried rice flour:moisture = 1:0.4 according to the steaming time (Xj) and the number of extrusions (X).
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Contour Plot of Chewiness vs Number of extrusion, Steaming time (m)
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Fig. 4. Contour map of texture properties (A, hardness; B, adhesiveness; C, cohesiveness; D, gumminess; and E, chewiness) of rice cake
(Y) prepared with dried rice flour:moisture = 1:0.4 according to the steaming time (X;) and the number of extrusions (X;). (Continued).
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Fig. 5. Contour map of texture properties (A, hardness; B, adhesiveness; C, cohesiveness; D, gumminess; E, chewiness) of rice cake (Y)
made with solid content:moisture = 1:0.5 according to steaming time (X;) and number of extrusions (X;).
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Contour Plot of Hardness vs Number of extrusion, Steaming time (m)
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Contour Plot of Adhesiveness vs Number of extrusion, Steaming time (m)
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Fig. 6. Contour map of texture properties (A, hardness; B, adhesiveness; C, cohesiveness; D, gumminess; E, chewiness) of rice cake (Y)
prepared with hydrated rice flour according to steaming time (X;) and number of extrusions (X3).
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Optimum processing conditions

Table 8. Texture properties of commercial rice cakes

Parameter Value

Hardness 176.01+11.17"
Adhesiveness 293.15+41.25
Cohesiveness 0.93+0.01
Gumminess 173.08+3.93

Chewiness 64.45+4.25

Optimal

High
D: 0.7673

for extruded rice cakes

Steaming
1200
[115.1515]

Number o
3.0
[1.0]

DAIl data are reported as the meantSE (n=10).

Steaming Mumber o
High 1200 3.0
Cur [116.8901] [1.2424]

Low 40.0 1.0

Optimal
D: 06772

Composita | = .
Desirability e
D: 06772 e

Chewines x.
Targ: 64.450 ™,
y = 89.9910 -\.
d = 0.85742 . [
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Targ: 173.080
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d = 0.92403 e _

Cohesive P
Targ: 0.93392 N -
y = 0.8961 i -
d = 0.43530

Adhasive - = T AT T — T
Targ: 293.150 o ,
y = 163.1337
d = 041299 - S

Hardness .
Targ: 176.010 ™,
y = 176.0459 Y
d = 0.99991

— " ]

Fig. 7. Optimization of texture properties of rice cake (Y) prepared
with dried rice flour:moisture = 1:0.4 according to the steaming
time (X;) and the number of extrusions (X;).
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Fig. 8. Optimization of texture properties of rice cake (¥) made
with solid content:moisture = 1:0.5 according to steaming time
(X1) and number of extrusions (X).
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Steaming Number o
High 1200 3.0
Cur [111.9192] [3.0]
Low 400 10
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Fig. 9. Optimization of texture properties of rice cake (Y) made
with lab scale rice flour according to steaming time (X;) and
number of extrusions (X:).
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Table 9. Sensory evaluation of rice cake with different extrusion conditions

Condition
Steaming time Number of Cohesiveness Color Hardness Moistness Overall acceptability
(min) (X)) extrusion (X3)

1 4.5+0.70% 3.740.94%¢ 2.340.67" 2.6+0.96™ 1.8+0.63

20 2 4.3+0.48" 4.2+0.78>¢ 1.940.56° 2.44+0.69" 2.6+0.84
3 4.2+0.63" 4.440.69° 2.0+1.05* 2.6+0.84% 2.5+0.70%
1 4.9+0.87° 4.7+1.05%% 2.5+0.52% 4.6+0.84° 340.66™

40 2 4.8+0.78" 5.241.03% 2.7+0.67" 4.7+1.05° 3.340.94%
3 4.5+0.84° 5.241.22% 3.0+0.66™ 4.7+0.82° 3.440.51°
1 4.4+0.84° 3.3+1.41® 3.8+0.91% 4.5+0.70° 3.4+0.69°

80 2 4.7+0.82° 5.3+1.15% 4.0+1.33% 4.8+1.03° 4.7+0.94%
3 4.9+0.73" 5.540.97° 4.1+1.19% 4.8+0.91° 4.4+0.84¢
1 4.6+0.84° 3.0+1.15° 4.7+1.15% 3.440.69° 4.5+(0.84

120 2 4.3+0.82° 4.6+1.34%% 4.9+1.19° 3.2+0.91% 5.3+1.05°
3 4.9+1.10° 4.8+1.13%% 4.9+0.99° 3.4+0.96° 5.4+1.07°

DAIl data are reported as the meantSE (n=10). ?Values marked same letter indicates that values were not significantly different among the extrusion
conditions (p>0.05).
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